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ON HAZARDS OF ELECTROMAGNETIC FIELDS
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Adey, W.R.

EVIDENCE FOR TISSUE INTERACTIONS WITH MICROWAVE AND OTHER
NONIONIZING ELECTROMAGNETIC FIELDS IN CANCER PROMOTION, IN
“The Biophysics of Cancer," First International “Seminar,
Charles University, Prague, July 1987

Cell membranes have been identified as a prime site of
athermal interaction with low frequency EM fields and with
microwave fields amplitude-modulated at frequencies below
100 Hz. These fields modulate signals to the cell interior
initiated at cell surface receptors by hormones, antibodies
and neurotransmitters and by chemical cancer promoters.
Cancer promotion may involve joint action of EM fields and
cancer-promoting substances at cell menmbranes, with
distorted inward signals from the membrane to the nucleus
and to other intracellular organelles.

Adey, W.R.

HEARINGS ON HEALTH EFFECTS OF TRANSMISSION LINES, TESTIMONY
OF DR. W. ROSS ADEY, presented to the U.S. House of
Representatives, Subcommittee on Water--and Power Resources,
Oct., 6, 1587 -

hAdey urges that much further research is needed in order to
explore potential health hazards from exposure to
environmental EM fields. Contrary to the theories behind
present safety standards, he does not feel that "Ytissue
heating," such as occurs with higher frequency fields, is
necessarily the threshold for injury. Neither laboratory
findings nor epidemiological studies ‘can yet offer categoric
evidence that major health problems from exposure to EM
fields are probable. However, results from animal tissue
and cellular research strongly suggest tissue interactions

that would initiate pathological responses, including cancer
promotion.
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Ade? W.R.
'TISSUE INTERACTIONS WITH NONIONIZING ELECTROMAGNETIC FIELDS.
Physiological Reviews, 61:435-514, 1981.

In the last 50 years there has been an exponential growth of
man-made electromagnetic fields, associated with
communication systems that now blanket the earth and with a
vast and ever-increasing network of electric power
distribution systems. Yet, although many of the most
important fundamental observations on physical effects of
light and other nonionizing electromagnetic radiations were
made more than 100 years ago, knowledge of their biological
effects has remained minimal. The questions of adequate
controls in experiments with low-level electromagnetic
fields is often difficult to evaluate. Manipulation of the’
EM environment of tissues with nonionizing energy sources
has disclosed new classes of molecular events of fundamental
importance in cell biology. Familiar biological doctrines
of excitatory processes based on ionic shifts toward or away
from equilibrium conditions do not pertain in these models.

Bawin, S.M., L. Kaczmarek, and W.R. Adey
EFFECTS . OF MODULATED VLF FIELDS ON THE CENTRAL NERVOUS
SYSTEM, Annals of the New York Academy of Science, 247:74-
81, 1975.

The existence of brief epochs in which electro-
encephalographic and neuronal activities are strongly
correlated has been repeatedly established in different
areas of the brain.

Indeed, extremely weak vhf fields [147 MHz, 1 mW/cmz],
amplitude modulated at brain wave frequencies, have been
shown to strongly influence spontaneous and conditioned EEG
patterns in the cat. The hypothesis-was offered that the
weak electrical forces induced in the brain were modifying
the excitability of the central neurons and that these

changes were reflected in the recorded transient EEG
episodes.

The chick forebrain, being so highly sensitive to small
perturbations of the extracellular concentrations of either
divalent cations, was therefore chosen for investigating, in
vitro, the possible interactions between extracellular weak
voltage gradients, induced by vhf radiations, and ionic
movements in cerebral tissue.
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li}.'.'- Becker, Robert O., and Adam J. Becker : |
o AN ANALYSIS OF THE EFFECTIVENESS OF REGULATORY AGENCY-
RESPONSES TO A SITUATION INVOLVING PERCEIVED HEALTH EFFECTS
FROM MICROWAVE RADIATION, Journal of Bioeleckricity 5(2):
229-231 (1986) :

The issue of whether exposure to electromagnetic radiation
l can have  deleterious effects on human health has received
widespread attention in both the popular and scientific
press. Recent studies have shown that such effects can be
derived even from fields of very small strengths. Given
l this concern, it might prove useful to examine the capacity
of federal and state agencies concerned with the maintenance
of public health to cope with this problem. Using the case
! of the Vernon Township, New Jersey as a primary example,
< the authors f£find that their effectiveness is apparently
compromised by a variety of factors, raising questions
! concerning their capacity to deal with this particular case,
and with their past and future performance on this issue as
o a wvhole. _
! Becker,. Robert O. and Gary Selden
o THE BODY ELECTRIC: ELECTROMAGNETISM AND THE FOUNDATION OF
E LIFE, Yew York, Wm. Morrow & Co. 1985

Chapter 14 discusses the wvarious rhythms and cycles in
nature that can be linked to fluctuations in the earth's
electromagnetic fields.. Some studies have demonstrated a
link between human behavior and these fields. In Chapter
15, electromagnetic fields and electromagnetic radiation are
explained and their prevalence in the human environment has
increased exponentially. Early experiments with microwaves
to determine their effect on human behavior found sone
disturbing results. Becker discusses his involvement with
the Navy during the ELF program proposals, and the Navy's
subsegquent suppression of reports that expressed concern
over potential health hazards from the project.

Blackman C.F., §$.G. Benane, and D.E. House.
EFFECT OF AMBIENT LEVELS OF POWER-LINE-FREQUENCY ELECTRIC

FIELDS ON A DEVELOPING VERTEBRATE, Bicelectromagnetics $(2),
1988.

Fertilized eggs o©of domestic chickens were exposed
continuously during their 21-day incubation period to either
50- or 60~Hz sinusoidal electric fields at an average
intensity of 10 Vrms/m. Within 1.5 days after hatching, the
chickens were removed from the apparatus and tested. The
test consisted of examining the effect of 50- or 60-Hz
electromagnetic fields on efflux of calcium ions from the
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chicken brain. These results demonstrate that exposure of a
developing organism to ambient power-line-frequency electric
fields at levels typically found inside buildings can alter
the response of brain tissue to field-induced calcium-ion
efflux.

Bowman, J.D., D.H. Garabrant, E. Scbel and J.M. Peters
EXPOSURES TQ EXTREMELY LOW FREQUENCY (ELF) ELECTROMAGNETIC
FIELDS IN OCCUPATIONS WITH ELEVATED LEUKEMIA RATES, Applied
Industrial Hygiene 3(6):189-194, 1988.

© In previous epidemiclogical studies, elevated leukemia rates
have been found in a collection o©of occupational categories
of "electrical workers." In this study, spot measurements
were taken of the Extremely Low Fregquency (below 100 Hz)
electric and magnetic field exposures of *electrical
workers" at 114 work sites at an electric utility, an
aerospace firm, a wmunicipal governnent, motion picture
theaters, and TV repair shops. For comparison, the fields
were measured in 18 residences and 3 offices. For magnetic
fields, the 95th percentile of the residential measurements
was exceeded by 59 percent of the occupational measurements,
covering all the "electrical worker" 7job categories with the
exception of radio operators. The highest magnetic fielgd
encountered was on a battery-powered fork 1lift operator,
which had not been considered an T"electrical worker"
occupation previously. Only 25 percent of the occupatiocnal
electric fields were above the 95th percentile measured in
residences, and these were all in the job categories for
power 1line workers, power station operators, and TV
repairers. This survey indicates that many "“electrical
workers" have some exposures to elevated fields. However,
the wide variability in field exposures over time and
between workers will necessitate better exposure
measurements <o assess more rigorpusly the association
between leukemia rates and electromagnetic fields.

Brodeur, Paul

ANNALS OF RADIATION: THE HAZARDS OF ELECTROMAGNETIC FIELDS,
New Yorker, (3-part series), Pt. 1 - June 12, 1989, p. 5;
Pt. 2 - June 19, 1989, p. 47; Pt. 3 - June 26, 198%, p. 39.

The author presents an overview of the controversy over
studies on harmful effects of overhead power lines and
electromagnetic fields in our environment. These articles
are adapted from his work, CURRENTS OF DEATH. '
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-Calle F.E. and D.A. Savitz
LEUKEMIA IN OCCUPATIONAL CGROUPS WITH PRESUMED EXPOSURE TO
ELECTRIC AND MAGHNETIC FIELDS. W s | ourna
- Medicine 313:1476-1477, 19B2.

Recent reports have suggested an association between
employment in occupations with presumed exposure to
electrical and magnetic fields and an elevated risk -of
leukemia, particularly acute leukenmia. To exanine this
hypothesis, we have analyzed mortality data from the state

of -Wisconsin for 10 ‘“electrical" occupations. The
1 occupational groups were those used by Milham and Wright,
! et al.
H

In general, recent xeports on this topic do not show a
consistent pattern of excess leukemia for individual
occupational groups, with the possible exception of radio
and telegraph operators.

Juinipaate”

The three occupational groups contributing the greatest
numbers of excess deaths in Washington State (electricians,
aluminum workers, and power-station operators) -were not
associated with an increased risk in any other study.

The available evidence concerning the possible associatien
between occupational field exposure and leukemia risk should
i be wviewed with caution until work-place exposures are more
- realistically considered and adequate epidemiologic studies
are conducted on particular cohorts of interest.

Deadman, J.E., M. Camus, B.G. Armstrong, D. Cyr, G. Theriault, P.
Heroux, and M. Plante
OCCUPATIONAL AND RESIDENTIAL €0~h ELECTROMAGNETIC FIELDS AND
HIGH~-FREQUENCY ELECTRIC TRANSIENTS: EXPOSURE ASSESSMENT

USING A NEW DOSIMETER. Journal of the American Industrial
Evgiene Association 49(8): 409-~419, 1988.

One problem that has limited past epidermiologic studies of
cancer and expcsure to extremely low-frequency (0-100 Hz)
electric and magnetic fields has been the lack of adeguate
methods for assessing personal exposure to these fields. A
new 60-Hz electromagnetic field dosimeter was tested to
assess occupational and residential exposures of a group of
electrical utility workers and a comparison background group
over a 7-day period. Comparing work periods only, utility
workers' exposures were significantly higher than background
levels by a factor of about 10 for electric (E) and magnetic
(B) fields and by a factor of 171 for high-fregquency
transient electric (HFTE) fields. When overall weekly time-
weighted averages combining work and non-work-exposures were
compared, ratios of the exposed to background groups were
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lower. B and HFTE exposure ratios remained statistically

. significant, with wvalues of 3.5 and 58, respectively,
whereas the .electric field exposure ratioc was no longer
significant, with a value of 1.7.E~field exposures of the
background group were the highest during the non-work
period, probably reflecting the use of electrical appliances
at home. Residential E- and B-field exposures were in the
same range as published results- from other surveys, whereas
occupational E-field exposures tended to be lower than
exposures reported in other studies. The high variability
associated with occupational exposures probably accounts forx
the latter discrepancy.

Easterly, C.E.
CANCER LINK TO MAGNETIC FIELD EXPOSURE: A HYPOTHESIS,

American Jourpal of Epidemiolegy, 114(2): 165-174, Aug.
1981.

Methodology is compared between the Wertheimer/Leeper study
in Denver and Fulton's Rhode Isiand study of childhood
leukemia and power lines, in which each produced different
results. The author indicates that there is a growing
database re: increases and = decreases in cellular
reproductive rate and function conseguent to magnetic field
exposure. (See entries under Fulton and Wertheimer.)

Foster, Kenneth R. and arthur W. Guy

THE MICROWAVE PROBLEM, Scientific American, 255(3): 32-39,
Sept. 1986. '

Authors discuss the issue of whether 1low levels of
microwaves are a hazard and the controversy over acceptable
exposure limits. No clear-cut damage to human beings from
low level radiation has been demonstrated. On the other
hand, exposure to low levels of microwaves cannot be proven
free of hazards. Authors do not presént a viewpoint as to
whether low levels of microwaves can be hazardous. They do
describe the process by which known hazards have been
guantified. Guy helped to revise the 1982 revision of the
ANSI standard re human exposure to microwaves; the authors
review the development and rationale behind this standard.

Fulton, J.P., S§. Cobb, L. Preble, L. leone and E. Forman
ELECTRICAL WIRING CONFIGURATIONS AND CHILDHOOD LEUKEMIA IN

"RHODE ISLAND. American J, of Epidemiclogy 111:292-296,
1580.

The study of the relationship between childhood leukemia and
glectric power line configurations in the greater Denver,

Bibliography
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Colorado, area by Wertheimer and Leeper (Am._J. Epidemiol
109:273-284, 1979) was repeated in Rhode Island, focusing on
leuvkenia (age at onset, 0-20 years; year of onsaet, 1564=
1978). The addresses of 119 leukemia patients and 240
contrels were studied by mapping power lines within 50 yards
(45.72 m) of each residence. The shortest distance between
each power line and the point of the residence closest to it
was found; the number and types of wires in each power line
were noted. Exposure weights were assigned. each _type of
wire using Wertheimer and ILeeper's median field strength
reading for each. Assuming that the strength of the- field
decreases with the square of the distance from its source,
and that fields generated by different wires grouped in the
same power line are simply additive, a summary value of
relative exposure was calculated for each address., Quartile
exposure values for contreols were used to group patient
exposures. ‘Contrary to Wertheimer and leeper's results, no
relationship was found between leukemia and electric power

line configurations. (See entries under Easterly and
Wertheimer.)

Ghandi, Om P.

THE ANSI RADIB FREQUENCY SAFETY STANDARD: ITS.RATIONALE AND
SOME PROBLEMS, JEFE Engineering in Medicine and Rioclogv
Magazine, March 1987, 22-25.

The AMERICAN National Standards Institute (ANSI) Committee
on Electromagnetic Radiation (¢95.1) standard for safety
levels with respect to human exposure to radiofrequency (RF)
electromagnetic fields is 300 XHz to 100 GHz. In the
absence of verified reports of injury to or adverse effects
en the health of human beings who have been exposed to RF
electromagnetic (EM) fields, the ANSI standard was based on
the most sensitive measure of biological effects -- +the

behavioral effects on laboratory animals. Recent studies
have pointed to several problems with this ANST safety
standard. These are itemized and discussed in this paper.

(See related entry under Foster.)

Arthur w.

Guy,

) DOSIMETRY ASSOCIATED . WITH EXPOSURE TO NON-IONIZING
RADIATION: VERY IOW FREQUENCY TO MICROWAVES, Health Phvsics
5E3(6):565-584, Dec. 1987.

The interpretation of the effects in biological systems
exposed to electromagnetic (EM) fields requires knowledge of
the internal fields and absorbed energy. The
quantification of the specific absorption rate (SAR) is
called dosimetry. The SAR given in units of watts per
kilogram is a complex function of the source. configuration,

Bibliography
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shape and size of the exposed subjects, orientation of the

' subject with respect to the source, and the frequency. The
average and maximum SAR in the exposed subject may vary over
many orders of magnitude for a given exposure level. In
order to relate observed biological effects in exposed
laboratory animals to safe exposure levels for man, both the
fields within the environment and SAR within the_ exposed
tissues must be determined. The environmental fields and
the SAR can often be determined from EM theory, but in most
cases one must rely on instrumentation such as field survey
meters for gquantifying the exposure fields and electric
field probes, thermocouples, thermistors, fiber optic
probes, thermography, and calorimetry for quantifying the
SAR in the tissues of eguivalent models. A combination of
techniques, each valid for a particular model over a
particular frequency range, have been used to determine
average and peak SARs in humans and animals exposed to plane
wave radiation. Though it has been considerably more
difficult to quantify these quantities for near field and
partial-body exposure conditions, progress is coritinually
being made in this area.

‘Lin R.S., P.C. Dischinger, J. Conde and K.P. Farrell
ELECTROMAGNETIC FIELDS AND THE OCCURRENCE OF BRAIN TUMORS:
AN ANALYSIS OF POSSIBLE ASSOCIATIONS. Journal of
Occupational Medicine 27:413-415, 1985.

To explore the association between occupation and the
occurrence of brain tumor, an epidemiologic study was
conducted using data from the death certificates of 951
adult white male Maryland residents who died of brain tumor
during the period 1969 through 1982. Compared with the
controls, men employed in electricity-related occupations,
such as electrician, electric or electronic engineer, and
utility company serviceman, were found to experience a
significantly higher proportion of primary brain tumors. An
increase in the odds ratio for brain tumor was found to be
positively related to electromagnetic (EM) field -exposure
levels. Furthermore, the mean age at death was found to be
significantly younger among cases in the presumed high EM-~
exposure group. These findings suggest that EM exposure may
be associated with the pathogenesis of brain tumors,
particularly in the promoting stage.

McDowall, M.E.

LEUKAEMIA MORTALITY IN ELECTRICAL WORKERS IN ENGILAND AND
WALES. Lancet 77:246, 1S86.

Two reports from the United States have suggested an
association between electrical occupations and mortality
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from leukaemia, the 'greatest increased risk being from acute
leukaemia, particularly acute myelcoid leukaemia (AML) Two
independent analyses on England and Wales mortality data

_have been used to examine this hypothesis.

These two analyses reinforce the U.S. findings. TwWo
hypotheses to explain the leukaemia excess were suggested in
the earlier reports -- exposure to electromagnetic fields
(non-ionizing radiation) and exposure to .chemicals and
substances used in electrical components or assembly.
Unfortunately, <there is 1little consistency between the
studies in the degree of risk for different electrical
occupations, but the numbers are small and different
occupation classifications were used.

It has been suggested that non-ionizing radiation, and
mobility between occupations may make data for specific
occupations difficult to interpret.

Milham, Sanuel, Jr. .

INCREASED MORTALITY IN AMATEUR RADIO OPERATORS. DUE TO
LYMPHATIC AND..HEMATOPOIETIC MALIGNANCIES, American Jourpal
of Epidemiology 127(1): 50-54, 1988

To search for potentially carcinogenic effects of
electromagnetic field exposures, the author conducted a
population~based study of mortality in US amateur radio
operators. Ascertainment of Washington State and California
amateur radio operators (67,829 persons) was done through
the 1984 US Federal Communications Commission Amateur Radio
Station and/or Operator License file. A total of- 2,485
deaths were located for the period from January 1, 1879
through December 31, 1984, in a population of amateur radio
operators which accumulated 232, 499 person-years at risk.
The all-cause standardized mortality ratio (SMR) was 71, but
a statistically significant increased mortality was seen for
cancers of the other lymphatic tissues (SMR = 162), a rubric
vhich includes multiple myeloma and non-Hedgkin's lymphomas,
The all-leukemia standardized mortality ratio was slightly,
but nonsignificantly, elevated (SMR = 124}. "However,

mortality due to acute myeloid leukemia was significantly
elevated (SMR = 176).

Milham, Sanuel, Jr.

MORTALITY IN WORKERS EXPOSED TO ELECTROMAGNETIC FIELDS,
Environmental Health Perspectives 62:297-300, 1985.

In an occupational mortality analysis of 486,000 adult male
death records filed in Washington State in the years 1550-
1982, 1leukemia and the non-Hodgkin's 1lymphomas show

Bibliography
HAZARDS OF ELECTROMAGNETIC FIELDS - 8
e/emhazbib.lf

Sumas Energy 2 Final EIS Supplemental Materials Submitted at April 3 Public Hearing — Page 9

Volume 2



Py ' . increased proporticnate mortality ratios (PMRs) in workers
‘ - employed in occupatiens with intuitive exposures to
electromagnetic fields. Nine occupations of 219 were
considered to have electric or magnetic field exposures.
These were! electrical and electronic technicians, radio
and telegraph operators, radio and television repairmen,
telephone and power linemen, power station operaters,
welders, aluminum reduction workers, motion - picture
projectionists and electricians. There were 12,714 t9ta1
deaths in these occupations. Eight of the nine occupations
had PMR increases for leukemia [Internatiocnal Classification
of Diseases (ICD), seventh revision 204] and seven of the
nine occupations had PMR increases for the other lymphoma
category (7th ICD-100.2.202). The highest PMRs were seen
for acute leukemia: (67 deaths observed, 41 deaths expected:
PMR 162), and in the other lymphomas (51 deaths observed, 31
deaths expected: PMR 164). ©No increase in mortality was
seen for Hodgkin's disease or multiple myeloma.

These findings offer some support for the hypothesis that
electric and magnetic fields may be carcinogenic. -

Milham, S.

_SILENT XEYS: LEUKEMIA MORTALITY 1IN ELECTRICAL WORKERS.
Lancet 1:812, 1985.

There is a strong association between employment in
occupations with exposure to electromagnetic fields and
membership in the American Radio Relay League. 97 of the
280 {35%) Washington State "silent key" death records listed
, occupations such as electronics technician, electrician, and
radio operator, while these occupations account for only 3%
of male deaths in the Washington State death file. The PMR
. due to leukaemia (ICD 204-207) in Washington State amateur
: radioc operators was 264 (2 deaths observed, 0.76 expected)
‘ in those who worked in electrical-exposure occupations and
210 (3 deaths observed, 1.4 expected) in those who worked in
all other occupations. Occupational exposure alone,

therefore, probably does not explain the leukaemia excess in
these men.

These findings offer some further support for the hypothesis
that electromagnetic fields are carcinogenic.

Savitz D.A., H.A. Wachtel, F. Barnes, E.M. John and J.G. Tvraik
CASE~CONTROL STUDY OF CHILDHOOD CANCER AND EXPOSURE TO 60-

HERTZ MAGNETIC FIELDS. American Journal of Fpidemioleogy
128{(1):21-38, 1988. :

Concern with health effects of extremely 1low frequency
magnetic fields has been raised by epidemiologic studies of
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childhood cancer in relation to proximity to electric power
distribution lines. This case-control study was designed to
assess the  relation between residential exposure to magnetic

" fields and the development of childhood cancer. Eligible

cases consisted of all 356 residents of the five-county 1570
Denver, Colorado Standard Metropolitan Statistical Area aged
0-14 years vwho were diagnosed with any form of cancer
between 1976 and 1983. Exposure was characterized through
in-home electric and magnetic field measurements under low
and_high power use conditions and wire conflguratlon codes,
a surrogate measure of long~term magnetic field levels.
Measured magnetic fields under low power use conditions had
a modest association with cancer incidence. In spite of
these concerns, the results encourage further examinatlon
of the carcinogenic potential from this form of nonionizing
radiation. (See related entry under Wertheimer.)

Savitz D.A. and E.E. Calle

LEUKEMIA AND OCCUPATIONAL EXPOSURE TO ELECTROMAGNETIC
FIELDS: REVIEW OF EPIDEMIOLOGICAL SURVEYS. Journal of
Occupational Medicjne 29:47-51, 1987.

Several recent surveys have presented data suggesting an
increased risk of leukemia among men . with occupational
exposure to electromagnetic fields. Eleven pertinent data
sets were compiled in order to assess the consistency of
this pattern and to identify those occupations most
deserving closer examination. Results for total leukemia
show a modest excess risk for men in exposed occupations,
with an enhanced risk elevation for acute leukemia and
especially acute myelogenous leukemia. These studies are
inherently limited regarding the effect of electromagnetic
fields due to the absence of exposure characterization.

‘Nenetheless, telegraph, radiec, and radar operators, power

and <telephone linemen, and electrical and electronic
engineers showed the most consistent results and warrant

further study to ascertain potent1a1 occupational health
hazards. -

Stuchly, Maria A.

ENVIRONMENTAL AND OCCUPATIONAL EXPOSURE TO ELECTROMAGNETIC
FIELDS, E_Enginee edjci and_ Biolo agazine,
rp. 15-17, March 1987.

This paper presents general background information on
exposures o©of the general public and workers to
electromagnetic radiation from wvarious sources. Environ-
mentally encountered fields are generally low, the main
sources of exposure being electricity distribution systens,
electrical appliances, other electrical and electronic
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_ . . . devices, and radic and television broadcasting waves.

o - Workers in some occupations are exposed to high-intensity
'fields. Unless adequate control measures are implemented,
these exposure levels may exceed recommended limits.

Thomas T.L., P.D. Stolley, A. Stemhagen, E.T.H. Fontham, M.L.
Bleecker, P.A. Stewart and R.N. Hoover
BRAIN TUMOR MORTALITY RISK AMONG MEN WITH ELECTRICAL AND
ELECTRONICS JOBS: A CASE-CONTROL STUDY. curna f the
National Cancer Institute 79:233-236, 1987.

The authors! data suggest that certain jobs involving the
design, manufacture, installation, or maintenance of
electronics or electrical equipment involve exposures that
are related to excess risk of astrocytic brain tumors.
Because these jobs may involve a wide variety of exposures,
a specific eticlogic agent cannot be identified from the
present data.  Results should be interpreted with some
degree of caution, because when risks were calculated for
specific occupations and for individual strata by duration
employed, numbers in single cells were very small. "Despite
this 1limitation, our findings suggest that further
investigations of electronics jobs should be conducted, with
particular attention to exposures to MW/RF radiation,
soldering fumes, and solvents.

Weaver, James C. and R. Dean Astumian
THE RESPONSE OF LIVING CELLS TO VERY WEAX ELECTRIC FIELDS:

THE THERMAL NOISE LIMIT, Science 247:459-462, January 26,
1980.

Significant biclogical effects due to the exposure of cells
to electric fields have been reported, including in vitro
experiments ‘involving isolated cells that demonstrated
responses {for example, altered synthesis or transcription)
to very weak fields. Controversy concerning the validity of
weak field responses has arisen because the very small field
magnitudes sometimes reported appear to be lower than
"allowed by thermal noise that causes randomization of
cellular processes. The estimates presented here argue that
P concerns related to possible biclogical effects due to very
B weak environmental electric fields cannot be dismissed on
the grounds of being swamped by thermal fluctuation.

Wertheimer, N. and E. Leeper

ADULT CANCER RELATED TOC ELECTRICAL WIRES NEAR THE HOME.
lu- International Journal of Epidemiology 11:345-355, 1982.

Like childhood cancer, adult cancer was found to be
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associated with high=-current electrical wiring
configurations (HCCs) near the patient's residence. Such
wiring can expose occupants of the residence to alternating
‘magnetic fields (AMFs) at a level which, though very 1low,
may produce physiological effects. Several patterns in the
data suggest that HCCs and cancer may be causally linked:
(1) a dose-relationship was found. (2) The association did
not appear to be an- artefact of age, urbanicity,
neighbourhood, ©or socioceconomic level. {(3) The association
was - most clearly demonstrable where cancer caused by
urban/industrial factors was least apt to obscure the
effect. {(4) A distinct pattern of latency between first
exposure to the HCC and cancer diagnosis was seen, which is
consistent with ‘a hypothesis of cancer promotion produced by
AMF exposure. ‘ -

Wertheimer, N. and E. Leeper

ELECTRICAL WIRING CONFIGURATIONS AND CHILDHOOD; CANCER.
American Journal of Fpidemiology 109:273-284, 1979.

An excess of electrical wiring configurations suggestive of
high current-flow was noted in Colorado in 1976-1977 near
the homes of children who developed cancer, as compared to
the homes of contreol children. The finding was strongest
for children who had spent their entire lives at the same
address, and it appeared to be dose-related. It did not
seem to be an artifact of neighborhood, street congestion,
social class, or family structure. The reason for the
correlation is uncertain: possible effects of current in
the water pipes or of AC magnetic fields are suggestedgd.

Wright, W.E., J.M. Peters, and T.M. Mack
LEUKAEMIA 1IN WORKERS EXPOSED TO ELECTRICAL AND MAGNETIC
FIELDS. The Lancet II(8303):1160—1161,“1982.

Two recent studies have suggested an increased risk for
leukaemia with exposure to electrical and magnetic fields.
To test this hypothesis the authors reviewed leukaemia cases
in men who were 1listed as having Jjobs with exposure to
electric or magnetic fields. The data base was the Cancer
Surveillance Program, a population based registry that
collects information on incidence cases of cancer in Los
Angeles County, information on occupation being the

occupation of the patient at the time when cancer was
diagnosed.

Although the number of cases in these occupations in this
registry 1is small, the findings are consistent with

Bibliography
HAZARDS OF ELECTROMAGNETIC FIELDS - 13
e/emhazbib.1f
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Milham's and suggest that AML is the acute leukaemia for
which risk is greatest.

The precise cause of the excess of leukaemia we have
observed is not c¢lear. The occupations grouped as sharing
exposure to electric and magnetic fields undoubtedly share
other exposures. While significant exposure to ionizing
radiation is probably not present in most of these Jobs,
metal fume, solvents (including benzene), fluxes,
chlorinated biphenyls, synthetic waxes, epoxy resins, and
chlorinated naphthalenes are other exposures that may be
shared. The hypothesis that electrical ‘and magnetic fields

or other shared exposures caused leukaemia deserves further
study.

Bibliography

HAZARDS OF ELECTROMAGNETIC FIELDS -~ 14
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INTRODUCTION

The people listed on the following pages are all recognized as
leaders in the field of study generally referred to as "the effact
of electromagnetic fields on living systems", Bach of them have
made major contributions to the field. The listing is not-meant to
be all inclusive for there are many others, both in the United
States and abroad, that could easily be included on these pages.
This listing is presented only for the purpose of allowing someone
not actively engaged in work in the field the ability to contact
"cutting edge" people. By making such a contact, it is hoped that
a more accurate and clear picture of what is actually known about
the effect of electromagnetic fields on all biological systems will
be obtained. This may help to mitigate the two extremely polarized

" positions of "everything causes cancer"™ or of "there is nothing to
worry about" that seem to occur when the general public forms
opinions about the effects upon their lives from electromagnetic
fields. ' -

Two organizations.are algso given, along with the current
Presidents {(for 19%0-1591). Thege two intermaticnal societies
represent more than 700 researchers from all over the world, and
each of them holds one meeting a year where the latest rasearch
results are presented and discusaed. If somecne needs a clear
look at what the latest science is in the field, attendance at ona
or both of the meetings is almost mandatory.

A brief reference list is also given, but again one that is
far from complete. Most of the books or periodicalas listed are
commonly awvailable, and, as such, one or more of them should be
easy for almost anyone to obtain for reference reading. Some of
the books listed are over ten years old, but were given to indicate
in some amall way just how long this field has been the focus of
intense atudy. Others of the references are from symposia held in
the past few years in which the major focus has been directly on
the question "do electromagnetic fields pose a threat to human
health?". The question has not been answared, but there is= no
doubt that the answer (or most probably answers) is likely to be
found within the next few years. It is perhaps possible that, in
some small way, this symposium will help us all to a greater
understanding of the scientific, medical, and social aspects of how
electromagnetic fields effect biological systems.

Sumas Energy 2 Final EIS Supplemental Materials Submitted at April 2 Public Hearing - Page 15
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RESOURCE PEOPLE

W. Ross Adey Biology

Research Service

VA Medical Center

Loma Linda, CA 92357

(714) 825~7084 -

Larry E. Anderson : Physical Science
Battelle Northwest

Biocelectromagnetics Section

P. 0. Box 999

Richland, WA 99352

(509) 375-2294

Frank Barnes : Electrical Engineering
225 Continental View Dr. :
Boulder, CO BO0O303

(303) 492-8225 ‘ : -

C. A. L. Bassett ‘ Medicine
Biocelectric Research Center

2600 Netherland Avenue

Riverdale, NY 10463 '

{(212) 548-4600

Robert 0. Becker Madicine
Star Route ‘

Lowville, NY 13367

{315) 376-8072

Martin Blank Biolegy
Columbia University
630 West 168 Street
New York, NY 10032
(212) 305-3644 i
Qlifo b
Carl H. Durney Electrical BEngineering .
Dept of Electrical Enginering
University of Utah
Salt Lake City, UT 84112
{810) 581-5096

Reba Goodman Biology
Department of Pathology

Columbia University

.Health Sciences

.630 West 168th St.

ew. York, NY 10032

212) 305-3715
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‘Arthur W. Guy Electrical Engineering
Bioelectromagnetics Res. Lab.

RJ~30 University of Wash.

Center for Bioengineering

Seattle, WA 8981895

{(206) 543-1071

William T. Kaune Physics -
Enertech Consultants

300 Orxrchard City Drive

Suite 132 '

Campbell, CA 95008

(408) B66~-7267

Department of Physics
Cakland University
Rochester, MI 48063
(313) 370-3412

Andrew A. Marino - Biophysics
Orthopedics Dept.

L.S.U. Medical Center

PO Box 33932

Shrevepoxt, LA 71130

Bruce R. McLeod Electrical Engineering
Electrical Eng. Dept.

Montana State University

Bozeman, MT 59717-0378

i
l
l
!
]
i A. R. Liboff | Physics
l
]
|
1

John C. Monahan Food and Drug Administration
CDRH, FDA HFZ-114

5600 Fishers Lane

Rockville, MD 20857

{301} 443-7192

Shirley Motzkin Physical- Science

Life Sciences/Chemistry -
Polytechnic University

333 Jay St.

Brooklyn, NY 11201

(718) .260~3662

h&géggﬁ. 0O’ Connor Psychology
Uiversity of Tulsa

Paychology Dept

600 S College

Tulsa, OK 74014

{918) 631-2248
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i

~William Parkinson

Dept of Physics

730 Dennison Building
University of Michigan
Ahn Arbor, MI 48109
(313) 764-3458

Arthur A. Pilla
Bioelectrochemistry Lab
Mt Sinai Madical Center
1 Levy Place

New York, NY 10029
(212) 241-7741

Charles Polk -’

Dept of Electrical Eng.
University of Rhode Island
Kelly Hall

Kingston, RI 02881.

(401) 7%2-5817 '

Solomon Pollack

Univ. of Pennsylvania
Dept of Bioengineering
Room 116 Hayden Hall
Philadelphia, PA 19104

Asher R. Sheppard
Research Services 151
J L Pettis VA Hosgpital
11201 Benton Street
Loma Linda, CA 92357
(714) 825-7084

Betty F. Sisken

Center for Biomedical Eng.
University of Kentucky
Lexington, KY 40506

(606) 257-5796

Louis Slesin

PO Box 17399

Grand Central Station
New York, NY 10163
{212) 517-2800

Steven D. Smith

Dept of Anatomy
University of Kentucky
Lexington, KY 40506
(606) 233-5347
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INTERNATIONAL SCOCIETIES
focused on
THE EFFECTS OF
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SELECTED REFERENCES

1. Adey, W. R., Bioclogical effects of radio frequency
selectromagnetic radiation, in Interaction of Electromagnetic Waves
‘With Biological Systems, Ed. J. C. Lin, Plenum Press, New York, p
-1=33 (1988}

2. Adey, W.R., Electromagnetic Fields and the Essence of
Wiliving Systems, in Modern Radio Science, Ed. J. Back Andersen,
w0xford University Press, p 1-36, {1950)

3. Baransgki, 8. and Czerski, P.: Biological Effecta of

Microwaves, Dowden, Hutchinson & Ross, Inc., Stroudsburg, Penn.
15876)

4. Becker, R. 0., and Marino, A. A., Electromagnetism and
State University of New York Press, Albany NY, (1982)

5. Becker, R. 0., and Selden G.: The Body Electrie,

Electromagnetism and The Foundation of Life, Quill, William Morrow,
aw York, (1985)

: 6. Blank, M., and Findl, E., Eds.: Mechanistic.Approaches to
interactions of Electric and Electromagnetic Fields with Living
Systems, Plenum Press, New York, (1987)

7. Fitzgerald, K., Electromagnetic fields: the jury’s still
ut, IEEE Spectrum, p 22-35, August (1990)

8. Konig, H. L., Krueger, A. P., Lang, S., and Sonning W.:

1ologic Effects of Environmental EBlectromagnetism, Springer-Verlag

ew York (1981) :

9. O’Connor M. E., Bentall R. H. C., and Monahan, J. C.:

gEngginq Electromagnetic Medicine, Springer-Verlag, New York, NY,
- ‘,- )

106. Polk, C., and Fostow, E., Eds.: Handboock of Bioclogical

‘Effects of Electromagnetic Fields, CRC Press, Inc. Boca Raton,
Florida, (1987)

: 11. Skomal E. N., Man-Made Radio Noise, Van Nostrand Reinhold
ompany New York, (1878)

12, Wertheimer, N., and Leeper E., Electrical Wiring
figurations and Childheod Cancer, American Journal of
Ppidemiology, Vol. 109, #3, p 273-284, (1979)

13. Wilson B, W., Stevens R. G., and Anderson L. E., Eds.:

remely Low Frequency Electromagnetic Fields: 'The Question of
snxaficer; Battelle Press, Columbus, Ohio (1930)

(i)
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) 14. International Utility Symposium Health Effects of _Electric
and Magnetic Fields: Research, Communication, Regulation, Sponsored
By: Electric Power Research Institute, Canadian Electrical
Agsocation, Edison Electric Insitiute, National Rural Electric
Cooperative Association, Bonneville Power Administration, Ontarlo
Hydro, Tronto Canada, September 16-19, {1986)

15. Electrical and Biological Effects of Transmission Lines:
A Review, Prepared by : J.M. Lee, TA. Burns, G.E. Lee, G.L, Re:.ner,
F.L. Shon, and R, Stearns, U.S. Department of Energy, Bonneville
-Power Administration, Portland, Oregon, October, (1985)
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 Leukemia Mortality
In Men Occupationally Exposed to Electric and Magnetic Fields
Washington State White Male Deaths, 1950-197%

1D Number—mmmm™——+ 204 204.3

Malignant Neoplasm— All Leukemia Acute Leukemia

Code Occupation Obs Exp PMR Obs Exp FMR
083 Electrical Engineers 7 6 114 7 2 97
150 Electronic Technicilans 6 & 149 3 2 162
352 Rad{o and Telegraph
: Operators 5 4 111 3 1 239
521 Electricians 51 27 138* 23 13 178%x*
453 Power and Telephone

Linemen 15 § 159 6 3 183 .
474 Television and Radlo

Repairmen 5 3 157 4 1 2%1
493 Motion Plcture '

Projectionists 4 2 234 1l 1 11
526 Aluminum Workers 20 11 189%x 11 4 258%*
691 Streetcar and Subway

Motormen 3 2_ 175 0 o o -
701  Power Station Operators 8 259%* 3 1 282
721 Welders and Flame Cutters 12 1B 67 4 7 _56

TOTAL ' 136 9% 137* 60 35 160%
* P < ,05; ** P < 01
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TABLE 3

- Mortality in Aluminum Workers- °
: White males, 1950-1881
Washington State

7th 1CD Deaths .
Cause of Death - - CODE - Observed SPMRY. SPMRS
Malignant neoplasm ;
of brain - 193.0 - 14 136 - 169*
“A11 lymphatic and -
hematopoietic cancers 200-203 48 167xx 191x*
Multiple myeloma 203 8 182 - 219+
Leukemia 204 21 169* 197 %
Acute leukemia 204.3 12 23g** 268%*

* P< .05 x> 3.84
** pP< .01, X} > 6.64

+ Standardized Proportionate Mortality Ratio computed using all
deaths, al) occupations. .

§. Standardized Proportionafe Mortality Ratio computed using deaths
in laborers.

7th ICD = Seventh revision, International C}assifi;ation of Diseases.

Her
35
Riiv
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- INTERNATIONAL CLASSIFICATION OF DISEASES
" 9th REVISION, 8th REVISION, 7th REVISION CONVERSION TABLE

Sth gth 7th
001 009, 043 CHOLERA
002 001 040 TYPHOID FEVER
g2 D41 PARATYPHOID FEVER L
003 003 042 . OTH.SLMNELA.INFECT.JOUT.FOO0 AS- VER.INFT
go4 004 "D45 FLXNR-8YD. GRP.-BACILARY DYSENTERY
_005__.___005 049 FOOD PDISONIRG
o005t 0491 BOTULISH ) .
.00% 00s D4c AMOBIASIS WOUT.LIVER ABSCESS
00?7 00?7 047 OTHER PROTOZOAL DYSEWHTERY
pos 0oy 047 OTHER PROTOZ0AL DYSENTERY
003 co3 048 UNSPC.FORMS DYSENTERY
g910 001 RESP.TB W.O0CCUP.DIS.OF LUNG
011t 011 po2 PULMONARY T8
01¢ 012 0o7? OTHER RESFIRATORY T3
012 012 007 _ -
013 013 010 TS OF MEHINSES AND CENT.NERV.SYS. -
014 014 011 T8 0F INTESTHNS..PERTHM..MEZSSNTRC.GLAKDS
015 015 012 ACT.OR UNSPC.T3 OF YERT.COL. .
0150 0120 ACT.OR UNSPC.TB O0F YERT,COL.  ~—~—————
0151 gi21 ACT.DR UHSPC.T8 QF.. HIP
———__ D152 0122  aCT.OR UNSPC.T3 OF KHEE
D158 012F ACT.OR UNSPC.TE OTH..UNEPC.BONES,JOINTS
0159 0l1z3 ACT.OR UNSPC.TS OTM.,UNSPL.BONES,JOINTS
D15 01s __01is .78 9F GENITO- UXIRARY EYSTEM
037 17 “Ot1e T8 6F EYE T v
G170 0140 PRIN,. T8 0OF SKIN
0171 _DIS T3 OF LYMPHATIC SYSITEM
D172 D160 ~ TB OF EYE _'
) 0173 0ig1 18 OF EaR
2179 . D182 OTHER 1B OF OTHER ORGANS
D1¢g a1z ate RCT . HLT. T3 3PZZ . NON-PULNOHARY
0180 01%0 ACT . MLT. T35 SPEL  NON-PULMONARY
_ _..0181 0191  ACUT.HLT.TB..UNSPEC.
0133 0192 "OTH.FOKMS DISSIMINATED T8
127 219 018 78 OF EYEC
022 020 . 058 PLAGUE
5200 0580 BUBONIZ PLAGUE
U201 05t PREUMONIC PLAGUE
0z22% 0582 OTHER PLRIUL
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STRENGTHS
All types of cancer
Internal and external comparisons

Consistent job function code on all workers

LIMITATIONS
Short follow-up time

Race specific New York rates unii}nﬂlble

Confounding variables unknown ~ . . 70 . ___'..__'.:'. Lo

Exposute category from jobr lunction code at one po'lnt in time _(don of
exposure cannot be e:tlmated) h

iy n s m— " C e (. PR

"STUDY POPULATION o

50,582 active male employees of the New quk Telepflione Compsany
Followed from 1976 through 1980

86 percent white .

Mediasn age about 49 years T

T - - i Lr—— —

About one third worked over 20 yearu .

. R . . Vear
Cable Splicers 4,547 19,453
Central Office Technicians 9,561 42,761
Outside Plant Technicians 1,385 5,985
Installation/Maintenance/Repair 13,289 - 5111
All Line (includes supervisory) 31,754 137,398
All Nonline 18,828 68,669
All Employess - 50,582 206,067

THE STATISTICS

_ # observed events in study group
Standardized Incidence Ratio =

# expected events based on standard

Two standards: 1. New York State cancer rates

2.  New York Telephons Company nonfinemen
cancer rates

Statistical significance Is based on the Polsson distribution,
95% confidence limits, two talled test

PG
gk’."".
LA

i
’»-.-?.
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EXPOSURE ASSESSMENT

Electric and magnetic field exposure assessment is being conducted in order to
classily linework based on exposure. Jobs assoclaled with teleplione company
linework have been divided into four basic categories: outside plant technicians
(traditlonal linemen), cable splicing technicians, installation/malntenance/repair
- {IMR) technicians, and central olfice .ttChﬂIC!IHB. Various work tasks and
tocations are being evaluated for u:ﬁ of- thrfour linework categories. These
e tasks and wo:k locations were utected baud on ]ob descriptions utilized by
i e ATLT prior to divestiture and information given through contact with telephone
Fare o company employees during a three day prtllm!ﬁary txpos‘ure assessment
workshop.

Two types of personal dosimeters are being used I’or this study: the EMDEX
digital exposure meter and the AMEX. The EMDEX is a personal moniter
equipped with a datalogger capable of measuring and recording 3-axis ‘magnetic
fields. The AMEX is a wrist-worn device which measures magnetic fields in a
single axis and provides an integrated average estimate of the field strength.
Data are being co!iccted to see how the magnetic field exposure estimates for

the two devices compare when used on a population of working lineren.

Full Shilt Time-Weighted Average Magnetic Flux Density (mG)
by Telephone Company Job Category

1988-1589 )
Arithmetic Geometrnic =

dob Category I\ Mean Std.Dey,  Mean Std. Dev, _Range

. Cable Splicer 56 . 43 ...4.2 3.2 22 D6 -230
Centra! Office 34 - 2.7 24 2.1 2.0 05 -10.9
Qutside Plant 41 16 - 09 14 16 0.3- 5..
tnstall/Repair 15 1.7 0.6 16 1.4 0.9- 3.1
Other* 3 16 1.2 12 20 03- 5.1

* Nonline job titles such as supervisor, clerk, ete,
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Frequency Distribution of Measures
for Cable Splicing Technicians
Full Shift Time-Weighted Average Magnetic Flux Density
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Standardized Incidence Ratlos {and Numbers of Cases)
for Specific Causes of Cancer by Type of Linework
New York Telephone Employees 1976-15880
Standard: Nonline Workers

Males -

) Cable Central Outside  Install
Splicer Office Plant Repair
Al cancers 1.81%@) 1.150 1.15m 0.910a
All gastrointestinal 1.7600 1.020m 2,05w 0.8409
Orat 1.3gm 245 2.31m 0.200
Stomach” - # @ #m 0 g
Colon 2.23w 0.54 2.14m 0.55
Lung 2.16@ 1.26u% 0.73w 1410
Leukemia 7.00%® 1.07m - 1) 1.77w
Lymphoid ' 4 o # W - 0 # 0
Myeloid 2.33m 0.53 - (o 0.89m
Drain 1.79m 0.901 - o - o
Lymphomas (200-202) . 3.59%m 1.94m - o © o 0.53w
Multiple myeloma - #m # #
Breast )] ¥ - 0 - {0
Prostate R 9310 3.A8 4,54 1020
Bladder 0.600 0.78m - 5 0.40

* Statistically significant at the 95% level, two taii, Poisson distribution

# No cases expected based on noaline rates
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Standardized Incidence Ratios (snd Numbers of Cases)
for Specific Causes of Cancer by Type of Work
New York Telephone Employees 1976-1980
Standard: New York State Male Rates

X Males -

P Al Al Cable Central Outside fInstal
- men line Splicers Office Plant Repair
I . All cancers 0.81%0 (.83%»s 127 Q88w 0.86m Q6T
Gastrointestinal 0¢.856en 0,83 13040 1a9ue  1.92W 0.60ua
COral 0.66:  0.7Ticd 1,030 1.36Mm 1.61w 0.12*w

Stomach 0.58m  0.883™ - 113w 303w 0.97w

Colon 0.630  0.77%% 241w 0.65®  2.40m  0.50
Lung 0.76%0s 087w 120w 0.75um Q.44 0.78m

Leukemia g.77on 0B .65 8.58m - ® .96

Lymphold 0.87Tm 1.34® 5.180 0.79n - 1.32m

Acute & unspecified 1.16% 1.76m T4 - {0 - (0 2.14m

Chronic 0.75% 1.15 £.170 1.11m -0 0,95

Myeloid 0.85m 0.7T4w 159w 0.56m (- 0.90%

Brain 10009 0700 2000 1420 -0 W@

Lymphomas 0.79um  Q.86um 1960 118w - 0,350

Multiple myeloma 069 107w  m  078m 80w 1.30w

Breast 14480 - - 1) 6.483 - 19 - (o

Prostate 0.B500  1.060m 2450 1.45® 1.95w 0.49m

Bladder . 0.66tn  0.53un 051 Q.70® - 0.36W

* Statistically significant at the 95% lavel, two tall, Poisson distribution
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Our case-control study of telephone linemen is designed only to evaluate the
association of leukemia with electromagnetic field exposure. Most of the cases
in that study occurred among retited workers. Two additional questions are of
interest:
1. Do young workers have an increated risk of leukemia associated with
electromagnetic field exposure?
2. Do linemen with electromagnetke field exposure have increased risks of
any other types of cancer? . )
To address these questions we undertook this incidence study.

METHODOLOGY

‘We matched the subset of New York Telephone Company workers with the New
York State Cancer Re;ht;'y. Perscn years and events were counted If we could
confirm that the person was still working for the teieplione company within the
study period.

Age specific New York cancer rates and rates of nonline tetephione workers were
applied to person years contributed by the telephone workers to determine the
expected numbers of cancers. The ratios of observed to expected numbers are
presented for all workers and for speciflc subsets of workers. Statistical
significance at the 95 percent leve! was determined using the Poisson
distribution.

RESULTS
Three observations are particularly remarkable.

1.  There does appear to be an increased risk of leukemia in the young
workers,

2.  Cancer incidence ratios for cable splicers, the group with the highest
EMF exposure, are high for almost svary cancer site. Using no‘ntim
worker rates as the comparison, cable splicers have significantly high
ratios for alt cancers combined, leukemia, and lymphomas. Thess
Increased ratios are In keeping with a hypothesis of cancer promotion
from EMF exposure. ‘

3.  Breast cancer ratfos are high in central office technicians, » group
with 8 different pattern of EMF txposun... Two cases were observed
in the five year follow-up period and both occurred in central office
techniclans. In 1087, Stevens hy'pot‘h'ulud that electric power use
might lead to an increased risk of breast cancer (American Journal of
Epidemiology 1987;125:556-561), The observed increased risk is in
keeping with Stevens® hypothesis.

These data suggest that dilferent exposures from fine work appear to result in

different patterns of cancer risk.
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OCCUPATIONAL MORTALITY (N WASUIRGTON STATE

1350-1979

ABSTRACT

The occupational and cause~of-death information on 429,926 Washington
State male deaths for 1950-1979 and 25,066 female deaths for 1974-1979
was analyzed using an age and year-of-death standardized proportionate
mortality ratio program., A detailed cause-of-death analysis (160 cauvses)

is published for each of 219 occupaticnal categories for males and for
each of 51 occupational categories for females.

The occupational mortality findings are compared with those of the
Registrar General and with the published occupaticonal mortality literature.
Lj The Washington State mortality pattern is, in general, consiastent with both
o the Registrar General's results and with the published literature. Some of
the new occupational mortality findings publishad in the 1950-1971 report
and in this updated version have been confirmed. Others warrant follow-up.
These include a lung cancer excesa in workers at the ASARCO Tacoma copper
smeiter, increased mortality due fo multiple myeloma and pancreatic cancerxr
in workers at the Banford atomic energy facility, and excess mortality due

to caneer of the pancreas, lymphoma, leukesda, and emphysema in aluminum
workers.

New findings in this report are a laukemia increase in workers exposed

to electric and magnetic fields and a deficit of multiple sclerosis deaths
‘among outdoor workers,

DHHS (NIOSH) Publication No. 83-116
$ 41
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Electromagnetic Fields
- by Samuel Milham, Jr.*

and electronic technicians; radio and telegraph operat
power linemen. power station operators, welders, alu
lionists and electricians. There were 12,714 total deaths

and seven of the nine occupations had PYMR increases

was seen for Hodgkin's disease or multiple myeloma.
These findings offer some support for the hypothesis th

In Washington State, all male death records for the
_years 19501982 have been coded to occupation. Anal-
ses of the 1950-1971 data and of the 19501979 data
have been published (1,2). In the 1950-1979 data set,
- men whose occupations were associated with eleetrie or
magnetic fields had more deaths due to leukemiz than
vould be expected (3). This association has been sup-
« ported in data from a Los Angeles County Cancer Re-
. gistry (4), in Vital Statistics for England and Wales (3),
; and in 2 British Cancer Registry (6). Since three more
- years of data are now available, [ examined the patterns
f mortality in electrical workers in greater detail.

.All deaths of Washington State resident men. age 20
rears or older, from 1950 to 1982, were coded to oc-
cupation. This file contains 486,000 deaths. Proportion-
te mortality ratios (PMRs), standardized by age and
rear of deaths, were caleulated for 158 cause-of-death
groups in each of 219 occupational classes. For this an-
vsis, the following occupations were considered to have
lectric or magnetic field exposures: electrical ang elec-
tronic technicians, radio and telegraph operators, elec-
tricians, linemen (power and telephone), television and
tadio repzirmen, power station operators, aluminum
workers, welders and flame-cutters, and motion picture
rojectionists. Electrical engineers were not included,

e
*Epldemiology Section, ET-13. Division of Health, Washington State
Department of Social and Health Services, Olympia. WA 98304

Sumas Energy 2 Final EIS
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* Enrimnmental Health Perapectives
Vol, 62, pp. 287-Juwo, 1945

Mortality in Workers Exposed to

In an occupational mortality analysis of 386,000 adult male death records filed in Washington State in
the years 1950-1982, leukemia and the non-Hodgkin's lymphomas show increased proportionate mortality
ratios (PMRs) in workers employed in occupations with intuitive exposures to electromagnetic fields. Nine
occupations of 213 were considered to have electric or magnetic field exposures. These were: electrical

ors, radio and television repairmen, telephone and
minum reduction workers, motion picture projec.
in these occupations, Eight of the nine occupations

had PMR increases for leukemia (International Classification of Diseases (ICD), seventh revision 2641

for the other lymphoma category (7th 1CD 200.2,

202}, The highest PMRs were seen for acute lenkemia: (67 deaths observed, 41 deaths expected: PMR 162),
and in the other lymphomaes (5! deaths observed, 31 deaths

expected: PMR 161). No increase in mortality

at electric and magnetic fields may be carcinogenic.

because their electrical exposures are infrequent and
because of potentiai social class confounding of the mor-
tality ratios. Streetcar and subway motormen were not
included because of too few deaths in recent years (11
total deaths since 1970).
Aluminum potroom workers are exposed to strong
magnetic fields created by the high amperage direct
current (75,000 A) used in the aluminum reduction pro-
cess, They are also exposed to polycyelic organic matter
generated when the binder in the carbon electrodes is
burned.
The welder group includes flame-cutters and gas
welders who have no electrical exposures, Are welders
work near step-up transformers, but are also exposed
to ozone, oxides of nitrogen and metal fumes. The mo-
tion-picture projectionists also work near step-up trans-
formers but, like aluminum workers, have exposures to
burning earbon electrodes and polycyclic arganic matter.
Those electricians engaged in new house wiring have
minimal electric field exposures; electricians who work
for electrie utilities may have high field exposures.
The workers in the other occupations are exposed to
electromagnetic fields associated with alternating cur-
rent flowing in wires and Fowerlines. The power station
operators work in hydroelectric plants along the Colum-
bia River. They are also exposed to ozone, especially
when working in the turbine housings.

Results and Discussion

Table 1 presents observed and expected deaths and
PMRs for those causes with s_signiﬁcant (p < 0.05) ex-
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MORTALITY FROM LEUKEMIA [N WORKERS EXPOSED
TO ELECTRICAL AND MAGNETIC FIELDS

T the Editor: In the course of updating a study of oceupational
mortality,® T noticed that among men whose occupations required
thern to work in elettrical or magnetic ficlds there were more deaths
due o leukemia than would be expected.

All deaths of Washington State resident men 20 years oid or older
from 1950 through 1979 were coded to occupadon. Propotticnace
mortality ratica standardized by age and year of deach were calculats
ed for 138 cause-ol-death groups in each of 218 cccupatonal classes,
Ia all, 438,000 deaths were analyzed.

Tablc | shows the mortality due to all leukemia and acute leuke-
miz for 11 occupations with presumed cxposure to clectrical or
magnetic ficlds. In 10 of the 11 the proportionate morlity rato for
leukemiz was elevared, .

Aluminum-reduction workers are exposed 1o strong magnetic
ficids induced by high-smperage direct current (75,000 A) used in
the pots in the aluminum-reducton process. Arc weiders and mo-
tion-picture projectionists work nexr aep-up tranmformers. The
other woi:tr3 are exposed to electrical and magnetic Belds associat-
ed with alternating current flowing in wires and power lines. The
powet-station operators work primarly in hydroelectric generatng
plants xlong the Columbia River. In thewe occupations leukemia hay
a propottionate mortality ratio of 137, and acute leukemia has one
of 163,

The available literature on occupational exposure to electrical
and magnetic ficlds, has not mentioned carcinogenesis. [ am un-
aware of obvious leukemogenic exposures in these occupations.

These findings suggen that electrical and magnetc fickds may
cause leukemia,

*Milham 5. Ccrupaocoal mornality in Washingwos Stae, 1930-1971. Cincis-
nati, Ohyo: Natioaa! Insorowe for Oceupsnonat Safery wod Health, Division of
Survallance, Harsd Evaluscom and Field Stdies, 1976,

Sumas Energy 2 Final EIS
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CORRESPONDENCE

Olympia, WA 98504

July 22, 1982
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Table 1. Leukemia Mortality in Man Occupationaily Exposad
to Elsctrical and Magnetic Fislds. (Washington Stats Whits
Males, 1950-19735).

DcouraTion Mortauty
ALL LEUEIML (X4 *) ACUTE LM masa (204, 1 %}
wharrmnd  axpecred t Pllli oboereed  sxpectedt PME S
Elacxronic 6 49 149 ) 1% 162
technicisns
Radicand 5 - 43 111 ) 13 piJ
talegraph
operators
Eleciriciana 5t o 1384 3 12.9 1N
Linemen 15 94 159 [ 33 113
(powerand -
- telgphone) N
Talavision ] 32 157 4 14 91§
repairmen
Power-mxion 1 n 2594 )] L1 b ¥
operaton
Aluminoum 0 10,6 139 § 11 43 pii N
workers
Welders and 12 119 61 L] kA £
fName catters . .
Motion-picture 4 1.7 134 t 0.9 1
Electrical 7 6.1 114 2 i1 97
enginoers
Strectcar and 3 1.7 175 1] [ ] 0
subway
MOAOTTeN —_—
¥ W By R T 18y
*Coded ding 10 the Sy d Claaw/ o Di» {he =L},
1 Based ou preportionsis serality for Waskinglon siaxs wrinis sake. (PM R vealum vy

axacs “srpand” valem bave bewm rovevdad off.)
IPropechessit REMAIXY Tt (sleereed /expeced X 100},
§Pcont. )
Sanvrs Muxan, Ir., M.D.
Washington State Department
of Sodal and Health Services
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5. MILHAM, JR.

Table 1. Mortality in workers occupationally exposed to electromagnetic fields
Washingion State 1950-1982, white males, age 20+
all causes with statistically significant differences between obterved and expected deaths.*

. Deaths

Cause of death Tth ICD* Observed Expected PMR*
Tuberculosis 001-019 28 48 59¢
Al malignant neoplasms 140-205 2,649 2,501 - 106+
Malignant neoplasm:

Pancress - 157 174 : 149 1

Bronehus, trachea and lung 162 . 789 694 114t

Brain ] 193.0 101 82 123+

Other lymphomas 2002202 51 a 1549

Leukemia ; 204 146 108 To13et

Acute leukemia 204.3 67 41 162+
Neoplasm of unspecified nature 230-239 _ 17 11 162+
Diabetes mellitus 260 - 147 179 B2*
Cerebral hemorrhage 331.334 632 685 a2+
Other disezse of heart 430-434 336 379 BY*
Bronchitis with emphysema 502.0 43 30 145*
Qther chronic interstitial pneumonia 525 28 27 143*
Other diseases of lung 527 412 a2 -
Uicer of stomach 540 60 42 142+
Cirrhosis of liver wio alcoholism 581.0 139 163 - 84
Aircraft accidents 860866 27 41 - 65"
Other falls from one level to :mother - 902 58 42 138
Electrocution 914 105 15 708

* Electrical and electronic technicians, radio and telegraph operstors. electricians, power and telephone linemen. radio and television re-
pairmen. motion pleture projectionists, aluminum workers, power station operators, welders, and flame-cutters.

*International Classifications of Diseases, seventh revision.

“PMR = proportionate mortality ratio (observed/expected x 100).

*p<0.05.

tp<0.01.

Table 2. Mortality in workers occupzationally exposed to electromagnetic fields,
Washington State, 1950-1982, white males, age 20+,
selected cancers.

Cancer of pancreas, Cancer of lung, Caneer of brain,
ICD 157 ICD 162 ICD 193.0
Occupation Observed Expected PMR* Observed Expected PMR* Observed Expected PMR*
Electromzgmetic field exposure
Electrical and elecuronie
techniciang 9 6.3 143 32 35.2 91 7 2.2 134
Radio angd telegraph
operators g 12 20 250 ___ 80 1 2.6 28
Power and telephone
linemen 18 13.8 130 4 61.7 120 ] 1 T
- Radio and television
repairmen 4 5.1 79 23 26.4 87 2 34 ]
Power station operators 3 3.1 59 21 2.6 e 3 2.3 130
Subtotal 42 314 112 170 170.9 100 19 21.3 89
Electromagnetic field and other exposure
Electricians 65 61.2 106 294 2.2 108 46 29.7 155+
Motion picture
projectionists 7 2.7 260* 8 104 7 2 11 188
Alumimum workers 33 183 180t 126 9.2 T 15 10.9 137
‘Welders and Samecutters 27 3.0 83 191 141.5 135 19 18.8 101
Subtotal 132 111.3 119 619 §523.3 118 82 60.5 136
Total 174 148.7 117 789 634.2 134% 101 81.8 123~

*PMR = proportionate mortality ration (cbservedrexpected x 100). Statistical testing was done only on observed values of six or greater.
*p<0.05, '
tp<0.01.

cesses or deficits of deaths in the grouped electrical  decreased PMRs by chance alone. Actually. 18 causes
workers occupations. Since there are 120 separate  of deaths had PMRs of p < 0.05. Six had lowered PMRs
causes of death for which PMRs are calculated at the p  and 13 had elevated PMRs.

< 0.05 level, (0.05 x 120 = 6.0) six causes of death  Deficits are seen for tuberculosis, diabetes melhtus.
would be expected to show significantly increased or  cerebral hemorrhage, other diseases of the heart, cir-
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Table 3. Mortality in workers occupationslly exposed to electromagnetic fields
Washington State. 1950—1982, white males. age 20+,
cancers of lymphatic and hematopoietic tissues.

Deaths
" Cause of death Tth ICD QObserved Expected PMR*

All lymphatic and hematopoietic cancers 200-205 37 257 123+
Reticulum-cell sarcoma 200.0 12 15 B
Lymphosarcoma - 200.1 {1 3 130
Hodgkin's disease 201 3 el 114
Other lymphomas 200.2.202 51 31 164*
Multiple myeloma 203 29 37 0

All leukemias 204 146 108 136t
Lymphatic leukemia 204.0 36 pat) 125
Myeloid leukernia 204.1 29 2 126
Menocytie leukemia 204.2 6 6 104
Acute lenkemia 204.3 &7 41 162t
Unspecified leukemia 20d.4 8 9 2%

*PMR = proeportionate mortality ratio (observedrexpected x 100).
*p<0.08,

*p<0,01 .
Table 4. Mortality in workers cccupationaliy exposed to electromagnetic flelds,
Washington State, 1950-1982, white mates. age 20+,
selected cancers of tymphatic and hematopoietic tissues.*
Oceupation A‘Eeﬁl%hﬂi:;cnd Lymphosarcoma., - Other lymphomas, Leukemia, Acute leukemia,
ToD 200,205 ICD 200.1 ICD 200.2, 202 1CD 204 ICD 204.3
-205
Obs Exp PMR Obs Exp PMR Obs Exp PMR Obs Exp PMR Obs Exp PMR
Electromagmetic field exposure
Electrical and elee.
tronic technicians 19 13.3 143 2 1.7 118 3 1.9 161 8 3.1 158 3 2.4 124
Radio and telegraph
cperators 15 10.8 137 1 1.4 3 4 1.2 342 3 4.9 102 3 14 212
Power and telephone
linemen 3 25.2 123 5 3.0 168 3 2.8 177 1 10.8 158 7 3.9 179
Radio and television
repairmen 12 9.4 127 1 1.1 90 1 1.2 86 7 4.0 176 6 1.7 3
Power station
operators 16 8.2 195t 3 1.0 297 3 1.0 300 8 3.3 2261 3 1.3 238
Subrotal 33 67.0 139t 12 8.2 146 16 8.1 197t 45 23.3 159t 2 10.7 206
Electromagnetic field and other exposure :
Electricians 112 100.0 112 14 122 115 14 12.2 113 56 42.7 131 25 15.6 160
Motion picture
projectionists 5 41 12 1 0.4 250 0 03" 0 4 18 218 1 4 2’0
Aluminurn workers 30 32.1 156t 3 3.7 &2 1 1.2 260t 22 13.4 164 13 5.6 233
Welders and flame- ‘ ]
cutters 51 53.3 107 11 1.0 157 10 6.3 158 19 21.3 g9 6 9.0 67
Subtotal 224 189.5 118 29 233 124 35 23.0 152t 101 .2 128t 45 30.6 147
Total 317 2565 124t 41 3L.5 130 51 311 164t 146 107.5 186t &7 41.3 162

*Obs = observed deaths; EXP = expected deaths; PMR = proportionate mortality ratio (observediexpected x 100

*p <0.05.
+p<0.01.

rhosis of the liver, and sircraft accidents, Excess deaths
are seen due to all malignant neoplasms, malignant neo-
plasms of pancreas, lung, and brain, the other lympho-
mas, all leukemias, acute leukemir, neoplasms of
unspecified nature, bronchitis with emphysema, chronic
interstitial pneumonia, other diseases of lung, ulcer of
the stomach, falls from one level to another, and acci-
dental electrocution. Sixteen of 17 deaths due to neo-
plasms of unspecified nature were brain tumors, so this
excess may be related to the malignant brain tumor
excess, The accidental electrocution excess is limited to
linemen (77 deaths observed, 2 expected) and to elec-

tricians (20 deaths observed, 4 expected). The excess
of deaths due to falls from one level to another is seen
only in linemen (24 deaths observed, 5 expected). The
excess of deaths due to chronie pulmonary diseases [7th
revision, International Classification of Diseases (1CD)
Code 502.0 and 525) is seen primarily in those occupa-
tions with fume and dust exposures. Bronchitis with
emphysema (7th ICD, 502.0) has excess mortality in
welders (14 deaths observed, 6 expected) and in elec-
tricians (20 deaths observed, 13 expected). Chronie in-
terstitial pneumnonia deaths are in excess in welders (9
deaths observed, 5 expected) and aluminum workers (6
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eaths observed. 3 expected). Deaths due to stomach
leers show a slight excess mortality in these workers
vithout any obvious occupational explanation.

Table 2 separates the nine occupations into two groups,
ne with electromagnetic field exposures only, and one
ith field exposure plus other occupational exposures.
ancreatic cancer shows a similar PMR in both groups
‘hile cancers of brain and lung show lowered PMRs in
e electromagnetic field {only) exposure group. The
ung, pancreas, kidney, and brain cancer excess is usu-
ly greatest in those occupations which have inhalation
xposures in addition to electromagnetic field expo-
sures, This suggests that field exposures may not play
role in the etiology of these cancers.

_Table 3 shows observed and expected deaths and
'MRs for the lymphatic and hematopoietic cancers. Re-
culum-cell sarcoma and multiple myveloma show low-
ered PMRs, while all lymphatic and hematopoietic
ancers, the other lymphomas, all leukemias, and the
ute leukemias have significantly elevated PMRs (p
< 0.01). Hodgkin's disease shows a slight but nonsig-
‘nificant PMR increase with four of nine occupations hav-
inga PMR > 100. Only one of the nine occupation groups
shows a PMR increase for multiple myeloma (aluminum
-workers: 8 observed, 5 expected, PMR 167). Similarly,
hased on small numbers of deaths, only two of nine

There is nothing in the available occupational litera-
ture which indicates that nonionizing radiation is a hu-
- man carcinogen. There are conflicting reports relating
. residential electrical wiring configurations to cancer
mortality (7-9). Occupational exposures to ejectric fields
v are much higher than those received by virtue of
- residence,

i Weak electromagnetic fields can alter human reaction
+:: time (10) and cireadian rhythm (21). Nonionizing radia-
. tion has been shown to cause endocrine (12), neurologic

. {19), and immunologic (14) changes in animals. Weak
: o_sullat._mg_ electric fields have been shown to affect cal-

© clum binding to cerebral tissue (13), and weak pulsed-

Sumas Energy 2 Final EIS
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magnetic fields have been shown to be teratogenic for
the developing chicken (26). In most cases, these effects
do not show the usual dose-response relationships.
Rather, “windows” of effect of both frequency, power
and wave form are seen. There are no systematic stud-

"ies of the carcinogenicity of electromagnetic fields in

animals,

Summary

Leukemia and non-Hodgkin's lymphomas show in-

creased proportionate mortality ratios in men employed
in occupations with intuitive exposures to electric and
magnetic fields in Washington State. :

1

2.

10.

11,

13.
4.

16,
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INCREASED MORTALITY IN AMATEUR RADIO OPERATORS DUE
TO LYMPHATIC AND HEMATOPOIETIC MALIGNANCIES

SAMUEL MILHAM. IR

Mitham. S., Jr. {Washington State Dept. of Sociat and Heaslth Services, Olympia,

WA 58504). increased mortaiity in amateur radio operators due 1o lymphatic and
hamatopotetic malignancies. Am J Epidemiol 1988;127:50-4.

To search for potentiaily carcinogenic effects of eisctromagnetic fleid sxpo-
sures, the author conducted & poputation-based study ot mortatity in US amateur
radio cperators. Ascantainment of Washington State and Califomia amateur radio
operators (67,829 persons) was done through the 1934 US Federal Communica-
tions Commission Amatsur Radio Station and/or Operator Licansa tile. A total of
2,485 deaths were located for the period from January 1, 1978 thwough Decsmber
31, 1984, in 8 population of amateur radio oparators which accumitated 232,439
person-years at fisk. The af-Cause standardized moctality ratio (SMR) was 71, -
but & statistically significant increased mortality was seen for cancers of the -
other iymphatic tissues (SMA x 182), a rubnic which includes muftipls mysioma
and non-Hodgkin's lymphamas., The atiieukemia standardized mortality ratio was
slightly, but nonsignificantly, slevated (SMR = 124). However, mortality due to

f”-z’s‘n o
N
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acute myelocid loukemia was significantly elevated {SMR = 176).

slectomagnetics; isukemia, myslocytic; tymphoma; multiple mysioma; radio

In 1982, an updated occupational propor-
tionate mortality ratio analysis of 429,926
male deaths in Washington State from
1950-1973 suggested that workers in'occu-
pations with exposures to electric and mag-
netic fields had increased mortality due to
leukemia {1, 2). An amateur radio operator
{Andrew R. Sabol, W2EVE, personal com-
munication, 1982) suggested that it might
be of interest to study mortality in members
of the American Radio Relay League, a
group of amateur radio operators who, in
the pursuit of their hobby, are exposed to

‘electromagnetic fields.

Recent deaths in American Radio Relay
League members are reported in the “Silent

Keys" section of QST, the League's

Received for publication August 18, 1585, and in
final form April 13, 1987,

' Eridemiology Section, LP-15, Washington State
Depantment of Social and Health Services, Olympis,
WA 58504,

Supported in part by Nationat fnatitute for Oceu-
pationat Safsty and Health purchus: urdee B4-Us00.
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monthly magazine. A proporticnate mor-
tality ratio analysis of 1,691 deaths of lea-
gue members from Washingron State and
California during 1971~1983 revealed a ra-
tio for deaths from leukemia of 191 (24
deaths obsarved, 12,6 expected; p < 0.01)
(3). | could not obtain access to American
Radio Relay League membership files, so it
was not possible to do a standardized mor-
tality ratio analysis of these deaths. Since
all amateur radic operators in the US are
federally licensed, 1 instead purchased the
1984 Federal Communications Commission
Amateur Radio Station and/or Operator
current license file from the National Tech-
nicat [nformation Services.

MATERIALS AND METHODS

The Amateur Radio Operator file con-
tains the following information for each
licensee: name, call sign, birth date, effec-
tive date of current license, expiration dote
of current license, license class, mailing
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address, and station location (city and

state). There were more than 400,000 rec-
ords in the file. The effective and expiration
dates of the current license were exactly
five years apart, in accordance with the
five-year license period at the time. Start-
ing in 1984, the license period was extended

to 10 years. No information was available *

on the date persons were first licensed or
on the number of years licensad.

All amateurs with Washington State or
California addresses, licensed between Jan-
uary 1, 1979 and June 16, 1984 (latest date
on the file), were selected fromn the master
file. Name (first, middle initial, and last)

" and date of birth {month, day, and year)

were listed and used to search for deaths.
A search for deaths by computer with man-
aal backup was done in Washington State.
Iin California. the CAMLIS system (e
computer-based probability matching sys-
tem) was used (4). [n both states, ail deaths
were searched, but the study was iimited to
males because females made up such a
small percentage of Federal Communica.
tions Commission registrants. Since the
Federal Communications Commission file
had no sex code, female names were elimi-
nated manually. In all 67,829 names were
searched for deaths in the two states, Fora
name to be included in the study, deaths
and the commission file had to match ex-
actly for date of birth and complete name.
Causes of death were translated to Inter-
national Classificotion of Diseases, Eighth
Revision (ICD-8), codes and the standard-
ized mortality ratio cohort mortality pro-
gram of Monson (5) was run by stats for
males only. Person-years at risk started at
the effective current registration day and
ended 2t day of desth or December 31, 1984,

RESULTS

The 67,829 Washington State and Cali-
fornia amateur radio licensees accumulated
232,499 person.years at risk and 2.485
deaths (2,083 in California and 402 in
Washington) during the study period {Jan-
uary 1, 1979 to December 31, 1984).

Table 1 shows standardized mortality ra-
tios by cause for California and Washing-
ton State licensees. Since 84 per cent (2,083
of 2,485} of the deaths occurred in Califor-
nis licensees, California deaths are primar-
ily responsible for the mortality pattern
seen here, The all-cause mortality ratio is
71, mainly due to a circulatory diseases
ratio of 70. The all-cancer mortality ratio
is 89. The rubric cancer of the other iym-
phatic tissues had a significant (p < 0.05)
mortality excess. No other cause of death
groups had significant excess deaths, while
many had large deficits (e.g., cancer of the
pancreas, all circulatory diseases, ail respi-
ratory diseases, and all accidents). The pat-
terns of mortality seen in the two states are
quite similar.

An analysis of leukemia mortality by de-
tailed cause (table 2) shows a slight, but
nonsignificant increase in all leukemias
and a significant increase in the acute mye-
loid leukemias {ICD-8 code 205.0). The in-
crease for the rubric acute unspecified leu-
kemia (ICD-8 code 207.0) may also reflect
an excess of acute myejoid leukemia.

DiscussioN

The standardized mortality ratios in ta-
ble 1 are slightly underestimated. since fe-
males are virtually eliminated from the
deaths, but not from the population at risk.
Further underestimation results from the
fact that California and Washington State
death rates are slightly lower than the US
rates used to calculate expected deaths (ta-
ble 3). This will result in the standardized
mortality ratios ag calculated by Monson's
program being slightly lower than those
calculated using state death rates. The Cal-
ifornia deaths aiso exciude 39 out-of-state
deaths in California residents. The all-
cause standardized mortality ratio of 71 is
similar to that seen for Swedish academic
cohorts (6). Swedish mining engineers and
architects had an all-cause ratio of 65 and
67, respectively.

The 43 deaths in the rubric cancer of -
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MORTALITY IN AMATEUR RADIO OPERATORS * 53

TanLe 2
Anatysis of lepkemia deaths in Warkington Stote and California US Federal Communicatians Commission

amateur rodin nperatar licenseex, January 1, 1979 to December 1. 19%4

\ D& . - - - Deaths srsz
cence
Cour ol deat code? Oberrved Expecuedt SMR} ntervat
All leuketnias - 204-207 36 .29.0- 124 87-172
Lymphatic 204 "9 8.7 .03 47-156
Acyte 204.0 a 25 120 26-381
Chronie 20401 6 5.5 109 40-238
Unspecified- - 204.9 < .0 0.8 0
Myeloid 205 18 129 140 83-220
Acyte . 2050 15 as 176° 103-285*
Chronic = 205.1 3 .~ 35 86 17-250 -
Unspecified 205.5 0 0.9 n
Monocytic 206 - 0 0.6 0
Unspecified 207 9 67 134 61-255
Acute 207.0 6 34 176 - 64-384
Unspecified 207.9 3 2.5 120 26-381
*p<0.08.

t Internanional Classification of Diseases. Eighth Revision. .
$ Calculsted using 1981 US age-specific white male death frequencies by detailed [CD-8 code and a simpie

proportional model.

§ SMR {standardized mortality ratio) = observed/expected X 100,

. TABLE™S
Decth rates per [00.000 for yelected courer from vital statistics of the United States. 1981 ] 1
Cause of death ii%. us  Californta Washingion State

All eauses - 000—999 BE62.4 T64.0 759.0
Leukemis 204-208 71 6.7 6.9
Other malienant neoptasma of

lymphatic and hematopoietic .

timses 200-203 9.4 Re° T 8.9 -

* International Clasmification of Diseases, Eighth Revision.

o Thix

other iymphatic tissue were composed of 22
deaths from ICD-8 code 202 (other neo-
plasms of lymphoid tissue) and 21 deaths
from ICD-8 code 203 (multiple myeloma). .
Among all US white male deaths, 1CD.8
codes 202 and 203 are present in the ratfol
of 57 per cent'to 43 per cent, respectively.
yields crude standardized mortality
ratios of 145 for ICD-8 code 202 and 184
for ICD-8 code 203. The excess of deaths
for ICD-8 code 202 is not as secure as that
for ICD-8 code 203, since there is potential
misclassification between the lympho-
sarcoma-reticulosarcoma group (ICD-8
“codes 200.0 and 200.1) and the groups for
" ICD-8 code 202. When ICD-8 codes 200.0

Sumas Energy 2 Final EIS
Volume 2

and 200.1‘are considered together. their
mortality deficit nearly cancels out the
mortality excess for JCD-R code 202.

The low standardized mortality ratios for
malignant and nonmalignant respiratory
diseases suggest that the members of the
American Radio Relay League have a lower
ratio of cigarstte smoking than does the
genersl US population,

The fact that the excess of leukemia is
limited to the acute myeloid and acute un-
specified cell types increases its biologic
plausibility. Studies in the US (7) and the
United Kingdom (8, 9) suggest a relative
increase in acute myeloid leukemia in elec-
trical workers.

Supplemental Materials Submitted at April 3 Public Hearing — Page 46



Sumas Energy 2 Finai EIS

Volume 2

54 MILHAM

Occupational information listed on the
aeath certificates in Washington State
showed that 31 per cent of Washington
State amatsurs (124 of 402} listed occupa-
tions with electromagnetic field exposures
(radio- operator, television repairman, elec-
tronics technician, exc.), while these occu-
pations are listed on only three per cent of
2]l male death certificates in the Washing-
ton state death fle. Five of the 11 Wash-
ington State leukemia, lymphoma, and
multiple myeloma death certificates listed
an occupation with electrical exposure. Oc-
cupational information was not available
for the California deaths.

In addition to--electric and magnetic
fields, these males are exposed to electric
shock, soldering fumes, and degreasing
agents in the pursuit of their hobby. Nearly
one-third of the group also work in jobs
with electric and magnetic field exposures.

In 1980, the American Radio Reley
League surveyed 8,895 US and Canedian
amateurs (a random sample of one in 44).
Results published in 1981 {10) indicate that
the average amateur was & 46-year-old male
who was first licensed in 1963 and spent
6.1 hours & week on his hobby. A total of
72 per cent had some education beyond
high school, and 43 per cent warked or had

worked in a related field. Males accounted

for 94 per cent of the amateurs. Some of
the variation in mortality seen in Federal
Communications Commission licensses
may be related to social class,

There is some overiap between the Fed-
eral Communications Commission licenses
population studied here and the American
Radio Relay League deaths ascertained

through listing in the League's journal In

the study of mortality in. the American
Radio Relay League, 1,691 deaths, includ-
ing 24 leukemiss, were ascertained in the
years 1971-1983 (3). In the present study,
2,485 deaths, including 36 cases of leuke-
mia, were ascertained in the years 1979-
1984 by searching for deaths in a popula-
tion of 67,828 Federal Communications
Commission licensees. All amateur radio
operators are required to be licensed by the

Federal Communications Commission, but
only a fraction of these licensees are mem-
bers of the American Radio Relay League.
In the years of overlap of the two studies
{1979-1983), there were six cases of leuke-
mia ascertained through the American Ra-
dio Relay League listings and 33 ascer-
tained through a search of the Federal
Communications Commission files.

As axpected, the overall mortality of am-
ateur radio operators is quite favorable
when compared with that of all US males.
Howsver, this large population-based study
indicates that amateur radio operator licen-
sees in Washington State and California
have significant exceas mortality due to
acute myeloid leukemia, multiple mysloma,
and perhaps certain types of malignant
lymphoma. Avocational and/or occupa-
tional exposures to electric and magnetic
fields should be among the possible etiolo-
gies considered in explaining this exceas
mortality.
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Exposures to Extremely Low
Frequency (ELF) Electromagnetic
Fields in Occupations with
Elevated Leukemia Rates

Joseph D. Bowman, David H. Garabrant, Eugene Sobel and John M. Paters

Division of Occupational Health, Department of Preventive Medicine, University of Southemn Cafifomia School of Medicine,

1420 San Pablo Street, Los Angeles, Califomnia 200323

3

1n previous epidemiological studies, elevated leukemia rates have
Been found in a collection of occuparional categories of “electrical
wodkers™ In this study, spot measuremencs were taken of the
Extremnely Law Frequency (below 100 Hz) clecmric and m=xgnetic
field exposures of “electrical workers™ ax 114 wock sites az za
elecwric udlity, an scrospace firm, 1 municpal governmaent, mo-
don picrure theaters, and TV repair shops. Foe comparison, the
fields were measured in 18 residences and 3 offices. The resi-
dential mewsurements had 95th perceadles az 3.4 X 107" Tesla
for tagnetic fislds and 33.1 volo/merer for elecrvic felds. For
magnetic fields, the 95¢th percentile of the residential measure
ments was exceeded by 59 percenc of the occupadonal measuce-
ments, covering all the “elecrrical worker™ job cacegories with
the exception of radio operarors. The highest magnetic field en-
countered was 1250 X 10" Tesla oa 2 barrery=powered fock Life
operaroe, which had not been considered a0 “electical worcker”
occupstion previously, Only 25 percent of the occupatioaal eiec-
eric Gelds were above the 95th percentile messured in residences,
and chese were all in the job cacegodes for power line workers,

' power station operators, and TV repairers. This survey indicares

thae many “dlecrrical workers™ have some expasures o elevared
falds, However, the wide varizbilicy in field sxposures over time
and betwaoen workers will necessicate better expaosusre measures
meats to asscss more rigorously the aasociation becween leukemia

. ences and electromagnetic fields. Bowaan, 10.; Ganbrant, 0.1 Sobel,

&mm;wmwmmmmw
mmmmmammummmwumxm-
194; 1588 .

Introduction

Scudies published since 1979 have rised the quesion of whether
high exposure to elecrromagnetic (EM) fields from alternating
current (AC) electrical cquipment conveys cancer risk. For 3
variery of reasons, the studics in occuparional settings have not
relied on acual measurements of EM fickds but generally have
used surrogates of EM field exposure. Thus, the purponc_d re-

Sumas Energy 2 Final EIS
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hﬁonshipbetwccnmﬁddsanduncaﬁskrcmimuguc.md
unpomn:queziomrcg;rding&rcmofdosc-mponsc
relztionships remain unanswered For this reason, field mea-
surements in occupatonal sexings are crisclly impormant. This
p@apmmemmmudmcewcmdmgncdt
fields in 2n array of ocrupations that have been previously pre-
surned 10 have high exposures and which are thought by some
1o be 2t increased leukemiz risk. These measurements are com-
pared o similar measurements made In residential sexings.
mmmmmmﬁdﬁmmumcd
in four studiest~ addressing childhood malignancy, of which
threef134) reported a significant association. Where significant
associations are reported, exposures were assessed largely by
configurarions of eleurical diwributon wiring, which roughly
cotrelate with the average residendal magnetic fields 2t Exremely
Low Frequencies (ELF),( %4 defined as frequencies below 100 Hz
For workplace exposiires, seven studies” 9 have examined
the risk of leukemiz in an assembly of “electrical-workers,” 2 set
of occupational codes origimally suggesed by Milham™ These
sudies 3re based on populations in the United Scres, Grex
Brigin, and New Zeahind. Although the findings are not identical
(and occuparional cxtegorics, such as “weiders and flame cuners,”
dearly do not have uniform exposures 1 EM fields), the studies
dopmvidccvidmﬁmlwh:mhmamybcdﬂmcdinmc
“elecrrical wocker™ occupations. Although the nunmber of leu-
kernias in specific occupations was generally small, elevated risks
were found with some consistency for power station operatods,
radio and relegraph operators, and electrical engineers. Seven
other studies shed varying amounts of light on this issue.ft4~
Four studlest =19 show 2 posidve assockation between elecricat
occupations and cancer; theee! 1221 do not.
A!loccupntianlsmdk:suﬁcrfromrwomnéordcfcm:bdco[
exposure measurements and no evaluznion of confounding leu.
kemogenic exposures such 3 ionizing rdiation and benzene,
Occupational exposures to EM frelds at ELF have been measured
In other studies, but the relevance of the dan to the ancer
hypothesis is limited, Elecrric field exposures have been men-

1"e
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sured amung cleatrie utilin: workers'S-3 gnd durny farming
operatuns under high volmge transmssion linest 2 In thew
studies, most workers received litle detecahle SXPAsUre 10 ehee-

fields below several hundred volt/meter (Vim)**™ and, there-
fore, c2nnuot detect the elaric Aelds in many of the “elecrric

Cccupational and residenial Exposures o ELF magneric fields
have been reviewed recenly. (3 Spoc measurements of $0/60 Hz
magnetic fields have been done around clearical udlicy work.

magnetic field exposures at 5660 Hz have been measured near
high-volage transmission lines 32 efecrical distribution subsa.
gons, 3 and elecrica Benenuing starions. Magnetic field ex.
posures have noc been measured in any of the other “electrical

- worker™ occupatons in the leukemia surveillance studies.

In summary, the published llteranure suggests that “elecrrical
warkers” are af increased sk of leukemiz, bur the exXpasure
medsurements in these occupations is not sufficient w conclude

. that EM fields in these occuparioas ace acrually elevared.

Methods
Instrumentation

A power frequency field meter (Model 113, Electric Field Mea-
surement Co., W. Swockbridge, MA) was used for all EM Reld
measurements. For elecric felds, the sensor was the w0 halves
of the meter’s metal ase, which was mounted either on 2 fiber.
gi2ss rod or on 2 sand made of non-conducting polyarbonate
plastic. For magnetic fields, the sensor is 3 %0-mm dizmeter coil
with 2000 s,

Forbo:hciccn-icandngncdcﬁdds, the sensor was placed
adhcemto:hemdc:r.andrc:dingsmakcn in three or.
thogonal directions. From the three compounds, the vecor mag-
nitude was computad for the elecrric () field in V/im and the
magnetic (B) field in Testa (T).

(No:conuni::;lnmclkcramrtonﬂfhdmd&m,two

2

402 83 acs 1000
FREQUENCY (Hertz)

~BGURE 1. Sensitivity of the Power Frequency Fetd Meter (Modet 113) m
2 MIGHenc flelds 25 g tunction of frequency and the scale on the meter, Daa
“Sourca: Instrucnen pamphiet (1985},
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COMENDUNS €XiM for the erminology and unizs applic
magnet fickds. In the medicd and pupular ditersture, ¢
fetc fiekd” refers o the 8 field, which is reported in the
unit of mulliGauss {mG). {n the health physics literature,

“magnetic Aux density.” reported in the St units of Teslas. 5
are alsmys proporntional in non-ferror
nenc mager, the distinczion between the two quantities is

Forunis, 1 X 10-"T = 1 mG is used so that

. rumenical values in the 5 udits are the same as found in
medical fiterarure )

The frequency respoase of the feld meter peaked 2t 2ppn

km!yﬁommdicmc:crmopemed in the “Integrarc

Measursment Sites

seatmwbﬁ:mmoorxﬁducdwbem‘dcmulmr‘
Om.tmeTableslmduﬁxdﬁcm:goﬁaforuhichccpomn
measurements were obciined.

Tonmmmﬁddmmmewmonobmmmeco
opa-wono{zndecricmui:y.:nmmﬁm,zmunidpﬂ
sovenunen;-t_fycc'ldcvisionrepairshops,mdmmodonpicv
mmd'tatm(oncindoor.oncdme-in). Individual workers were
wmmmumazmmmamcich
w&mmnunbedmmumuukmamhwmksire
mdlcm:dbyd'\cnryingdrcummumddidno:mpruen:
the disuibmiondducworkforccord:cirmrk:imc.

Mmmmnkm:udosemmewodccrzspoaiblc
andinmedit\:cﬁono(dscmoalﬂedyﬁddsourta(nblcm).
Since elearic fields are deformed by surrounding objects and
v:rysharpfyinchcirﬁciniry.mmmmmrswcreoﬁmnkm
apprmdm:nciyoncme:erapm:ndmc:ﬁduncucmmge of the
meicaricﬁddmgnimdcsmmcdmrtpms:mtheﬂpowm

measurement protocol, adopred from 2 study of childhood c@n-
cerf4 was followed, The field merer was mounted in the middle
of the living room, bedroom, kitchen, and backyard and operated
in mes:memnncrnhd\cworkmmg;.&rcach site, ot

electric and magnetic field magnitudes were measyred first with
all appliances off, and then with 2 standard list of appliances

(refrigerator, elearic siove, waster, iron, television, larnps) turmed
Of One ar 1 time,



TABLE 1. Ocrupational Exposures 10 ELF Magnetic Relds

% Abave
Magratic (B) Feid (x 10-7 Tesla) ""sém' g
Joh Cass - Enviroaments N Gea Men Pange Percertie
Bacnciams Inchsstrial power POty 1 11 -— 100%
Power bt Underground Fines 3 g4 B9 1o
workars Cvertead lineg 2 Q5 R-s1 100°
Home hook-ups 14 1.1 00412 = _
Welders and TAC 4 413 24-9 1o°
fare cuters TIROC 4 &S 8 100°
Power sation Tratmizsion sation 3 »nt %-1 10
otion 1 b4 ] -% 0o~
Genarationy stfion 12 9 21118 . The
Control rooms . 21 -4 X
Bactronics Soutterins 2 ik L3 1w
asemblers Soidering 2 13 1315 ¢
Microslectoncs 3 an3 6.01-006 [
Projectionists Yenon arg 7 EL ) 145 .
Fork-klt : t.r 1912607 677
poavainy Banaey powered g -
Brectronics Lassr lgp 9 106 -: w
oginees & Calibration tab 4 0.8 us-07
chocans Cifice 1 a2 —_— ]
Radio and TV Regaiv shops 1 83 k. ey
reozirees
Racdio operatnes Disgatchers 3 a3 02-04 0
Secretaries vor § k) -3 Eoy
Dther k) 1 g2-4 <
“Becinical workers”™ 105 L0 af-120 B
Al ocopstions 114 &7 401250 Loy
Rezidences Aophiances L.l s oS- —
(GSD = 28}
~Sgrefaart prooonson (p < G05)

TR e QUNng TSN,

Resutts and Discussion

Magnetic field and electric field measurements were tzken at 114
sites in 22 work environmerus and 181 sires in 18 residences.
The residential mexsurements were oken in the spring (February
through April), and the occupational measuremnents were &ken

. in the fall (Seprember through November) so that air conditon-

€rs were e operating t most locations.

To summarize the measurements, the range of values and the
geomeric mean (GM) for each wotk environment, 2long with
the residential messuremenss for comparison, are presented in
Tables { and 1L Since the diswribution of residential field mea-
surements is skewed mowards small values, the field exposures
are apparentty distributed log-normally, and the geometric mean
is 3 berter mesure of the central tendency than the arithmetic
mean. Eomination of the mognetic field measurements (Table
1) indicares thar in 3t work environmenas the geometric means
of the “electrical worker™ exposures are higher than the mean
residentizl exposures, with the exception of radio dispatchers
and a few specific environments in which ¢lecronics engineers,
technicians, and asemblers work. Examination of the elecric
field exposures {Table 11} shows the geometric means in many
work environments to be below the residential mean. -

Sumas Energy 2 Final EIS
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A significance tesz on these means could be misleading. The
number of mexsurements ken in the various work enviroa-
tments mnged fom 1 w0 14 and were measured under 2 wide,
variety of circumsances (a single reading mken during 2 brief
walk-through, 2 doren measurements tken while following 2
power line crew, erc). None of the occupational measurements
were tken wih 1 sandardized protocol o was followed in the
residences.

In oeder o ext for elevated occupational exposures more
rigorously, k was estimated that the lognormal diswribution for
tesidencial magnetic Seld exposures has i 9%th percentle ar 3.4
X 10-* T (3.4 mG). In other words, any occupational magnetic
Feld measurement shove this value is higher than 9% percent of
the exposures ocTurring in 2 collection of residences: therefore,
such values were defined as “elevated” exposures. Sixty percent
of magneric fickd measuremens in the “clecrical worker™ et
egories are above the 95th percentile of the residential expasures
(Table 1)

To test exch work environment for 2 significant proportion of
elevated exposures, an exact binomial testd™ was used with the
null hypothesis: ~The proportion of elevared fields measured 1n
a work environment is § percent, the same as found in resi-
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dences.” As shown in Table I, proportions of elevated magnetic
felds significantly above 5 percem were found in all environ-
ments for “electrical workers™ with the exception of power sta.
tion control rooms, the radio dispatcher room, elecironics as-
sembly, and the electronics calibration hb. In both secremarial
and engineering offices, the proportion of elevated magnetic
fields was not significantly different from the residences, except
for the measurements mken around a single video display ter-
minz! (YOT).

For residentizl elecrric fields, the 95th percentile was estimared
o be 33.1 Vm and was exceeded by only 24 percent of the
measurements in the “elecurical worker” categories (Tabie II).
The work environments with significant proportions of elevared
measurements were limited to overhead power lines, ransmis-
sion and distribution stations, and TV repair shops. None of the
secretaries’ exposures were above residential elecrric fields. The
reason for low elecric fields in the presence of heavy elecrical
equipment appeared o be the effective shiclding provided by
meal

The magnetic field exposures also varied widely both berween
and within the different “elecrical worker™ categories. Between
categories, the geometric mean for the magnetic field exposures
went from 103.1 x 10-7 T for elecricians o 0.3 x 10-7 T for
radio operators, 3 343-fold ratio. Within the elecuronic assembler

category, the geometric means varied 810-fold among the dif-
fercrx environments.

Boxh the between- and withincategorny variabilly in the mag-
netic field exposures creates the potendal for misclassification
ertocs in the estimates of leukemia risk by occupational eategory,
The wide variation in magnetic fields between job categories, if
known more precisely, could be used 10 reduce the misclassi-
fication of EM field exposures and to increase the ability to test
the assoctation with occupational leukemia rates in the popula-
tion-based cancer registries.

Although fork-lift operazor was not one of zhc original “elec-
trical worker™ job categories, these workers were exposed 10 the
highest magnetic field measured in this survey. Bazery-driven
fork and scissor lifts produced magnetic fields ranging from 54
o 109 x 10-7 T while in steady moxion with surges up © 1250
X 10-7 T when accelerating. Since many other manufacturing,
mining, and constuction workers work close w large electric
motors, exposure 1o elevated magnetic ficlds must be considered
for these jobs.

Elevated ELF magnetic fields are also produced by power sup-
plies, ransformers, the magnetc disc drives on word processors,
and wires carrying heavy currents. Conversely, the small sample
of secretaries who did not use VDTs were exposed 10 EM ficlds
within the residential range. More homogeneous parerns of mag-

TABLE . Occupational Exposures to ELF Bectric Feids

Sumas Energy 2 Final EIS
Volume 2

% Above
Residemial
Bectric (E) Feld {¥/m) 85t
Job Claxt Envirooments N Gea. Msan fange Percentile
Haciricians Iejustrial power supoly 1 42 - %
Power fine Underproond lines 2 0.3 {.5~1.2 ]
Lt Overhsadd lines 2 1516 120-206 100
Home hook-tps 13 a8 0N 15
Yiekders and TG 1 20 -
ftaroe cutters
Power station Transmission station 3 200 155621 hi tid
operators Pistribution sub-siation 3 715 R-22 &
Generating siation 7 04 04 - — 0
Control rooms 4 10 03-24 0
Bectronics Spustearing 1 55 —_ 0 -
ATSHMONS Soldering 2 X 82-87 0
: Microsiectronics 2 1.6 0.8-3 ]
Projectionists Xonoo ar 4 0.6 0-2 0
Fork Bt Battery powered 1 02 — ¢
OperaXs
Blectronics Laser lab 4 19 0.6-8 0
engineers and  Cadibration ab 4 19 0.5-4 0
echnicians Dtfice 1 1.0 — 0
Radio axd TV Recair shops 11 452 4110 w
e
Racko operators Dispaichers 1 as —_— 0
Secretaries voT 1 11 - ¢
Other 23 43 2-5 ¢
“Ehectrical Workers™ &7 464 g-621 %
A pecupations n 458 0-821 24
Reidances Appliasnces i 245 - —
{GSD = 50)
*Sigrshcant proporvon [ < 0.05)

AN WD MYE WS % N R . WINE 1w
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TABLE ll. morﬂjammwﬁcnﬁmammmmmmq
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Job Qlass Soucces Yoitage
Blectricizn Factory power sucoly "V
Pawer ling workars Underground pricrary foet 28T
- Qvechend primacy &8 Lw
{(rerhiad secongicy fnes pr R
Weiders and fame oers DG powsr succly . &V
TIG/0C weicing gun (0 amp) av
AG powet upply 80V
Power sttion o0Nsiocs Tranyeiszion ing sion 05 NS -
Distrittion fub-sabion 1ITE U5
- Genanrating stzton TEHIUSKY
Bectronic zssamhiers Solcerig g (50 val)
Soutrig camber
Projectionists Pactifers rLRY
Yaron ac o mvec
{24 ad 455W)
Fork-ift operdioes Scissor B2 {550 amp-ir) k 'R
Fork B2 {500 amp-ix} xBVOC
Bectionics fogineers Orscifiascope and meiery a2y
nd ennicang He-Ne faser ?
Radig and TV ngmit Qrecifioscopes, Malers ‘ 12V .
s N
Saqearies “ Viieo Gsplay lermitals . 12V
Bactric lyprweiters 120V
Radia operaiors Dispatcher radios ?
o, TV, g gt v
" Sectic dve rZig'

ncdcﬁcldmmczndw:forcbemcdbygmuphgwk-
mmrdhtgmmcclccuialequipmauuscdinmmror
example, welders using AC equipment (GM = 413 x 10°' D)
pmbabfyshoaldnotbcgrwpedﬁmdir:acum(m)wdd-
ers (65 % 10~ T) or flame cumers (who were not surveyed).

All these sources are capable of producing magneric fields in
&cqucndcsomcrihznsoﬂz.Smﬁnhbormymndlam
d\ebioiog!czldfemofﬂfmmcdcﬁddss!mszre-
quency ce % there is 2 need for moxe daz on the
frequency spectra of occupadonal magnede Relds.

Another importnt dimension of EM field exposure i3 tme.
Although the measuremens in most work enviroaments were
wken only at 2 single insance, 2 power line crew and 2 power
sation elecician wers folkowed foc several hours, 50 their mean
acposummzmghhdmd:dme-wigh:edm
mdxmmmmmedcﬁddmwnedwwy
in the different work sited encountered. For exaruple, e dec.
wician spent time around the control room (B = 1.5 X 107 Th
the generators (118 X 10°7T), a'clrcuit breaker (1.0 x 10-7T),
the machine shop (03 % 107 T), and the distribution busses
(54 x 10”T).Thegcomeu1:mmofzﬂdndccmcbn‘sc:-
posures was 3.5 x 10-7 T, and the geometric stancard deviation
was 9.52, an exxremely large value. With this large variabiliry, the
elecrician’s time-weighted average exposure was difficuk o -
timate accucately Fom spot measurements alone and would re-
quire 1 persoml dosimeter, which is ju now being developed.

Concluslons

Epidemiological studies have raised the hypothesls that “electri-

apm 0 Ny VoL T ND § . JUNE 198

dwﬂm‘mxmmdrbkdmmmdm
mmmmmmm*mm“m
cmp%wcd,d\ismcrbmdmgnedcﬁemmiﬁandy:bove
mmdsmmmedmmmnmuﬁmdﬁmMm
ot the case for elecrric fields, for which much less difference
was found berween “electrical workers™ and residendal environ-
mens.

Mdmdwicphceaq:csummmﬂkﬁckblmdsup-
ponmdsehypodmsbgmexmdbyoocmﬁomlhuk:mhsxud-
ummmmmrmmmﬂhmm-
wamwmmmmw
Mamym:ﬂmudmcxposummdmmcﬁclds
is not limited 1o the “electrical worker™ job categories, but can
mmpmmimkywodxcc}ecuiclcqtﬁpammdusbmcry-
driven fork liks. Bener characterization of both elecric and mag-
nesic fields over the ELF is needed in wock sites where elevated
mm&mﬁ&&emﬂmmmn«du
hﬂ-shi&pmnlmﬁwdns.bud:ﬂonpakupowrcm
needed 33 well. Such dam will allow more meaningful compar-
Bono{d’cﬂdﬁeldsammemdindﬂfummmd
wﬂlpco#idﬂmwningﬁﬂdmccsﬂmbrm{ncpid&
miclogical studies.

Rncommonqaﬂons

I is recommended that occupational exposures to ELF electric
and magnetic fiekds be measured in 2 wide variery of industries.
Religble instruments for Spot measuremenss are cusrenty avail-
able and are easy to use, panticularly foc magnetc fields. Until

" more is known zbout 2 crcinogenic mechanism for EM felds,

193
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exposure churacterizations should include measurements of boch
peak and dme-weighted averayge Helds. Since dme-weighted av.
erage exposures are vitally imporane, i is further recommended
tha: the production of insttumenation for full-shift monitoring
be expedited.
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| ( Considerations in Exposure Modelling)

e Three sources of power-frequency fields

- Transmission lines
- Distribution lines |
- Indoor wiring and appliances

@ Three exposure mechanisms
- Electric induction
- Magnetic induction
- Contact currents

e Three stages of exposure model

- Source characteristics

- Activities of people relative to sources
- Dosimetry

Volume 2
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(Choice of-"Dose" Measure is Arbitrary)

¢ Measures of instantaneous intensity
- unperturbed field
- electric field on body surface
- current density within body
- magnetic field within body
- thresholds

e Spatial
- whole-body average
- peak
- organ specific

e Temporal |
- time average
- peak
- rate of change
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Environmental Peoples' proximity
concentration to sources
. ] 1 External exposure history |<@&——
- L Activity-
| | Intake |lg——— related
: process parameters

B

L

Internal exposure history

|

Initial conditions integral )
Dose” measture
& envronmental P weighting
factors function

I

Actual
?
health ¢———1 Predictablility

~Impact
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- Figure 4-2: Regions of most intense current density induced by a uniform 60 Hz magnetic field
: perpendicular to the fromtal plane. {Deduced from [Guy 76]).
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' | - The propoeed corridor will result in the following activities:

Right of Way Clearing

CaND / Dife

Access Road Constructiocn
Structure Foundation Construction
Structure Aesembly & Erectlan

Conductor & Shieldwire Stringing & Tensioning

Site Restoration
The above activitieé will rezsult in compacticon and soll structure
disruption of the various types of soils found along the proposec
' route. What-impact will these activities have on runaff?
What impect will these activities have on draeinage?
What impact will these activities have on erosion?
What impect will the=e sctivities have on existing vegetation ir
the proposed corridor and itz perimeter?
How doez Puget Power plan to mitigste any consequencés relating
to the abhave concerns?
What types of soile are found in the propesged corridor and
how will each type of so0il reect to t@i problems of runoff,
drainage and erosion?- ’

How will the changees resulting £rom filling or grading sffect

runcff, drainage and erosion?

Puget Pover states the steepest anticipated =lope elong any

portion of the proposed route will not exceed 10 percent;
however, a portion eof thie route ie coneldered to be

gpproximately a 35 percent grade. The nature of the solls in

thie area snd the right of way clearing needed for this proposed
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project would significantly contribute to erosion. What impact
would this eroesian heve on équatic ecology af waterwaye, =treame

and wetlandes?

What impact would this erosion have on wvegetation both in the

propoeed corridor and the perimeter?

Several ereas along the proposzed corridor would require the
removal of caonsiderahle amounte of trees in our forested land,
many of which have thrived in the protection of surrounding
trees, thus resulting in less eegtablizhed root systems. Due

to the nature of gtrong winde beoth from the =outh and the north-

eagt, what significant impact would the right of way clearing

have on the remaining trees along this proposed corridor?

The forested landsz have provided netural wind breake. Vhet
impact would thisz new open =space have on newly exposed dwellings,
both human end animal?

How many acres of forested land would-be eliminated by this
propoged corridor? | B

How many acres of prime farmland would be affected?

How many acrees of wetlande would be sffected?

- How many acree of recreational land would be affected?

Vegetation grown under the canopy of treesg is quite different

then the vegetation grown in open spaece, How will thies change
in the natural environment impact the variety of plant species
currently found along the propesed corridor?

What will bhe the ramificatiens on the foad chain of the wildlife
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habitat caused by this change in vegetation?

Whet consequences would the potential changee in drainage have on
exié%ing wet soll plants? 7
What indigenoué plant species exizst within the proposed corridort
Whet 1= tﬁe impact on existing vegetation within_the right of way
and fringe of the prnﬁoaed corridor from the fecllawing:

Clearing?

Canstructiant

Maintenan;e?

Changes in 20il climate?

Fallout of electro-magnetic waste?
What impact would construction activities, destruction of

vegetation and inereased runoff and erosion have on nearby

dwelling=s? On riparian areag?

What kind of herbicids/chemicals are intended for use to maintain

the praopo=sed corridor?
What chemicels would be used to treast the poles and crossesrma?
Describe in detail the chemical properties of each and what
effecte each af these treatment= would have on weter, =oill, air,

plant vegetatilian, wildlife, fish, aquatic organisms, animals and

humans.

What would be the methode of applications of these herbilcideas?

What determination would be made as to what herbicide would be

uged in regaerds to the various soil types found along the
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propoeed corridor?

Studieeg have shown that fallout of electro-megnetic waste
increagez vegetetive grawth. What would the ramiélcations he af
repéﬁted use of =such chemicale?

Az the result of herbicide use, what meeeures would he used

to avoid runoff? Adsorption? Voletilization? Abs=orption?

Leaching?

Should any of these sgituations occur, how many acres

of land would he affected? ' )
Analyze the effects ralnwater coming into contact with the
propoged high voltage powerlines would haﬁe on vegetation?
Wildlif=? Animalz? Weter systema? Humans?

Give an analysis of temperature change resulting from the

propoeed high voltage poverlines on air? Water? Land?

NEIGHBORS QOPPOSING POWER ENCROACHMENT
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NTROD

- Mr. Chairman, thank you for this opportunity to appear before the
Committee. I am William Ross Adey. Since 1377, T have served as i
Associate Chief of Staff for Research and Development at the Pettis

Memorial VA Medical Center at Loma Linda, California. I am a

sciences, in environmental medicine, in biomedical and communication

with one another.

These latter processes have been the exc]us1ve focus of our team’s

research for more than 15 years. We have pIayed a p1oneer1ng role in

gnderstand1ng how body celis "whisper® to ene another; and in so T
doing, we have discavered some of the keys to understanding how
glectromagnetic fields, so weak that until quite recently many
scientists have regarded them as incapable of bio]ogiéa] effects, are
etected by living tissues, and what are the likely implications of

ﬁhese findings for human health.

I deeply appreciate the privilege of presenting the following
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testimony on a matter that may be significant in broadly shaping the

future of our society. At the same time, these same concerns are

Tikely to touch all our lives in very personai ways. My testimony is

presented in a private capacity.

2. CURRENT PERSPECTIVES ON THE ELECTROMAGNETIC ENVIRONMENT:
NATURAL AND MAN-MADE FIELDS

In a biological perspective, 3171 life on earth has evolved in a
sea of natural Tow-frequency electromagnetic fields, generated in

part from the sun and also from the huge energy of thunderstorm belts

in the Amazon basin and in central Africa. In an historical

perspective, this natural electromagnetic environment has been vaét]y

perturbed since the beginning of the 20th century by an ever-
increasing Jevel of artificial electromagnetic fields.

These artificial fields now bathe us throughout our Tives, in our

homes, in the workplace, and in the environment. They differ from the

natural electromagnetic environment in two important ways. First,
they are typically hundreds and in some cases millions of times

stronger than the'natural fields. Second, whereas most of the natural

fields occur at frequencies below 100 cycles per second (that is,
they surge back and forth less than 100 times per second as

oscillating fields), man-made devices and systems now expose us all

to an electromagnetic environment of almost unbelievable complexity

from conception to death.

Although public interest has focused increasingly on possible

health hazards associated with the use of electric power distributed

throughout the world at either 50 or 60 Hz, it must be remembered

T}

1 o 2

:"&:: i
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that most urban and suburban environments also involve exposures to
radiofrequency and microwave fields. The magnitude of these exposures
obviéusly depends on proximity to the sources, whether in industrial
heating devices, for example, or to radio, TV and microwave
transmitters widely scattered in most urban and suburban )
environmenfs, or in the use of handheld portable transceivers placed
close to the head of the user.
We may pause for 2 moment to consider the complexities of some of
these exposures as they occur in our daily routine. In the morning,
% we may use an electric shaver or an electric hair dryer. We may stand
o close to a microwave oven in cooking breakfast. En route to ﬁork, we-
Ef may use a cellular car 6Eone. At work, we may spend hours at a
F coﬁputér terminal, or at the office copy machine. At night we may
3 sleep under an electric blanket or on a heated water bed.
lg- Much public concern centers an exposure te high voltage AC power

transmission systems and distribution 1ines running through suburban

areas. In assessing total personal daily exposures, we mus£ also take
account of the devices and systems just cited. The utility industry
is ever ready to point out that fields generated by these devices are
as large or larger than those in the vicinity of power transmission -
‘and distribution systems.

There are most important differences which industry
-representatives fully understand, but fail to state. First, fields
-around toasters, hair dryers, refrigerators and similar appliances
--decrease rapidly at even short distances from the device. Second,

‘users are only briefly exposed to these fields each day. In sharp
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contrast, power line fields are pervasive and essentially uﬁvarying
in e;ery.room of nearby dwellings. They decrease quite slowly at
increasing distances from the line. Exposures to these fields may. be
virtually continuous on a daily basis and over a lifetime. Children _
attending schools adjacent to power lines and trﬁnsformer substations
may be-capfives'to magnetic field exposures far above those typical
of most home environments for 8 hours daily from kindergarten to high
school Qraduation.

Much further research is necessary, not only in the area of
potential heaith hazards from exposure to a wide spectrum of
environmental electrdﬁagnetic fields, but also to support new and
extremely important application of these nonionizing electromagnetic
fields in the realm of medical research, and in development of new
diagnostic and therapeutic procedures. These fields are the key to
development of new medical imaging techniques, far transcending any
existing systems in their capacity to display details of body
structure and function. They offer keys to urgently needed therapies
-in healing body tissues and in treatment of cancér.

Relatively little effort has been directed to imp%SVing the
general public’s understanding of the physical nature of these
fields, even in simple descriptive terms. There is therefore
widespread confusion at a very fundamental tevel, particularly with

:respect to differences between jonizing and nonionizing

.electromagnetic radiation. In previous te;timony on this subject
before the House Subcommiitee on Water and Power Resources in

October, 1987, I submitted a brief aﬁd'highly simplified overview of

‘é;;pplemental Materials S;':bmitted at April 3 Public Hearing — Page 65
Volume 2 ) . o



electromagnetic concepts, in the expectation that this would
facilitate a more detailed discussion of current knowledge that
relates to establishment of health safety standards and future
research needs. 1 shall not repeat that material here, but

respectfully suggest that Committee members may find it useful as

they pursue the vexing question of public instruction.

} 3. CURRENT STATE OF RESEARCH IN HEALTH EFFECTS OF ELECTROMAGNETIC

FIELDS
Despite totally inadequate funding from either Federal or other
ﬁf sources in the USA over the past decade, two major streams of new
| knowledge have emerged as highly significant contributions by US
scientists to the mainstréam of a world endeavor. On the one hand,
these studies have addressed the epidemioloay of human diseases that
now appear ever more ciosely related to environmental

electromagnetic field exposure. On the other, laboratory studies in

R T —

cells, tissues and animal models have disclosed in a wealth of detail

many of the fundamental mechanisms by which extremely weak
electromagnetic fields interact with cells and tissues.

It is important to set a correct perspective on the high quality
of the essence of US science in the field, despite enormous fiscal
difficulties that have beset its accomplishments. Concluding that
much of the research is "of very high quality,™ the Congressional
Office of Technology Assessment stated in its report on health
effects of power line freguency electromagnetic fields (June 1389):

"Electric and magnetic fields produced by electric power systems

may pose public health hazards. Although as recently as a few

years ago, scientists stated that available evidence showed no
health risks from power frequency fields, emerging evidence no
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Tonger allows a categorical denial that risks exist.

A growing number of studies have now clearly demonstrated that,
under specific circumstances, even weak electric and magnetic
fields can affect tiving cells and systems. The cell membrane has
emerged as the primary site of interaction between electric and
magnetic fields and the celi. Studies have demonstrated that

extremely small signal changes can trigger major biochemical
responses critical to the functioning of the cell.*

It is important to emphasize that these studies at the cell and

mplecular level have built. and continuve to build, a series of

¢ritically important bridqes between laboratory science and human

epidemiology; so that it is no _longer Dossible-to say that mechanisms

systems remain unknown with respect to potential - health problems.

!

1

]

i

z ' mediating interactions of electromagnetic fields with biomelecular

g As long as we lack broad and detailed knowledge of mechanisms that
mediate electromagnetic field interactions with body tissues,

i epidemiological studies vremain Jittle more than straws in the wind of

;i the extent and possible seriousness of human hazards. In many

= respects, studies of mechanisms provide essential signposts and

directives that will determine the very nature of further

epidemiology studies. For example, Taboratory studie§ have revealed

enhanced effects of chemical cancer promoters in joint_actions with

electromagnetic fields; thus. the epidemiological hunt for the basis .

of increased cancer risk now invites detailed consideration of

possible joint effects of environmental chemical pollutants and

electromagnetic fields.

khat are the major benchmarks from taboratory research on

mechanisms of field-tissue interactions and from epidemiological
’studies?
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3.a. Salient Findings in Studies of Cell and Tissue Sensitivities to

Electromagnetic Fields

i) Actions on Cells of the Immune System

The body’s immune sytem is the fortress built by nature against -
infection and the creeping claws of cancer. Reduced {mmune
competence is therefore followed by dire consequences for the
individual, whether it results from aging, from the ravages of
infection such as AIDS, or from environmental chemical pollution.
Lymphocytes of the immune system can be "targeted" against
tumor cells, destroying them by breaking their covering membranes_j
on contact. -

In studies with cell cultures, either electric fields simulating
60 Hz high voltage power line fields or weak microwave fields that
vary in intensity at a 60 Hz rate can reduce the killing capacity

{cytotoxicity) of lymphocytes targeted against human malignant

tymphoma cells (a malignant tumor of 1ymph glands) (Lyle et al.,
1983, 1987). These fields also disrupt activity of enzymes that

act as internal messengers inside lymphocytes by up to 60 percent

(Byus et al., 1984).

. In terms of human exposures and epidemiological studies, these
B and related findings offer an important bridge to epidemio]ogica1
reports of reduced immune'surveillance; with increased incidence
of certain lymphomas and other malignancies, discussed below

(Davis and Milham, 1990; Matanoski, 1989; Milham, 1985).
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.

it) Identification of Cell Membranes as Site of Action of

Environmental Electromagnetic Fields in Laboratory Cancer

Modeis

Available evidence indicates that these fields do not function

as classical initiators in the etiology of tumor formation by

causing damage to DNA and gene mutation in cell nuclei. However,
they may function as promoters, by reason of their actions on cell
membranes that form a closing envelope around all cells.

Research supported primarily by DOE and EPA has established that
the main site of action of electromagnetic fields is at cell .
membranes (Adey, 1989,_a,b,c.). Many chemical tumor promoters also
act at cell membranes. They include insecticides (DOT), polychlor-
biphenyls (PCBs) formerly used as electrical insulators and
coolants, tobacco-proteins and. certain other plant substances
associated with human cancer.

Basic concepts in the biology of cancer have been substantially
revised in recent years through studies of joint actions of
chemical cancer promoters and electromagnetic fields at cell
membranes leads to uncontrolled growth (Trosko and Chang, 1986).
Chemical cancer promoters disrupt this “whispering together®
between normal cells. Actions of these promoters are enhanced by
weak electromagnetic fields, but there may be no effects of fields

alone (Fletcher et al., 1986).

These findings imply that environmental fields may act jointly

with chemical cancer promoters. ingluding environmental

pollutants, to disrupt normal communication between cells, leading
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to_uncontrolled growth. Again, these findings offer an important

bridge to epidemiological studies that have repeatedly emphasized

s bty , et

enhanced cancer risk for those exposed to chemical carcinogens and

electromagnetic fields, including occurrence of brain tumors in

& y—

microwave workers (Thomas et al., 1987), brain tumors in children
: with fathers in electrical occupations {Johnson and Spitz, 1989),
‘ lymphomas in workers in aluminum reduction plants (Davis and

! Mitham, 19901, and a high cancer risk in telephone workers exposed

to electromagnetic fields and chemical toxins (Matanoski, 1989).

{ 1i1) Electromagnetic Field Influences on Fetal Development, Body

Growth and Sexual Maturation .

Laboratory studies Eave shown adverse developmental effects of

environmental electromagnetic fields on fetal development in birds

Alremngl sl

and mammals. Increased fetal deaths and feta) abnormalities follow
exposure of mice to fields of computer terminals (Frolen et al,
18865 Tribukait et al., 1987). Increased birth defects were seen

in swine exposed to 60 Hz high voltage power line fields

{Sikov et al., 1987).

Electromagnetic field exposure of rats in late pregnancy leads
to serious postnatal and psychosexual effects in the offspring,
and to a doubling of weights of sexual organs (McGivern et al.,
1950). These subtle but challenging findings relate to hormonal
control of biological rhythms and sexual development by the
pineal gland in the brain; aﬁd in the adult, to pihea] control in
inhibiting cancer development, specifically in skin malignant

melanomas, and breast and uterine cancers (Blask and Hill, 1988).
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These findings clearly invite much further research.

3.b. Salient Findinas in Epidemiologica] Studies

In the past 5 years, epidemiological surveys have been conducted

in many countries. Although all these studies have various
imperfections, they have developed a strong consensus fhat certain
environmental field exposures in homes and in the workplace may be
associated with health hazards. These include effects on fetal
development, on the immune system, on brain and neurcendocrine
control mechanisms, and on control of growth, including cancer
promotion and tumor formation.
i) An independent fo]iow-up study of children in the Denver area
supports earlier findings (Wertheimer and Leeper, 1879) of
increased risks for leukemia, lymphoma and brain tumors, and

suggests increased risks in homes where 60 Hz fields exceed ?

. . _ ) Ab—— [P, . n.—— “

milligauss (Savitz et al., 1988). By way of comparison,

tjpica] Tevels in the home are in the range 0.1-0.5 milligauss
except in close proximity to appliances. Fields measured at

the edge of rights-of-way for high voltage transmission lines or
near digtribﬁtion Tines and transformer substations may be in the
range 10-100 milligauss. This study by the State of New York

concludes that 10 percent of childhood cancer_in the USA

may relate to environmental EM field exposure, accounting for

approximately 1000 cases annually.

i1) Occupational studies implicate possible combined actions of

 electromagnetic fields and chem1ca1 factors. A National Cancer

Institute study has reported a 10-fold increased risk of malignant

10

Sumas éﬁ;réy 2 Final EIS Supplemental Materials Submitted at April 3 Public Hearing — Page 71
Volume 2 ‘ . . .



“brain tumors in microwave workers with more than 20 years’ Job
experience, if they were also exposed to electronic solvents or

so?&ering fumes (Thomas et al., 1987). Chemical factors alone

carry a risk factor around 2.

i11) Electrical workers in Los Angeles county have a 5-fold increased
risk of certain brain tumors {Preston-Wilson et al., 1989).

iv) In a population of 51,000 New York telephone workers, a subset of
4800 line splicers exposed to a mean 4 milligauss 60 Hz field and
to solvents and soldering fumes had a doubling of risks for all
cancers; and risks as high as 7 for teukemia, brain tumors and
male breast cancer (Maﬁgnoski et al., 1989).

v) In a population of 350 workers at one aluminum reduction plant,

5 deaths from lymphoma occurred in a 7 year period. This "pot
room” environment involves extremely high magnetic fields and a
variety of chemical fumes. In a subset of 23 pot room workers,

14 of 23 showed a reversal of the normal ratio of "helper® to
"suppressor® lymphocyte cells that regulate levels of antibody
production by the immune system. These high levels of suppressor
cells are strong indicators of possible interference_fjth normal
immune functions, increasing risks of infection and cancer (Davis
and Milham, 1990).

: vi} An increased incidence of malignant brain tumors has been

?‘,_:reported in children of fathers exposed to radiofrequency fields

- and electronic solvents (Johnson ard Spitz, 1989).

vil) A doubling of miscarriage rates has been reported in women

”,' working at computer terminals for more than 20 hours/week in the

11
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first three months of pregnancy (Goldhaber et al., 1988).
Increased miscarriage rates have also been reported in homes with
electrical heating wiring in floors and ceilings and in women
using electric blankets and heated water beds (Wertheimer and -
Leeper, 1982, 1985).

4. SHOULD FEDERAL RESEARCH ON ELECTROMAGNETIC FIELDS BE REVAMPED
IN ACCORDANCE WITH PROPOSALS MADE IN H.R, 480}?

Current knowledge of cellular and motecular mechanisms is
pr1mar11y the fruit of Federal programs initiated in the 1570s.

Though smaller in scope but reflecting far SIghted concerns, programs
initiated by a few electr1c utilities in the same period on an
individual basis have also contributed importantly, long before the
appearance of a much larger centralized industry-based program.

This Federal program in civilian agencies initially involved the
FDA Bureau of Radiological Health (now the Bureau of Medica] Devices
and Radiological Health), the Environmental Protection Agency, and
the Department of Energy. Now, only the DOE supports a small nationa1'
program at a mere $3 miliion annually as the sole c1vw]1an effort.

4.a, Tha Current DOE Research Program

This continuity of funding by DOE has been a critically important
benchmark. Directed by the Office of Energy Systems, it has allowed
survival of a highly productive, high quality research program. It is
multifaceted in its approach to key questions of mechanisms of
electromagnetic field action. Its management has been flexible in
reshaping the main objectives of the program as the base of

scientific knowledge has evoived. As a criterion of its

12
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effectiveness, a clear majority of this new knowledge on mechanisms

of -interaction cited above has been derived over the past decade from

this program.

Yet biased, uninformed and irresponsible critics abound, many with
their own hiddeﬁ agendas. In recent Congressional testimony, Dr. )
David Carpenter, who directed a 5-year study for the State of New
York on possible health hazards of 60 Hz fields stated that, in his
capaéity as a consultant to this DOE program, he had only attended
two cocktail parties and that there was only poor research by poor
researchers. The research record clearly gives the 1ie to such an
assessment, and such remarks demean us all.

Hirelings of industry are ever ready to clack a paid opinion. Dr.
Kirby Holte, described by the Los Angeles Times {July 12, 1990) as a
University of Southern California faculty member and a consultant to
a large Southern California electric utility corporation, is quoted:
"In 22 years and more than $50 million in research, no one has ever
conclusively proved that electromagnetic fields are dangerous to
health.” This attitude, not unknown today even in some cognizant
Federal agencies or individuals within those agencies,.san only be

described as wearing blinders in the face of available scientific -

evidence, with the same apparent lack of good sense as the executives
of the tobacco industry who never admit to even thé slightest danger
in smoking.

4.b. DOE Missions in Future Electromagnetic Field Research under

H.R. 480].

First, it is appropriate that DOE should exercise the role of lead

13
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agency in a significantly expanded national research program of
healfh reiated research, in part by reason of the unique scientific
experience and management capabilit{es that have guided the existing
program in the Office of Energy Systems. -

There are other, perhaps more important reasons. For more than 20
years, the DOE Office of Health Effects Research (CHER) has supported
a broad research program on biological and medical effects of
ionizing radiation in National Laboratories and in academic
institutions. In the late 1970s, this office initiated studies of
health-related effectf of nonionizing environmental electromagnetic -
fields. Support for this research ceased in 1980.

It may now be time for OHER to consider new missiéns in health-

- related effects of environmental nonionizing electromagnefic fields,
in studies of field interactions with major biological regulatory
systems; as for example, in effects on the immune system, on
embryonic and fetal development, on neuroendocrine‘regulation, and on
regutation of normal and abnormal tissue growth. There is a broad
vista of neede& knowledge at this system Tevel in the pathophysiology
of human disease. This knowledge generated through aﬁ OHER research
program would complement studies of biophysical and physico-chemical
interactions now studied at the atomic Tevel in the existing program
of the DOE Office of Energy Systems.

These DOE programs would fill needs for sharply expanded research
in the basic sciences related to mechanisms of electromagnetic field
biceffects. At the same time, DOE programs should avoid commitments

in areas better suited to missions of other agencies. DOE should not

14
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become invoived in extensive epidemiology studies, nor in extensive

field measurements in homes or workplaces that might determine
1{: "windows™ of safe field intensities for human exposure as part of

programs aimed at mitigating procedures.,

?;f 4.c. Missions of the Environmenta) Protection Agency (EPA) and
: the National Institute of Environmental Health Sciences (NIEHS)
under H.R. 4801}

It is appropriate that the historical records of EPA and NIEHS be
taken into account in projecting their future roles in
electromagnetic field research; for neither is without taint., And if )
their future participation is to be effective, their managements
should make plain that Past practices and deficiencies will not

recur.

M

From 1978 through 1886, EPA funded an excellent intramura] program
o at its laboratories at Research Triangle Park, NC. Staffed by

o outstanding scientists, its research programs and contributions to
knowledge received world acclaim. Yét by administrative fiat at a
high Tevel within the agency, this team was disbanded in 1986 and
dispatched to work in chemical toxicology, all the years of their
unique research experience willfully cast aside. That this was no
il1-considered administrative caprice was made abundantly plain af
hearings of the House Subcommittee on Water and Power Resources in
October 1987, when in response to a direct plea from the Committee

chairman, EPA representatives flatly and unequivocally declined to

make a commitment to further research in nonionizing electromagnetic
radiation,
s
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‘May 1 therefore respectfully suggest that, in proceeding with H.R.
4801, ihis Committee may wish to examine in some detail EPA’s

intentions to fufill whatever clearly stated research goals may be

established in the Tegislation. )

Beginning in the early 1970s, NIEHS also established a mission in
nonionizing €lectromagnetic radiation, with small intramural and
extramural programs. It also accepted adminisfrative responsibility
for a USA-USSR Exchange Program established under the Nixon-Brezhnev
Agreement in 1974.

However, it was abundant]y clear that these activities always
remained low pr1or1t1es in the Institute’s missions, consistently
overshadowed by commitments to perceived greater concerns with
environmental chemical toxicology, such as lead poisoning in
children. The NIEHS intramural program in microwave research,
conducted by highly compétent scientists, was disbanded in the éarly
1980s. The Soviet exchange program, effectively administered in
behalf of the USA by these same scientists, was offered to other
Federal agencies and is now under the direction of FDA.

Aga1n, there is the nagging question of a dedicated commitment by
NIEHS to what will inevitably require long years of unremitting
effort by its scientists and the unswerving support of its
administration.

5. WHAT TYPES OF STUDIES SHOULD THE GOVERNMENT UNDERTAKE IN THE
HEALTH FIELD?

Thbugh couched in specific terms, the following topics are

suggested as representative of the cfasses of programs and projects

16
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needing effective support i{n the health field. With clear intent,

they'emphasize the imbortance of basic science studies in mechanisms

of field action:

2. Studies of field effects on the immune System, assessed by markers
in the biood of mﬁn and animals, and evaluating the separate role;
'of electric and magnetic field components. Similar studies would
test radiofrequency/microwave fields having low-frequency
sinusoidal or pulsed modulation. For man, this would involve
testing subjects in industrial environments, such as those
associated with electromagnetic pulse {EMP) generators, welding
plants, étc.

L b. Developmental studies of neurobehavioral and psychosexual

development in man and animal models after fetal exposure to ELF

sinusoidal and pulsed magnetic fields. These studies would extend
available evidence indicating defective psychosexual development
following brief intrauterine exposures in animal models.

¢. Examination of pineal hormone {melatonin) regulatory mechanisms in
response to 60 Hz and other low-frequency field exposures,
focusing on bbdy growth and sexual devéIOpment, aqq_on possible
mechanisms 1inking melatonin functions with normal and abnormal -

estrogen receptor mechanisms in breast tissue, and thus possibly

to breast cancer.

possible electromagnetic field effects on DNA synthesis, RNA

transcription, and enzymatic regulation of cell growth.

‘e. Attempt a determination of cumulative dose as an aspect of

]

]

l

i

! |

3 d. Studies of the cell biology of growth regulation, including
i

i

g 17
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. repeated, intermittent field exposures. Since there are many on
and off effects in tissue responses, there is an urgent need to

define these processes in ways that would permit extrapolation to

permissible exposures in man.

A focus in epidemiological studies on clustering phenomena that
have repeatedly characterized occurrence of cancer in situations
where environmental electromagnetic fields are a suspected
factor. Epidemiologists have expressed doubts about the wisdom
of such a focused interest (Neutra, 1990), but the world-wide
occurrence of c1ustering as a frequent aspect of this problem
Teaves little doubt"that it should bé directly confronted. At
this time, I am not aware of Federally supported research into
this clustering.

In 2 related context, one may question the merit of an
epidemiological study proposed by the National Toxicolegical
program for longitudinal studies in animals or man. They appear
il1-advised, since there would be little chance to take
appropriate’ account of the vast range of ow-level factors acting
concurrenf]y that are the essence of the human sitdiiion in urban
- societies.

6. WHAT SHOULD BE THE ROLE OF THE PRIVATE SECTOR TN _ENVIRONMENTAL
~ ELECTROMAGNETIC FIELD RESEARCH?

; There can be no question that private funding should play a

significant role in a mission-oriented national research program.

However, there must be grave ethical concerns over conflict of

interest inherent in an industry conducting research in its own

18
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behalf, without the buffer of independent fiscal control and tota]
independence in design, performance and evaluation of research
programs. These concerns are even more pressing where the issues

involve the public health and welfare.

For these reasons, it is a matter of concern that a single large

industry-funded program, such as that of the Electric Power Research

Institute, with an annual budget in the range of $6 million has come

to overshadow by a factor of two the entire US Federal support. There
is no scrutiny of EPRI research programs beyond its own advisory
committee. Yet it presumes to speak with authority through its own
publications for this f1e1d of science as a whole, nationally and
internationally, and as a spokesperson for the field to foreign

! governments,

I shall Teave it others to address in detail EPRI’s relations with
the industry that funds it, but I invite the Committee’s attention to
the recent development of an industry-funded research program to
{f operate totally independent of EPRI. A consortium of utilities
. operating under the rubric of the American Power Association has
planned a 5-year research program on mechanisms of bio?ogica]
interaction, to be conducted primarily through universities and other -

established basic research institutions. The Association’s commitment

would be in an amount of $20 million, with support after 3 years
coming jointly from the Federal government and industry,

There is a counter-coin to questions of credibility and integrity
of research conducted by industry in its own behalf. In order to

sustain an independent, unbiased and competent source of research and

19
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information on issues affecting the public welfare, not only is a
strong Federally supported research program essential, but it is
equally important that scientists engaged in this research, either in
government laboratories or in independent institutions, refrain from _
involvement in 1itigant causes. It is a matter for public outrage

that scientists employed by the National Cancer Institute, for
example, received large personal fees for court appearances in behalf
of electric power companies by declaring in an issue far beyond thejr
individual or collective competence that there are no mechanisms by
which electromagnetic fields could play a role in cancer. And this
they did in the very m;nth that NCI put forth a national request for -
proposals to study the epidemiology of childhood leukemia in relation
to électromagnetic field exposures. What should the public’s
expectation be for the credibility of such a study?

7. THE ISSUE OF PUBLIC INSTRUCTION

It is unfortunately true that only a small minority of the
American public has adequate education to arrive at even a modestly '
critical judgment regarding the impact of the electromagnetic
environment on their personal welfare. Lacking that ciﬁ;city, it is
all the more important that adequate information be disseminated to
prevent uninformed overreaction.

It is simply not an option to consider turning back the clock and
avoid the ever-growing daily use of electrical and electronic devices
and systems. Yet much can be done to minimize expdsures by

indoctrination in the growing number of pfotoco]s for "prudent

avoidance™.

20
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These steps are obvious and -important. But a responsibility aiso
devolves on those charged with the conduct of these research
progfams. No experiments have yet proven a relationship between

e1ectromagnét1c fields and cancer. But that day may come, and

regulatory agencies would then be faced with designing and

implementing codes governing safe human exposure. This need should be

continually in mind as the research proceeds in the coming years. As

with the general public, there should be no Jast minute panic

1
}

reaction, with implementation of futije regulations for which no

appropriate background has been developed. 1 resﬁectfu]ly suggest

that this should, indeed, be an ever-presént benchmark throughout the

proposed research program.

8. SCOPE_AND CONTENT OF OVERSEAS RESEARCH PROGRAMS

There are currently research programs on health effects of these
environmental fields in Sweden, Germany, the United Kingdom, Japan,
Poland, tzechosiovakia and the Soviet Union.

Countries of the Soviet bloc first drew serious attention to
possible health effects in the 1960s. In the west, many studies were
industry-funded and qffered‘in rebuttal to prove that there were no
effects. It is in western countries that a remarkab]é-;etamorphosis -
has begun in the last two years, with a new phf]osophy that the
studies evaluate the extent of possible hazards. The Swedish

- government is an exception and has pursued a comprehensive series of

jhclinical and basic science studies in power Tine and radiofrequency
undergoing substantial expansion in Germany and the United Kingdom.

21
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Despite limited funding, there do not appear to be major avenues

However, the pace of our acquisition of needed knowledge has been far

l?él of foreign research that have been neglected or ignored in the USA.
from optimal.
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