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ANNALS OF RADIATION
THE HAZARDS OF ELECTROMAGNETIC FIELDS

I--POWER LINES

fare. If the residents of the neighbor- own pocket. “I was doing what epi-
hoods had taken notice of her, they   demiologists sometimes do at the start
would have observed a tall, sombre- of an exploratory investigation,” she
looking woman of forty-seven, with    said recently. “I was looking for some
blue eyes, high cheekbones, and gray-
ing, curly hair, who was driving a ten-

kind of pattern.”

year-old Dodge Dart station wagon.
As things turned out, Wertheimer

did not come across any unusual clus-
Wertheimer was an epidemiologist ters of childhood-leukemia victims
who was just resuming her professional during her preliminary explorations.
career after a six-year hiatus, and the She did, however, notice something
list of addresses she was consulting,
which she had obtained from the

that seemed a bit out of the ordinary.

Colorado Department of Vital Statis-
“It was on my third or fourth trip,”
she recalls. “I had stopped at one of the

tics, contained the home address
at birth of every child in the four-
county Greater Denver area who
had died of leukemia between
1950 and 1969, along with birth
addresses of a matched list of
children without cancer.

Wertheimer was born in New
Haven, Connecticut, and grad-
uated from the University of
Michigan in 1948 with a B.S.
degree in psychology and biol-
ogy. In 1954, she received a
Ph.D. in experimental psychol-
ogy from Harvard and Rad-
cliffe, and a year later she moved,
with her husband, a psychologist,
and their children, to Boulder,
Colorado. She spent the next
decade there raising her family
and working part time on a study
of schizophrenia. In 1968, she
was awarded a fellowship by the
Department of Health, Educa-
tion, and Welfare to investigate
a possible relationship between
childhood leukemia and maternal
age and season of birth, but by
then she had been divorced for “Lunch Thursday at one? Looks  good to me.”

I N the spring of 1974, a woman several years, and she turned the fel-
named Nancy Wertheimer began lowship  down in order to spend more
to spend a day or two each week time with her children, who were teen-

driving through residential neighbor-
hoods in Denver, stopping once in a

agers. When she finally got around to

while in front of a house or an apart-
the leukemia study, it was with the idea

ment building to have a look around.
that the disease might be linked to some
kind of environmental or infectious

Each time she got back into her car, factor. For this reason, she was on the
she jotted down a few facts in a small lookout for clustering among the ad-
notebook: whether the house or the      dresses of its victims as she began driv-
apartment building was one story or   ing through the residential sections of
more, whether it was constructed of   Denver, She had no funding for the
wood or brick, and how close it was to a
school, a factory, or a major thorough-

study, so she was working on her own
time and paying expenses out of her

birth addresses -an old frame house on
the edge of the warehouse district in
downtown Denver-and I walked into
an alley behind it, which ran between
the back yards of two rows of similar
houses. It was a mixed neighborhood
-black, white, and Mexican-and
many of the houses were run down.
Like most back-yard alleys in the Den-
ver area, this one was paved, so that
trucks could get through to pick up
garbage and trash, and it contained a
number of poles strung with electrical
wires and telephone lines. When I
looked up I noticed an electrical trans-
former on a power pole behind the
house I had stopped to examine. The
transformer was black and cylindrical,
and it was attached to the pole above a
crossbar that supported several electri-
cal wires, and when I saw it I said to
myself, ‘Hey, haven’t I been seeing a
lot of these things lately?’ ”

Wertheimer did not initially. attach
any great importance to this observa-
tion. A short while later, however, she
remembered seeing a magazine article
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that was accompanied by a photograph
of a boy holding a pair of fluorescent
lamp tubes that lit up because he was
standing in the electric field beneath
a high-voltage power line. The article
had suggested that the emanations
from power lines might be hazardous,
and, with this in mind, Wertheimer
got in touch with an official of the
Public Service Company of Colorado
and obtained the addresses of the dozen
or so power substations in the Greater
Denver area. At these installations, she
learned, voltages as high as two hun-
dred and thirty thousand volts (two
hundred and thirty kilovolts), which
were carried by high-voltage power
lines from generating plants, were be-
ing stepped down by large transformers
to thirteen thousand volts, producing
correspondingly greater amounts of
current for distribution along primary
wires to neighborhoods within the city.
(Electric current-a flow of charged
particles which always
produces an electro-
magnetic field-can be
likened to water flow-
ing in a pipe, and volt-
age can be thought of
as the pressure that
pushes current through
a circuit.) Wertheimer
proceeded to map the
sites of the substations
in relation to the birth
addresses of childhood-
leukemia victims and
their matched controls,
her idea being that if
electric fields were
somehow associated
with the disease the
link might show up in
the vicinity of high-
voltage wires. The map
showed only a faint
correlation between
the two, however, and
she realized that she
would have to test her
initial observations in a
more direct manner.

Up to this point,
Wertheimer had sur-
veyed about fifty of
some hundred and fifty
dwellings on her list of
birth addresses, so the
next thing she did was
revisit those dwellings,
taking particular note
of the presence and the

proximity of pole-mounted trans-
formers. These transformers step down
the thirteen thousand volts carried by
the primary wires to the two-hundred-
and-forty- and one-hundred-and-
twenty-volt levels that are required to
operate household electrical equipment
and appliances. Current is then carried
locally, for relatively short distances
from the transformers, at these lower,
household voltages, in wires known as
secondaries.

When Wertheimer began recheck-
ing the birth addresses, she was not
expecting to find anything unusual, but
during the next few weeks an associa-
tion between transformers and child-
hood leukemia kept leaping out at her.
“It was puzzling,” she recalls. “The
more I went around, the more the
correlation cropped up. It simply
wouldn’t go away. Moreover, about
the time I finished rechecking the old
addresses and started visiting new ones

I began to observe an additional
baffling pattern. Houses in which
young leukemia victims had lived were
not just those closest to pole-mounted
transformers but, with unusual fre-
quency, were also the houses next door
-in other words, the second house
from the transformer. The leukemia
rate dropped off sharply at the third
house and was low in all the subsequent
houses on the line. I didn’t know what
to make of this, of course, but I was
tremendously interested in it, even
though I was sure it would turn out to
be a fluke.”

BY autumn, Wertheimer was dis-
cussing her mysterious findings

with a physicist friend named Ed
Leeper,  who lives in the foothills of the
Rocky Mountains, just west of Boul-
der. He, too, was puzzled by her obser-
vations, but since he knew that the
various parts of an electrical-distribu-

tion system carry uni-

“In the oficial  language of the State
of Florida, buzz off.”

form voltages, regard-
less of their distance
from transformers, he
reasoned that the phe-
nomenon she was en-
countering could not
be associated with the
alternating electric
field. (Current for in-
dustrial and household
use is known as alter-
nating current, because
it is generated and
supplied at a frequency
of sixty hertz-former-
ly called cycles per sec-
ond. That means that
it flows back and forth,
first in one direction
and then in the other,
sixty times a second.)
Leeper therefore sug
gested that if there was
in fact a correlation it
might be with the mag-
netic field arising from
the flow of current in
the transformer, al-
though he pointed out
that such fields would
drop off so rapidly that
they should be negligi-
ble at the house. A cor-
relation with magnetic
fields would be espe-
cially interesting, how-
ever, because, unlike
electric fields, which
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can easily
materials,

be shielded by conducting past the second pole, a strange thing
magnetic fields-invisible

lines of force that interact with mag-
happened: the hum indicating the pres-

nets and certain metals-readily pene-
ence of the magnetic field dropped off

trate almost anything that happens to
sharply. For a while, I couldn’t under-

stand in their way
stand the significance of this. Then it

,
human body.

including the dawned on me that the point where the
magnetic field fell off coincided with

In December of 1974, Leeper fash-
ioned a crude gaussmeter (a gauss is a

the pronounced decrease in the leuke-
mia rate I had previously observed at

unit of measure for magnetic-field the third house from a transformer. At
strength), using a coil employed by
television repairmen to demagnetize

that point, I talked with Ed Leeper and
we realized that we had been mistaken

TV sets and the audio amplifier and in assuming that the increased inci-
speaker of an old walkie-talkie, and dence of leukemia I had seen at the two
presented it to Wertheimer as a Christ- houses nearest the transformer was as-
mas gift. The contrivance provided an sociated with closeness to the trans-
estimate of the strength of an alternat-  formers. The association was really
ing magnetic field, and also trans- between those two houses and closeness
formed it into a sound, which could be
heard on the speaker as a hum. After

to the first span of the secondary wire

learning to operate the gaussmeter,
-the part that ran past the two houses
on its way from the transformer pole to

Wertheimer drove to a middle-class   the second pole, from which the initial
neighborhood on the northwest side of
Boulder one morning in early January

service drops were made. This part of

of 1975 and parked her car near a pole-
the secondary wire was carrying cur-
rent for all the dozen or more homes

mounted transformer at the entrance to
a back-yard alley. “The poles in the al-

that were being served by the second-

ley were placed at the corner of every
ary, and that is why it was giving off

other lot, and they were strung in a
the strong magnetic field I had heard
as a loud hum. Once we had made that

manner that was typical of the power- connection-the link between the first-
distribution system in the Greater     span secondary, with its relatively high
Denver area,” she recalls. “At the top
of each pole was a thin, primary wire

current and strong magnetic field, and
the two houses where so many leuke-

carrying seventy-six hundred volts.
Below that was a crossbar strung with
several two-hundred-and-forty-volt
secondaries. The thin primary had
branched off from an array of thicker
primaries that came directly from a
substation, and it had already supplied
power to dozens of such transformers,
which, in turn, provided reduced volt-

ages to secondary wires that fed cur-
rent into hundreds of homes.

“When I got out of my car, I walked
to the base of the transformer pole at
the alley entrance and switched on Ed’s
meter. It gave off a loud hum that
indicated the presence of a fairly strong
magnetic field. I was prepared for that,
of course, but when I started walking
up the alley, away from the trans-
former pole, I found that, contrary to
what Ed and I had expected, the hum
did not begin to diminish until I got
past the next pole, at the far corner
of the second house lot, from which
several wires known as service drops
carried current into nearby dwellings.
Those were the first service drops that
reduced the current load fed into the
secondary distribution line by the
transformer. As I continued walking

mia victims had lived-I began to
think I might be onto something.”

During the rest of 1975, Wert-
heimer spent a great deal of time mak-
ing measurements of the magnetic
fields surrounding first-span second-
aries elsewhere in Greater Denver and
correlating those measurements with
the birth addresses of children who had
died of leukemia. The results of her
preliminary analyses indicated that
childhood-leukemia victims had lived
disproportionately often in dwellings
that had first-span secondaries running
past them. Toward the end of the year,

Leeper built her a more sophisticated
meter that could accurately measure
sixty-hertz magnetic fields in terms of
gauss, and when she began using this
instrument to assess the strength of the
magnetic fields surrounding other
types of wires she found that certain
kinds of primary wires gave off rela-
tively strong magnetic fields-as great
as, or greater than, those of the second-
aries she had been measuring. As a re-
sult, she predicted that if the magnetic
fields produced by high current in
secondary distribution lines were as-
sociated with excess leukemia among
children, then high current in the
primary wires would produce the same
association.

Since Wertheimer had formed this
hypothesis on the basis of the birth
addresses of childhood-leukemia vic-
tims, sound epidemiological method
dictated that it would be necessary for
her to test the prediction with new
data. For this reason, she went back
to the Department of Vital Statistics
and got the addresses at birth, and also
the addresses shortly before diagnosis,
of all children in the Greater Denver
area who had died of cancer of any
kind between 1950 and 1973. Three
hundred and forty-four such cases were
included in the study. She also selected
a matched-control population of three
hundred and forty-four children, each
of whom had a birthdate closely fol-
lowing that of a child who had died of
cancer. She then devised a wiring-
configuration code that would allow
her to classify each dwelling that had
been lived in by a case or a control in
terms of its proximity to high-current
or low-current wiring.

High-current homes included those
situated less than a hundred and thirty
feet from three-phase, large-gauge
primary wires or from an array of six
or more small-gauge primary wires;
homes that were less than sixty-five
feet from an array of three to five
small-gauge primary wires; and homes
less than fifty feet from first-span sec-
ondary wires, which were defined as
secondary wires that issued directly
from a transformer and had not yet lost
any current through service drops.
First-span wires serving no more than
two single-family homes were consid-
ered to be in the low-current category,
as were all other configurations of the
distribution wires. Dwellings that were
situated beyond the end pole of a sec-
ondary line, and thus had no distribu-
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tion wires running past them, were
considered the extreme example of
low-current houses.

During 1976, Wertheimer visited
the birth and diagnosis addresses of
each of the cancer cases, the birth
 address of each of the controls, and the
addresses at which control children
had been living at the time their
matched cases had been found to have
cancer. Next, she drew a diagram
describing the situation, the size, the
type, and the proximity of the electrical
wires and transformers she had ob-
served in the vicinity of each of these
homes. Once that was done, she ana-
lyzed the data and found that her pre-
diction had held up: children who had
lived in homes near high-current elec-
trical wires had died of cancer at twice
the rate seen in children living in
homes near low-current wiring. The
association was strongest among those
children who had spent their entire
lives in a high-current home. Particu-
larly disturbing was the fact that of six
children in the study population who
had lived near high-current wires
coming directly from power substa-
tions, all were cancer victims.

To satisfy herself that her findings
were not the result of some artifact
accidentally associated with high-
current wiring, Wertheimer spent
1977 and the early part of 1978-she
was still working on her own time and
with her own money-analyzing and
reanalyzing the data in relation to such
possible co-factors as population den-
sity and air pollution and noise from
traffic congestion. When she could dis-
cover nothing to explain her findings
other than the association with the
magnetic field resulting from high cur-
rent, she and Leeper wrote a paper
describing their study and its outcome,
and submitted it to the American Jour-
nal of Epidemiology,  which is pub-
lished by the Johns Hopkins University
School of Hygiene and Public Health,
in Baltimore, and is considered one of

quately tested. Low-level harmful effects
c o u l d be missed,  yet  they  might  be  impor-
tant for the population as a whole, since
electric lines are so ubiquitous. In 1976-
1977, we did a field study in the greater
Denver area which suggested that ,  in  fact ,
the  homes of  chi ldren who developed can-
cer  were found unduly often near e lectr ic
lines carrying high currents.

Wertheimer and Leeper went on to
say that current flow (and, by exten-
sion, the magnetic fields induced by
current flow)  was always greatest in
electrical wires leading from a distri-
bution substation or a pole-mounted
transformer. “At these points, the volt-
age has been stepped down and ‘trans-
formed’ into current,” they wrote, add-
ing, “It was particularly homes close to
these transforming points that were
over-represented among our cancer
cases.” After acknowledging that
magnetic fields are usually cancelled
in ordinary wiring, where the return
current tends to balance the supply cur-
rent, they pointed out that such cancel-
lation is imperfect in the vicinity of
many dwellings, “because the wires are
often separated in space and, more im-
portantly, because some of the return
current does not flow through the wires
at all, but returns instead through
the ground, and particularly through
the plumbing system to which most ur-
ban electrical systems are grounded at
each house,” They explained that the
ground current flows not only in street
plumbing but also through the pipes of
houses, and thus produces magnetic
fields in these houses which appeared to
be related to the wiring configuration
near each house.

Aware that measurements had been
made showing that household appli-
ances could produce strong sixty-hertz
magnetic fields (an electric drill, for
example, creates a field of thirteen
gauss at a distance of one centimetre),
Wertheimer and Leeper warned that
such measurements were not a valid

the foremost epidemiological journals
in the world. After peer review, the
paper was accepted, and it appeared in
the Journal’s March, 1979, issue, under
the title “Electrical Wiring Con-
figurations and Childhood Cancer,”
The first paragraph said:

Electrical power came into use many
years  before  environmental  impact  s tudies
were common, and today our domestic
power lines are taken for granted and
generally assumed to be harmless. How-
ever, this assumption has never been ade-

index of exposure, because they had
been made very close to the appliance,
and because appliance-generated fields
usually fall off rapidly with distance.
They also noted that magnetic-field
exposure to the whole body from nor-
mal use of household appliances rarely
exceeds two milligauss (a milligauss is
one-thousandth of a gauss) for any
extended period, while “ambient fields
in a house due to nearby distribution
wires or plumbing may sometimes
reach those levels, or more, for hours
or days at a time.” This fact led them
to conclude that if magnetic-field expo-
sure was responsible for the increased
incidence of childhood cancer which
they had observed, the duration of con-
tinuous exposure above some minimum
threshold might be more important
than the strength of the exposure per
se. To support the hypothesis that
magnetic fields were associated with
cancer, Wertheimer and Leeper said
that, upon analyzing a 1950 United
States Public Health Service report
correlating cause of death with occupa-
tion in men between the ages of twenty
and sixty-five, they had found that
workers who were frequently exposed
to alternating-current magnetic fields
-among those workers were power-
station operators, telephone linemen,
power linemen, subway and elevated-
railway motormen, electricians, and
welders-had developed cancer at a
significantly higher rate than the popu-
lation as a whole.

Wertheimer and Leeper went on to
suggest that alternating magnetic fields
might indirectly affect the development
of cancer by hindering the ability of the
body’s immune system to fight cancer.
They also suggested that it is conceiv-
able that the immune system might
utilize electric potentials occurring at
cell surfaces, and they advanced the
disturbing theory that when the human
body was subjected to an electromag-
netic background different from the
level that had existed during man’s
evolution the operation of the immune
system might be altered. They empha-
sized that, whatever the reason for the
correlation they had observed, the risk
of cancer for children living in homes
near high-current wiring was rarely
increased by a factor of more than two
or three.

“At the time our paper was pub-
lished, I felt terribly ambivalent about
our findings,” Wertheimer recalls.
“Part of the trouble stemmed from a
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deep concern that we might worry
people unduly. I hated the idea of
making people feel bad about their
homes, especially if there was little or
nothing they could do to correct the
situation, and for this reason I was
reluctant to speak to the press about our
findings, or to make any special effort
to publicize them. I should also say that
the very idea that the kind of electrical
wiring one could find in the streets of
almost any town or city in America
might be hazardous to health seemed-
well, unbelievable. Additionally in-
credible was the fact that the cancer
increase we had observed was associ-
ated with such weak sixty-hertz mag-
netic fields. The static magnetic field
that is present at all times on earth was
several hundred times as strong as
those fields, and the magnetic fields
that were described in the available
medical literature as having essentially
no biological effects whatsoever were
thousands of times as strong. On the
other hand, one out of every four or
five families in our study lived in a
dwelling that we had categorized as a
high-current home, and that raised the

l

possibility that, if the risk were real,
alternating magnetic fields from elec-
trical wiring could pose a very large
public-health hazard across the nation,
as well as elsewhere in the world. Such
a poss ib i l i ty  obviously  had to  be  inves t i -
gated in greater detail, and for this
reason I fully expected that the medical
and scientific community would jump
at the chance to study it.”

W ERTHEIMER’S expectation not-
withstanding, the medical and

scientific community not only failed to
deem her findings worthy of further
consideration but dismissed them out of
hand, on the ground that there was  no
experimental evidence to support the
hypothesis that the magnetic fields
from ordinary high-current wires
could cause cancer. Encouraged by
such orthodoxy, the electric-utilities
industry tried to discredit her work,
and, as a result, more than eight years
passed before the association she had
discovered between high-current wires
and cancer was corroborated in the
United States. That belated confirma-
tion might have been even further

delayed if it had not been for a coura-
geous stand taken, back in 1973, by
Dr. Robert 0. Becker, an orthopedic
surgeon and research scientist at the
Veterans Administration Hospital in
Syracuse, New York, who had become
convinced that the electromagnetic
fields emanating from power lines
could pose a serious threat to human
health.

Becker is a bespectacled, blue-eyed,
slightly built man who was born in
River Edge, New Jersey, in 1923,
and attended Gettysburg College, in
Gettysburg, Pennsylvania, where he
majored in biology. He gor his medical
degree from the New York University
School of Medicine, in New York
City, and subsequently became an or-
thopedic surgeon. In 1956, he was
made chief of orthopedic surgery at the
V.A. Hospital in Syracuse, and there
he soon became interested in the regen-
erative aspects of bone healing.

In the early nineteen-sixties, Becker
conducted experiments with salaman-
ders-animals whose remarkable re-
generative powers include the ability
to grow new limbs, a new tail, new
jaws, and new eye lenses, as well as por-
tions of their brain and heart-which
showed that the regenerative process
was initiated by electric current associ-
ated with the nervous system. After
hypothesizing that the direction of flow
and the magnitude of this current
might also control brain activity and
consciousness, he induced deep anes-
thesia in a salamander by placing it in a
strong magnetic field. This work stim-
ulated new interest in the biological
effects of magnetic fields, because, al-
though the power of the lodestone to at-
tract metal had been revered by the an-
cients - t h e y believed that magnetism
held the secret of life-the biological
effects of magnetism had remained
largely outside the realm of accepted
scientific inquiry in modern times.

Throughout the sixties, Becker con-
tinued to experiment with electricity
and living organisms, and contributed
to the discovery that bone fractures in
human beings heal in the same electri-
cally controlled manner that governs
the regeneration of limbs in the sala-
mander. Some of his most significant
work in this period consisted of explor-
ing the influence exerted upon the ac- 
tivity of the brain by external magnetic
forces, including those of the magnetic
field of the earth. In 1963, he and
Howard Friedman, a psychologist at
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the V.A. Hospital in Syracuse, showed
that there was a relationship between
the dates of admission of patients to the
psychiatric services of hospitals and the
occurrence of solar magnetic storms.
In 1965, they exposed human volun-
teers to pulsed magnetic fields of
similar frequency and considerably
greater strength than those associated
with magnetic storms, and found that
doing so significantly slowed the
volunteers’ ability to react to the ap-
pearance of a light by pressing and
releasing a telegraph key. A year ear-
lier, however, a Soviet investigator
named Yuri Alexandrei Kholodov had
reported that exposure to even stronger
magnetic fields caused areas of cell
death in the brains of rabbits, and when
Becker and Friedman learned of this
they discontinued their experiments
with human beings and advised other
researchers to do the same, Then, in
replicating Kholodov’s experiment,
they discovered that a magnetic field
produced stress in rabbits which acti-
vated a preexisting but quiescent brain
disease, and that this disease produced
the lesions Kholodov had observed.

The fact that magnetic fields could
induce stress worried Becker, because
of an earlier finding, by the endocrinol-
ogist Hans Selye, that prolonged stress
can adversely affect the immune sys-
tem. (It had already occurred to Becker
during his experiments with salaman-
ders that if electric current could gov-
ern benign growth it might also play a
role in the development of malignant
growth.) He became even more wor-
ried when Friedman exposed chimpan-
zees to pulsed magnetic fields of much
lower strength than those employed by
Kholodov, and found that the animals
excreted elevated levels of adrenal-
cortical hormones-a well-recognized
sign of stress. He was particularly con-
cerned by the fact that the biologically
active magnetic fields that he and

Friedman had used in their experi-
ments lay within the extra-low-
frequency  or ELF, range of one to
a hundred hertz-the principal fre-
quency range of the earth’s magnetic
field, to which the human body had
been tuned during its entire evolution-
ary period-because the results there-
fore suggested that man-made ELF
fields, such as those created by the
sixty-hertz electrical-distribution sys-
tem, whose emanations permeate the
modern environment, might have seri-
ous consequences for human health.

In the summer of 1972, Becker
warned a meeting of the Institute of
Electrical and Electronic Engineers
about “the continuous exposure of the
entire North American population to
an electromagnetic environment in
which is present the possibility of in-
ducing currents or voltages comparable
with those now known to exist in bio-
logical control systems.” At the same
time, he called urgently for an early
program to study the problem of hu-
man exposure to electromagnetic en-
ergy. A year later, he was invited to
serve on a seven-man advisory commit-
tee that was being convened by the
Navy’s Bureau of Medicine and Sur-
gery to review a research program the
Navy had instituted on the biological
and ecological effects of ELF radiation.
The committee met at the Naval Med-
ical Research Institute, in Washing-
ton, DC., on December 6th and 7th
of 1973, and Becker’s subsequent rev-
elation of its deliberations marked a
dramatic turning point in his career
and initiated a bitter controversy over
the safety of sixty-hertz electric and
magnetic fields that continues to this
day.

N A V Y officials had become inter-
ested in ELF radiation back in

1958, when they learned that radio
waves oscillating just above the sixty-
hertz range could penetrate seawater
sufficiently  to provide communication
with deeply submerged submarines.
Subsequently, they learned that a
portion of the earth’s interior could be
used as a launching pad to propagate
ELF signals, and in 1968 the Navy and
the GTE Sylvania Corporation, of
Lynn, Massachusetts, built an ELF test
facility near Clam Lake, Wisconsin, by
burying twenty-eight miles of insulat-
ed cable in the ground above the low-
conductivity granite bedrock of the
Chequamegon National Forest. Soon

thereafter, the Navy proposed to con-
struct a twenty-two-thousand-five-
hundred-square-mile antenna system-
to be called Project Sanguine-by
burying six thousand miles of cable
elsewhere in northern Wisconsin and
in the Upper Peninsula of Michigan.
The idea was to form a giant grid so
that electric current generated by trans-
mitters would pass through the anten-
na cables and flow deep into the earth,
along the bedrock, and back up into the i
cables, creating a global ELF radio field
extending up to the ionosphere-a
region of electrons and electrically
charged particles in the upper atmo-
sphere, between forty and  two hundred
and fifty miles above the earth-which
would reflect a portion of the ELF field
into the world’s seas and oceans.

Environmental groups mounted op-
position to Project Sanguine soon after
the Clam Lake facility was con-
structed, because some people living
near it reported that they were receiv-
ing electric shocks whenever they
turned on their water faucets, and be-
cause ordinary wire fences suddenly
became electrically charged. At that l

time, the environmentalists claimed 
that the alternating magnetic fields
generated by the ELF antennas could
produce voltages in nearby electrical
conductors, such as power lines, tele-
phone lines, and wire fences, and that
those voltages posed a potential health
hazard to the several hundred thousand
people who would be living within the
boundaries of the Sanguine system.
From the beginning, the Navy claimed
that no harmful biological effects were
caused by ELF electric and magnetic
fields, and that the environmental ef-
fects of Project Sanguine, which was
designed to operate at a frequency of
about seventy-six hertz, would be no
different from the effects caused by
sixty-hertz power lines. As for any
magnetic-field hazard that might exist,
Navy officials sidestepped this by point- ,
ing out in a 1972 environmental- :
impact statement for Project Sanguine
that many common household appli-
ances- among them hair dryers, can
openers, and food mixers-give off
strong magnetic fields. They made no
mention of the fact that these fields fall

I

off rapidly within a few inches of the
appliances, and thus could not be com-
pared with the magnetic fields that
would be given off by the large anten-
nas of Sanguine or, indeed, by power
lines. Such omissions notwithstanding,
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itudies financed by the Navy’s own ELF such an important and critical defense
biological-research  program had by mechanism, it behooves Project San-
1973  begun to cast doubt upon claims guine to investigate the operational
hat Sanguine was safe, and it was for efficiency of immune mechanisms dur-
this  reason that the advisory committee ing and after exposure to ELF electric
nr which Becker had been invited to and magnetic fields.” Most important
ierve was formed.

Becker has said that the only thing
of all from the public-health point of

sanguine  about Project Sanguine was
view, the committee voted unanimously

ts name. In any event, he and the other
to go on record as recommending that

nembers of the committee found little
the Electromagnetic Radiation Man-
agement Advisory Council ( ERMAC)-

:o be cheerful about when they met to a nine-member panel that had been
waluate  the results of the Navy’s ELF established in 1968 by the President’s
eesearch. To begin with, they Office of Telecommunications
.earned that an experiment per-
iormed at the Naval Aero-

Policy to advise the President on

ipace Medical Research Lab-
the biological hazards of micro-

oratory,  in Pensacola, Florida,
wave and radio-frequency radia-

-lad produced significant in-
tion-“be apprised of the pos-

creases in serum triglycerides-
itive findings evaluated by this

a warning of possible stress-
Committee and their possible sig-

in the blood of nine out of ten
nificance, should they be vali-
dated bv further studies, to

human volunteers who had
been exposed to a low-intensity mag-
netic field. They also learned that ab-
normally high triglyceride levels had
been found in six out of eight workers
at the Navy’s Sanguine test facility at
Clam Lake. There were other disturb-
ing findings. In a study conducted at
the Brain Research Institute of the
University of California at Los Angeles,
monkeys exposed to ELF fields showed
a decrease in the ability to perform
lever-pressing tasks-an indication
that ELF might have adverse behavioral
effects-and in a study conducted by
scientists at the Naval Air Develop-
ment Center, in Johnsville, Pennsyl-
vania, rats exposed to weak ELF fields
did not gain weight as readily as unex-
posed control animals. Still other ex-
periments showed that long-term ex-
posure to ELF retarded the growth of
chicken embryos, and that alternating-
current magnetic fields produced dis-
orientation in the chicks of ring-billed
gulls-a result suggesting that magne-
tic fields could affect bird migration.
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Not surprisingly, the committee re-
acted strongly to these findings. Its
members recommended as “urgent and
absolutely necessary” that further stud-
ies be made of the effects of the planned
Sanguine ELF fields on triglyceride
levels in human beings and animals,
and that extensive investigations be
conducted of the influence of ELF on the
central nervous system, on cells and
chicken eggs, on the growth rate of
rats, and on bird migration and orien-
tation. The committee advised the
Navy that “since the immune system is

the large population at risk in
the United States who are exposed to
60 hz fields from power lines and other
60 hz sources.”

The Navy, for its part, compiled the
findings and recommendations of the
advisory committee in a thirty-one-
page report and effectively suppressed
them, marking the report “For Official
Use Only” and limiting its distribu-
tion to members of the committee and
other people who had participated in
the two-day meeting. As a result, the
warning that the committee had voted
to send to ERMAC concerning the safety
of the nation’s sixty-hertz electrical-
distribution system went undelivered.
Indeed, the whole matter might have
been swept under the rug if Becker had
not happened to read a copy of the
Lowville Journal &  Republican upon
his return from Washington. He and
his wife had recently bought land for
a vacation-and-retirement home in Low-
ville, a small town on the western slope
of the Adirondacks, about sixty miles
northeast of Syracuse, and the Journal
&Republican carried a notice about a
proposal of the Power Authority of the
State of New York (PASNY) to build
several 765-kilovolt power lines in the
state, in order to import electricity
from a giant hydroelectric-power gen-
erating station that was under con-
struction at James Bay, in northern
Quebec. According to the notice, the
first of the proposed 765-kilovolt  lines
would run from Massena, a city on the
St. Lawrence River at the Canadian
border, to the town of Marcy, ten miles
northwest of Utica-a total distance
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of roughly a hundred and fifty miles-
and would pass through the outskirts
of Lowville.

Three days later, Becker wrote a
 letter  to Henry Diamond, the state

Commissioner of Environmental Con-
servation, with a copy to Joseph Swid-
ler, the chairman of the New York
State Public Service Commission
(P.S.C.). After giving a brief descrip-
tion of Project Sanguine, Becker told
the officials that its antennas would
transmit electromagnetic radiation at
frequencies similar to those of sixty-
hertz power lines, and at electric- and
magnetic-field strengths “Lower than
those that would be present along the
proposed 765 kV line and for some
distance out from the line.” He then
informed them that the Navy’s advi-
sory committee had concluded that the
civilian population might be at risk
from exposure to the stronger electro-
magnetic fields emanating from sixty-
hertz power lines. He urged that per-
mission for the construction of the
Massena-to-Marcy line be withheld
until the Project Sanguine experiments
were completed and an evaluation of
the true extent of the hazard could be
made. By way of furnishing corrobora-
tion, he advised the two men to ask the
Navy’s Bureau of Medicine and Sur-
gery for information regarding the ad-
visory committee’s findings and recom-
mendations.

AT the time Becker wrote his letter,
public hearings for PASNY'S  pro-

posed Massena-to-Marcy line were
under way in Massena, and within a
few months hearings began near Roch-
ester for a sixty-six-mile, 765-kilovolt
transmission line that the Niagara
Mohawk Power Corporation and the
Rochester Gas & Electric Corporation
wanted to build from Rochester to
Oswego. Experts for PASNY and the
two power companies testified that the
electromagnetic fields of the proposed
transmission lines would present no
biological hazard, but when a citizens’
group raised the health issue at the
Rochester hearing the Public Service
Commission felt obliged to look inta
the matter. In July of 1974,  a twenty-
seven-year-old P.S.C. lawyer named
Robert Simpson visited Becker at his
office at the V.A. Hospital in Syracuse
and listened intently as Becker de
scribed in detail the adverse biologica
effects of ELF fields which had beer
turned up by the Navy’s research pro
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gram on Sanguine. (The P.S.C. had
requested a copy of the advisory com-
mittee’s report on the program, but the
request had been denied by the Navy’s
Bureau of Medicine and Surgery, on
the ground that the information it con-
tained was classified.) Also present at
the meeting in Becker’s office was An-
drew Marino, a thirty-three-year-old
biophysicist with a law degree, who
had been working in Becker’s labora-
tory for nearly ten years. Marino told
Simpson about a study he had recently
conducted in which rats exposed to
sixty-hertz electric fields gained less
weight and drank less water than
unexposed control animals. Rats in a
related experiment showed altered
levels of blood proteins and enzymes.

At the conclusion of the meeting,
Simpson asked Becker and Marino if
they would be willing to come to the
Rochester hearing and testify about the
biological effects of ELF radiation. The
two men not only agreed to do so but
decided to testify without remunera-
tion. The P.S.C. procedure required
them to submit written reports and
then undergo cross-examination, and
in October they sent their reports to
Simpson, and he forwarded them to
Niagara Mohawk and Rochester Gas &
Electric. In addition to describing

the results of his rat experiments, Ma-
rino’s report cited eight studies pub-
lished in the medical literature which
showed that ELF radiation could cause
biological effects on human beings or
animals. For his part, Becker wrote
that ELF fields were biological stressors,
and that as a physician he would
have to assume that their effects could
be harmful. The suggestion by scien-
tists that electromagnetic energy from
power lines might be hazardous to hu-
man health appeared to take Niagara
Mohawk and Rochester Gas & Elec-
tric by surprise, and the two companies
requested that the Rochester hearing be
postponed for a year, so that they could
call additional expert witnesses and
produce new testimony.

By the time the P.S.C. hearings re-
sumed, in late 1975, state officials had
decided that the application of Niagara
Mohawk and Rochester Gas & Elec-
tric for the 765-kilovolt transmission
line from Rochester to Oswego would
be joined with PASNY'S application for
the Massena-to-Marcy line, and that
the testimony of Becker and Marino
would be presented in behalf of the
P.S.C.‘s  staff, who are specifically
charged by law with the responsibility
of representing the interests of the pub-
lic. In February of 1976, however, the
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P.&C.  bowed to pres-
sure from Governor
Hugh Carey and au-
thorized the construc-
tion of the Massena-
to-Marcy line. (The
Governor had sent a
bill to the New York
State Legislature that,
if it passed, would have
ordered the P.S.C. to
approve PASNY's  pow-
er-line project.) Thus,
the issues that re-
mained to be decided
were whether the
width of the right-of-
way of the Massena-
to-Marcy line, which
PASNY and the utili-
ties wanted  to be two
hundred and fifty feet,
would be expanded
for health and safety
considerations, and
whether Niagara Mo-
hawk and Rochester
Gas & Electric’s ap-
plication to build any
m o r e  765-kilovolt

lines in the state would be approved.
During the yearlong postponement,

Becker and Marino had combed the
medical literature and found more than
twenty additional studies that described
biological effects in human beings and
animals of exposure to ELF electromag-
netic fields. Meanwhile, Marino had
conducted repeated experiments in
which he exposed rats to sixty-hertz
electric fields whose strength was al-
most identical to that which could be
expected at ground level beneath a
765-kilovolt  line, and had found
changes in the animals’ body weight
and blood chemistry, He had then sub-
jected three generations of mice to the
same fields, exposing the animals from
birth through maturity and mating,
and had found that the second and
third generations of exposed animals
were severely stunted in comparison
with unexposed control animals. He
had also found a significantly increased
mortality rate in the exposed mice.

The hearings dragged on for nearly
two and a half years, producing more
than fourteen thousand pages of testi-
mony by thirty-one witnesses. The
case against the transmission lines
rested chiefly on Marino’s experiments
and on thirty-two other studies show-
ing that ELF fields could cause biologi-

-
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cal effects, such as disturbances in hu-
man biorhythms, slowed reaction time
in monkeys, disorientation in birds,
and increased heartbeat rate in fish.
Equally important was the testimony of
Becker, the only medical doctor to ap-
pear as a  witness for either side. He
stated that the weight of this evidence
suggested that biological effects would
occur in human beings who were sub-
jected to long-term exposure to electro-
magnetic fields from the lines.

To counter their testimony, PASNY

and the two utility companies retained
the services of several experts. Chief
among them was Herman P. Schwan, a
professor of electrical engineering and
physical medicine at the University of
Pennsylvania’s Moore School of Elec-
trical Engineering, in Philadelphia.
Schwan, who had previously been a
professor at the Kaiser Wilhelm Insti-
tute of Biophysics, in Frankfurt, Ger-
many, had come to the United States in
1947 under the auspices of Operation
Paperclip-a government program de-
signed to make the talents of German
scientists available to the nation’s de-
fense effort. He had soon begun tc
conduct research on the biological ef-
fects of microwave radiation, and ir
I953  he proposed to the Navy, which
was seeking to develop an exposure
standard for personnel who were opera
ating high-power radar, that a safe
level of exposure for human being!
could be set at ten milliwatts of powel
per square centimetre of body surface
(The power, or intensity, of micro
waves, radio waves, and other high,
frequency non-ionizing electromag
netic  radiation is customarily expressec
in terms of power density, which is thl
amount of radiation that flows eacl
second through a square measure o
space.) Schwan arrived at the ten-mil
liwatt level on theoretical grounds
basing it largely on the fact that energ,
from the metabolism of food is nor
mally dissipated by the surface of
human body at rest at the rate of abou
five milliwatts per square centimetrf
His assumption was that another fiv
milliwatts per square centimetre coul
be applied by external forces, such a
microwave irradiation, without cam
ing a significant rise in the body
temperature. Although the ten-mil
liwatt standard was a thousand time
the level of occupational microwal
exposure then considered safe by tt
Soviet Union, it was adopted as a tent:
tive  standard in the late nineteen-fiftil
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by the Army, the Navy, the Air Force,
he Bell Telephone Laboratories, and

voltage substations were experiencing

he General Electric Company. By
altered pulse rates and blood pressure,

1966, it was also generally accepted as
and also fatigue, drowsiness, and head-

t guideline for occupational exposure
ache, and the Soviet government had
ruled that 750-kilovolt  power lines

by the electronics industry and by most must be at least a hundred metres from
itate and federal health agencies. inhabited dwellings-two hundred feet

When Schwan  testified at the P.S.C. more than the safety zone that had
learings, he said that the power levels been proposed for the Massena-to-
)f the electromagnetic fields emanating Marcy line.) As for the thirty-two
jrom the proposed 76%kilovolt trans-
nission line could not interact with the

published studies demonstrating ELF
effects, Michaelson suggested that it

lady’s cells to produce internal fields was “possible to postulate a large
:apable  of heating tissue or excit- number and variety of factors
,ng nerves, and therefore the risk other than exposure to the elec-
:o human health and safety ap- trical field as the cause of the
aeared to be virtually nonexis- observed difference.” He also
:ent. He also said that no non-
:hermal or other low-level effects

declared that a biological effect
did not necessarily constitute a

>f  ELF fields had been proved,
and he dismissed the thirty-two
rtudies of ELF effects cited by
Becker and Marino as either
irrelevant or inconclusive or in-
zompetently  conducted.

Another witness who testified
Ior  PASNY and the utility com-

biological hazard, thus imply-
ing that an effect could be ig-
nored  if it had not been proved
to be a menace to health.

A third witness for the utility
companies and PASNY was Pro-
fessor Morton W. Miller, a
botanist, who, like Michaelson,

panies at the P.S.C. hearings was
Professor Sol M. Michaelson, a doctor
of veterinary medicine at the Depart-
ment of Radiation Biology and Bio-
physics of the University of Roches-
ter’s School of Medicine and Dentistry.
During the nineteen-sixties, Michael-
son, whose research was financed
largely by the Navy, had conducted
numerous experiments on the heating
effects of microwaves by exposing dogs
and other test animals to radiation of
sufficiently high intensity to produce
deep burns and death within a few
hours. Although he had performed
few, if any, experiments at levels below
ten milliwatts per square centimetre, he
claimed to have confirmed the safety of
Schwan’s proposed standard.

In 1973, Michaelson had submitted
testimony to the Senate Commerce
Committee supporting a proposal by
the Navy to study the effects of the ELF
fields given off by Project Sanguine on
human volunteers. He told the com-
mittee that “it appears entirely possible
that these fields are involved in the
etiology of certain illnesses which have
increased spectacularly during the last
century.” When he testified at the
P.S.C. hearings, however, he said that
ELF fields from power lines were safe,
and warned that Soviet investigations
showing ELF effects should be “viewed
with caution.” (Soviet scientists had
determined that workers in high-

was a member of the Department of
Radiation Biology and Biophysics at
the University of Rochester’s School of
Medicine and Dentistry. Miller, who
had been a student of Michaelson’s,
had conducted a three-year study for
the Navy on the biological effects of
ELF radiation from Sanguine, in which
he had determined that bean-plant
roots were not affected by exposure to
ELF. In the testimony he filed for the
P.S.C. hearings he stated that the
proposed 765-kilovolt lines “did not
pose an unreasonable risk to human
health,” basing this conclusion largely
upon his analysis of studies of Sanguine
that, like his own, had produced nega-
tive results.

.

Cross-examination of witnesses be-
gan in April of 1976, and took place in
a state office building in Syracuse. At
the outset, Simpson forced Miller to
concede that since the electric field
produced by a 765-kilovolt  line was far
stronger than the field emanating from
Sanguine, negative studies of radiation
from Sanguine could not be used to
demonstrate that the fields from the
power line would be safe. He then got
Michaelson, who followed Miller to
the witness stand, to concede that his
position regarding ELF fields from the
proposed line was not “what we don’t
know can hurt us,” or “what we don’t
know can’t hurt us,” but “what we
don’t know might hurt us”-a rather
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questionable position to take in a hear-
ing concerning the public health.

Michaelson was followed to the
  stand by Herman Schwan, who had

testified in 1975 as an expert for the
General Electric Company in hearings
conducted by the Food and Drug Ad-
ministration’s Bureau of Radiological
Health after the Bureau had ordered
the recall of thirty-six thousand G.E.
ovens suspected of leaking unac-
ceptable levels of microwave radiation.
The Bureau’s final report contained an
appendix entitled “Undocumented and
Unsubstantiated Statements Made by
Schwan,” which listed more than a
hundred such statements. During
cross-examination, Simpson forced
Schwan to acknowledge that he did not
know how or whether the low-intensity
current induced in bone by power-line
radiation might affect bone growth,
the healing of fractures, or the produc-
tion of bone tumors. Simpson then got
Schwan to acknowledge that he could
not say how or whether ELF fields from
power lines might affect other organs
of the body, and Simpson asked him
how, if he couldn’t answer these ques-
tions, he could be certain that the
proposed line was safe. Finally, toward
the end of the second day of cross-
examination, Schwan said that he did
not wish to continue answering such
questions, and at that point Simpson
told the administrative judge who was
presiding over the hearing that he had
no more questions to ask.

Marino was cross-examined for
eight days in late April, and Becker
underwent cross-examination for four
days early in May. Although attorneys
for Rochester Gas & Electric, Niagara
Mohawk, and PASNY claimed thal
Marino was prejudiced against power
companies, and maintained that
Becker’s testimony should be throwr
out, on the ground that it containec
“the rankest form of hearsay,” neither
man could be shaken from his convic
tion that because ELF fields had beer
shown to produce biological effects ir
animals they posed a potential healtl
risk for human beings. By now, how
ever, Becker and Marino were not on11
locked in a struggle with PASNY ant
the utilities but also engaged in a bitte
debate with the National Academy o
Sciences. This came about when the:
learned that the Academy had ap
pointed a committee of experts to 1001
into the biological effects of EL:
radiation, and that its members in
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eluded Schwan, Michaelson, and
Miller.

D URING 1973 and 1974, deter-
mined political opposition had

driven Project Sanguine from Wiscon-
sin and also from a backup site in the
Texas hill country. In 1975, the Navy,
in an effort to make its ELF communi-
cations system more palatable to the
public, proposed to reduce the area that
the system would encompass from
twenty-two thousand five hundred
square miles to between three and four
thousand square miles, and renamed it
Project Seafarer. The Navy then sug-
gested moving Seafarer to the Upper
Peninsula of Michigan, where, because
of high unemployment and a depressed
economy, it was thought that the proj-
ect might stand a better chance of being
accepted. Tentative approval was giv-
en to Seafarer by Governor William G.
Milliken, of Michigan, but later he
demanded the right to veto the
installation of the system, for he had
learned that Navy officials had failed to
inform his science advisers about the
Pensacola study showing that exposure
to ELF magnetic fields had raised tri-
glyceride levels in human beings, or
about the other biological effects of ELF
radiation which bad alarmed Becker
and the other members of the Navy’s
1973 advisory committee.

The report of the 1973 committee
did not come to light until December of
1975,  when a copy of it was acquired by
Senator Gaylord Nelson, of Wiscon-
sin. Nelson was furious at learning
that the Navy had withheld the report
for two years while some of his constit-
uents were undergoing exposure to ELF
at the Clam Lake test facility. In a
press release he accused the Navy of
suppressing evidence of a potential
health risk to the citizens of his state
and of failing to perform the follow-up
studies of ELF that had been urgently
recommended by Becker and the other
members of the advisory committee,
Seeking to mollify Nelson and to
defuse a politically embarrassing situa-
tion, the Navy offered the National
Academy of Sciences a contract to con-
duct an inquiry into the possibility that
plants, animals, and people might be
harmed by the electric and magnetic
fields associated with Project Seafarer.

Frequency Radiation, and that the
committee would be headed by
J. Woodland Hastings, a professor in
the Department of Biology of Harvard
University. The list of candidates from
which the committee members were
chosen had been drawn up by members
of the National Academy’s professional
staff, who were said to have relied upon
advice from the Navy in compiling it.
The list was then presented to Has-
tings, an affable man who had no expe-
rience in ELF research, and whose se-
lections for membership were subject to
the approval of high Academy officials.
Among those officials was the Acad-
emy’s president, Philip Handler, who
was a biochemist known for his work
on amino acids. In keeping with Acad-
emy policy at the time, only after the
committee had been appointed were its
members asked to fill out a so-called
bias statement, indicating what views
they might have expressed publicly
concerning the biological effects of
ELF, or whether they might have other
conflicts of interest.

/

When Marino learned that Schwan,
Michaelson, and Miller had been
named to the Academy committee, he
telephoned Hastings to protest that the
three men had already submitted testi-
mony to the P.S.C. hearings in New
York that ELF radiation from a pro-
posed power line would not harm the
health of human beings or pose a haz-
ard to the environment. According to
Marino, Hastings expressed surprise at
this, and promised to have him and
Becker appointed to the committee, in
order to give it better balance. At
the time, Academy officials defended
the makeup of the committee by point-
ing out that one of its members, Dr.
W. Ross Adey, of the Brain Research
Institute of U.C.L.A., had opposed
Schwan’s views concerning the biolog-
ical effects of ELF fields, and that two
other members had served on a San-
guine-evaluation panel in Wisconsin
which had been critical of some of the
Navy’s studies of ELF. Adey was in fact
the only person on the committee who

Early in January of 1976, the Acad-
emy announced that it had appointed
sixteen experts to a Committee on
Biosphere Effects of Extremely-Low-
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had conducted any significant research
on the biological effects of low-level
ELF fields. Most of its members had no
previous demonstrated experience with
ELF studies, and were thus at a disad-
vantage in assessing or challenging the
opinions of Schwan and Michaelson,
who were widely regarded as experts in
the field, even though their work dealt
almost exclusively with higher fre-
quencies. Moreover, several members-
among them George M. Wilkening,
the director of environmental health
at the Bell Telephone Laboratories,
in Murray Hill, New Jersey-were
staunch advocates of the ten-milliwatt
standard.

In August of 1977, the National
Academy of Sciences released the final
report of the findings of its committee
on the biological effects of ELF radia-
tion from Seafarer. The report read in
large part like a replay of the opinions
and testimony that had been presented
by Schwan, Michaelson, and Miller at
the P.S.C. hearings. Its authors dis-
missed Marino’s experiments showing
stunted growth in rats and mice that
had been exposed to ELF radiation, and
concluded that “there should be no
concern for possible effects of Seafarer
on fertility, growth, and develop-
ment.” They found deficiencies in the
studies demonstrating that ELF mag-
netic  fields caused elevated triglyceride
levels in human beings, and concluded
that “Seafarer fields will not have an
effect on human triglyceride concen-
trations.” They passed quickly over
findings that ELF radiation caused
slowed responses’ in human beings and
monkeys and, ignoring a 1974 report
showing that ELF magnetic fields had
degraded the ability of human volun-
teers at the Naval Aerospace Medical
Research Laboratory, in Pensacola, to
perform simple addition, stated their
belief that the behavioral effects of ELF
“do not appear to warrant concern.”
In the end, they found themselves able
to assure the public that, except for
possible electric shocks, “the likelihood
of serious adverse biologic effects of
Seafarer is very small.” Moreover,
after claiming at the outset of their
report to be “aware of the larger ques-
tion” of the potential hazards that
might be involved in the exposure of
living organisms to ELF fields, such as
those emanating from power lines, the
members of the Academy committee
had not another word to say about this
question except to point out in passing

   



THE NEW YORKER

that “power lines sometimes carry cur-
rents much larger than those of Sea-
farer.”

. . . 

T HE long-drawn-out P.S.C. hear-
ings in Rochester had ended in

March of 1977,  after a second gruel-
ling cross-examination of Marino by
attorneys for the utility companies and
PASNY, who charged that he was biased
and irresponsible because he had al-
lowed himself to be interviewed about
the power-line controversy by Mike
Wallace, of the CBS program “60
Minutes,” and because he and Becker
had written a letter to Governor Carey
in which they described PASNY'S trans-
mission line as an “imminent health
hazard.” During the rest of the year,
administrative-law judges Thomas R.
Matias and Harold L. Colbeth, who
had presided over the hearings, wrote
a recommended decision for the Pub-
lic Service Commission. Meanwhile,
Marino filed an amicus-curiae brief
in the &se, in which he urged the
P.S.C. to take protective measures not
only against ELF fields emanating from
the proposed 765-kilovolt  power lines
but also against fields that were being
given’off by existing 345 kilovolt  lines.
In his brief Marino declared that “the
scientific literature which shows  that
the proposed transmission lines would
be a human health hazard also shows
that existing high-voltage transmis-
sion lines are a human health hazard.”
He based his argument upon the fact
that many researchers had found bio-
logical effects in test animals exposed
to the equivalent of up to fifteen hun-
dred volts per metre, whereas the elec-
tric-field strength at the edge of the
hundred-and-fifty-foot right-of-way of
a standard 345 kilovolt  line had been
calculated to be approximately sixteen
hundred volts per metre. Marino pro-
posed that a safety factor of at least one
hundred be applied, and that the upper
limit of permissible chronic human ex-
posure be set at one hundred volts per
metre. He said that to permit exposure
to more intense fields would be tanta-
mount to subjecting people to involun-
tary human experimentation, and he
suggested that doing so could make
power companies liable for the tort 01
battery or for that of the taking of 2
constructive easement over land. Ht
also pointed out that the average tran.+
mission line carries only part of it!
deliverable electric power within it!
r ight-of-way-that as much as fifty
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per cent of its power exists in measur-
able field strengths beyond the right-
of-way. Marino went on to warn that
people living in the vicinity of a 765-
kilovolt power line would be exposed to
a strong alternating-current magnetic
field, whose magnitude would be “to-
tally new and unique with respect to
the evolutionary history of life on
earth.” Finally, he recommended that
the P.S.C. require PASNY and the utili-
ties to inform the people of New York
State of the existence of a valid scien-
tific dispute concerning the hazard
posed .to human health by exposure to
electric and magnetic fields from high-
voltage transmission lines, and he
urged the P.S.C. to organize a major
research program, conducted by inde-
pendent scientists, in order to deter-
mine the extent of the hazard.

On January 20, 1978, Matias and
Colbeth handed down their recom-
mended decision-a hundred-and-
fifty-seven-page document that re-
flected considerable ambivalence on
their part. On the one hand, nearly a
third of it was devoted to an attack
upon the credibility and competence of
Marino, who was accused of having
been “evasive and argumentative under
cross-examination,” and whose experi-
mental work was described as “not
conducted carefully enough for the re-
sults to be believable.” On the other
hand, Matias and Colbeth concluded it
was possible that “continuous long-
term repeated exposure to electric fields
exceeding 2500 volts per meter might
result in some biological effects that
might be harmful.” After selecting a
safety factor of only two and a half,
they went on to recommend that no
person should live or work regularly
in areas where the electric field ex-
ceeded a thousand volts per metre at
one metre above the ground. That
meant that a 765-kilovolt  power line
would require a right-of-way approxi-
mately three hundred and fifty feet
wide instead of a two-hundred-and-
fifty-foot-wide corridor, which was
what had been proposed by PASNY and
the utility companies.

As might be expected, the decision of
the administrative-law judges pleased
none of the parties to the hearings.
PASNY and the utility companies ob-
jected to the recommendation that
would require them to create wider
rights-of-way, and P.S.C. staff mem-
bers faulted them for omitting any de-
tailed consideration of the thirty-two

studies Marino had cited. The P.S.C.
staff claimed that nine of these studies
provided "a solid body of evidence that
electric fields from the transmission
line will probably cause biological ef-
fects in humans.” For this reason, they
recommended that the Public Service
Commissioners establish a four-hun-
dred-volt-per-metre level for maxi-
mum human exposure. They also rec-
ommended thit the utilities be required
to inform each resident living adjacent
to the right-of-way of a 765-kilovolt
line that there was a risk from exposure
to electromagnetic fields, and they pro-
posed that anyone living within two
hundred and seventy-five feet of the
centerline of the right-of-way of a
765-kilovolt power line be given an
option to have his house purchased or
relocated if the electric field outside the
dwelling exceeded the four-hundred-
volt-per-metre level.

The final decision in the power-line
case came in June of 1978, when, after
reviewing the hearing record and the
recommended decision of the adminis-
trative-law judges, the six members of
the Public Service Commission issued
a seventy-four-page opinion. It strad-
dled the public-health issue. To begin
with, the commissioners found that al-
though the hearing record did not show
that the electric and magnetic fields of
the proposed 765-kilovolt lines would
endanger human health and safety, “it
contains unrefuted inferences of possi-
ble risks that we cannot responsibly
ignore.” They based their assessment
of possible risk on Marino’s three-
generation mouse study and on the
other studies showing that ELF fields
produced biological effects in test ani-
mals, and they declared that “these
effects cannot be presumed harmless.”
They went on to dismiss allegations
that Marino’s experiments were flawed,
pointing out that PASNY and the utili-
ties “could have aided the record by at-
tempting to replicate Dr. Marino’s ex-
periments in a manner free of the
defects they perceived in them” but
that “for reasons best known to them,
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they did not do so.” As for the harsh
criticism levelled against Marino by
Matias and Colbeth, the commissioners
let stand the finding of their staff that
PASNY and the utility companies had
mounted “vigorous efforts to discredit
him [which] were more suitable to
a slander trial than a fact-finding,
scientific investigation.”

However, it was one thing for the
commissioners to agree with Marino
and Becker that ELF fields could cause
biological effects in test animals and
quite another for them to decide how
far to go in protecting the public health
against the potential threat posed by
power-line radiation. Unlike Matias
and Colbeth, they could not very well
ignore the question of how safe the
existing 345-kilovolt transmission
lines might be, when their own staff
had recommended a four-hundred-
volt-per-metre level for maximum hu-
man exposure, and when people living
in houses adjacent to the rights-of-way
of 345~kilovolt  transmission lines were
already being exposed to electric-field
strengths well above that level. The
staff proposal posed a quandary for the
commissioners. They were already un-
der pressure from the utilities to make
certain that power lines operating at
lower voltages would be exempt from
any standard they might adopt for 765-
kilovolt lines, and they apparently
feared that if they adopted the four-
hundred-volt level, or the staff’s rec-
ommendation that people living adja-
cent to the power-line right-of-way be
warned of the possibility of a health
risk, they might create widespread
panic and a public furor. In the end,
they attempted to solve the problem by
declaring that the right-of-way of a
765-kilovolt transmission line should
be wide enough so that the strength of
the electric field at its edge was no
greater than the electric-field strength
(about sixteen hundred volts per metre)
that had been calculated to exist at the
edges of the rights-of-way of standard
345-kilovolt  lines. “In this way,” they
reasoned, “we assure that the risks, if
any, of long-term exposure to 765 kV
transmission in the areas traversed by
PASNY'S line and any future 765 kV
lines will be no greater than those, now
widely accepted, of long-term exposure
to the 345 kV lines operating through-
out the State.”

The sweeping supposition of the
.phrase “now widely accepted” ap-
peared to trouble the commissioners,
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for they acknowledged in a footnote tion in the matter, but in 1980, while
that “we do not imply that society has, that decision was on appeal to the State
in any way, explicitly decided that 345 Court of Appeals, the P.S.C. and
kV lines are worth whatever risks they PASNY reached 3 settlement, under
may entail.” Whatever the commis- which PASNY and seven major electric-
sioners wished to imply, thanks to in- utility companies agreed to provide five
adequate coverage of the power-line million dollars to finance a five-year
hearings by the media the public had research program that would be known
been given almost no information as the New York State Power Lines
about the risk posed by power-line ra- Project. A three-member board, made
diation, let alone enough information up of the commissioner of the New
to reach any kind of rational decision. York State Health Department, the
Anyone who chose to read to the end of chairman of PASNY, and the chairman
the P.S.C.‘s  opinion, how- of the P.S.C., was given re-
ever, would have come upon
a dissent  f i led by Com-

sponsibility for establishing
the project, and early in 1981

missioner Harold A. Jerry,
Jr. He put an astute finger on
the motive behind the deci-
sion of his five colleagues to

the board selected a ten-
member scientific advisory
panel to develop the project’s
research program and over-

extend the presumption of
benignity to 345-kilovolt  power lines.

“I believe that the majority has set-
tled for this width because of irrelevant
concern over the widths of existing 345
kV rights-of-way, rather than because
of concern for the proper widths of 765
kV lines in view of the evidence in this
case,” Jerry wrote. “In other words,
the majority has been swayed by the
problem of what to do with existing
345 kV lines if it adopts a 765 right-of-
way with weaker field strengths at its
edges than those present at the edges of
existing 345 kV rights-of-way.”

In spite of temporizing on the ques-
tion of the safety of 345-kilovolt  lines,
the P.S.C. opinion was a major deci-
sion, because it marked the first time
that any regulatory body in the nation
had gone on record as stating that
studies showing that ELF fields could
cause biological effects in animals must
raise questions about human exposure
to such fields along power-line rights-
of-way. Moreover, the commissioners
were sufficiently troubled by the many
unanswered questions concerning ELF

radiation to take the unprecedented
step of calling for a five-year research
program on the biological effects of
power-line fields, which was to be fi-
nanced by PASNY and the utility com-
panies and carried out by independent
scientists. A few months after the com-
missioners issued their decision, PASNY

brought suit against the P.S.C., claim-
ing that the commission had no right
to require it to participate in such a

program as a condition of certifying a
transmission line. In 1979, the appel-
late division of the New York State
Supreme Court upheld PASNY'S posi-

see its research contracts.
On the face of it, the decision of the

Public Service Commissioners and the
subsequent settlement of the legal dis-
pute between PASNY and the P.S.C.
seemed to indicate that Becker and
Marino had finally prevailed in their
long struggle. As a result of their
stand, the Power Authority would
soon announce that it intended to post-
pone indefinitely the construction of
any more 765-kilovolt  l ines,  and
Rochester Gas & Electric and Niagara
Mohawk would eventually be denied
permission to build their proposed 765-
kilovolt line from Rochester to Os-
wego. By that time, however, Becker
and Marino had become the target 01
savage criticism and had been forced
out of the Veterans Administration.

In 1964, Becker had won the Ad-
ministration’s coveted William S,
Middleton Award for outstanding
achievement in medical research, and
in 1971 the V.A. had granted him tht
status of medical investigator, whict
meant that he could put aside his clini-
cal duties and devote all his time ant
energy to research. In April of 1976
however, just as he was about to take
the stand for the first time in the
power-line hearings, he was informer
by the V.A.‘s  assistant chief mediczi
director for research and development
in Washington, that his application fol
3 five-year renewal of his medical in.
vestigatorship had been deferred. Late)
that year, a research grant that he hat
been receiving from the National In,
stitutes of Health was discontinued
and from then on he began to expe,
rience great difficulty in getting hi
research proposals approved by thl
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V.A. Becker managed to keep his
laboratory going for three more years
by finding an alternative source of
funding at the V.A. In 1980, a year
after he won the Nicolas Andry Award
of the Association of Bone and Joint
Surgeons for outstanding achievement
in the field of orthopedic surgery, all
his V.A. grants were terminated, and
Becker retired and went to live in
Lowville, where he now directs a re-
search-and-consulting firm called
Becker Biomagnetics. Six months after
his retirement, his research laboratory,
which had been operating for twenty
years, was shut down. Shortly there-
after, Marino, who had worked in the
lab for seventeen years, was told that
there were no suitable positions for him
at the hospital. As a result, he resigned
from the Veterans Administration
and went to Louisiana, and he is now
a professor in the Department of
Orthopedic Surgery of the Louisiana
State University Medical Center, in
Shreveport.

Although the motives behind the
apparent vendetta that was carried out
against Becker and Marino can only be
guessed at, it seems clear that their
outspokenness regarding the health
hazard of power-line radiation had
something to do with it. Moreover,
after the 1978 P.S.C. decision the two
men came under heavy attack from
other quarters. In 1979, Professor
Hastings, who had chaired the Na-
tional Academy of Sciences’ committee
on Seafarer, told Susan Schiefelbein,
who was writing an article about the
ELF controversy for The Saturday  Re-
wicw,  that Marino and Becker had not
conducted any research on the biologi-
cal effects of ELF, and that the judges in
the power-line hearing had decided
against them. “The judges threw out
the case with prejudice,” Schiefelbein
quoted Hastings as saying. “[They]
ruled that Marino’s not a believable
witness, that he’s evasive and deceitful.
Here we were, being attacked by people
who ultimately were thrown out of a
court of justice in that way. They’ve
all been thrown out. These guys are all
a bunch of quacks.”

Another attack upon  Marino was
mounted by Philip Handler after the
publication of Schiefelbein’s article, in
September of 1979. Her article was
entitled “The Invisible Threat: The
Stifled Story of Electric Waves,” and it
was highly critical of the makeup and
conduct of the National Academy’s

committee on Seafarer and of the credi-
bility of Professor Hastings. A few
months after it appeared, Handler
wrote to Carl1 Tucker, the editor of
The Saturday Review, threatening to
sue the magazine unless Tucker pub-
lished an article entitled “Scientific
Evidence and Public Decision Mak-
ing,” which Handler had written with
the assistance of two senior officials of
the National Academy. In the article
Handler and his colleagues criticized
Marino and praised Schwan,  and con-
cluded that in the absence of proof of a
hazard, or of any acceptable theory
predicting a hazard, “we are left with
the unprovable negative: that there
does not exist any danger from ex-
tremely low frequency radiation at the
level at which people are customarily
exposed.” They then lashed out at the
press for using “the thin tissue of fan-
cied biological effects of ELF to inflame
the imagination of the public.”

In the end, Tucker stood by the
article that Schiefelbein had written,
and the piece by Handler and his asso-
ciates went unpublished in The Satur-
day Rewiew.  Handler’s article, how-
ever, exemplified the thinking with
regard to the power-line problem at the
highest level of the nation’s scientific
establishment at the time that Nancy
Wertheimer discovered the association
between childhood cancer and expo-
sure to alternating magnetic fields from
ordinary electrical-distribution lines-
a finding she hoped that the medical
and scientific community would be ea-
ger to investigate in greater detail.

I N October of 1979, an application
that Wertheimer had submitted to

the National Institutes of Health for a
grant to study the possible association
between’ cancer in adults and exposure
to magnetic fields from high-current
wiring was rejected. “I was disap-
pointed, of course, but I didn’t let it get
me down,” she said recently. “As it
happened, I had been gathering data
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for the adult study for almost a year, so
I just kept right on going, and did it
the way I had done the childhood study
-on my own time and with my own
money.”

To begin with, Wertheimer col-
lected death certificates for people who
had died of cancer between 1967 and
1975 in the towns of Boulder and
nearby Longmont, and also 1977 can-
cer-death certificates for residents of
the city of Denver and of its suburbs.
These four samples also included can-
cer survivors-people who had been
found five or more years previously to
have a life-threatening form of cancer
and who in 1979 were still living with-
out known recurrence of the disease. In
each of the samples, only those cancer
victims known to have lived in the
sampling area for at least four years
prior to diagnosis were retained for the
study. Control addresses for the cancer
victims from Boulder and Longmont
were selected from non-cancer-death
certificates in the same towns, and the
control addresses for the Denver and
Denver-suburb cancer cases were cho-
sen at random from within the same
neighborhoods there. By the spring of
1979, Wertheimer had collected ad-
dresses for eleven hundred and seventy-
nine cancer victims and the same num-
ber of controls, and for most of that
summer and the next she drove around
-often from sunrise to sunset-visit-
ing case and control homes and classi-
fying each of them according to her
wiring-configuration code, which she
had refined somewhat since the child-
hood study.

“One reason I had hoped to get an
N.I.H. grant was so that I could afford
to hire someone to do the coding of the
addresses blind-in other words, some-
one who, unlike me, would be totally
unaware of which addresses had been
the residences of cancer victims and
which the homes of controls,” she says.
“In that way, I could have insured that
no bias could creep into the final results
because of not-blind coding. Without
financial support, however, that was
impossible, so I hired a researcher out
of my own pocket to do blind coding of
a hundred and forty of the eleven hun-
dred and seventy-nine case-control
pairs. When it turned out that the
researcher’s blind coding did not differ
greatly from my own coding, and that
a significant result was obtained from
the blind-coded sample alone, I was
reassured about using my not-blind
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1 coding in the final analysis of the

data.”
While Wertheimer was busy gath-

ering information for her adult study,
the utilities industry was trying to de-
cide how to respond to the disturbing
findings of her childhood study. In
July of 1979, she and Leeper were
visited in Boulder by Robert Kavet, the
project manager for biomedical studies
at the Electric Power Research Insti-
tute (EPRI), an organization situated
in Palo Alto, California, that is spon-
sored by major utility companies across
the nation. Kavet discussed the

the magnetic fields from appliances as
reported in the Sanguine studies,” she
wrote. “Their magnetic-field readings
were taken as close as possible to the
appliance housings, and so give a
highly exaggerated idea of what ambi-
ent fields might be expected within the
homes from appliance sources. I’m en-
closing our correspondence with them
on this matter.”

The enclosed correspondence con-
sisted of a letter that Leeper had writ-
ten in February of 1978 to Dr. Donald
A. Miller, of the Naval Underwater

1 Svstems Center. in New Lon-
childhood-cancer study at con-
siderable length with Wert-
heimer and Leeper,  and after he
returned to Palo Alto he wrote a
report on his visit and sent it, on

dbn, Connecticut, with a copy
to Dr. Anthony R. Valentino,
the manager for electromag-
netic  effects at the Illinois Insti-
tute of Technology Research

July 30th, to EPRI'S  member companies,
with a copy to Wertheimer. In the
report he described the dilemma that
their findings posed for the electric-
utilities industry. On the one hand,
he wondered how magnetic fields in
the milligauss range could possibly
correlate with increased cancer rates in
the absence of a body of scientific evi-
dence to support the existence of such a
relationship. On the other hand, he
pointed out that the childhood-cancer
study had been peer-reviewed and pub-
lished in the highly esteemed American
JownaI  of Epidemiology. Kavet sug-
gested that the utilities industry mea-
sure magnetic fields inside a represen-
tative number of dwellings in Wert-
heimer’s study to determine what mag-
netic-field exposures were actually
found inside the homes. “This is a
complex issue, and one that has stirred
interest and controversy,” he wrote in
conclusion. “I do not believe that any
single person has the solution, but col-
lectively we might be able to pool our
insights.”

On August IOth,  Wertheimer wrote
to Kavet and thanked him for sending
her a copy of the report. “As you say,
the question of what to do next is
complex,” she agreed. “I rather doubt
that much will happen so long as our
one study is the only suggestive evi-
dence in a sea of disbelief. However,
we’d be glad to help in any way we
could if you did decide on a study
project.” Wertheimer then cautioned
Kavet regarding his suggestion that
the electric-utilities industry measure
in-house magnetic fields. "You recall
the misunderstanding (which you
shared with us and many others) about

Institute (I.I.T.R.I.), in Chicago, and
a letter of reply that Valentino had
written to Leeper in his own behalf and
Donald Miller’s, (Miller had worked
at I.I.T.R.I. when it was under con-
tract to the Navy to produce the 1972
final environmental-impact statement
for Project Sanguine, and, together
with Valentino, he had helped write
the statement before going to the
Naval Underwater Systems Center.)
Leeper reminded Miller in his letter
that although the impact statement de-
clared that I.I.T.R.I. had measured
very strong magnetic fields in the
vicinity of ordinary consumer ap
pliances, such as hair dryers, television
sets, and fluorescent lamps, Miller had
subsequently acknowledged in a tele.
phone conversation with Leeper that
he had been able to measure strong
magnetic fields only when he held
the detector coil very close to each ap
pliance.

Early in March of 1978, Valentine
wrote Leeper,  “I have discussed YOUI
letter with Dr. Miller and we botl
agree with your concern over the possi.
ble misinterpretation of measurement!
taken as near as possible to variou!
appliances, as compared with other
measurements taken at some distance.’
In 1983, however, almost two year:
after President Reagan and Secretar;
of Defense Caspar W. Weinberger hat
ordered the Navy to proceed wit1
the development of Project ELF (a
Sanguine/Seafarer was now called)
I.I.T.R.I. and the Navy issued ,
report, entitled “Representative Elec
tromagnetic Field Intensities Near th
Clam Lake ELF Facility,” that claimer
once again that strong magnetic field



up to twenty-five gauss had been
measured at “user distances” from hair
dryers and other household appliances.
Not until the following year did
I.I.T.R.I. prepare a report for the
Naval Electronics Systems Command,
entitled “Household Appliance Mag-
netic Field Survey,” that finally showed
(as Wertheimer and Leeper had been
claiming for nearly a decade) that mag-
netic fields from household appliances
dropped off so rapidly that the devices
could not be considered major sources
of ambient indoor magnetic-field ex-
posure. By that time, the Navy had re-
ceived permission to rebuild and reacti-
vate the ELF transmitter at Clam Lake,
and to construct an ELF transmitter
near the K. I. Sawyer Air Force Base,
on the Upper Peninsula of Michigan.
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DY 198 1, the power companies had

letter offering to supply him and Roth findings.” He added, “We feel it is
with more of her data once she had important for the utility industry to
finished writing the paper on magnetic conduct a more comprehensive and
fields and adult cancer. Three months controlled study of the Denver area
later, on April 7th, she wrote again, and to  s tudy other  geographical
telling Kavet that Roth had called with locations as well.”
questions about the data and she had When Andrew Marino sent a copy
supplied the answers. She added that if of Roth’s report to Wertheimer, in
he or Roth wanted more information August of 1982, she fired off a four-
on the childhood-cancer study, “this is page letter to Kavet, telling him that
the time when I might best be able to Roth was wrong to say that the child-
provide it.” hood-cancer study linked cancer with

Unbeknownst to Wertheimer, Roth exposure to electric fields when in fact
had already finished a draft of a seven- the link was with magnetic fields. As
page report criticizing her study, and for Roth’s suggestion that the type of
was about to submit it to Kavet. After excess cancer deaths she had found
receiving it in April of 1981, Kavet were “not normally associated with
held on to it for fourteen months, and exposures to electric fields,” Wert-
then, in June of 1982, sent it (still in heimer observed that such a statement
draft form) to Greg Alvord, who was “implies that there are some types of
the scientific-research coordinator for cancer which are recognized to be so
the New York State Health Depart- associated,” and inquired of Kavet,

D -- -apparently decided that the best ment’s Power Lines Project. The-tim-
way out of their bind was to try to ing was interesting. New York health
discredit Wertheimer. Early in Janu- officials had just announced that they
ary, EPRI awarded a contract to might try to replicate Wertheimer’s
H. Daniel Roth, of Roth Associates- childhood-cancer study but would wait
a consulting firm in Rockville, Mary- until they had reanalyzed its data be-
land, that had done work for Consoli- fore doing so.
dated Edison, of New York, and other Roth began his report by questioning
utility companies-to reanalyze Wert- Wertheimer’s suggestion that workers
heimer and Leeper’s childhood-cancer who were frequently exposed to alter-

, study. Shortly thereafter, Roth called nating-current magnetic fields had de-
Wertheimer and asked her if she would veloped cancer at a significantly higher
be willing to supply him with the data rate than the population as a whole.
she had used in conducting the study, Roth declared that this was doubtful
and on January 7th she wrote to him- because “the type of excess cancer
with a copy to K a v e t - to say that she deaths which occurred are those not
was “uneasy” about the scope of his normally associated with exposures to
request, because she had limited re- electric fields.” As for Wertheimer’s
sources and was very busy writing a findings linking childhood cancer to
report of her investigation of high-current wiring, Roth
magnetic fields and cancer claimed that they were “al-
in adults. “I don’t want to most impossible to evaluate,”
be uncooperative, and I be- because they were “based on
lieve that scientific data questionable statistical cal-
should be freely shared,” culations.” He went on to
she said. “But I honestly doubt that challenge the manner in which she had
reanalysis of our data will yield any analyzed the development of cancer in
important new information. EPRI could relation to the amount of current that
use its funds more effectively, I should could be expected from the various
think, in financing a replication of our types of wires in her wiring-configura-
work, using whatever controls they tion code. He also criticized her for
deem appropriate. ” Wertheimer then failing to take into account other fac-
told Roth, “I am left with the impres- tors, such as exposure to pollution,
sion that, at present, EPRI'S  main con- when she selected the control popula-
tern  is to find some procedural or sta- tion for her study. In conclusion, he as-
tistical criticisms with which to refute serted that because her selection of con-
our study, rather than to investigate trols  “might have been biased,” and
vigorously the possibility of adverse because her wiring-configuration code
magnetic field effects.” “might have been incorrect,” it was

Together with the copy of her letter “doubtful that we will ever be able to
to Roth, Wertheimer sent Kavet a properly evaluate Wertheimer’s study

“Do you  know something I don’t
know about this?” In conclusion, she
told Kavet that she agreed fully with
Roth’s call for the utilities industry to
conduct additional studies, and offered
to help Kavet and EPRI “in any such
project you may devise.” The follow-
ing month, she wrote to Kavet again,
calling his attention to a report recently
published in The New England Journal
of Medicine which linked the develop-
ment of leukemia to occupational expo-
sure to electric and magnetic fields.

The report to which Wertheimer
referred appeared in the July 22, 1982,
issue of The New England Journal as a
letter to the editor from Dr. Samuel
Milham, Jr,, a physician and epidemi-
ologist working for the Washington
State Department of Social and Health
Services, in Olympia. While updating
an earlier study he’d done of occupa-
tional mortality, Milham examined the
data for four hundred and thirty-eight
thousand deaths occurring among
workingmen in Washington between
1950 and 1979, and he noticed that
among men whose occupations re-
quired them to work in electric or
magnetic fields there were more deaths
caused by leukemia than the propor-
tionate mortality ratio (P.M.R.) in the
general population would lead one to
suspect. Indeed, the P.M.R. for leuke-
mia was elevated in ten out of eleven
occupations he investigated which
were linked to electric or magnetic:
fields. The excess was most striking
among aluminum-reduction workers,
who are exposed to strong magnetic
fields induced by high-amperage direct
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current, which is used during the re-
duction process, and who experienced
twice as many deaths from leukemia as
had been expected. Leukemia deaths
were also significantly higher among
electricians, power and telephone line-
men, power-station operators, and
motion-picture projectionists. (The
latter work near step-up transformers
that emit strong magnetic fields.)

On November 20,1982,  The Lancet,
in England, which is one of the most
highly regarded medical journals in the
world, published a letter reporting that
Milham’s findings had been supported
by the results of an investigation con-
ducted by three physicians in the
Department of Family and Preventive
Medicine at the University of Southern
California’s School of Medicine, in
Los Angeles. The California re-
searchers had reviewed cases of leu-
kemia in men from Los Angeles
County who were listed as having jobs
that entailed exposure to electric or
magnetic fields, and had discovered
that the incidence of acute leukemia
and acute myeloid leukemia among
them, and especially among power and
telephone linemen, was significantly

higher than might have been expected.
Close on the heels of the Los Angeles
study came the results of an investiga-
tion into mortality from leukemia
among electrical workers in England
and Wales. The study was conducted
by Michael E. McDowall,  an epi-
demiologist working in the medical-
statistics division of the Office of Pop-
ulation Censuses and Surveys, in Lon-
don, and its results were published in
The Lancct on January 29, 1983.
McDowall  had analyzed five hundred
and thirty-seven deaths from acute my-
eloid leukemia and had found a consis-
tently increased risk of the disease
among all electrical occupations, the
highest risk being among telecommu-
nications engineers. An editorial that
appeared in the same issue of The
Lancet called attention to the fact that
McDowall’s  findings followed those of
Wertheimer and Leeper,  Milham, and
the three researchers from the Univer-
sity of Southern California, and ob-
served that “the cluster of reports re-
lating to acute myeloid leukemia is
worrisome.” The editorial went on to
say, “Since all of us are exposed to
some electrical and magnetic fields, and

7 9
continuously to low levels of non-
ionizing electromagnetic radiation, it
is important to know what risks, if any,
are entailed.”

During the next three years, an ex-
cess risk of leukemia was discovered
among electrical workers in New Zea-
land, Canada, and southeastern En-
gland, and among coal miners in the
United States, who are intimately ex-
posed to electromagnetic fields from
power lines and transformers in tun-
nels and other closely confined areas.
Indeed, by early 1986 fifteen out of
seventeen surveys of electrical and
electronics workers around the world
showed a link between exposure to
electric and magnetic fields and the
development of cancer. Among them
was a 1984 study showing that a sig-
nificantly higher than expected num-
ber of white male residents of Mary-
land who had died of brain tumors
between 1969 and 1982 had been em-
ployed in electrical occupations-elec-
tricians, electrical or electronics engi-
neers, and utility servicemen. Further
corroboration of this link came in
1988, when a study of men who had
died of brain cancer in East Texas
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between 1969 and 1978 showed a sig-
nificantly elevated risk for those men
working in the communications, utili-
ties, and trucking industries. Indeed,
the risk for electric-utility workers was
thirteen times that for workers who
were not exposed to electromagnetic
f ie lds .

Milham’s 1982 report in The New
England Journal of Medicine and its
subsequent corroboration by research-
ers in many countries finally began to
arouse the members of the medical and
scientific community from their leth-
argy concerning the health hazards of
ELF fields. Samuel Milham is a tall,
brown-eyed, dark-haired man of Leb-
anese descent, who was born in Al-
bany, New York, in 1932. He got his
medical degree from Albany Medical
College in 1958, and in 1961 he re-
ceived his master’s degree in public
health from the Johns Hopkins Uni-
versity School of Hygiene and Public
Health. He then worked for five years
as an epidemiologist for the New York
State Department of Health, in Al-
bany. There he set up a congenital-
malformation-surveillance system in
the state, which was based on routine
examination of birth and stillbirth cer-
tificates and other vital records. It was
the f i rs t  such system to be establ ished in
the United States, and its success was
soon measured by its quick detection of
congenital malformations caused by
use of the drug thalidomide.

During the early nineteen-seventies,
Milham, who had gone to work in the
Washington State Department of So-
cial and Health Services in 1968, ana-
lyzed more than three hundred thou-
sand death certificates of male workers
in the state who had died between 1950
and 1971, and coded the occupation
and the employer of each of them. One
of the major findings of this analysis,
which was partly financed by the Na-
tional Institute for Occupational Safety
and Health, in Cincinnati, was that
workers in the half-dozen aluminum-
reduction plants then operating in
Washington State were dying at a sig-
nificantly increased rate of cancer of
the lymphatic system and the pancreas.
After several major aluminum pro-
ducers refused requests from Milham
that he be allowed to conduct follow-
up studies of their workers,  Dr.
James P. Hughes, who was the medi-
cal director of the Kaiser Aluminum &
Chemical Corporation, of Oakland,
California, encouraged him to inves-

tigate the mortality among the workers

lymphoma,  -Hidgkin’s  disease, and
benign brain tumors.

at the company’s Kaiser Mead alumi-
num-reduction plant, in Spokane. Mil-
ham quickly found that men in this
plant were dying at an increased rate of

“The fact that there was no great
increase in lung cancer among these
workers-especially those in the pot
rooms-surprised and puzzled me,”
Milham said recently. “Aluminum-
pot-room workers are exposed to
benzopyrene -the culprit in cigarette
smoking-because coal-tar pitch is
used as a binder for carbon in the
electrolytic reduction process. At the
time I did my study, the prevailing
wisdom in the aluminum industry
blamed coal-tar pitch for the excess
cancers in aluminum workers I had
found. But although coal-tar pitch had
long been recognized as a potent car-
cinogen, it had never been associated
with lymphoma, so I knew that it
couldn’t explain why the pot-room
workers were dying of lymphoma at
about six times the national average,
and that I would have to look else-
where for an answer to the problem.
One thing that jumped out at me was
the fact that the pot-room workers
were exposed to extremely powerful
magnetic fields. These fields are gener-
ated by the tremendous, seventy-five-
thousand-plus-ampere direct current
that powers the electrolytic process,
during which aluminum oxide is re-
duced to molten aluminum-they are
strong enough to tear  a  monkey
wrench out of a man’s hand. For this
reason, I decided to look through the
death certificates of all adult-male
deaths in Washington State between
1950 and 1979 to see if deaths from
non-Hodgkin’s lymphoma, as well as
leukemia, might be linked to occupa-
tions with exposure to electromagnetic
fields. The results of that analysis were
the findings I published in The New
England Journal of Medicine  in the
summer of 1982. I’ve since learned
that non-Hodgkin’s lymphoma is a
type of tumor that often develops in
people who have impaired immune sys-
tems, so it may turn out that magnetic

American Radio Relay  League, with

fields promote cancer by weakening the

headquarters in Newington, Connect-
icut, a  national group of a hundred and

immune system.”

forty thousand amateur radio operators
whose hobby exposes them to electro-
magnetic fields. By acquiring back is-

Not long after his letter appeared in

sues of the League’s monthly magazine

the Journal, Milham undertook to study

and reading the obituary sections, he
learned the names of two hundred and

causes of death among: members of the

ninety-six male members from Wash-
ington State and sixteen hundred and
forty-two male members from Califor-
nia who had died between 1971 and
1983. After obtaining death certificates
for two hundred and eighty (some
ninety-five per cent) of the Washing-
ton State members, and for fourteen
hundred and eleven (about eighty-six
per cent) of the California members, he
analyzed the causes of death for the
combined total of sixteen hundred and
ninety-one according to the propor-
tionate mortality ratio for 1976, and
found excess leukemia among the radio
operators. Particularly striking was
the fact that deaths from acute and
chronic myeloid leukemia were nearly
three times as prevalent among these
men as they should have been, where-
as deaths from chronic lymphatic
leukemia were not particularly ele-
vated. This was significant, because
acute and chronic myeloid leukemia are
known to be caused by exposure to
ionizing radiation, whereas chronic
lymphatic leukemia is not as a rule
caused by ionizing radiation. Also
striking was the fact that ninety-seven
-some thirty-five per cent-of the
two hundred and eighty death certifi-
cates from the Washington State ama-
teur radio operators listed occupations
for them such as electrician, electron-
ics technician, and radio operator,
whereas those occupations account for
only about three per cent of male deaths
in the Washington State death file.

T the same time that WertheimerA called Kavet’s at tention to
Milham’s study, she sent him prelimi-
nary data from a recently completed
Swedish study that supported the asso-
ciation she had found between the de-
velopment of cancer in children and
the proximity of their homes to high-
current wiring. The Swedish study
had been conducted by Dr. Lennart
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yomenius,  a medical officer with the
Zounty of Stockholm. When he began
.is investigation, in the fall of 1979,
.e realized that Wertheimer’s results
light not apply in the County of
‘tockholm,  because most of the elec-
ricity there is transported (as it is in
lJew  York City and many other metro-
lolitan sections of the United States) in
luried cables made up of closely packed
nd parallel distribution wires, whose
urrent flow often tends to cancel out
he magnetic fields they generate. Since
romenius could not use a wiring-
:onfiguration  code in these circum-
tances, he decided to measure the
trength of the alternating fifty-hertz
nagnetic  field outside the entrance
loor of each of the birth and diagnosis
lwellings of young Swedish cancer
rictims,  and to take note of any high-
ension  wires carrying between six
rilovolts and 200 kilovolts, and also of
my power substations, transformers,
md electrified railways and subways
:hat might be visible within a hundred
md fifty metres of those homes. (In
Sweden, as in most European coun-
:ries, electricity is generated at fifty
rather than sixty hertz.) He then col-
lected the addresses at the times of birth
and diagnosis of cancer for seven hun-
3red and sixteen children up to the age
3f eighteen who were born in Stock-
holm County, and for each of these
young cancer victims he selected a con-
trol individual, matched according to
age, sex, and church district of birth.

In the end, Tomenius surveyed a
total of two thousand and ninety-eight
dwellings of cases and controls. He
found that a hundred and ninety-six of
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as high as that in control children.

Tomenius’s study was not officially
published until 1986, when it appeared
in the journal Bioelectromagnetics.
However, he gave a preliminary report
of his findings at the International
Symposium on Occupational Health
and Safety in Mining and Tunnelling,
which was held in Prague, in June of
1982, and it was this presentation that
Wertheimer sent to Kavet at EPRI in
September. As might be expected, she
had a special interest in the results of
the Swedish study. “It feels good not
being out there alone anymore,” she
told Louis Slesin, the founder and pub-
lisher of Microwave News-a monthly
report on non-ionizing radiation that
is published in New York City-who
interviewed her that autumn.

Obviously, Milham’s findings and
the Swedish study put pressure on offi-
cials of the New York State Depart-
ment of Health and the members of the
Power Lines Project’s scientific advi-
sory panel to have Wertheimer’s child-
hood-cancer study replicated. Mean-
while, Wertheimer and Leeper had
concluded their investigation of adult
cancer and submitted a paper entitled
“Adult Cancer Related to Electrical
Wires Near the Home” to the Interna-
t ional  Journal  of  Epidemiology,  put out
by Oxford University Press, and
publication was scheduled for Decem-
ber. When Wertheimer finished ana-
lyzing the data they had collected, she
found that “the homes of cancer pa-
tients outnumbered control homes most
clearly in the VHCC [very high cur-
rent configuration] category, with the
proportion of cancer homes diminish-

these dwellings were within a I ing over succeeding categories.”
hundred and fifty metres of

e
She went on to say that “this

high-tension wires, power sub-
stations, transformers, or elec-

#‘~‘h / suggests that a dose-relationship
‘\FAV/ may exist between AMF [alter-

trified railways or subways, and - nating magnetic field] exposures
that forty-five of them were within in this range and cancer,” and she
that distance of a 200-kilovolt trans- pointed out that the association
mission line. The average strength between wires carrying high current
of the alternating-current magnetic and cancer “is quite clear and highly
fields measured at the entrance doors significant for cancer occurring in
of the dwellings near the 200-kilo- adults before age 55, but is much less
volt wires was 2.2 milligauss. When impressive for cancers occurring at
Tomenius analyzed his data, he found older ages.” Wertheimer also found
that twice as many of the homes of that people living near wires that car-
children who had developed cancer ried very high current developed can-
were near 200-kilovolt  lines as were cers of the nervous system, uterus, and
the homes of control children. Simi- breast as well as lymphomas more read-
larly, the incidence of cancer in chil- ily than people living near wires that’.
dren who lived in forty-eight homes carried lower current, or living far
where magnetic fields of three milli-  from any wires.
gauss or more were measured was twice In a section of her paper entitled
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“Discussion,” Wertheimer analyzed
her observations:

In this study, adult cancer was found to
be associated with residence at an HCC
address. Although the association was
highly significant, it was considerably
wcakcr than the similar association we
observed for childhood cancer. This does
not necessarily mean that AMFs  affect
adults less than they do childien;  rather, it
seems likely that, in adults, th@  years of
exposure to environmental carcinogens, as
well as to AMFs  from various sources, all
may affect cancer rates so strongly that the
effect of residential HCCs is frequently
obscured.

 

In general, a small increment in cancer,
occurring against a relativelv high overall

. _  .  

cancer  rate, is difficult to demonstrate.
Where the background cancer rate is low,
however, that same increment will be
more visible. Thus if there is a modest
increase in cancer rate due to HCCs, it
should be most visible in children, where
cancer is generally rare: and it should also
be more visible in young adults, where
cancer is still relatively uncommon, than
in older adults where cancer is frequent.
This is essentially what we observed.

In the spring of 1982, Wertheimer
sent an advance copy of the adult-,
cancer study to Greg Alvord, at the
New York State Health Department,
and early in 1983 the members of
the Power Lines Project’s scientific
advisory panel commissioned Anne-
marie F. Crocetti, an epidemiologist
and a clinical associate professor in
the Department of Community and
Preventive Medicine of the New York
Medical College in Valhalla, New
York, to evaluate Wertheimer’s work
and determine whether it warranted
further investigation b y  the Power
Lines Project. Crocetti, who received
her doctorate in public health at Johns
Hopkins, is highly regarded as an ex-
pert in the toxicity of  heavy metals,
such as cadmium, lead, and nickel, and
she has long been active in efforts to
reduce lead-levels in air, soil, water,
and food. In February, she travelled to
Boulder and met with Wertheimer
over a ueriod of several days to discuss
in detail the methodology, analyses,
and results of the investigations that
Wertheimer and Leeper  had  con-
ducted. When she returned  to New
York, she told the scientific advisory
panel that Wertheimer’s data collec-
tion was “extraordinarily meticulous,”
but that she found the adult study to be
flawed in terms of its selection of con-
trols and in how it defined the length of
time to which its subjects had been
exposed to alternating-current mag-
netic fields. The childhood study, she
felt, “presents relatively few prob-

lems,” and she recommended that it be
replicated as part of the Power Lines
Project’s research program. She also
recommended that gaussmeter mea-
surements of indoor magnetic  fields be
made, in order to validate Werthei-
mer’s concept of using wiring con-
figuration to determine their strength.

.Shortly  after Crocetti submitted her
report, the members of the scientific
advisory panel accepted her recommen-
dation that the childhood-cancer study
be done again, and also decided to look
into Milham’s finding that adult leuke-
mia was associated with exposure to
alternating-current magnetic fields. In
September, they awarded a contract for
a study of adult cancer to the Battelle
Pacific Northwest Laboratories, and a
contract for a replication of the child-
hood-cancer study to David A. Savitz,
a n epidemiologist at the University of
Colorado’s School of Medicine, in
Denver. In doing so, they were fully
expecting (as Dr. David 0. Carpenter,
the director of the New York State
Health Department’s Wadsworth
Center for Laboratories and Research,
who had been placed in charge of the
Power Lines Project, later admitted)
that Wertheimer’s findings would not
hold up, and that the new studies
would finally lay them to rest.

N EARLY ten years had elapsed
since Becker and his six col-

leagues on the Navy’s advisory com-
mittee reviewed evidence that ELF elec-
tric and magnetic fields from Project
Sanguine might adversely affect human
health, and warned that a large seg
ment of the nation’s population might
be exposed to even stronger fields frorr
electric-power transmission lines. Dur-
ing that time, dozens of experimenta:
studies here and abroad had shown that
ELF electromagnetic fields produced bi.
ological  effects in test animals, and the
epidemiological studies by Wertheimel
and Leeper,  Milham, Tomenius, am
others had suggested that alternating
current magnetic fields might be ;
cause of cancer in human beings
Doubters in the medical and scientific
community had challenged the epide,
miological  studies on the grounds tha
they contained insufficient data on thi
intensities of the magnetic fields en
countered in residential and occupa
tional exposure, and that other poten
tial causes of cancer, such as pollution
genetics, and diet, had not receive1
adequate consideration. What botherel
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As it happened, information that
rould  help to explain the observed
ffects  of power-line radiation had been
n the process of development since the
arly nineteen-seventies, thanks to the
lioneering efforts of an Australian-
lorn  scientist, Dr. W. Ross Adey, who
lad  served on the National Academy
If Sciences’ committee that evaluated
ieafarer.  Together with colleagues
t the Brain Research Institute of
J.C.L.A., he had been investigating
he interaction of weak electromag-
tetic  fields with the outer membranes
nd  the inner workings of brain cells.
1dey  is a lanky, brown-eyed man of
ixty-seven  with wispy gray hair
‘ailing  over his ears, and a craggy,
veather-beaten face. He has a wry
iense  of humor, a combative streak, and
t marked inability to suffer fools gladly
-indeed, a strong tendency not to
suffer  them at all-and he has not only
nnvived  the controversy, uncertainty,
zoverup,  and political infighting that
:or  two decades have characterized the
Seld  in which he works but also
tmerged as its leading theoretician and
philosopher.
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Adey was born and grew up in Ade-
laide, in South Australia. Like many
:hildren  of the twenties, he was fasci-
nated by radio, and as a teen-ager he
built a large radio receiver and used it
to record signals from the planet Jupi-
ter. In 1939, he entered the University
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tralia for three years, he came to the
United States in 1954 and went to
work as a professor of anatomy and
physiology in the Department of Anat-
omy at U.C.L.A., and in 1961 he
joined the university’s newly formed
Brain Research Institute.

During the early nineteen-sixties,
Adey did groundbreaking work on the
radio transmission of brain waves,
placing in the skulls of test animals tiny
transmitters that broadcast their elec-
troencephalographic (EEG) waves to
receivers. In 1965, he became the di-
rector of the newly established Space
Biology Laboratory at the Institute,
and over the next two years he and his
colleagues performed extensive com-
puter analyses of the EEG patterns of
fifty astronaut candidates from the Na-
tional Aeronautics and Space Adminis-
tration.

Thanks to a series of experiments
performed a few years earlier by Rafael
Elul, an Israeli scientist who had taken
a leave of’ absence from the Hebrew
University-Hadassah Medical School,
in Jerusalem, to work at the Brain
Research Institute, Adey had learned
that tiny, fluid-filled spaces between
brain cells contained sugar-tipped
strands of protein that protruded from
the membranous surfaces of the cells.
He also learned that the tips of the
protein strands were extremely sensi-
tive to positive and negative currents;
they could be seen to sway in response
to them.

“At that time, brain waves were
widely regarded as being a general
‘noise’ in the cerebral system, and as
having little or no direct physiological
role in inform&ion processing,” Adey

of Adelaide Medical School, and recalled recently. “It was also
after receiving his bachelor’s de- believed that the excitation of
gree in medicine, in 1943, he nerve cells required powerful
served for two years as a sur- electric stimulation in order to
geon lieutenant in the Australian overcome the tenth-of-a-volt
Navy, where he became familiar with electrical field that is known to be
the techniques of radar. Following his present at all times between the surface
service in the Navy, he went back and the interior of every cell mem-
to medical school in Adelaide and brane. There appeared to be good rea-
received his doctorate in 1949. He then son for this, because the electric charge
went to England, and spent the next between the exterior and the interior of
two years as a research fellow at Ox- the very thin cell membranes, which is
ford University, studying anatomy and known as the membrane potential, is
the physiology of the limbic system- enormous. It is, in fact, equal to the
the portion of the brain that is con- charge of a two-hundred-thousand-
cerned with the expression. of emo- volt power line if the power line, in-
tional and sexual behavior. It is also stead of being suspended fif ty feet  in the
associated with memory, and damage air, as is customary, were to be placed
to the limbic system can result in severe an inch above the ground. In such a

case, though, the power line would, offur  WI, ?b page  Colcnlr  cal;r~“gue  memory loss. After returning to Aus-
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course, instantly arc over and burn out.
That gives some idea of the astonish-
ing resistance to electrical current that
is provided by the two layers of fat-
together only a millionth of an inch
thick-that make up the membrane of
a cell. Indeed, the insulating quality of
the tiny cell membrane is vastly more
efficient than most, and perhaps all,
man-made materials. The wonder is
that every cell in the body functions
from birth to death with this extraordi-
nary electrical barrier at its surface. A
major question to be answered, there-
fore, was how this could be so.

“Elul’s work showed us that the
protein strands protruding from cell
surfaces might act as Trojan horses to
permit extremely weak electrical and
chemical signals to pass through the
barrier of the membrane potential and
reach the cell interior. It paved the way
for us to consider the possibility that
these strands might be sensitive to elec-
trochemical breezes blowing across the
cell membranes- much in the manner
of a field of wheat waving in the wind
-and to hypothesize that the rhythmic
waves they were generating were not
just general noise but intercellular

whispering; in other words, the sound
of brain cells communicating with each
other in a private language. Since all
brain waves, whether they are domi-
nant EEG waves or the weak electric
ripples emanating from the interiors of
cells, travel as oscillations through the
fluid-filled spaces-or gutters, as I
prefer to call them-it was obviously
important for us to know more about
what was going on in these gutters. It
was also necessary for us to learn more
about the role of calcium, whose
prevalence in brain tissue had fascinat-
ed me since my days as a medical
student, and whose ions were known to
play important roles in the transmis-
sion of nerve impulses in the brain.”

During the middle nineteen-sixties,
Ahron Katchalsky, a Russian-born
molecular biologist and biophysicist
from Israel, who was a member of the
Massachusetts Institute of Technol-
ogy’s Neurosciences  Research Pro-
gram, investigated the binding of cal-
cium, magnesium, hydrogen, and other
important biological ions to artificial
molecules that simulated the protein
strands found in all living tissue. He
discovered that calcium ions are bound

85
more strongly to the protein strands
than are most of the other ions present
in the fluid-filled gutters of the brain.
At about the same time, other scientists
demonstrated that calcium might be
involved in chemical changes taking
place at the membrane surface. At that
point, it became clear to Adey that if he
was going to learn anything about the
role of the cell membrane in brain
chemistry he was going to have to
investigate the binding and unbinding
of calcium. So when the space program
began to wind down, in 1970, he de-
cided to pursue this line of inquiry in
earnest.

The approach that Adey and his
colleagues used in studying cerebral
calcium was influenced by a study they
had conducted for the government in
1967 and 1968, which, in turn, re-
sulted from the discovery by the State
Department, in 1962, that the Russians
were beaming low-intensity microwave
radiation into the American Embassy
in Moscow. At first, it was believed
that the microwaves were being di-
rected into the Embassy to activate
electronic listening devices hidden in
its walls. It was soon realized, how-
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ver, that the Russians were transmit-
ng at multiple frequencies that did not
ppear suitable for normal electronic-
avesdropping techniques, and by 1965
ie motive for the Soviet microwave
ombardment had become the subject
f intense scrutiny by various Amer-
:an intelligence agencies, includ-
lg the Central Intelligence Agency,
rhose officials suspected that the Rus-
ians were conducting research into the
ffects  of microwaves upon human be-
avior. For security reasons, this scru-
iny was carried on with the utmost
ecrecy, and was cloaked in the usual
uphemisms. The microwave beams
eing directed at the Embassy were
eferred to as the Moscow Signal; the
nvestigation of them was carried out
,nder a highly classified research pro-
‘ram  called Project Pandora; and in-
ormation  about it was parcelled out on
. strict “need to know” basis, which, as
t turned out, excluded most of the
itate Department employees at the
Embassy who were being irradiated.
some idea of what was afoot can, how-
:ver, be gleaned from the fact that
Z.I.A.  agents interviewed a number of
scientists who were involved in micro-
wave research, asking them such ques-
:ions as whether it was reasonable to
oelieve that microwaves beamed at hu-
man beings from a distance could affect
the brain and alter behavior.

Project Pandora was placed under
the direction of the Advanced Research
Projects Agency (ARPA)-an  organi-
zation within the Department of De-
fense which was then engaged in
developing a wide variety of electro-
magnetic weaponry. In 1966, ARPA
gave a number of research contracts to. .
independent scientists to study
the effects of low-level radiation
in test animals. Among them was
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forming satisfactorily, they were ex-
posed for four hours a day to very
weak, ten-volt-per-metre electric fields
oscillating at either seven or ten hern.
Exposure to ten-hertz fields did not
produce any marked change in the
monkeys’ behavior, but when the
animals were irradiated with seven-
hertz fields their ability to estimate a
five-second interval was shortened by
as much as half a second. Moreover,
Adey and his co-workers observed in-
creases in EEG intensity at both the
seven- and the ten-hertz frequencies in
the limbic system of the brain in all
three monkeys. The increase indicated
that the externally applied electric
fields could drive the electrical activity
of the brain, and thus produce a phe-
nomenon called brain entrainment,
which had obvious application for
mind control. .

During the early nineteen-seventies,
Adey, Gavalas-Medici, and Suzanne
M. Bawin, a Belgian-born research
neurophysiologist, who was doing her
Ph.D. work under Gavalas-Medici’s
supervision, studied the effects of low-
intensity electric fields of seven, forty-
five, sixty, and seventy-five hertz on the
brain waves and behavior of monkeys.
Their one consistent finding was that
weak fields (some as low as one volt per
metre) oscillating at brain-wave fre-
quencies could produce significant
changes in the EEG and in behavior.
This finding was reinforced when they
exposed live cats to very high-fre-
quency (VHF) radio waves, of a hun-
dred and forty-seven million hertz (147
M H z ) - a frequency used by ham-radio
operators- modulated at brain-wave
frequencies. What they did, in effect,

was to impose the slow ELF
rhythm of the brain waves on the
fast oscillation of the radio

a contract awarded to Adey and waves. They discovered that un-
some colleagues at the Space modulated 147 MHz radiation at
Biology Laboratory to investigate the a field intensity of one milliwatt per
effect of weak ELF electrical fields, square centimetre had no biological
oscillating at seven and ten hertz, on effect, but that an ELF-modulated signal
the brain waves and the behavior of of the same intensity could powerfully
monkeys. Together with Rochelle J. change the pattern of the cats’ brain
Gavalas-Medici, an experimental psy- waves at specific sites within the brain
chologist, and other associates, Adey
conducted a series of experiments dur-

and at specific ELF frequencies. Among

ing which three monkeys in whose
other things, this indicated to Adey

brains EEG electrodes had been im-
and his colleagues that radio-frequency
fields at power levels far below those

planted were trained to press a panel necessary to induce the heating of tis-
once every five seconds, and were
rewarded with apple juice if they per-

sue could produce profound changes in

formed within a two-and-a-half-second
the electrical activity of the brain.

interval. After the animals were per-
In 1974, Bawin, Adey, and Leonard

K. Kaczmarek, a newly graduated bio-
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chemist from the Charing Cross and
Westminster Hospital Medical School,
at the University of London, exposed
freshly removed chick brains to the
same low-power, ELF-modulated 147
MHz field that had been used in the cat
experiments, and found that exposure
to specific frequencies between six and
twenty hertz increased the release of
calcium ions bound to brain-cell mem-
branes and to their protruding protein
strands by about twenty per cent, with
a maximum effect at sixteen hertz. A
graph of the results showed that the
outflow of calcium followed a “tuning
curve,” with the peak of the effect at
sixteen hertz and a lower effect at both
higher and lower frequencies. (By way
of contrast, the unmodulated carrier
wave of 147 MHz produced no effect.)
Thus Bawin, Kaczmarek, and Adey
concluded that the phenomenon did
not depend simply upon the intensity of
the electromagnetic field but was sensi-
tive to a narrow “window” of frequen-
cies. In later work, Adey and his as-
sociates observed similar windowing
with respect to a narrow range of field
intensities and to lengths of time of
exposure.

By the end of 1975, Adey and his co-
workers had gathered considerable evi-
dence to show that weak electromag-
netic fields have a direct effect on the
vertebrate nervous system. Their mon-
key studies had produced behavioral
effects indicating that weak oscillating
fields could result in modification of
recall a n d  of the ability to estimate
time. Their experiments with chick-
brain tissue and live cats indicated that
weak fields could alter the flow of
calcium from the membranous surfaces
of cells and from their protruding gly-
coprotein strands, thus changing the
chemistry of the brain. These findings
led them to conclude that slow electri-
cal oscillations within the forest of
protein strands surrounding brain cells
formed the basis of an independent
cell-to-cell communication system, and
to speculate that such oscillation5

might be the basis for changes in brain
chemistry associated with the storage
of information.

What remained unclear was how
electromagnetic fields that were less
than one four-thousandth the strength
of the electric barrier provided by the
membrane potential could act as ar
electrical stimulus capable of influenc.
ing the release of calcium and other
chemicals from the surfaces of brair
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&lS. In an attempt to explain the
mystery,  Adey pointed out that, the
membrane  potential notwithstanding,
brain cell is so sensitive to fields that
lrround it that if one terminal of a
ne-and-a-half-volt battery were con-
ected to a wire placed in the Pacific
Icean at San Diego and the other
:rminal to a wire in the Pacific Ocean
.ear  Seattle-about a thousand miles
way- t h e cell would be able to detect
he infinitesimal electric gradient of the
esulting one ten-millionth  of a volt
#er  centimetre that would be produced
n the intervening seawater. Adey then
lostulated that weak electromagnetic
ields must be acting as triggers to
timulate and amplify a powerful sys-
em of cooperative interactions at the
nembrane surface. As for the reason
hat these electromagnetic fields did
rot elicit major disruptions of cerebral
nocesses, such as producing perceptual
listortion or interfering with judgment
md decision-making, Adey suggested
,hat, because each cell in central-ner-
rous-system tissue generates its own
rery small electric field within its own
mmediate, tiny environment, an elec-
:ric field originating outside the ner-
YOUS  system would be far too crude
:o disturb the complex intrinsic field
within. In a paper written at the end of
1976, he drew an analogy with ocean
waves: “Within a cubic meter of water
at the ocean surface there are numerous
local pressure gradients producing
highly complex focal motions. Passage
of a large tidal wave through the same
region has relatively little effect on the
major fluid movements within this
small volume.”

Up to this point, Adey’s research at
the Space Biology Laboratory had been
financed almost entirely by NASA, ARPA,
the National Science Foundation, the
Air Force Office of Aerospace Re-
search, and the Office of Naval Re-
search. This circumstance undoubtedly
influenced his decision to become a
member of the National Academy of
Sciences’ committee formed in January
of 1976 to evaluate the possible biolog-
ical effects of the ELF electric and
magnetic fields that would be generated
by the Navy’s Project Seafarer. At that
time, he did not seem prepared to make
a major issue of his opposition to the
thermal theory of microwave and
radio-frequency injury, which repre-
sented the mainstream thinking of the
scientific community on the biological
effects of non-ionizing radiation. Some

observers note that Adey and his col-
leagues were just beginning to probe
something profoundly revolutionary in
the realm of science, and realized that
there were many people in positions of
authority and responsibility who might
be capable of hindering the painstaking
program of research they were about to
start.

Whatever the case, when Robert
Simpson, the attorney for the New
York Public Service Commission, who
had recruited Becker and Marino,
asked Adey to testify about the biologi-
cal effects of ELF fields at the power-
line hearings, he replied that the issue
was far too complicated for lawyers
to handle, and that he wanted no part
of it, He evinced a similar attitude
when he was approached by a journal-
ist at a scientific meeting in Boulder,
Colorado, in 1975, expressing doubt
whether readers would be able to
grasp the difference between biological
effects and biological hazards, and
voicing concern that the great poten-
tial of radio-frequency radiation as a
tool for studying the electrochemical
workings of the brain might go un-
developed if there were too much ad-
verse publicity. Over the next ten
years, however, Adey changed his mind,
as he came to realize that the igno-
rance of laymen and the possibility of
adverse publicity posed nowhere near
as much of a risk to the search for
the truth about ELF electromagnetic
fields as did the obfuscation of indus-
try, the mendacity of the military, and
the corruption of ethics that industri-
al and military money could purchase
from various members of the medical
and scientific community.
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