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rs and emphysema. Because aluminum workers in pot rooms are exposed to 

__ coOIO , 

q~ite strong, low-frequency magnetic fields and electrical workers are exposed 

to relatively strong 60 Hz electric and magnetic fields, he speculated that 

these frequencies may be implicated in his findings since other physical and 

chemical factors do not seem to provide a strong enough explanation for the 

observed effects. 26/ 27/ - -

In other independent studies, Wright et al. (1982), NcDowall (1983), and 

Coleman (1983) have also found increased incidences of leukemia in workers 

exposed occupationally to weak, low frequency (50-60 Hz) electric and 

magnetic fields. 28/ 29/ 30/ -- --

Finally, one Swedish study of switch year workers exposed chronically 

to various intensities of 50 Hz electric and magnetic fields yielded data 

showing a decreased frequency of normal pregnancy, implying male infertility, 

and an increased frequency of congenital malformations. This particular study 

is the most relevant to reported VDT health effects, including the earlier-­

reported clusters of pregnancy disorders. The study has been subjected to 

26/ Milham, S. Mortality in Aluminum Reduction Workers. Journal of 

Occupational Medicine, v. 21, n. 7, 1979. p. 475-480. ~ 
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and Magnetic Fields. 

p. 249. 

Mortality from Leukemia in Workers Exposed to Electric 

New England Journal of Medicine, v. 307, n. 4, 1982. 

28/ Wright, 

Nagnetic Fields. 
M. et al. Leukemia in Workers Exposed to Electric and 

The Lancet, Nov. 20, 1982. p. 1160-1161. 

29/ HcDowall, M. E. Leukemia Mortality in Electrical \..'orkers in 

England and Wales. The Lancet, Jan. 29, 1983. p. 246. 

30/ Coleman, ~1. 

Lancet, Apr. 30, 1983. 
et al. Leukecia Incidence in Electrical Workers. 
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on statistical grounds, although its authors have defended their 

findings. 31/ 

In general, the adverse human effects reported above, together with 

pregnancy disorders reported in eight clusters of VDT workers remain quite 

baffling from an epidemiological point of view. The reported field strengths, 

both electric and magnetic, are in most cases extremely small, i.e., orders 

of magnitude lower than recommended occupational and public exposure levels. 

At the same time, as will be discussed below, field strength may not be as 

relevant biologically as the frequency and pulse-modulation characteristics of 

electromagnetic fields in evoking biological responses at the level of the 

human or animal cell. In any event, the data reviewed above suggest that 

additional basic and epidemiological research may be necessary to either 

positively implicate or eliminate low-level, low-frequency electromagnetic 

radiation as a significant human health risk. In fact, a large epidemiologi­

cal study of New York State populations in the proximity of power and feeder 

lines is already underway under the auspices of the New York Power Authority. 

The three-year study will cost $750,000. 

Basic Research on Reproductive Effects 

Most basic research on animals exposed to low-level, low-frequency 

~ 

electromagnetic radiation has focused on physiological alternations, including 

changes in central nervous system function, blood composition, and behavior. 

Even more basic research has involved studies of tissue and cell biochemistry, 

growth and healing of bone tissue, limb regeneration, and reproductive 

31/ 
Workers. 
1983. p. 

Swedish Study finds increased Reproductive Problems in Substation 

Transmission/Power Line Health and Safety Report. v. 1, n. 5, 
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It is data in the last category that will be briefly reviewed 

With regard to data on the reproductive effects of weak electromagnetic 

fields of the type emitted by VDT's, both positive and negative findings are 

accumulating. There has been a trend recently toward an increase in positive 

findings in mice exposed to weak, low-frequency electromagnetic fields. 

Nonetheless, a report soon to be published by the World Health Organization 

concludes preliminarly that clear, detrimental reproductive effects have not 

been convincingly demonstrated in laboratory studies. That conclusion notwith-

standing, there have been a number of quite recent reports indicating that very 

weak, low-frequency electric and magnetic fields may exert slightly negative 

effects on the embryogenesis and reproduction of chickens and miniature swine. 

Further confirmation and replication of these studies is needed before firm con­

clusions can be drawn as to their validity or significance, '}]__/ ~/ '}J_I '}!}_/ E_/ 

32/ Lee, Jack M. Jr. Electrical and Biological Effects of Transmission 

Lines: A Review. U.S. Dept. of Energy. Bonneville Power Administration. 

Aug. 27, 1982, 92 p. 

33/ Adey, w. R. Tissue Interactions with Non-ionizing Electromagnetic 

Fields. Physiological Reviews, v. 6, n. 2, Apr., 1981. p. 435-514, 

34/ Pavkova, H, A Study of the Embryotropic Effect of an Electrostatic 

Pulsed Field. Pracovni Lekarstvi (Czech.), v. 32, n. 10, ~980, p. 334-338, 

(English) 

35/ Delgado, J.M. R, Electromagnetic Effects from Insects to Humans. 

IN: Proceedings of the Symposium on "Biomagnetism in Psychophysiology." 

First International Conference on Psychophysiology. Montreal, Aug., 1982. 

(abstract) 

36/ Delgado, J. M. R. Embryological Changes Induced by Weak, Extremely­

Low-frequency Electromagnetic Fields. Journal of Anatomy, v. 134, n. 3, 

1982. p. 533-551. 

37/ Sikov, M, R. et al. Developmental Toxicology Studies in ~anford 

Miniature Swing Exposed to 60 Hz Electric Fields. IK: Bioelectro~agnetic 

Society. Fifth Annual Scientific Session, Boulder, Colo., June 12-17, 1983. 

p. 43. (abstracts) 
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have been an increasing number of studies implicating weak 

fields in reproductive and developmental disorders in 

laboratory studies, it should be acknowledged that there also a similar number 

of reports showing no significant effects in organisms ranging from bacteria 

to man. Thus, Stuchly et al. in a recent review article listed 21 studies in 

which no effects or inconclusive results were reported. In stud~es involving 

humans, five of nine reported no effects or inconclusive results. Of the 

remaining four studies, neurological disturbances; changes in reaction time; 

effects on the central nervous system EEG, and blood chemistry; and changes in 

visual responses (magnetophosphenes) were reported. None of the effects were 

judged to be threatening to the health of the subjects investigated. 38/ 

SOHE THEORIES ABOUT VDT Af..'D ELECTROMAGNETIC HEALTH EFFECTS 

Thus far, the available data on VDT health problems does not explicitly 

implicate electromagnetic fields as the cause of health disorders. At the 

same time, there is accumulating a body of data that suggest subtle interactions 

between very weak electromagnetic fields and biological systems at_the level 

of the cell. These interactions seem to be more dependent on the frequency 

and pulse modulation characteristics, or "windows," than on their carrier-

frequency or power levels. The implications of these findlngs for human 

health remain undefined today. Yet to be determined is whether such inter-

actions are harmful, indifferent, or even beneficial. 

A number of theories are being pursued to explain mechanisms of interaction 

between very weak, low-frequency electromagnetic fields and biological systems. 

38/ Stuchly, M.A. et al. Extremely Low-frequency Electromagnetic 
Emissions from Video Display Terminals. Health Physics, v. 45, n. 3, 1983. 

p. 7 13-7 22. 
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proteins (glycoproteins) in the cell membrane possessing a 

are suspected to function as sensing sites for weak 

,~iectromagnetic fields. Over the past five years, it has been demonstrated 

in a number of studies that weak, pulsed electromagnetic fields can affect 

the release of calcium ions from brain cells depending on strict low-frequency 

"windows" between 1 and 100 Hz. The physiological significance bf this finding 

is not clear nor is the significance to human health known. 39/ 40/ 

There appears to be no conclusive data relating magnetic field exposure 

to any process related to cellular toxicity or cell death. However, as 

discussed in the previous section, there is a growing data base showing 

increases or decreases in cellular reproductive rate and function consequent 

to magnetic field exposure. A number of models are being developed based on 

that data in an effort to better understand the mechanisms of such phenomena 

and their possible significance to human health. 41/ 

Basic cellular phenomena such as growth, differentiation, de-differentiation, 

-

and repair are known to be modified by weak, direct currents. Electrical 

currents induced in tissues by weak, pulsed electromagnetic fields are also 

being applied clinically to promote the more rapid healing or bone and other 

regenerative processes. There is recent evidence that pulsed electromagnetic 

fields at certain frequencies can increase the specific ~ctivity of messenger 

RNA in the cell nucleus, thus inducing cellular transcription. 42/ This 

3 9 I Adey , W . R. op . cit . 

40/ Solitons and Bioenergetics. A Conference. Loma Linda, Calif., June, 

1983.-(abstracts) 

41/ Easterly, C. E. Cancer Link to ~~gnetic Field Exposure: A Hypothesis. 

American Journal of Epidemiology, v. 114, n. 2, 1981, p. 169-174. 

42/ Good~an, R. et al. Pulsing Electromagnetic Fields Induce Cellular 

Transcription. Science, v. 220, June 17, 1983, P· 1283-1285, 
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G Ill 
ay be of significance to human health because it demonstrates a 

action of weak electromagnetic energy on the basic genetic 

function of cells. There 1s also some thought being given to the notion that 

weak electromagnetic fields may alter normal functional and metabolic oscil­

lations in cells which may lead to an explanation of the gensis of various 

disease processes, including tumor formation, in certain cell populations. 43/ 

Besides the radiation theory of VDT health effects, a number of more 

operational theories are being pursued. VDT and work-place design are being 

investigated in depth as mentioned in the beginning of this report. Yet 

another operational theory was proposed by McLuhan at a recent conference on 

problems associated with video display system. He proposed that electromag­

netic radiation may not be responsible for reported adverse health effects 

in VDT operators. Rather, he attributes many health complaints to a functional 

clash between the right and left hemispheres of the brain. He reasons that 

the video screen stimulates the visually controll~d or right side of the brain. 

But the information on the screen appeals to the left or verbally controlled 

side of the brain creating a functional conflict which leads ;o mariy stressful 

reactions reported by VDT operators. The theory is a controversial one in 

the view of some critics because it fails to explain why all VDT operators 

are not affected by VDT usage. Therefore, it is not clear whether or not the 

split-brain theory will supplant the radiation theory. 44/ 

43/ Webb, S. J. 
The c-;:;;trol of in-vivo 
International Research 
p. 483-488. 

Nutrition, Coherent Oscillations and Solitary Waves: 
Events in Time and Space and Relationship to Disease. 
Communications. Medical Sciences, v. 11, 1983. 

44/ McLuhan, E. Keynote Address. Studying Problems Associated with 
Video Display Systems. An Interdisciplinary Conference, Ottawa, Canada, 
Oct. 27-28, 1983. (from notes) 
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preruaturt at this time to implicate non-ionizing radiation in VDT-related 

health disorders. At the same time, in the absence of controlled epidemio­

logical and basic research, it is also premature to state unequivocally that 

there is no health risk from VDT-generated non-ionizing radiations. It can 

only be speculated that it is unlikely that low-level, non-ionizing radiations 

will be implicated significantly in health disorders because radiation levels 

are so low. Nonetheless, it seems appropriate to review briefly the avail­

able data on the health and biological effects of low-level, low-frequency 

non-ionizing radiations. 

Public and Occupational Exposures 

Epidemiological evidence has begun to accumulate over the past four years 

implicating chronic exposure to weak, low-frequency (50-60 cycles per second 

or Hertz-Hz) magnetic fields in slightly increased incidences of cancer and re-

-
productive disorders. Here it is emphasized that the data are not strong and 

some of the studies are vulnerable to criticism on methodological and statisti-

cal grounds. Nonetheless, four of five studies of public exposure to 50-60 Hz 

power-line or feeder-line fields have yielded slightly positive results, 

In t ... o studies, one in 1979 and one in 1982, Wert-heimer and Leeper have 
' 

found an increased incidence of leukemia and certain other cancers in children 

and adults living in close proximity to 60 Hz feeder lines in Colorado. 20/ 2:J:._/ 

20/ Wertheimer, N. and E. Leeper. Electrical Wiring Configurations and 

Childhood Cancer. American Journal of Epidemiology, v. 109, n. 4, 1979. 

P· 273-283. 

21/ ~trtheimer, N. and E. Leeper. Adult Cancer Related to Electrical 

Wires near Homes. International Journal of Epidemiology. v. II, n. 4, 1982, 

p, 345-355. 



In an independent Swedish study, Tomenius et al. also found an increased 

- incidence of certain tumors in children living in close proximity to 50 Hz power 

lines. 22/ 

In contrast to the above, Fulton et al. in a study similar to the 

Wertheimer and Leeper studies, was unable to find an increased incidence 

of leukemia in a Rhode Island population living in the proximity of feeder 

lines. 23/ The study was criticized by Wertheimer and Leeper on methodological 

grounds. 24/ 

Finally, in Great Britain, Perry et al. found a statistically significant 

increased incidence of suicides in a population in proximity to 50 Hz power 

lines. 25/ That study has also been the subject of considerable criticism 

from the scientific community on methodological and statistical grounds. 

Since 1979, a number of populations exposed occupationally to various 

frequencies and modulations of electric and magnetic fields have also 

experienced increased incidences of leukemia and other cancers. tlilham (1979 

and 1982) has examined aluminum and electrical workers epidemiologically and 

found increased incidences of lung cancer, lymphoma, blood cancers, brain 

22/ Tomenius, L., et al. Electrical Constructions and 50 l:iz Mabnetic 

Fields at the Dwellings of Tumor Cases (0-11 years of age) in the County of 

Stockholm. International Symposium on Occupational Health ~nd Safety in 

Mining and Tunneling. Prague, June 21-25, 1982. (abstract) 

23/ Fulton, J. et al. Electrical Wiring Configurations and Childhood 

Leukemia in Rhode Island. American Journal Epidemiology, n. 5, 1980. 

p. 461-472. 

24/ Wertheimer, N. and E. Leeper. 

and Childhood Leukemia in Rhode Island. 

n. 11, 1980. p. 461-462. 

RE: Electrical Wiring Configuations 

American Journal of E?idelliiology, 

25/ Perry, J. et al. Environmental Power-Frequency Magnetic Fields and 

Suicide. Health Physics, v. 41, n. 8, 1981. p. 267-277. 
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NEUROBEHAVIORAL WORKSHOP IN BELGIUM 

A small international workshop on electromag­
netic waves and neurobehavioral function was 
held in the serene atmosphere of Priorij 
Corsendonk near Turnhout, Belgium, August 19th 
to 23rd, 1983. This workshop, organized by Ors. 
Ric.hard H. Lovely, Mary Ellen O'Connor and 
Hans-Arne Hannson, brought together an unusual 
assortment of researchers whose task was to 
dissect the current knowledge base relating to 
interaction of electromagnetic (EM) energy and 
the nervous system. The assembled group was 
unusual in the sense that it was not drawn solely 
from the community of scientists who are normal-

.ly concerned with this area of research. Instead, 
the organizers reached into the ranks of classical 
neuroscientists, physicists, physiologists, neuro­
toxicologists, engineers, chronobiologists and the 
like to assemble a workshop that would take -a 
fresh, unbiased approach to the subject at hand. 

""The primary goal of this workshop was to share 
both common and disparate research objectives, 
methods and findings and identify salient issues 
which may guide future research. Typically, 
scientific conferences seek to resolve definitive 
answers to old questions through synthesis of data 
and ideas. Certainly this was one of the goals of 
the organizers of this one as welL However, they 
felt it was equally important to generate new 
questions that are well-posed and useful both to 
the participants and to the scientific community 
in general. 

The workshop was co-sponsored by the Environ­
mental Protection Agency and the Office of 
Naval Research. The papers that were presented 
will be edited by Lovely and O'Connor and 
published by Alan R. Liss, New York, under the 
title, Electromagnetic Waves and Neurobehavioral 
Function. In . this abbreviated report, I will 
attempt to present the general flavor of the 
workshop and show by example how the organizers 
achieved their objectives, for all in attendance 
agreed that this was one of the best workshops to 
be held in the field in several years. ,, ,. ·. 

Since several of the participants were not working 
with EM energy, the stage was set by Professor 
Jean Van Blade! of the Laboratory of Electromag­
netism and Acoustics, the University of Gent in 
Belgium. Professor Van Blade!, who is the Secre­
tary General of the Union de Radio Scientifique 
International (URSI), very clearly characterized 
the physical aspects of EM energy. He discussed 
the different types of resonators and their char­
acteristics and showed how one calculates the 
fields internal to a biological specimen. He also 
addressed the different types of EM applicators 
and described what happens to a plane wave when 
it interacts with a curved medium such as a 
laboratory animal or a human body. 

For me, one of the most rewarding aspects of this 
workshop was the opportunity to finally get to 
meet and hear a paper by Rutger Wever, of the 

. --. ~~ 

Max Planck Institute fur Virhaltensphysiologie 
(Psychiatry), Andechs, FRG. Wever discovered 
the remarkable sensitivity of the human c· ian 
system .wo wea , extremely Jaw fr~u.ency (ELF) 
fields as a side resuTtin the course of investiga­
tioos--atte111p ti11g-to evaluate the dynamic propert­
ies of these rhythms. The ELF field was applied 
simply as a tool or stimulus. It was only subse­
quent to the original experiment that the unusual 
properties of the tool became apparent. 

,Dr. Charles Ehret, of Argonne National Labora­
tory, also a chronobiologist, explained his experi-

-· ments and how they are providing information 
· that he feels is vital in not only understanding 

rhythmic behavior buf providing a basis for mani­
pulation or modification of the effects of disrltp­
tion of normal circadian rhythms_ by changes in 
work habits (such as odd duty times or shift work). 
He very nicely tied together the neurochemical 
and the neurophysiological approaches and how 
they must work hand in hand for the solutions of 
problems of circadian periodicity. 

Some of the most intriguing examples of the 
control of neurobehavior by weak EM fields can 
be found in studies of how different species of 
animals use the earth's magnetic field for compli­
cated tasks such as navigation and location of 
prey. Dr. Adrian Kalmijn, who has just moved to 
the University of California -after many years at 
Woods Hole, is considered the world's foremost 
authority on electroreception. He center_ed his 
presentation around the question of how biological 
organisms can detect weak electric and magnetic 
fields in their environment, how they can use this 
information in their daily activities and what the 
implications are of this whole chain ~pf events 
known as electroreception. Kalmijn pointed out 
that the sensors in such animals as sharks and rays 
are the ampullae of Lorezini, which are found in 
the heads of all their species. He eloquently 
described the morphology of the ampullae, their 
function, and no~ed that ~heir . sensitivity is. an 
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incredible 5 nanovolts per centimeter in the fre­
quency range of O to 8 Hz. This is 5 to 6 orders of 
magnitude lower than normal mammalian nerve 
sensitivity. 

·~-~; ' .- " 

P. Semm, of J •• W. Goethe University of Frank­
furt, pointed out in his talk that there is ample 
evidence that birds can make use of the geomag­
netic field for orientation. He believes that in 
contrast to a technical compass, the bird's mag­
netic compass functions as an "inclination 
compass" in that the birds apparently pay no 
attention to field polarity but read north as that 
direction where the magnetic and gravity vectors 
form the most acute angle. This would imply the 
simultaneous sensing of the direction of both 
gravity and the magnetic field, suggesting that 
the two detection_ processes may be integratively 
locked together. r 

- _, 

Semm indicated that there is some support for the 
notion that the magnetic detection in birds may 
take place in the retina as an adjunct to the 
normal processes of_ vision. According to this 
hypothesis, magnetic information would therefore 
initially be available in the visual systery1. A 
number of experiments have been carried out in 
Germany to investigate the effects of magnetic 
stimulation on electrical activity in the vestibular 
nuclei, vestibulo-cerebellum, and the nucleus of 
the basal optic root which has a projection to the 
vestibular system. 

Semm went on to point out the role of the pineal 
gland and field detection. There is evidence that 
the pineal gland _and pineal-dependent function 
respond to earth-strength magnetic stimulation. 
In birds, however, these observations do not deny 
the involvement of photoreceptor dependent sy­
stem since the pineal not only receives a sub­
stantial neural input from the visual system but 
also possesses functioning photoreceptor ele­
ments. There have been four lines of investiga­
tion in various laboratories that show that photo­
receptors occur in the pineal gland. 

From navigation of birds the workshop moved to 
navigation and magnetic sensitivity of people. 
Dr. R. Robin Baker, of the University of Man­
chester, described three of his experiments using 
human subjects. The first experiment was a study 
of the ability of individuals to judge compass 
direction based on a rotating chair in which the 
subject sat blindfolded in a totally dark room. 

According to Dr. -Baker, the ability to judge 
compass direction has nothing to do with the 
ability to judge home direction as was asked in 
some of his other studies. In one set of experi­
ments, the subjects wore bar magnets or sham 
magnets in the form of brass bars. There were 
very definite differences in the results depending 
on the position and direction of orientation of the 
magnets, i.e., whether placed on the side of the 

head with north pole up or down or on the front of· 
the sensitive position for effecting the compass­
bearing ability. In addition, there appeared to be 
a carry over effect of the magnets in that the 
effect seemed to persist for some time after the 
magnets were removed. 

Baker concluded by saying that his experiments 
and those of Americans at Cornell and Princeton 
and, on the ability of people to perform under · 
unaltered magnetic conditions shows that there is 
a non-visual navigational ability in humans that 
can be replicated. Further, it has been shown by 
the American researchers that there is a magne­
tic component in this navigational ability. 
Strangely enough, when magnets were worn the 
difference they made was in the direction of an 
improvement in the subject's ability to judge 
direction or compass bearing. This is the first 
hint that the effect of the magnets is not as 
straightforward as earlier thought; for pigeons 
and some other migrants, it has always appeared 
that the application of external magnets caused 
disorientation. 

From these specialized responses to EM energy, 
the discussions proceeded into more general phy-

.. siological, chemical, and anatomical responses as 
components oC behavior. In some sense,· all of 
these responses can be considered behavioral in 
that they all involve in some way the central 
nervous system. Since one of the potential 
effects of EM energy, especially at levels above 
ambient, is the production of heat, there has been 
considerable concern about the ability of the 
fields to cause changes in the thermoregulatory 
behavior of animals. The leading authority on 
thermoregula tory behavior as it is affected by EM 
energy is Dr. Eleanor Adair of the John Pierce 
Research Foundation at Yale University:' 

·There has also been a considerable amount of 
work done at the Naval Aerospace Medical 
Research Lati.oratory in Pensacola. This research 
is now under,-the general direction of Dr. Greg 
Lotz, a naval officer. Lotz led off the session on 
thermoregula tory behavior by describing studies 
on Rhesus monkeys at Pensacola. These studies 
were designed to answer the question of whether 
the monkeys can adequately dissipate heat pro­
duced by exposure to microwave energy. 

·, 
In the Pensacola study, an experiment was design­
ed to look at thresholds of responses in short term 
exposures, aimed primarily at determining the 
level of microwave exposure necessary to elicit 
vasomotor activity. This was correlated with 
ambient temperature and it was found that the 
lower the ambient temperature, the higher was 
the amount of microwave energy necessary to 

. observe an increase in vasomotor activity. There 
were also changes in the met8!>olic rate. At 
cooler ambient temperatures (20 C) there was a 
significant increase in metabolic rate. Lotz 
thinks that there may be some catecholamine 
involvement in the changing metabolic rate. 
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