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1, PRELIMINARY MATTERS

PERSONAL, BACKGROUND AND DESCRIPTION OF QUALIFICATIONS
My name is Andrew A, Marino. My business address is the Veterans

Administration Hospital, 800 Irving Avenue, Syracuse, New York, 13210,

I received a bachelor's degree from St. Joseph's College, Philadelphia,
Pennsylvania, in June, 1962. I received a master's degree and a
doctorate in physics from Syracuse University in 1965 and 1968
respectively. My field of specialization is biophysics. Since September,
1964, I hafe been employed full-time as a research biophysicist by the
United States Government at the Veterans Administration Hospital in
Syracuse. I ém also an Assistant Professor in the Department of

Orthopedic Surgery of the Upstate Medical Center at Syracuse.

Our research laboratory was founded in 1960 to study the interaction

of electricity and biological systems. Presently, our interdisciplinary
staff is composed of three Ph.D's in biophysics, one Ph.D in anatomy,

two M.D.s, and four support personnel., Additionally, we have routine
consultation with specialists in bioelectrochemistfy, veterinary medicine,

materials science, and electrical engineering.

I graduated from the College of Law of Syracuse University in May 1974,

and subsequently was admitted to the practice of law in New York.

During the course of my employment at the Veterans Administration Hospital
I have co-authored approximately 35 scientific publications dealing with

electrical effects and electrical measurements in animals and human beings.

-




IRT PAPER

o L= (& [\ (-

=N o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

‘K OF CALIFORNIA
113 (ReEV. 8.72)

osP

Included among such publications are three reports which describe the
results of subjecting mice and rats to an electrical environment similar
to that created by high voltage transmissidn liﬁes (1,2,3).. Included
also are publications which describe the nature of the energy flow along
high voltage transmission lines (4), and which describe the results of
mathematical calculations of the effects of electrical exposure on
animals (5). I have written a review of the world-wide SCienﬁific
literature dealing with the biological effects associated with exposure
to an electrical environment similar to that created by high voltage

transmission lines (6). We have also investigated the stimulation of

bone growth by minute electrical current (7).

Presently, I am the principal investigator responsible for five ongoing
laboratory experiments designed to study the effects of the electrical

environment of high voltage transmission lines on animals and plants,

PURPOSE OF THIS TESTIMONY

I will describe the biclogical effects that have been observed in a
variety of organisms, including man, when exposed to electric and magnetic
fields such as will be produced by the proposed Sundesert 500 kv trans-—

mission lines., I will describe the inadequécy of our present information
to predict specific effects in specific people exposed along the right—of-
way of the proposed tfansmission lines, and the reasons therefdre. I will
describe the aﬁailable Soviet literature in the area, and its implications

for the proposed transmission lines. I will describe two possible global

impacts .of the radiation from the proposed transmission lines. I will

recommend against construction of the transmission lines as proposed. I

il e
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will show that all arguments raised by the Applicant's witnesses to the
contrary have no merit. I have reviewed the materials relating to biological
effects of the propﬁsed Sundesert transmission system. Included in this

were portions of the Notice of Intent, the informational and adgudlcatory

hearing record and other materials furnlshed me by the staff,

2. EXPFRIMENTAL STUDIES OF THE BIOLOGICAL EFFECTS CAUSED BY ELECTRIC

AND MAGNETIC FIELDS SIMILAR TO THOSE ASSOCIATED WITH THE PROPOSED

SUNDESERT 500 KV TRANSMISSION LINES

INTRODUCTION

The proposed Sundesert 500 kv traﬁsmission lines will produce electric
and magnetic fields in the air surrounding the energized wires extending
outward for considerable distances (see Figure 1). It is therefore
necessary to consider whether the presence of the fields ﬁill induce
biological changes in the human population, or will influence natural
ecological systems. Such questions can be answered only by a review and
assessment of the scientific literature which deals with the consequences
of exposing biological organisms under controlled laboratory conditions
to an electrical environment similar to that which would be created by

the proposed transmission lines.

The proposed transmission line would operate at a frequency of 60 hertz,
which is in the extremely low frequency (ELF) portioh of the électro—
magnetic sﬁectrum (generally limited to frequencies less than 100 hertz).
An assessment of its impact therefore requires consideration of the

scientific literature which describes the observed biological effects

due to exposure of ELF electric and magnetic fields. I have endeavored

- G -
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to provide a reasonably complete review of such literature. Some ELF

field research has been reviewed elsewhere (8-10).

With few exceptions, ELF field biological research did not exist prior
to about 1967; since then numerous such studies have appeared. In what
follows, the ELF electric and magnetic field reports will be described
separately to emphasize that the electric and magnetic field are two
different and distinct physical entities, each of which must be
considered with regard to the causation of biolbgical effects. Within
eaéh group of reports a further distinction is drawvn between acute and
chronic exposure, with the dividing point generally assumed to be about

3 days. ELF electric field exposure was usually accomplished through the
medium of air. In some cases an aqueous solution such as seawater or
nutrient media was employed. In all instances the electric field listed
herein is that to which the test organism was exposed. The epidemological
studies and the reports of ELF field effects on bird orientgtion end on

plant growth are described separately.

ELECTRIC FIELD EFFECTS

A. Acute Exposure

A variety of biological organisms including man have been shown to be

sensitive to relatively brief exposure to ELF electric fields. Solov'ev
(11) demonstrated that several hours exposure £o 5000 volts/cm at 50 hertz
was fatal to mice and Drosophila. Lethal cénsequences have also occurred
with bees (12,13); above 500 volts/em* bees sting each other to death,

whereas 30-500 volts/cm at 50 hertz produces changes in metabolic rate

* 100 volts/cm = 1 kv/meter
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The mitotic index of liver and cornesal epithelial cells in mice was

tripled following application of 200 volts/cm at 50 hertz for 4 hours (14).

The influence of ELF electric fields on various forms of animal behavior
has received some attention. Spittka et al. (15) studied the effect of
500~700 volts/cm at 50 hertz on the drinking behavior of operantly
trained rats, and observed a significant decrease in the response rate
when the field was applied. The operant response rate of rhesus monkeys
was increased by 0,0035-0,35 volts/cm at 7-75 hertz (16,17). Employing
@laésically conditioned cardiac deceleration techniques, McCleave et al.
t18) showed that eels and salmon were able to perceive 0,0007-0.00007
volts/cm at 60-75 hertz., The perception, which occurred only when the
field was applied perpendicularly to the body axis, is the most sensitive
ELF electric field induced biological effect yet reported. Friend et al.
(19) found that amoebae exhibited changes in shape and orientation within
a few minutes of the application of 10 volts/cm at 1-100 hertz. The
question whether the observed.effects were due to simple physical forces

or arose from cellular activity was not resolved. Sazonova (2) examined

the results elicited by 300-400 volts/cm at 500 hertz on motor performance

of rabbits. After cumulative exposure of 18 hours he observed a
statistically significant decrease in the rabbits' ability to do work

(1ift a fixed weight).

There are five controlled laboratory studies which treat the interaction

of ELF electric fields and human subjects (21-25). In each instance

-8 -~
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alterations in humen reaction time perfofmance were reported. Johansson
et al. (21) exposed subjects in toto to about 1000 volts/cm at 50 hertz
for 75 minutes. The results suggested a decrease in performance which
was however, not statistically significant, Also employing full body
exposure at the same frequency, but at field strengths ben. tliie Tens
intense, Hauf (22) reported that after 3 hours he observed an improvement

in performance which he attributed to a nonspecific stimulatory effect.

‘Hauf's subjects, unlike those of Johansson et al., were electrically

grounded throughout the exposure period.

Hamer (23) and Konig (24) both utilized extremely weak ELF electric

fields (0.01-0,04 volts/cm). Konig observed decreased performance at

'3 hertz as compared to the field-free situation, and increased performance

at the higher frequency as compared to the lower frequency.

Parsinger et al. (25) looked for changes in the reaction time of 70
subjects as consequence éf 0.003-0.03 volts/cm at 3-10 hertz, applied
for 4O minutes. Mean reaction times were not affected, however
significant sex, intensity, and frequency interactions were seen in the

amount of reaction time variability.

Two animal studies described direct effects of brief ELF electric
field exposure on the central nervous system (26,27). Gamn (26)
subjected dogs to a small controlled hémorrhage.and examined the
effect of 150 volts/cm at €0 hertz for 5 hours on the physiological
compensatory control mechanism invoked by the hemorrhage. Blood

pressure and heart rate were found to be significantly different in the

-9 -
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exposed dogs indicating a central nervous-system disturbance which
resulted in an inability to employ effective compensatory cardio-
vascular mechanisms in response to the hemorrhage. Lott and McCain'(27)
applied an inhomogeneous field of O.k volts/cm maximum at 640 hertz to
anesthetized rate. Recording from implanted microelectrodes, they

measured a significant increase in hypothalmic activity during the

1 hour exposure period.

Short=term in vitro studies have disclosed ELF electric field induced
alterations in calcium release (28) and biochemical function (29).

In the former study, exposure of brain tissue from chicks and cats

to 0.05=1.0 volts/cm at 1~75 hertz for 20 minutes significantly reduced

the release of calcium from both tissues to the surrounding medium.
In the latter study, 1l.55 volts/cm at 60 hertz caused complete loss

of biochemical function in brain mitochondria after 40 minutes.

B. Chronic Exposure

Behavior was the most frequently studied-biological parameter in the
acute exposure experiments, whereas in the chronic exposure experi-
ments growth or some physiological aspect of a developing biological

system was studied more often.

Utilizing the most intense ELF electric field yet employed‘in controlled

_enimal research, Knickerbocker et al. (30) intemmittently applied to

mice a vertical field of 1600 volts/cm at 60 hertz. The field was
applied to male mice only, for 6.5 hours/day, 5 days/week, for a

duration of 10.5 months. During the non-exposure periods the mice
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were mated with non-exposed females and the offsprings were reared
in a field-free region. It was found that the male progenies but not

the female progenies of the exposed males were smaller in weight when

compared at 30, 60 and 87 days postpartum.to male and female progenies

respectively, of the control males.

We have confirmed and extended Knickerbocker's results in cﬁr
experiments involving the continuous exposure of three successive
generations of mice to a 60 hertz electric field (1). Initially,

male and female mice were split into horizontal,lvertical and control
groups. Mice in the horizontal group were allowed to mate, gestate,
deliver, and rear their offspring in a horizontal field of 100 volts/cm.
At maturity, randomly selected individuals from the first generation
were similarly allowed to mate, gestate,.deliver, and rear their
offspring while being continuously exposed. Randomly selected
individuals from the second generation were mated to produce the third
and final generation. A parallel procedure was followed for the
vertical group wherein three generations were produced in a vertical
electric field of 150 volts/cm, and for the control group wherein three
generations were produced in the ambient electric fields In the first
and second generation, males and females reared in both the horizontal
and vertical electric field were significantly smaller than the
comparaﬁle control group when compared at 35 days postpartum. In

the third generation, the males exposed in the verticél field
exhibited depressed body weights at 35 days posﬁpartum (after birth).

(See Table 1 and Figure 22).
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foerrant growth responses following chronic exposure have been reported

in rats (31), Dugesia (flatworms) (32), and Physarum polycephalum

(slime mold) (33,34). McElhaney and Stalnaker (31) intermittently

applled 70 volts/cm at 3 and 30 hertz to the immobilized but intact

femurs of rats. Most of the exposed rats developed bone tumors, whereas-

no tumors were seen in the control rats. In the second study (32) two
species of Dugesia were sectioned traversely and subjected to 3el=Le2
volts/cm at 60 hertz applied along the antero-posterior regeneration
axis. In a significant number of aniﬁals the normal regereration
paﬁtern (head anterior, tail posterior) was altered resulting in
bipolarity (the production of a head at both the anterior and

posterior surfaces). In the experiments on Physarum polycephalum

- (33,34), the investigators simultaneously applied 0.007 volts/cm and

2 gauss at 45, 60 and 75 hertz. At all three frequencies they observed

delays in the mitotic cycle and retardation in protoplasmic streaming.

Different consequences of ELF electric field exposure have been seen
in chick growth depending on the strength of the applied field (35,36).
Day old chicks were exposed continuously for 22 days fo 40O and 800
voits/cm'at 60 hertz (35). Growth appeared to be affected, and gross
motor activity measured after the birds had been.removed from the

field was reduced relative to that of the control birds (35). These

_observations led to experiments on male and female chicks separately.

Female chicks were exposed continuously to 200 or 800 volts/cm for the

first 14 days posthatching, and body weights were obtained at 1-8 weeks

of age. The mean body weight of the chicks exposed at both field

strength was greater than that of the control birds (35). The results,

_'12 -
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l *=ich were on the order of 5~10%, became statistically significant

during the second week. Male chicks were then exposed to 400 or
800 volts/cm for the first 20 days posthatching, and body weights were
obtained during the exposure period. A significant enhancanent in the

early growth response was observed (35).

Giarola and Krueger (36) observed that one day old chicks exposed to
a nonuniform field of maximum value 35 volts/cm exhibited depressed
body weights when compared to unexposed chicks; The effect became
significant after 22 days at 45 hertz and 28 days at 60 hertz. In
another study (37) the same group found that exposure of egg-laying
hens to 16 volts/cm at 60 hertz for 16 weeks caused a decrease in
egg production during the first half of the test period, but not
during the second half. Durfee (38) exposed ghick eggs during incubation,
hatching, and development through 4 weeks of age, to a unifomm field
of 36 volts/cm, and found that any differences between the ;xposed
and control birds with regard to rate of growth were masked by the
effécts of crowding. Similar studies by the same group involving
uniform fields of 0.01-0.10 volts/cm at 60 and 75 hertz (38), and

at 72-80 hertz (39) reported some effects on chick growth response.

Tn vitro observations of the impact of chronically applied ELF electric

fields have been made at widely different intensities. Utilizing

the most intense fields yet employed in chronic exposure experimentation,
Gann and IaFrance (40) found that the threshold of a 100% lethal effect
on mammalian cells exposed for 1 week at 60 hertz in cell culture was.

between 2,000 volts/cm and 6,000 volts/cn. At 1,000 volts/cm, a 12%

- 13 =




T ; i-srease in the growth of embryonic chick tiblae (e.g. bones) was
2 & seen (41). Growth inhibition and growth acceleration were seen following

3 | exposure of chick embryo cells to 0.01-0.10 volts/cm at é0-75 hertz

4 | for 1-3 days (38).

6 || Earlier wdrk had revealed the ability of a magnetic field to function
7 as a biologicai stressor (42). We therefore undertook to determine
8 whether an EIF electric field could produce a similar response.
9 | Twenty=—one to twenty-four day old rats were exposed to 150 volts/cm
10 | at 60 hertz for one month in ten separate experiments (2,3). A
11 | variety of statistically significant effects were found including
12 | depressed body weight, depressed water consumption, increased adrenal
13 I and pituitary weights, and altered serum levels of albumin, hydroxy-
14 | corticosterone, and glutamic oxaloacetic transaminase (see Tables 2
15 | and 3, and Figure 3). The results indicated that exposure to the ELF
16 | electric field produced a physiological stress response. Noval et al.
17 | (43) independently performed similar experiments at much lower field
18.|| strengths and reached essentially the same conclusion. They exposéd
19 | 30-35 day old rats to 0.005=1.0 volts/cm at 45 hertz for 30-L0 days.
| 20 | The treated rats exhibited depressed body weights, decreased levels
21 | of brain choline acetyltransferase activity and elevated levels of
'22 liver tryptophan pyrrolase.
- 23 |
; 24 | Mathewson et al. (A4) exposed 49 day old rats for 28 days tﬁ 0.02,
'25 0.10, 0.20, 0.50, and 1.0 volts/cm, and reported that they failed to
2g | observe effects comparable to those of Noval et al. Since, however,

o7 | the 60 hertz background present at both Mathewson's control and
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’ sxmerimental cages was as high as 0.07 vqlts/ em (45), it is appropriate

to regard the rats exposed to 0.02 volts/cm as part of the control
group for the purposes of comparing them jointly to those animals
exposed at 0.5-1.0 volts/cm (whereas the applied field was sufficiently
greater than the background). Under this approach the data of
Mathewson et al. reveal a variety of statistically significant changes
including a decrease in blood glucose in three consecutive replicative
experimeﬁts, and changes in blood hemoglobin and hematoé¢rit (red

blood cell count) in two of the three'experiments. Changes also
occurred in at least one of the experiments in each of the following

parameters; blood globulin, total lipids, triglycerides, final bedy

. weight, and red blood cell count.

It seems most reasonable to conclude that Mathewson et al. (L44)
generally confirmed Noval et al. (43), with the chief difference
between them being that the effects observed in the latter study were
more severe than those found in the former. This has led to an effort
to delineate the specific differences between the two studies which

could arguably be responsible.

The Noval study was performed inside a Faraday cage (131) formed by
the steel wall construction of the facility at which the test and
control animal populations were houﬁed. The possible significance

of the electrical shielding was not recognized.ab initio and therefore
was not incorporated in the experimental design of the Mathewson
study. To the extent that Faraday shielding can of itself produce

biological changes, it may account for the observed differences in

e’ Vi




1

severity between the two studies. Such effects due to shielding

R e

2 | have been reported in humans (46~48), guinea pigs (LQ),'and mice (50).
3

2| 1 The modt thorough study of the phenamenOn,IWever (46~48) isolated
S human subjects in underéound-bunkers for 3-8 weeks and measured 'l

6 | their temperature and activity circadian rhythms. He found that

7 | subjects living in a shielded bunker exhibited significaently different
8

periodicities in body temperature than subjects living in a non=

91| shielded bunker. He also reported that desynchronization between
10 || the two rhythms occurred only in the shielded bunker. Both effects
11 | ceased when an artificial electric field of 0.025 volts/cm at 10
12 | hertz was appliea, indicating that the total ambient electromagnetic
13 | environment on the one hand and the artifical field on the other
14 | influence human circadian rhythms similarly in the respects investigated.
15 | Altman and Soltau (L9) exposed guinea pigs to 2.4 vol%s/cm at 10 hertz,
16 | and maintained parallel groups under Faraday conditions and under normal
17 ambieﬁt conditionss They found that shielding produced changes in
18 | the hematocrit and the distribution of blood proteins, but that both

19 | parameters returned to normal in the presence of the artificially applied
20 | field. Lang (50) éxposed mice to 35 volts/cm at 10 hertz and
21 | maintained parallel groups under Faraday conditions and under normal
22 | ambient conditions. Shielding produced changes in body water content,
23 | blood hemoglobin, and blood sodium levels. The effects were eliminated

24 | following exposure to the artificial electric field.
25

¥

26 | Blanchi et al. (51) found that after 1000 hours of exposure to 1000 volts/cm

27 | at 50 hertz, the electrocardiograms (FKG's) of mice were significantly
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ltered, In particular, there was a lengthening of the PR interval, R wave's
Suration, and duration of the QRS complex. These waves are identified
patterns on an EKGhthat are interpreted to represent various heart functions.
It has also been reported that after 192 hours of exposure at 40O and €00
volts/cm, chicks exhibited significantly altefed electroencephlagrams {35).
The spectra of the experimental and control animals were compared in 512
frequency 5ands between O=62.5 hertz, Four significantly different bands
were found in the animals exposed to 400 ?Oltsfcm, while seventeen signifi-

cantly different bands were observed in the animals exposed at 300 volts/cm.

Early works suggested that iweak electric and magnetic fields produced genetic
aberrations in fruit flies (52), however subseguent work at 1 gauss and 0.1
volts/cm (53) and at 2 gauss and 0.2 volts/cm (54) have failed to confirm

these observations.
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~ attention in connection with the phenomenon of magnetic phosphenesﬂproduction

of a visual response due to a magnetic field)., Most studies of the biological

: phosphene). Subsequently the production of magnetic phosphenes by a

. field of 1000 gauss was reported by Thompson at 50 hertz (56) and Dunlap

MAGNETIC FIELD EFFECTS .

A. Acute Exposure

The consequences of acute exposure at high field strengths has received some

effects of magnetic fields however, have involved relatively brief exposure td
low strength fields. In such instances the effect of the field on behavior

or perception is usually studied.

D'Arsonval (55) first reported that a sensation of light could be produced

when a magnetic field was applied to the region of the head (magnetic

at 60 hertz (57). Barlow et al. (58) described the production of magnetic
phosphenes by 400~900 gauss at 10~90 hertz, and reported that the threshold
for the effect did not change depending on whether the subject's eyes were
open’ or shut. Recently, Lovsund et al. (59) reported the production of
magnetic phosphenes by a field of 150-300 gauss at 10-50 hertz in 13
subjects. There are presently many unéhsweféd questions concerning the

nature and the characteristics of the phenomenon of magnetic phosphenes (60).

Utilizing 60 human subjects, Friedman et al. (61) demonstrated that 3 gauss
at 0.2 hertz superimposed on a static field of 5 gauss significantly
éffected reaction time in both male and female human volunteers; Wheﬁ
behavioral instructionsto monkeys are substituted for verbal instructions
to humans however, the resulting variability in response makes it very

difficult to observe effects. Grissett and deLorge (62) performed reaction




“ime measurements on 3 monkeys exposed for 10 hours to 3 gauss at 7 and

()

3 L5 hertz, but failed to uncover any influence of the mégnetic fields.
3 Even chronic exposure (42 days) of the monkeys to 10 gauss failed to
4 elicit an effect (63).

6 The effect of full-body exposure on-human cognitive and psychomotor

7 functions was examined by Gibson and Morony (64). They discovered that after

8 ‘2L, hours exposure to 1 gauss at 45 hertz, both the ability to perform

9 addition, and short term memory, were altered.
10
11 Milburn (65) investigated the ability of human beings to perceive magnetic
12| fields (1 gauss) and electric fields (2.3 volts/cm). He employed a forced—
13 choice testing procedure and found that 2 of 48 subjects studied were able
14 to perceive a magnetic field at 400 hertz. No subjects sensitive to the
15 electric field were found.
16
17| Smith and Justesen (66) exposed mice to 17 gauss at 60 hertz and found
18 that locomotor activity levels increased immediately'upon.applicatian of

19 the field. Persinger et al. (67) found that rats exposed for 21-30 days to
20 3-30 gauss at 0.5 hertz displayed greater activity upon removal from the
21 field as compared to the control rats.
23 In a series of experiments involving 4 monkeys, delorge utilized Operént
24| conditioning techiiques to study the effect of 8.2-10 gauss and 0.01.0.3
25 volts/bm at 10-75 hertz (68—71). He failed to demonstrate that the fields
26 were detected by the monkeys or that the fields consistently affected the

27 || . stimulus control of the operant schedules. Marr (72) similarly failed to
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2=tect effects on operant behavior of pigeons and rats as a consequence of
exposure to 2 gauss and 1 volt/cm at L5-76 hertz. Persinger has.pointed

out that the failure to detect effects indicates that the response measures
studied were not sensitive to the physiological systems which mediate the

stimulus effect (74).

B. Chronic Exposure

Chronic exposure to low strength magnetic fields is generally associated

with some effect on growth or physiology of the test organism.

Udintsev et al. (75) found that exposure of rats to 200 gauss at 50 herté
for 1 day increased the.lactate dehydrogenase activity in the cardiac and
skeletel muscles. Rats exposed to 200 gauss at 50 hertz exhibited a
significant increase in hydroxycortiscosterone in adrenal tissue and blood
plasma after 1 and 7 days of exposure. Lantsman (77) explored the effect
of exposure to 200 gauss at 50 hertz on the phagocytic function (ability to
destroy harmful bacteria) of the reticglo—endothelial system (the syétem
that includes all phagocytes except the white blood cells) of mice. He:
found that 8 hours of exposure per day for J days inhibited the efficiency

of phagocytosis in several organs.

Basseﬁt gt al. (78) investigated the effect-bf a magnetic field on the
organizatioﬁ and strength of the repair process which occuré dﬁring the
healing of a bone fracture. They applied an asymetrically pulsed field
repeating at 65 hértz, with a peak value of several gauss, to dqgs which

had undergone fibular osteotomies (surgical breaking of the fibular bone).
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Teer found that the field accelerated the time course of the repair process.
o 2 subsequent study (78), a magnetic field with similar characteristics
was applied to patients suffering from pseudarthroses (similar to
arthritis), and markedly beneficial results were observed. ‘Patients were
exposed fdr 12-16 hours per day for 3-6 months and a success rate of 73-76%

in the induction of new bone growth was seen.

There aré two other reports involving chronic exposure of human- beings to a
low intensity magnetic field (80, 81). Erhmen et al, (80) examined the
effect of a magnetic field on the amount of medication used by several
hundred patients. With regard to ten tyﬁical medical complaints, they

found that a field of several gauss ab 4-12 hertz brought about a reduction

4n the amount of medication consumed which greatly exceeded the reduction

achieved with placebos. Beischer et al. (81) exposed subjects to 1 gauss
at L5 hertz for 1 day and cbserved a significent increase in serum
triglycerides 1-2 days after the exposure in 9 of the 10 subjects. In a
subsequent study (82), 1% was found that exposure of mice to 1 gauss at

1,5 hertz for 1 day did not affect the concentration of liver triglycerides.

Persinger et al. (83) exposed rats for 10-26 days to 1~-30 gaﬁss at 0.5 hertz
and observed progressive changes in total body weight, thyroid weight,
testicle weight, and water consumptlon.. Ossenkopp (8L) explored the
influence of 3.12 gauss at 0.5 hertz on rats exposed in utero for 22 days.

A number of physiological and behavioral effects were ‘manifest by the pups
after birth including retardation of time of eye opening and teeth eruption,

and depression of motor activity.
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Z2zrola et al. (36) found that exposure of one day old chicks to 1.3 gauss
2t L5 and 60 hertz for 28 days depressed their growth rate by 9-11% as

compared to unexposed birds.
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COMBINED FIELD EFFECTS AND SPECTIAL TOPICS

A. Epidemiological Investigations

(a) sSoviet Studies

Soviet investigators have conducted medical and physiological surveys of
personnel occupationally exposed to strong electric fields emanating from

components of the Soviet electrical power system.

Physical examinations of high voltage switchyérd workers revealed that

11 of L5 subjects studied presented some neurological or cardiovascular
disorder during and shortly after field exposure (85). No organic
pathologies were found, however examination did reveal instability of the
pulse and blood pressure, tremors of the extremities, and hyperhidrosis
(excessive sweating). Accompanying these obserVations,'the electrocardio-
grams showed bradycardia (slowness of heart beat) in 14 subjects and slowed
atrioventricular conduction in 10 subjects. Laboratory sﬁudies of the
peripheral blood showed mild .changes from normal except for marked
spherocytosis in 60% of the subjects examined. A physidlogical study of

51, occupationally exposed workers showed that the eiectric field produced
functional changes in the autonomic nervous system (that part not subject
to voluntary control) which were related to the duration of éxposure (86).
Medical surveys carried out at 16 high voltage substations involving a
total of 286 people revealed adverse effects.of exposure to the electric
field on the central nervous system and the cardiovascular system (87).

A physiological survey of 319 people who worked at high voltage substations
aﬁd overhead transmission lines also revealed unfavorable changes in

health (87). Twenty~three men were exposed to power frequency electric

- 23




=Zelds while various central nervous system and cardiovascular system
indices were measured; the results showed that fields stronger than

- 4

3 50 volts/cm have an adverse effect on man (87). A clinical study of personnel
4 of 330 kv substations revealed a variety of harmful effects of field exposure
5

 manifested by alterations in blood pressure and electrocardiogram (88).

7 In a recent experiment (89,, the electric field associated with 330-750 kv
8 transmission lines was measured and found to be 15-75 folts/cm at 10 meters
9 distance, and 1~3.5 volts/cm at 50 meters distance. Male rats were then
10 exposed for up to 4 months in an effort to assess the human health hazard
11 posed by such high voltage transmission lines. Unusual motor. activity and
12 || hyperemia of the nasal mucosa were observed in rats exposed to 50 volts/cm.
13| In the groups exposed to 10-50 volts/cm, a va;rie’oy of alterations in normal
14 || - physiology were seen including a reduction of blodd cholinesterase activity
15 and an increase in urinary corticoids. Dystropny was seen in a variety of
16 tissues at the conclusion of the exposure period, the extent of which was
17 proportional to the intensity of the applied field and the duration of

18 exposure. The results suggested to the authors that the field around

19 high voltage transmission lines poses a potential health hazard to

20 adjacent populated areas.

21 ||
22 Within the Soviet Union at least some occupational exposure to power

o3 frequency electric fields is regulated by a set of Hygienic Rules which
24 govern the permissible duration of exposure at varidus field inténsities
o5  (90). Although és early as 1970 the modern Soviet literature contained
26 more than 100 reports of the influence of ELF electric fields on

27 biological systems (91), it appears that the rules are based principally
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= 7= medical and physiological surveys discussed above (90). Standards
zoverning the exposure of agriculture workers and the general public are
being developed (92). A variety of other rules relating to the design end
construction of high voltage transmission lines presently provide some

protection to both groups (92, 93, 130).
(b) Other Studies
Strumza (94) searched the health records of 142 employees occupationally

exposed to power frequency fields, and found no correlation between such

exposure and the number of visits to a physician. In one of the first

' studies of any kind involving the biological effects of fields,

' complete physical examinations were given to 11 linemen who serviced

3.5 kv transmission lines. No effects related to exposure were found (95),
nor did any such effects develop after cessation of the occupational
exposure (96). Exposure to the fields of the Project Sanguine antenna (73),
appa;'c'errt.ly did not seriéusly affect the health of the operating persormel
(97-99), nor did it slter the metabolic rate of 5 species of soil-dwelling

animals gabhered from the genersl area of the anterma (100).
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B. Bird Orientation

Several investigators have inquired into the possible effects of the electro-
=agnetic near-field of the Project Sanquine antenna on bird orientation.
Sanguine was a project proposed by the Navy. It was to make possible communi-
cations with submerged submarines from a land based stations using ELF energies.|
In pilot studies (101), it was observed that the headings of homing pigeons were
slightly -altered 1in the vicinity of the antenna. In more detailed studies,
Southern (102) constructed cages on the ground directly over the buried antenna
to explore the effect of the field on the instinctive directional preference of
3-9 day oid ring—billed gull chicks. When the chicks were released in the center
of the cage with the antenna turned off they showed a directional preference fon
the southeast. When the antenna was energized the birds dispersed randomly and
éxhibited no mean bearing. Larkin and Sutherland (103) carried out radar track-
ing of individual migrating birds flying over the antenna at altitudes of 80-300
meters. They observed that when the antenna was activated or when its operating
condition was being changed (off to on or on to off) departures from straight
and level flight occurred significantly more often than when the antenna was
turned off. In radar tracking studies which are not yet fully analyzed,
IWilliams and Williams (104) reported changes in the flight direction of migrat-
ing birds of 5-25° -when the antenna was activated. No studies have yet
investigated the effect of duration of exposure, nor, has it been determined

whether the birds sensed the electric or magnetic field of the antenna, or both.

" C. Plants
Remarkably little attention has been devoted to the effects of ELF fields on
blants. Gardner et al. (105) studied the effect of 0.1 volts/cem at 45 hertz on

[che growth of beans. When the seeds were planted in soil, the growth of the

- 26 -




plants were 40% greater than that of the control plants after 64 days of

¥ exposure. When the soil was replaced with a nutrient solution however, no
S lsignificant effects were seen after 37 days of exposure. The latter result has
4:ébeen partially confirmed by Miller (106) who reported that 1-144 hours. of

10

13

12

Jgrowth. Rosenthal (107) applied 0.01-0.1 volts/cm and 1 gauss at 75 hertz to
sunflower seeds planted in soil and observed differences in seedling mortality,

and stem and root length, between the exposed and unexposed populations.

A survey of plant life near the Project Sanguine antenna in Wisconsin suggested
that the antenna near-field did not affect the normal vegative pattern (108). A

flsurvey of the plant life near high voltage transmission lines suggested that the

13 llfields caused a slight enhancement of growth (109).

14

15 CONCLUSION

16 Based on the reports described in the foregoing review, I conclude that the

17

lelectric field and the magnetic field of the proposed transmission line will each

18 probably cause biological effects in the subjects exposed to them.

19

.20 The ELF experiment stﬁdies are summarized in Table 4. It can be seen that there
121:are a very large number of scientific experiments which show that ELF electric
22 an& magnétic fields cause biological effects. The experiments were performed by
23 |

24

reputable scientists at reputable scientific institutions (see Table 4). A heavy

majority of the reports were subjected to the peer review process prior to

25 publication. The strength of the field used in each cited experiment was such

26

27
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that it will occur somewhere on the right-of-way of the proposed transmission

line @able 4, colume Di). If a particular field strength causes a certain

exposure of beans in nutrient solution to 0.1 volts/cm at 75 hertz did not affect|

B
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=S-sgical effect 1in a laboratory, then the.same field strength will cause thé
sa2me Diological effect near the right-of-way of the propésed transmission line if]
the same biological system is c#posed under the same circumstances. This follows
from the wuniversal inability of biological systems to distinguish between two
sources of an applied field when tﬁe parameters and circuﬁstances of the fieid
presented from each source are identical. Under these conditions of identity,
specific effects due to exposure to the fields of the proposed transmission line
could be prediﬁted. The actual biological systems that will be exposed to the
fields of the proposed transmission lines include people. The exposed group willf
consist of the old, the young, the sick, the healthy, men, women, children -- a
completely uncontfolled set of exposed subjects. Since the particular biological
systems that will be exposed and the conditions of such exposure will both differ
from the corresponding systems and conditions studied in the laboratory, no human|
agency can prediét the specific biological conseqﬁences that will occur in
5pecific subjects exposed along the right~of-way. Notwithstanding our inability
to predict specific effects in specific subgroups of exposed subjects, the
foreshédowing of the liferature are ominous and avoidable. In each individual
report described in Table 4, ELF fields interacted with and influenced the
physiology or behavior of a biological system. Ih no case is the mechanism of
interaction  understood. With respect to each individual exﬁeriment listed in
Table A, a biological. mechanism of interaction Gas invoked in the 1ab0ratory
which could be invoked along the right-of-way as a consequence of exposure to the
fields of ‘the proposed transmission line. .In view of the number and'diversity of
the experiments listed. in Table 4, and bearihg in mind the relafively short
exposure times that are normally employed in laboratory experimentation (Table 4,
column 7), as compared to the very long-term exposure that will occur in subjects
living along the right-of-way ; it is probable that biological effects will occur

in some exposed subjects,
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-t L= not possible to foresee the precise biological effects that will likely
szcer in  individual subjects because no free-world company, organization org
government has conducted a systematic study of the question. With minor]
exceptions the research in the .literature cited above was performed by
investigators for reasons other than evalﬁating the safety of transmission lines.
The problem of safety of transmission lines did not influence the design of sucl
experiments and in most cases the results were not related to transmission lines
by the individual investigators. Nevertheless, it is possible to analyze the
literature aﬁd to inquire into its implications for the issue of the safety of
the proposed transmission lines. This I have done, and my conclusion above is so

based.

It is not possible however, to go beyond this conclusion and assert that specific
effects are scientifically certain to occur in particular individuals. There is
no scientific base to permit definitive answers to the mygiad of very specific
questions that can be asked (i.e., will a farﬁer be adversely affected by the
proposed = transmission line if he passes under such a line once a day, three days
a week, thirty-two weeks a year, except on'holidays, in a tractor with tires four
feet in diameter made of carbonized rubber, traveling at five miles per hour; if
so, how so?). Such specific information will come only from studies
appropriately designed to furnish it. It is not realistic to expect that answers

to very specific questions will be deductible from the general literature.
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3. THE BIOLOGICAL SAFETY FACTOR OF 100 AND ITS APPLICATION TO THE

LITERATURE DESCRIBING BIOLOGICAL EFFECTS DUE To ELF FIELDS

INTRODUCTION

The electric and magnetic fields of the proposed transmission lines have the
capability of altering bioloéical function. In such a situation the propriety,
and necessity of employing a safety factﬁr is well recognized (Michaelson, New
York, 9927 %), Such necessity is based upon the unacceptability of permitting]
the public to be involuntarily exposed to ievels of a substance or agent that hag
been shown to produce biological effects in experimental animals, or to levels
which presumably would produce such effects (or related effects) if tests were
performed. It 1is thefefore necessary to employ a safety factor in evaluating
permissible chronic human exposure to ELF 60 hertz fields. Based on the
following ahalysis it éan be seen that a safety factor of 100 to 1 is the most]

applicable and suitable choice.

* Transcript page 9927, containing the testimony of Solomon Michaelson in Caseg
26529 and 26559 - Common Record -Hearings on Health and Safety of 765 kU
transmission 1lines - Public Service Commission of New York. Citations herein tdg
the testimony of all witness in the New York Proceeding will be identical in
form. All reference herein to hearings in New York refer to the enumerated
cases.
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3 Jszen explicitly chosen by the federal government (110). The federal rule seeks

BASIS FOR SAFETY FACTOR OF 100

= ovzluating the safety-in-use of food additives, a safety factor of 100 has

to balance the desire of a manufacturer to gain an economic advantage with the
desire of £he government to protéct the public health. The numerical value of
100 was chosen as the appropriate balance point, and it is therefore significant
as a precedent when a similar balance must bé struck. I am not urging that the
safety factor for food additives be adopted, but rather that the policy
consideragions underlying the édoption of a safety factor of 100 for food
additives are also present in connection with involuntary exposure of the general
public to power frequency fields, and therefore that the same numerical vaiue
should be adopted. In further analyzing the question of the appropriate
numerical value of the safety factor for permissible field exposure, the value of
100 should be viéwed as the starting point because it is a precedent. The
appropriate question would then be whether the particular facts presented to the
Commission warranted some other choice based on a reexamination of the balance

described above.

It should be noted that no attempt is being made here to balance the economic
gain against the danger to public health associated with exposure to the fields
of the proposed transmission lines. My intention is to identify a situation
which is presented to the Commission, and to recommend that since it is
COhfronted with a similar gualitafive situation as that which led tﬁé federal
goﬁerﬁment to adopt a safety factor of 100, thét therefore the Commission shouid
also adopt the safety factor of 100 as a starting point. This level_could then|
be raised or lowered depending on the particular weight that the Commission

chooses to give the economic considerations and the public health considerationg
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presumed that the employees are healthy, and wherein their exposure can be

A brief consideration of some other safety factors illustrates thd
the safety factor of 100. The Occupational Safety and Healtl

ministration (OSHA) has promuigated an occupational safety stanéard forn
permissible microwave exposure of lOmw/cm2 (111). This standard 1s based on
the known ébility of microwaves to cause heating in biological tissue at levelg
ten times higher (112), and thus the safety factor is 10. - While a safety facton
of 10 may be appropriate for occupational exposure, it is inappropriate for thd
general population because the general population is uncontrolled (113). It
contains the old, the young, the healthy, the sick and all variations phereof.
Additionally, the whole range of exposure periods is possiblé, ffom occasional tg

chronic. This 1is to be contrasted with the occupational setting in which it igd

controlled and monitored by the employer (113). The Soviet and East European
safety factor which is comparable to the OSHA standard is 10,000 (0.0l

mW/cmz).

The federal safety factor for hew microwaye ovens is 100 (1.0 mW/cmz) (114)
It 1is based on the rationale deScribed.above (113) (i.e., more protection fof arn
uncontrolled population) and on the poésibility that the Soviet microwavd
sﬁandard and not the American microwave standard is the correct ome (113). The
federal safety factor for éarcenogenic substances is infinite (115). That is, if
é substance causes cancer in animalé if caﬁ not be used in food. Thus, putting
aside -the special cases (carcenogenic substances, for which the safety factor ifg
infiﬁite,':occupaﬁional exposure, .fér which the safety faﬁtor is 10), the
precedent is well established in the Unitea States that a safety factor of 100 is
the apprdpriate numerical value with relation to the public at large when a
balance must be struck between economic advantége and the public health, unlesd

there is evidence to justify a diff%ﬁent value.
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The biological safety factor of 100 proposed here must be distinguished from the

BIOLOGICAL AND ENGINEERING SAFETY FACTORS DISTINGUISHED

somewhat more familiar but distincély inapplicable engineering safety factor. If
one envisions the appropriate safety factor for the thickness of the wall of a
steam vessel .so as to insure that it doesn’t rupture, or the appropriate
thickness of a strut on a transmission line tower so as to insure that the tower
doesn’t collapse, then a safety factor of 1.5 to 5 would be typical. Such
engineering safety factors are relatively low because they rest on a certain
informational base, namely the known physical properties of the materials. On
the other hand, biological safety factors are necessarily higher because our data
base concerning the properties and responses of biological objects is not nearly]
as certain. Clearly when we speak of a safety factor to protect against
involuntary- exposure of the general population to the electric fields of the
presently proposed transmission lines, we are talking of a biological safety

factor.

APPLICATION OF THE SAFETY FACTOR OF 100
Since the most appropriate " safety factor for use in connection with the
literature describing biological effects due to exposure to ELF fields is 100,

column D2 indicates the distance from the proposed transmission line at which the
line’s field strength will have decreased to 1/100 of the value that produced thd
biological effect in the corresponding experiment. Column D3 (=2D2) gives
the total width of the zone of effect; that is, the width of the strip of land

within - which the field from the proposed transmission line will exceed the

corresponding safety level listed in DZ'

While it appears necessary and appropriate for the Commssion to utilize a safety

factor of 100 in determining permissible chronic human exposure to the 60 hertz

- 33 -
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fields, I do not recommend that the safety factor be apélied to any specifid
research report listed in Table 4. The application of the safety factor of 109
to a specific report listed in Table ; would produce a design criterion, and I ddg
nof urge any specific désign criterion. I believe that the particular réport or
group of teporﬁs in Table 4 which are chosen must reflect consideration of theg
entire record in the hearing. In view however, of the effects reported in the
70-200 volt/cm range (Table 4), it is my judgment that the application of the
safety factor of 100 to this range of experiments is an absolute upper limit onf
the available choiées notwithstanding aﬁy financially oriented considerations.
Thét is, the narrowest possible right-of-way that could safely be chosen is that]
within which the electric field diminished to about (70-200 e L T

0.7-2.0 volts/bh.
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4., RULES IN THE SOVIET UNION GOVERNING MAXIMUM PERMISSIBLE EXPOSURE

TO POWER FREQUENCY ELECTRIC FIELDS AND THEIR BASIS.

SOVIET RULES
It 1is recognized by the.Soviet government that power frequency electric fields
cause undesirable effects in exposed workers. The Soviets believe that power
frequency electric fields affect people’s health, and that the reaction is non-
specific and can develop after two-five months exposure (92). They further
believe that the effects of exposure are cuﬁulative, dose~-related, and depend
strongly on individual physiological differences (92). Such effects include
disturbances in the cardio-vascular system, the central nervous system, blood
gomposition,' and lower sexual capability (85-86). ~ In 1970 the Soviet
government promulgated nationwide Rules and Regulations regulating the nature
and extent of permissible occupational exposure to power frequency electric
fields (90). According to the Rﬁles, working conditions are not limited or
controlled where the electric field is less than or equal to 50 volts/cm. If
the electric field is greater than 250 volts/cm, all work must be done with the
worker protected by screening or some other device. For fields between the two
values, the permissible duration of field exposures with protective measures is
limited as follows. At 250 volts/cm, 5 minutes; at 200 volts/cm, 10 minutes;
at 150 volfs/cm, 90 minutes; at 100 volts/cm, 180 minutes. Thus for instance,
after spending 90 minutes in an electric field of 150 volts/cm, the worker must
spend the remaining fortion of the 24 hour period in an electric field of less

than 50 volts/cm.

The Soviet exposure standards are based upon measurements utilizing a Soviet

Electric Field Meter and a specific measuring technique. (90, 116). Taking into
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sent both the particular technique of measurement utilized by the Soviets,
nd the difference in frequency between the Soviet and American power systems,
it 1is necessary to employ a conversion factor to permit a direct comparison
between American and Soviet electric field measurements (Driscoll, New York,
111?6). Thus, in terms of. the American method of electric field measuremeht,

the actual Soviet exposure levels are:

Electric Field Permissible Duration of
Intensity (volts/cm) Personnel Stay in Electric

Field During 24 Hours
(minutes)

28 _ Unlimited

56 _ 180

83 ; 90

111 10

139 : 5

Exposure standards for agriculture workers and for the general public are being

developed (92).

In the Soviet view, knowledge of the effect of the electric field of high
voltage transmission lines on the flora,'fauna, and on the ecological balanée
of the area along the right-of-way, is practically nonexistent, and thefefore,
laboratory and field studies should be conducted (92). The Soviets believe
that being exposed to the electric field of high voltage transmission lines

only occasionally, and not periodically, does not present a health haz;rd'(QZ).

BASIS OF THE SOVIET RULES
From the existence of Rules governing field exposure within the Soviet Union, I
infer that there exists scientific evidence within the Soviet Union from which

they were drawn. It appears that the Rules are based on medical and physiologica

-%6 =




21

-

10
11
12
13
14
15
le
17
18
19

20

22

.23

JRT PAPER

24
25
26
ar

TE OF CALIFORNIA
. 113 (REV. B.72)

o8P

urveys of occupationally exposed workers (85-88). ‘Neither the number of such
studies however, nor adequate details of their conduct are presently available
in the United States. Some studies may have been performed and not published,
and studies may have been published but not translated in English. There is no
agency or organization whicﬁ systematically translates the Soviet literature in
this area and makes it generally available. Literature becomes available only
when some agency or organization becomes interested in a specific study,
translates 1it, and chooses to disseminate it. A prominent spokesman for the
American utility company engineers, in deaiing with the Soviet engineers,
appears to be Howard Barnes of Charles T. Main Inc., Boston, Massachusetts.
His correspondence with the Soviet power engineers regarding their views of the
health hazards associated with high voltage transmission lines has been made
part of the hearing record in New York. Based thereon, it seems clear that the
American utility companies have been unusually circumspect in inquiring into
the nature and scope of the Soviet data base on high voltage transmission line
health hazards. It does not appear that there has ever béen a formal request
to the responsible Soviet authorities for all availablg information dealing
with health hazards of high voltage "transmission lines. Consequently,
exceedingly little of such information has appeared in the American scientific
community under the auspices of the American utility companies. Sometinmes,
even when information is obtained from the Soviet Union, it circulates very
narrowly. Both Barnes and applicant’s witness Michaelson have obtained copies

of specific Soviet reports but have not honored requests to make them

available.
Informal contacts between individual scientists in the Soviet Union and those
in the United States and Europe have produced some Soviet reports in the ELF
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rea. The process of obtaining information in this manner however, is quite
aphazard and often results in translations of unverified reliability. Thus,
while the basis of the Soviet Rules appears to be the medical and physiological
Isurveys conducted within the Soviet Union‘ the studies cannot be independently

assessed on their own merits.
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1 CONCLUSION

—ere are Rules within the Soviet Union governing the maximum permissible
occupational exposure to high voltage transmission line electric fields.
Exposure standards are being developed for agriculture workers and for the
lgeneral public. From the existence of the Rules, I infer the existence of a
data base within the Soviet Union concerning the biological consequences of
exposure to ELF electric fields. I have been able to identify only a part
thereof (11, 14, 20, 75, 76, 77, 85-93). In view of the very small percentage
of the Soviet literature dealing with ELF biological effects that is available
to ﬁe, and the poor quality of the translations on many of such Soviet reports,
and the possible differences that may exist between American and Soviet
lscientists in terms of scientific methods and procedures, I am unable to reach
any conclusion concerning the likelihood of biological effects from the
electric field of the proposed transmission line directly from an analysis of
the Soviet literature. Nevertheless, one caﬁnot gainsay the existence of the
Soviet Rules, or the plans for more research and for additional rules. I
assume that the Soviets- are not unintelligent, scientifically backward, or
prone to needlessly interfere with their industrial progress. It follows,
therefore, that sufficient evidence exists in the Soviet view to warrant the
measﬁres that have been and are-being taken to protect workers and the general
public. This indicates thé existence of a data Base within the Soviet Union
showing that the proposed transmission line will probably cause biological
effects. There has been no serious attempt_to uncover the Soviet data base.
If is my understanding that Allen Frey may relate information gained on his
recent visit to the Soviet Union-to study research methods employed there to

these proceedings.
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5. SYNERGISTIC EFFECTS

ANALYSIS
The proposed transmission lines will carry about 1000 megawatts of electrical
P9W9¥' The powef will be manufactured at -one location, tranSported, and
ultimately used or consumed at the terminus of the transmission line. The 1000
megawatts ' will travel from the point of generation to the boint of consumption
not. through the conductors, but rather through the space surrounding them (4)
(See Figure 1). The region which the transmitted power occupies extends a
considerable distance outward from the transmission line. When an individual
is within this region, a portion of the electrical power being transmitted
-impacts him. The amount of energy which impacts the individual depends on his
Qize, his distance from the transmission line, and how long he stands there.
Transmission line énergy is composed of an electric field and a magnetic field.
Thus, when subjects are exposed to the energy of the proposed transmission
lines, they will actually be exposed to simultaneous electric and magnetic
fields. It has been shown that ELF electric fields and ELF magnetic fields
separately cause biological effects <(Table 4).I The "real life" situation
however, namely, the simultaneous and phased application of both fields, has
not been stﬁdied. The biological fesponse to the simultaneous application of
the fields may be equal to the summation of the effects produced by each field,
or may be greater than the summation of the independent effects of the two
fields. The laptef response 1is called potentiation and represents the
condition whereby one agent. is made more potent in the presence of another
agent. Thus,. the situation which will actually occur under the proposed
transmission lines, namely, the phased simultaneous application of the electric

and magnetic fields,'has not been studied experimentally. We do not know whethety

- 40 -




JRT PAPER

10

11

12°

13

14

15

16

L7

18

19

20

21

22

23

24

25

26

27

T'E OF CALIFORNIA
. 113 (REV. 8.72)

osF

y e

F

-mere will be a synergistic effect between them. Moreover, we have no idea
whether synergistic effects will occur between the energy flux of the proposed
transmission lines (i.e., the electric and magnetic field taken together) and
other agents present in the environment at various locations along the right-
of-way. Such agents may be electrical (radar, radio statioms, etc.) or non-

electrical in nature (air pollutiom, drugs, etc.).

CONCLUSION

Substantial and significant energy levels due to the proposed transmission
lines will exist within the right-of-way and for considerable distances beyond.
The energy levels are composed of phased, simultaneously present, electric and
mégnetic fields. While experiments have shown that each field separately can
cause biological gffects, no experiments have been performed to test the
possible synergisﬁic effects. Thus, we héve ao basis for assessing whether the
ef fects occurring under the proposed transmission line will equal or exceed the
sum of the effects observed when each field is applied separately. loreover,
the possibility of synergistic interaction between exposure to the energy flux
of the proposed transmission line, -and other factors presént in the

environment, has yet to be considered.
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6. TRANSMISSION LINE RADIATION

THE PHYSICAL PHENOMENON
Robert Helliwell of the Radioscience Laboratory, Stanford Univefsity, has
investigated the propagation of Very Low Frequency (VLF) (300 hz-30khz)
electromagnetic waves between Roberval, Quebec, and Siple Station in the
Antarctic.(ll?). The two stations are conjugate, each beingllocated at the end
of a magnetic field duct (See Figure 4). Very Low Frequency (VLF) energy which
enters the duct is channeled along it and passes int§ the magnetosphere where
it interacts with. electrons to produce a variety of neW'frequencies and time

i

variations which are detectable at the conjugate point.

Lightning discharges produce VLF electromagnetic waves which enter the ducts.
It is also possible to deliberatelf inject such waves into a magnetic duct such
as via the 21.2 km antenna located at Siple. Helliwell found that
electromagnetic radiation from the Canadian power system is inadvertently being
injected into and channeled along the particular magnetic duct which he employs

in his measurements (117).

The VLF electroﬁagnetic waves which enter the duct pass into the magnetosphere
where they interact ﬁith trapped electrons and the frequency of the VLF wave,
Helliwell has found that the magnetospheric amplification pfocess occurs for an
input power as smali-as ten watts, and can result in a gain of more than three
orders of ﬁagnitude..-Some electrons whiqﬁ héve surrendered energy to the wave
drop out of the magnetosphere and rain down on the ionosphere. This in turn

causes collision processes which produce a spectrum of bremsstrahlung x-rays

(117).
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—ere is a normal background of precipitated electrons due to galactic sources
and natural electromagnetic noises, and there are intermittently higher counts
when a nearby lightning discharge occurs. Thus, the electron precipitation

caused by power lines is additive to that which occurs naturally.

No research has been performed to determine either the magnitude or the
biological significance of the electron precipitation caused by high voltage

transmission lines.

Wle need to know first the amount of power that will be radiated by the proposed
transmission lines at the fundamental frequency and at the first 100 harmonics.
Second, we need to know the magnitude of the natural versus artificially
induced electron precipitation. Third, we need to know the spatial
distribution of the precipitated electrons. Fourth, we need to know the nature
of the interaction process which occurs when the electrons precipitate onto the
ionosphere, and the biological consequences thereof. There are plans to use
the NASA Electrodynamics Explorer satellite to measure the electron
precipitation caused by specific Siple Station transmissions (118). This will
provide the first measurements of the magnitude of the electron rain, and its
relationship to electromagnetic energy of specific frequency and amplitude.
There are, however, no plans to conduct measurements useful for directly
evaluating the proposed transmission lines. Satellite observations have shown
that VLF electrical activity has the highest probability of occurrence in
regions threaded by geomagnetic field lines that intersect industralized areas
(119). The results tend to confirm recent land-based observations of the

influence of transmission line radiation on magnetospheric dynamics (120).

s 18w
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Thus, there are strong indications (117, 119, 120) that radiation from

transmission lines plays a significant and hitherto unsuspected role in the

dynamics of the magnetosphere.

THE POSSIBLE BIOLOGICAL CONSEQUENCES
The.precipitated electrons will be scattered by particles in the upper
ionosphere;, and in that process will emit x-rays of about‘Z kev. Such photons
have a radiation length of less than 1/2 km, and are, therefore, absorbed far
above the earth’s surface. The absorption gives rise to secondary processes
which involve the production of ultraviolet light (UV) which can pass through
the atmosphere and strike the earth. One effect of tﬁe electron rain would,
fherefore, be .expected to be an increase in the total amount of UV which
étrikes the earth. Qualitatively, an increase in the UV that strikes the earth
is quite capable of causing biological effects. The number of instances of
human skin cancer depends in part on the amount of UV at ground level (121).
Interest in this relationship has been stimulated by the possible link between
freon and depletion of tﬁe ozone léyer of the atmosphere, a process which also
has the effect of'increasing the UV which strikes the earth via a completelf
differgnt_ mecﬁanism. Thus, the radiation from the proposed transmission lines
could increase the amount of UV that strikes.the earth in sufficient amounts so

as to increase the incidence of human skin cancer.

There is apother possible effect associated with the proposed transmission
line, which is reiated to the. éarth’s climate. Solar emission of UV and
charged particles varies with sunspot-activity (122). A number of workers have
shown a relatibnship between these variations and changes in the earth’s

climate (122-124). Thus, the physical factors which appear to be related to
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zlimatic change also occur as a consequence of the radiation from high voltage
transmission lines, thereby raising the possibility that such lines may cause

changes in global weather patterns.

Professor Helliwell’s reaction to the possibility of biological consequehces
arising from the physical phenomenon which he discovered appears to be an
opinion that such consequences have not been demonstrateq and are unlikely to
occur (125). It is readily apparent, however, that the question has not been

adequately considered.

CONCLUSION
The proposed transmission 1lines may cause increases in human skin cancers and
méy cause modification of global weather patterns. It appears wise to
impartially consider both possible global impacts of the proposed transmission

lines prior to their construction.
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7. ARGUMENTS PURPORTING TO SHOW THAT THERE WILL BE NO HARMFUL

BIOLOGICAL EFFECTS IN SUBJECTS EXPOSED TO THE ELECTRIC AND MAGNETIC FIELDS

OF HIGH VOLTAGE TRANSMISSION LINES

SUCH AS THE PROPOSED SUNDESERT TRANSMISSION LINES

INTRODUCTION
Four distinct arguments have thus far been advanced by proponents of high
voltage transmission lines to show that such lines are safe.

A. Experimental Scientific Evidence. It is argued that there exists

laboratory evidence upon which one may confidently base a judgment that high
voltage transmission lines such as the proposed Sundesert 500 kV transmission
lines will n&t cause biological effects in subjects exposed to the electric and
magnétic fields thereof.

B. Biophysical Calculations. It is argued that it is possible to do

mathematical calculations which are properly applicable to subjects exposed to
high voltage transmission lines such as the proposed Sundesert 500 kV
transmissiqn lines which.establish that, according to the laws of physics and
engineering, such transmission lines will not cause biological effects in the
exposed subjects.

C. Utility Operating Experience. It is argued that high voltage transmission

lines such as the proposed Sundesert 500 kV transmission lines are safe because
there are mno recorded instances of death or injury or disease of any kind
attributable to exposure to their electric or magnetic fields.

D. Difference Between "effect" and "hazard." It is argued that not every

biological effect that may be caused by the electric or magnetic field of high
voltage transmission lines 1in subjects exposed thereto 1is necessarily

hazardous, and therefore, if a determination of the existence of a biological

o iy -
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f:--t is made, there must be a further determination that the effect is a

the effect.

SPECIFIC ARGUMENTS

A. Experimental Scientific Evidence

There are two distinct issues which arise with fegard to the biological effects
of the electric and magnetic fields of high voltage transmission lines such as
the proposed Sundesert 500 kV transmission 1ineé. Can such fields cause
biological effects; and, will such fields cause such effects? When we turn to
the relevant scientific literature in an attempt to examine these issues, we
find two geperal categories of studies. There are experimental studies in
which the investigator observed a cause and effect relationship between the

applied field and the parameter being measured ("found an effect"), which I
shall refer to as ELF-plus reports. Similarly, there are studies in which the
investigator failed to observe such a relationship (ELF-minus). Thus, there

arises the question of which group of studies logically constitutes acceptable

iscientific for each issue.

ELF-minus reports have scientific  value on the issue whetﬁer high voltage
transmission 1lines, such as the proposed transmission lines, can cause
biological effects in exposed subjects in.oﬁly two cases, (1) wherein ELF-plus
reports do not exist, and kZ) wherein both ELF-minus and ELF-plus exist and
contra&ict one another. Neither case applies in the presenﬁ ﬁearing (Table 4).
In all Eases other than those enumerated above, the ELF-minus reports merely
establish the existence of certain conditions for which a specific effect is

not observed. The establishment or enlargement of this limited class does not

N
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xe 1t more likely that the class of all conditions will be unproductive of a
lological effect, because the ELF-plus already exists. Thus, the ELF-minus
serve no evidentiary purpose with fesPect to the issue of the possibility of

biological effects.

The ELF-minus reports have significance with regard to the issué of wﬁether the
qproposed transmission line will cause physiological,_growth, or behavioral
effects in the exposed subjects. The weight accorded: to each report will
depend on how closely it relates to the acﬁual conditions that wduld prevail if
the propoéed transmission 1line were to be constrﬁcted. Thus, the ELF-minus
experiments performed in connection with Project Sanguine (Sanguine-ELF-minus),
will clearly have significaﬁce and. some weight on- the issue whether the
Sanguine antenna will cause biological effects. The Sanguine experiments,
however, were performed at Sanguine field strengths, which are about one
million times less intense than the field strength of the proposed transmission
line. Therefore, the Sanguine-ELF-minus reports, although of significance in
this proceeding on the issue stated, can be accorded little weight. Indeed,
all ELF-minus reports thus far cited, in the present proceeding and in the New
York proceeding, can be ~afforded 1little weight with respect to the issue
whether tﬁe electric and magnetic fields of high voltage transmission lines
will cause biological effects in subjects exposed thereto because, in each
instance, the studies were performed under labo:atorf conditions of exposure
that were vastly'lesé intense than those that'prevail near typical.high vgltagé
transmission lines wiﬁh respect to appliéd field strength and duration of

exposure (126).

The ELF-plus reports are the only proper scientific evidence on the first issue

ol B8
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-2ccd above. They establish beyond reasonable doubt that ELF fields can cause
iological effects. They are obviously evidence on the issue whether high
voltage transmission lines such as the pfoposed Sundesert 500 kV transﬁission
lines will produce such effects in the exposed subjects, and are open to the

same test for weight as described above.

I  conclude therefore that the ELF experimental literature affords the
proponents of high voltage transmission lines such as tﬂe proposed Sundesert
500 kV transmission lines no substantial support that exposure of the general
population to the electric and magnetic fields of such lines will not cause

biological effects.

B. Biophysical Calculations

By biophysical calculations are meant mathematical computations involving
biological systems on the basis of which it is argued that some effect can, or
will, _or cannot, or must, occur as a consequence of ELF field exposure.
Arguments based on theéretical calculations of necessity depend on numerous
unverified and unverifiable aséumptions concerning the nature of-fhe physical
system under investigatiop. Theoretical calculations of the possibility of ELF
electric or magnetic field biological effects are properly employed to guide
scientists in the choice of experiments. They are, however, not evidence
because they are incapable of conveying information bearing on the likelihood
of any biological effect due to ELF field exposure. Béfore ény theoretical
calculation, one knows that any given biological effect is either impossible,
ﬁossible, probable, or definite. The calculation leaves the situation
unchanged. This chronic infirmity of theoretical calculations is recognized in

other forums. A review of the major environmental health issues raised in the

- L9 -
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i=ized States has not revealed a single example wherein a state or federal
regulatory agency or court has given decisional impact to theoretical
calculations showing the absence of the possibility of a biological effect when
competent investigators have reported éuch effects. Theoretical calculations

are, therefore, not evidence on either issue discussed above.

C. Utility Operating Experience

While it is true that no documented instances of hérm to members of the public
have resulted from exposure to the electric or magnetic field of existing high
voltage transmission lines, such as the proposed Sundesert 500 kV lines, it is
likewise true that no significant epidemiological studies have been performed
upon which a claim that no such harm has occurred might be based. At best,
therefore, the claim rests upbn_ brief and uncontrolled observations to the
general effect that existing lines do not appear to be causing harm in the
exposed subjects. The absence of gross, immediate, acute, and obvious effects
on health when one passes near a high voltage transmisgion line is indeed a
kind af low-level indication that such lineg are not obviously hazardous. Even
though most people probably do not know what electric or magnetic fields are,
if very gross sorts of things happened to people or animals in the vicinity of
Ia transmission line, then surely a connection between them and the line would
be made. When one entertains the idea of more subtle effects occurring, then
brief and uncontrolled observationé are utterly inadequate for the purposes of
assessing hazard. By way of example,.if the absence of proper epidemological
studies-'tégethef .with brief énd uﬁcontrolled 6bservation3'wefe sufficient to
indicate the absence of subtle hazard, then the absence of parallel studies,
together with parallel- observations in the controversy surrounding the

depletion of atmospheric ozone or surrounding the contamination of the

o 50




AT PAPER

o o A~ N

=3

10

11

12

13
14
15
16

17

18

19
20
21
22
23
.24
25
26

27

£ OF CALIFORNIA
113 yREV, B.72)

osP

watershed by chlorinated hydrocarbons could be viewéd as evidence that these
phenomena are not hazardous to human health. Since such an argument is
unreasonable, I conclude that the operating experience of the utility companies
affords no substantial evidence that high voltage fransmission lines such as

the proposed Sundesert 500 kV transmission lines are safe.

D. Difference Between "Effect'" and "Hazard."

The proposed transmission lines are a regulatory-public.health problem with the
following aspects. A private corporation (applicant) is manufacturing a
product (electric power). As a consequence of the production of its product,
the corporation emits or causes to be emitted a substance or entity (electric
apd magnetic field) into the environment. . Lét us assume that the entity causes
a biological effect (otherwise there would be no hazard) in some part of the
general population expoéed thereto. The assumed biological effect may be any
physiological, growth, or behavioral effect. Finally, the affected part of the
general population has neither given informed consent to the production of the
biological effect within themselves, nor are they aware of the pgoduction of

such effects.

in such a situation, there is.a strong presumption that the biological effect
is potentially hazardous. I have found no instances which a state or federal
court, or administrative agency indulged in the contrary presumption. there is
no precedent for an afgument by the privaté corporation that they should not bé
regulated because the efféct that they caused in the exposed.subjects had not

been proved hazardous.

The presumption of hazard arises directly from the proscription against
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_-voluntary human experimentation. To urge that a biological effect induced in
a subject exposed to the fields of high voltage transmission lines should nbt
be prevented until it has been shown to be hazardous is tantamount to urging
the performance of human experimentation to evaluate the degree of_biological
insult caused by the transmission lines. Moreover, such human experimentation
would be involuntary since, in the setting described above, informed consent is
not obtained. Since involuntary human experimentation 1is a completely
unacceptable alternative, it follows that any biological effect caused by high
voltage transmission in exposed subjects is strongly presumed to be hazardous.
I conclude therefore that there is mno basis for a distinction between an
"effect" and a "hazard" in the context of high voltage transmission lines such
as the proposed Sundesert 500 kV lines, and that such a distinction is
medically unethical (Becker, New York, 9004) and - -unprecedented,
SOL MICHAELSON
SUBSTANTIVE ARGUMENTS

Based on an analysis of scientific experiments, applicant”s witness Michaelson
has concluded that the proposed transmission line’s electric and magnetic field
will not cause significant biological effects in exposed subjects (Michaelson,
5%). Based on an analysis of two surveys, he concluded that the proposed
transmission lines will not interfere with.farm workers, reduce crop growth or
milk production, or harm farm animals (Michaelson, 22). Based on the work of
Dalziel 'qnd Underwriters Laboratories, Michaelson has concluded that six
milliaméeres of steady-state shock current 1is safe for the general public
(Michaelson, 26);' Iﬁ each instance, however, the basés cifed by Michaelson do

not furnish any significant support for his conclusion. Additionally,

*Page 5 of Michaelson’s prefiled testimony. Citations herein to the testimony
of all witnesses will be identical in form.
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Michaelson has given testimony regarding the Soviet experience with high
voltage transmission lines which may be misleading to the Commission
(Michaelson, 16-17), and he has urged the Commission to adopt a distinction
between an "effect" and a '"hazard" which is wrong because it is ethically

impermissible (Michaelson, 6).

Scientific Experiments. Michaelson cited the work of Kouwenhoven, Singewald,
Hauf aﬁd colleagues, Knickerbocker, Johansson, and Beischer. Hauf and his
colleagues have reported that ELF fields caused a nonspecific stimulatory
response in human subjecté after three hours of exposure (22). Knickerbocker
has reported that ELF fields produced stunted growth in mice (30). Johansson
reported that exposure to ELF fields for 75 minutes appeared to alter human
reaction times (21). Beischer reported that ELF fields caused increased serum
triglycerides in humans after one day’s exposure (81); It is therefore not
logical to cite the work of Hauf, Knickerbocker, Johnasson, or Beischer as
support for the view that the proposed transmission line will be safe. The
Kouwenhoven-Singewald survey (95-96) was an uncontrolled clinical study, and
thus at most could reveal oﬁly gross biological effects.

Inasmuch as the reports described above are a complete listing of those cited
by Michaelson, it must be concluded that hg has.not furnished any significant
support for 'his conclusion that the proposed transmission line will not cause

biological effects in exposed subjects.

Agriculture Impact. Based on a survey by Busby (127), and on a utility company

internal report (128), Michaelson has testified that the proposed Sundesert 500

kV transmission lines will not adversely affect farm operations. In the Busby
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{survey, two dairymen reported that milk production had increased following

construction of the transmission line, and two reported that there had been no
chaﬁgé (129). Additionally, 11 crop farmers reported that they were satisfied
with fheir crop yield, however, seven farmers reported dissatisfaction with
crop. yield. Of the nine farmers.ﬁho grazed animals under the transmission
line, three farmers reported that the line altered the pattern of grazing. In
the wutility company report, 125 farmers were surveyed with regard to their
attitude toward high voltage transmission lines. The company said that 77
percent of the respondents found that the transmission lines caused no farming
problems, but that 23 percent complained of some interference in farming

operations due to the transmission line.

It is not reasonably possible to rely on the two studies to conclude that the
proposed transmission lines will not adversely affect farming. On the
contrary, they indicate that the impact of high voltage transmission lines is

largelf unexplored and potentially significant.

Steady~State = Shock Current. Michaelson stated that six milliamperes is a safe

current for an adult or child to experience when touching an ungrounded
metallic object ' near the right-of-way of the proposed transmission lines. He
believes that the six milliampere level may be painful, but will not lead to
any serious afier—effect (Michaelson, 25). Michaelson _gives no relevant

literature citations however, and thus provides no basis whatever for his view.

It is. quite clear that testimony regarding the biological consequences of
steady-state shock current is useless in the absence of a specification of both

the magnitude and duration of current flow. In our laboratory we apply direct

= Bl




JRT PAPER

10

11
12
13
14
15
l6
17
18
19
20
21
22
23
24
25

26

27

TE OF CALIFORNIA
. 113 (REV. B.72)

o8P

escce=cs of the order of 0.0001 milliamperes to patients according to a

strictly regulated and monitored human experimentatién protocol. Utilizing
such currents, we have caused bone to grow in cases 1in which standard
orthopedic procedures had failed and amputation was the only other alternative

(7). Normally, such currents were applied for about 1,000 hours.
It should be noted that Michaelson has testified in New York that currents on
the order of 0.005 milliamperes may have been responsible for the stunting of

growth of mice (1) (Michaelson, New York, 11644).

Soviet Experience with High Voltage Transmission Lines. Based on an analysis

of the Soviet literature, Michaelson has concluded that the Soviet research is
unreliable because it 1lacks details concerning methods, procedures and
statistics (Michéelson, 16). The dimplication of his testimony is that the
Commission shouldl afford the Soviet scientific literature very little weight.
Michaelson has conceded however that it 1is quite possible that the Soviet
literéture which he read énd found wanting in descriptive detail was so lacking
because hg did not read the actual Soviet reports, but read only a summary
thereof in a Soviet literature review article (Michaelsan, New York, 9875-76).
Consequenfly, the implications of Michaelson’s testimony with regard to the

Soviet scientific literature should be rejected.

Quoting unditéd documents, Michaelson states that Soviet high voltage
transmission lines produce more inteﬁse ground=level electric fields than those
that will be produced by the proposed transmission lines, and he states that
the Soviets have had no problems of biological significance as a consequence of

such fields (Michaelson, 17). The implication of his testimony is that since
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~se Soviet design criteria permit ground-level fields higher than those
sroposed for the Sundesert 500 kV transmission lines, and since the Soviet
operating experience has mot uncovered any biological problems, that,
therefore, the Soviet experience supports the applicants position that the
proposed transmission lines will be safe. Michaelson chooses to ignore,
however, the applicable Soviet rules and regulations which are part of the
Soviet regulatory response to high voltage transmission lines. The Soviets
have work rules governing the extent of exposure O high voltage transmission
line electric fields (90). They are developing comparable rules for other
gfoups (92). Soviet high voltage transmission lines are built 984-1,640 feet
from planned population sites (92). They are not built within 328 feet of
inhabited dwellings (92). .For 1100 kV transmission line referred to by
Michaelson, the Soviet Zone of Influence is ?56 feet (130). Within the Zone of
Influence, unauthorized people are not permitted (130), and agriculture is
1imited and must be carried out in shielded ﬁachinery (92). Beaches and shops
must be located a sﬁfficient distance from the edge of Ehe Zone of Influence
(92).. Buildings are not ﬁermitted withih the Zone (92). 1t is within a set of
rules and. regulations and procedures, thét the favorable operating experience
referred to by Michaelson has been achieved. To the extent therefore, that
ﬁichaelson's testimony implies that the Soviet operating experience with regard
to high voltage transmission lines suppofts the position of the applicant, his

testimony is in error.

Distinction Between "Effect" and "Hazard." Michaelson urges that there is a

distinction between an effect and a hazard (Michaelson, 6. It would be grossly
improper, however, for the Commission to draw such a distinction in the context

of this hearing (Section 7, supra). A biological hazard in the context of the
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proposed transmission lines is

exposed subjects, or likely

to be harmless (Carstensen,.

flhuman experimentation.

any biological effect induced in the bodies of

to be so induced based'upon an evaluation of

laboratory experimentation, which has not been shown clearly and convincingly

New York, 6428). Michaelson, would reverse

the usual burden of proof (Michaelson, New York, 3721, 10407). His view however,

is alien to our system because its implementation would constitute involuntary

. B s




10
11
12
13

14

15|

16
17
18
19
20

21

22

23

24

OURT PAPER

25
26

27

FATE OF CALIFORNIA
ro. 113 (REV. 8.72)

osp

B. Professional Background

Michaelson is a veterinarian, and he has published 26 articles

in the field of veterinary medicine.

Earlygin his-prbfessional career, Michaelson acquired an interest in
the biological effects of ionizing radiation. He subseguently published 3%
papers dealing with the clinical symptoms manifest by laboratory animels,
principally dogs, when they have been subjected to very large doses of
X=~rayse In almost all of his experiments, the procedure'followed Was
ideﬂtical. Tﬂé animals-were irradiated for several ninutes, following
which the dead animals were removed for autopsy and the remaining animals
were observed closely to determine how long they could survive and, vhen
death occurred, fhe precise cause thereof., In one of his first studies
involving X-rays (p-3), Michaelson irradiated 100 dogs and found that only
about 20 survived for one month following the exposure. In another experi-
ment (p=,), he obtained comparable results. In eﬁperiments involving 95

dogs (p;lé), Michaelson reported that 250 r (roentgen, a measure of ionizing

% Publication number 8 in the list of publications appended to the prefiled
testimony of applicant's witness Michaelson. All citations herein to the
list of publications will be identical in form.
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energy) of X-rays killed 507% of the dogs tested when the X-rays were directed
against the dog's entire body, whereas 1775 r was required to kill the same
percéntagé when only the heéd was irradiated. Comparable results were
obtained when a different source of X-rays were employed (p=17)e Michaelson
developed a technique for irradiating the dog's heart with 20,000 r so as to
produce cardiac necrosis (p~24)e He described the neurological and clinical
changes observed in dogs exposed to 5,000-50,000 r X-rays to the head (p=27).
During exposure there was an increase in respiratory rate with continuous
salivation. Immediately.after exposure there was evidence of disturbance

in equilibrium and vomiting occurred.

The dogs survived for 12-16 days. Comparable results were obtained in a related

experiment (p=36) . Michaelson has reported that dogs jrradiated with 1,800 r
were not able to perform exercises as efficiently as dogs that were not
jrradiasted (p~40). In studies involving 52 dogs, Michaelson concluded that
X~rays can damage the thryoid glend and thereby induce hypothyroidism (p=L5) e
About ten years after the beginning of his professional career,

Michaelson becamne interested in the biﬁlogical effects of microwave radia=—
tion, Since then he has published 51 papers which deal with the effects of
microwavess In 13 of the papers, Michaelson reported the results of labora-
tory experiments in which he sarticipateds In the remzining 38 nublications,

which are all essentially identical, Michaelson expressed opinions concerning

microwave effects and microwave safetye His 13 laboratory studies of micro-

wave effects closely parallel his jonizing radiation studies. That is, in

almost all instances the animals under study weré given short duration, high

" intensity doses of microuavess The frequency and intensity of the micro-

waves used by Michaelson were both comparable to those employed in normal

o 50 e
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fouse=hold miérowave ovens, and the effects on the test animals vere compara-
oly obviouss ithen Hichaélson exposed dogs to 2-1200 mJ/cm2 for éus-hours,
he observed that the dogs began to pant as soon as the irradiation was begun
(p~19)e As the exposure was continued the rate of panting increased, and the
dog's body temperature rose. Salivation occurred and the dogs becane reét—
lesse, ‘'Jeakness developed, and the animals became prostrate; thirst increased,
In another study (p-37), Michzelson reported that 100 m';f/cm2 at 2800 'hz
caused extreme agitation, excessive salivation, labored pantinz, frequent
rasping, impairment of locomotion, acute disﬁress, and exhsustion. In the
dogs exposed at 1285 ‘lhz however, the effects were less severe, !Michaelson
has shown that animals exposed to microwaves experience thermal stress, and
deep burns sometimes develop (p~43). Utilizing 163 mﬁ/cmgat_2800 he,
Michaelson found that about 85 minutes is required to kill dogs, whereas
rabbits survive for 10 minutes and rats s rive for 20 minutes (p-51).
Comparable results were obtained in later studies (p=73, n=24).

~ Hichaelson conceded that he has done no original research in the ELF
area (Ifichaelson, 208), but claimed that he had published two review
articles dealing with ELF (Michaelson, '5207). His statement is not correct,
hovever, because noﬁwithstanding their titles neither of tﬁe two articles
which he cited (p-85, p=92) decl with the TLF literature.

Ore can find nothing in !fichaelson's professional exverience as 2
velerninarizn or researcher which indicates that he posesses knowledge or
expertise in the aréa of thc biologica1 effecﬁs of the electric and ma;netic
fields associated with ILF radiation. ﬂdditionaily, there is no indication
from ilichaelson's publications or his academic background zs he has described
‘e

it in his various testimonies vhich gives evidence that he rosesses the

mathematical or biophysical tools necessary to appropriately analyze the
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research of others in the ELI' crea for the benefit of the Commission. In
proceedings involving the health hazgrds of various electrical devices and
systems, iichaelson has testified on behalf of the Association of Home Appli-
ance Manufacturers (132), Rockland Utilities Company (133), Raytheon Cowpuny '
(134), Rochester Gas and Electric Sorporation (135), Niagara Mohawk Power
Corporation (135), as well as SDG & L. Tn none of these testimonies is there
an indication that Michaelson posesses the recuisite educational backzround
in physics or electrical engineering to attenpt to integrate and s:mthesite

the work of other researchers,

The research which Michaelson performed utilizing X-rays and microwaves
deal with phenomena not observed in dealing with ELF experimental datal
invariably involved the production of immediate and obvious effects
following very acute exposure. In such research, both the existence of
an effect, and its cause, are absolutely certain. There is no dispute
concerning the seriousness and 1ife-threatening nature of the effect.

The study of such biological phenomena may make it difficult to appreciate
the original research of others in which the biological effects do not
occur immediately upon application of the radiation, and in wﬁjch the
effect may be consistent with the survival of the test animal for the

duration of the experiment.
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Ce Other Matters,

Michaelson has evolved two chronologically distinct but substantively
identical careers as an advocate for the corporate viewpoint concerning the
health hazards on'nonionizing_radiation at both ends of the electromagnetic
spectrum. Sometime around.i968 he became a spokesman for the corporate
iﬁterests in'thé microwave frequency portion of the spectrum. Thereafter,
all his public testimony and articles espoused the corporate view that only
thermallv induced effects were possible in biological systems, This public
posture was a reversal of his pre~1968 public posture to the effect that
non~thermal (low-level) effects were possible. lMichaelson's post-1958
position in regard to microwaves is distinguished by three characteristics;
(1) he consistently espouses the.éorporate view but never provides analysis,
arguments, or data to support his view, (2) he has performed no research
at the exposure levels at which he says no effects exist, and (3) he has
organized all investigators in the field into two classesy those who agree
with his view, and those who perform poor research or are otherwise incompe—~
tent. | | |

Sometime around 197 Michaelson beéame.a spokesman for the corporate
interests in the power ffequency portion of the electromasnetic spectrumf
Thereafter, all his public testimony.&nd articles espoused the corporate‘

view that no biological effects are possible as a consequence of exposure

to the electric or magnetic flelds of high voltage transm1551on lines,

This publlc posture was a reversal of his pre-1974 publlc posture that such
biological effects were llkely. Mlchaelson s post—197h position in regard
to the power frequency of 60 hertz is distinguished by the same three

characteristics enumerated above,




gE¥erence Betueen Michaelson's pre— and post—~1968 Posture on Microwaves.

= 1n 1967 (136), Michaelson wrote;
S Sufficient factual data are not available to establish a
comprehensive safe level for microwave exposure because of
4 factors related to microwave frequency which influence the
biological response to this energye v eseCertain findings
5 such as a possible effect on bone marrow and the thyroid
st be carefully evaluated because of their subtle
6 nature and questionable relationship to thermal effectSees
... Further knowledge of microwave hazards especially those
7 of a subacute nature are required to establish safety
regulations sseesThe present "safe" (sic) level of 10 mw/cm’”
8 for whole body exposure, vwhich is based on the average pover
density for all frequencies, has remained unchanged since its
9 adoption. seee g
10 Tn 1973 however, on behalf of the Association of Home Appliance Manu-
11 facturers he testified that (137)3
12 It is important to realize that the standard of 10
- me/em” is a factor of ten below threshold of damage,

assuming a long duration of exposuree This is an exceed—
ingly safe level of exposure. It should be pointed out
14 that the scientific and medical communities, after inten—
sive investigations, have not been able to produce any

15 substgntiated evidence of injury below the level of 100
2 . . A G
5 ‘mi/emess As for the question of sensitivity of the
6 nervous system, based on biophysical principles, there
17 just is not enough energy from microuaves to result in
any conceivable effecte
18 Following this testimony, a colloquy occurred between Michaelson and
19 Senator Tunney of California (138). g
20 Senator TUNNEY: Dre Michaelson, on page 88 of a study
91 authored by you entitled, nBiological =ffect 1s of Microwave
2 Txposure,' you state in regard to the studies undertaken by
the Soviets, ond I quote:
22
o3 "The occasional reports of headache pains, sleeplessness,
and other highly subjective symptoms among vorkers in the
o4 _ricinity of microwave generating eomipment have not been
thoroughly investimateds These findinzs should not be i~nored,
- as similar vague, mild and undefined sywptoms which have
25 been experienced in the course of microwave sy ptoms in the
laboratorye. Such s, mptoms do indicate a bisic microvave
26 effects"
27
:?lrpé\iir;nnu - 63 -
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Now, I would say that reading that statement and
listening to your testimony would make it appear to me
that you have changed your opinion since you vrote these
vordse Iave you changed your opinion?

Dr. MICHAELSON: Yes; remember, that was written in
1966 and it came out - you are tallking about that blue-
covered report?

© Senator TINNEY: Yes; it was written——

Dre. MICHAZISOM: It came out in 1967.

Senator TUNNEY: 1lell, it is "Biologicel Effects of
Hicrowave Exposure' by Dr, Sol M., Michaelson, Roderick 4.

1% Thomson, dJoe ie Howland, Univeristy of Rochester, Depart-
nent of Radiation, Biology and Biophysics.

Dr. MICH/ZLGON: Yes that's all right. I know which
one it is, - I have written extensively since then and I hav
been very fortuncte in having had the opportunit:” Lo rezd nd
survey the literzture extensively and intensivel:” in the last
several yecrs. I have also becn very fortunate to be affil-
iated with many organisations in which these problems are
being discussed, and I have been able to criticslly anczlyze
rany, many of the problems z2nd T feel more confident now
than what I appear to have been in 1967, I tend to be
conservative in thinldng biologically and scientifically,

" ile viere asked to review the literature at that time znd
e did the best job that we could, However, we do have
six wmore years of erperience novs and we Teel much more
secure.

A few moments

vefore the colloquy with Senator Tunney, :lichaelson
stoted (139);

There is no reacson to believe that current standards
are inadequate for protection of the public..s.. N0 new
data from the literature and no new valid arguments have
been nresented to change the situstion from vhat it s
last year, four years ago, or 1lf years ago.

-

Difference Betuween liichaelson's nre- and nost=1973 »osture in 7.5,
In 1972 (140), referrinz to a »l-nned Hovy study of the effects of
/1 > E ] - 3,

Tields on hunun volunteers, !ichaelson caid;

‘Tt may be arsued that mon has been exposed for nenrl:
_ 3 generations Lo electriccl’ ubtility fields without ariarent
ill effects, Houever, at no time have suble efTects of T'.F
radiction been investizoted carefully. It appears entirel:
possible that these fields nre involved in the etiolo:rr of
certain huncn illnesses thiich hove inereased s»ectaculari::
o

durinz the last century. .issanova in the USSR found cardio-
vascewlar effects and the asthenic syndrome in 0 personz

- bl -
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{exwosed) off and on for 2 to I years to the fields of electric
pover stations (50 hz, a few gauss and Z to LO ¥V /)

Besides servins the needs of an environnental stotement by
the Havy, the study may shed light on previously unrecogniced
_effects of utility pover.

Human varticipants will be exposed exclusively to conditions
under vhich millions of people live 211 over the world, HOvever,
the laboratory environment &llous to control (sic) the environ-
nental conditions snd to make tests which are expected to reveal
subtle changes in the clinical nhysiological and psychological
meke—up of exposed DErsonS. Thus, the services of a few may benefit
the public in general and the specific purposes of the Navye

At no time before have the biological effects of magnetic
and electriczl fields in the utility power frequency’ ranse been
investizated in the throughness planned in this nroject. If
certain effects should he found, and our yreiliminsry investi-
gation indicates the nossibility, meny neople :Aill benefit from
the suggestion of orecautionary measures.

In 1975 however, on behalf of the nochester Gas & IZlectric Corporation -
and the Hiagara lohawk Power Corporation, lMichaelson said that exposure to
the electric and magnetic fields of high voltage transmission lines would
not produce biological effects in the exposed subjects. (ifichaelson, Neu
York, 3718). Referring to the Sundesert 500 XV transmission lines he ssid
(1richaelson, 526€);

Ls far as these pover lines are concerned, I still

thinlk we have had a lot of experience. '€ have had 50 years

of pouwer lines, from very low voltage power lines to high

voltage power lines. '

This is worldwide, goes for populeted areas, goes OVer

farmland; and we really haven't seen an;thinz. If there

were any overt responses, I am sure it would have been

recognized by nove

e also testified that (liichaelson, 5212) 3

ve. we also have to understand that noople hove lived

in the vicinity of power lines for many, ;any years; if anything

were to develop, it would be notiqed by nowe .

Hichaelsoﬂ‘s position as regards the Assanova study (Sé) has similarly
undergone a transformationj he now believes that the study is virtually
worthless (lfichaelson, 5252) o

The Navy study to which Michaelson referred when he testified before the
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Committee on Commerce led ultimatel& to two reports. One report .showed that
FLF fields coused elevated levels of serum triglycerides in human subjects
(81)s The other report showed that ELF fields caused alterations in the
ability of human subjects to perform standard psychological tests. (6L)e

- Michaelson did not address the latter report in his testimony, but said
that the former report was deficient in both its design and conduct
(Michaelson, 18-19)., At the time the Navy study was designed and conducted,
Michaelson was hired as a consultant Ly the Wavy to assist in its design and
conduct.

Absence of Support.

Michaelson's prefiled testimony is similar to that which he prefiled in
New York in December, 1975 (141). Both testimonies contain almost no data
and literature citations to support the éonclusions stated therein., On
January 27, 1976, interrogatories concerning-his testimony were propounded
to Michaelson by the Staff of the Public Service Commission., In particular,
Michaelson was asked toj

A. Provide citations to all reports or studies upon
which the following statements are based:

l, "It is my opinion that there will be no signi-
ficant biological effects resulting from
exposure to the electric and magnetic fields
of the proposed lines."
In his reply of March 6, 1976, Michaelson cited only 2 reports
(p~86, p=92), neither of which were relevant to the issue in support of

which they were cited,

- 66 —
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Response to Colleagues

Michaelson has not been completely fair in his evalu-
ation of the work of his colleagues. For example, there

was his evaluation of the work of Dr. Z. V. Gordon,

of the Institute of Lzbor Hygiene, Academy of Medical Sciences of the USSR,
oscows It occurred on July 10, 1975, during the course of his testimony
before the Board of Public Utility Commissioners of New Jersey on behalf

of Rockland Utilities. Michaelson had testified that only thermal effects
were possible as a consequence of microwave exposure, and that therefore

the microwave tower which Rockland sought to build would not be a health
hazarde Dr. Gordon howevér, had co-authored a book (146) in which she
described her experiments and those of her colleagues involving non-thermal
biological effectss During cross—examination Michaelson was highly critical
of Cordon, and the following colloquy occurred; .

QUESTION: Now, doctor, did you say before that another one of
the faults that you found in her testing methods was that si:e
put the animals in cavities?

MICHAKLSON: No, I didn't say that. I said the fault with her
testing method is tiwt she put them in a battery of cages, not
that she uses cavities. I didn't say that she uses cavities,

L]
AUESTION: ‘liell, what is the defect in that type of operation?
TCHAGISON: As I mentioned before, you have no way of knouing,
of getting a good assessment of the field by the interaction of
one animal against another. That's one problems She uses netal
cages.. Metal will act as an antenna.

- 67 -
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QUESTION: iould you have recommended plastic cages?
MICHAXLSON: Certainly plastic, yes, '

L]
QUESTION: Vhat is polystyrene?
MICHAELSON: That's a plastic.
QUESTION: That's a plastic?
MICHA HISON: Yes. : . .
QUESTION: And it's your testimony that she used metal cages
in her tests, is that right?
MICHAELSON: Ilost of her tests she uses metal cages.

L

L]

L]
QESTION: I'm quoting from page 10 of her introduction. 3he
says "For irradiation with microwaves, and particulsrly with
millimeter waves, the cages were made of polystyrene with a
dielectric loss angle of ,0002~,0003, By using material of
this quality there wuas negligible reflection of the waves
Trom the front (irradiated) wall of the cage and losses of
energy in the walls were minimal." Now doctor, do rou still
state that this woman used steel cages?
MICHAFLSON: Yeso If you will look through there, you rill
see the setuds There is a picture there of the wey she had
the cages arrayed, ;
QUESTICN: Doctor, do you mean to tell me from lookinz at this
picture you can tell whether it's z metal or polystyrene cage?
HICHATISON: Yes. ' .
QUESTICN: In other words, even though she told ever:body she
uses polystyrene, she uses metal cages, is that rizht?
MICHATISON: YeSeeoese _
JUDGEs Is it possible that she had ‘the rong picture in the
book?
#ICHAELSON: No, she has — this is ——
she's dore many studies, I'm trying to
rats or rabbits she's talking about.

re is a lot of —

th
find out if +!

e
i

hese are the
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| EDVARD CARSTENSEN
2 4. Substantive Arguments and Professional Backzround.
3 . Carstensen has concluded that the fields of the proposed Sundesert
4 transmission lines will not produce biolozical effects in the exposed subjects
5 pic conclucion is based on & series of biophysical calculations contﬁined in
6 a Report attached to his testimony. The cclculations contained in the Report,
7 however, are only grbitrary, unverified, and unverifiable hypotheses, and
8 nave virtuslly no predictive value with respect to the safety of the pro-
9 posed tronsmission lines. idditionally, Sarstensen aas given substantially
10 prejudiced testimony with respect to the ILF biological literature.
11 | Bionhysical calculations,
12 In his Report Cgrstensen deseribed some theories of rhysics, and then
13 applied them to uniform oblate and prolate svheroids. In setting forth his
14 | various theories however, Carstensen dealt from & stacked deck. From among

15 the infinity of scientific laws, rules, mathematical models, nurerical data,

16 assunptions, and hypotheses, he arbitrarily chose 2 specific subset of

17 information which predicﬁed that the prOpdéed transmission lines would induce
18| very small electric fields inside spheroidss No significant consequences

19 however, flow therefrom because Carstensen's informational subset is not

20 unique, original, or ﬁrototypal, and because people are vastly more comnlex
21 then uniform prolate sphcrdids. There exigts an indeterminately lzrge na-—
22 ber of informational subseis, every one of which is equally correct, wuhich
23 lead to an indeterminately lorge number of values of internél electric Tield
24 strengths It is possible to utilize equally valid informational subscts

25 and thereby demonstrate in jnexorable fashion that the electric field that

26 would be induced by the proposed transmission line in various mathemntical

27| rodels exhibits a variation of one billion per cent (%). Carstensen has
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therefore literslly assumed that which he purported to prove, namely, that
the electric field induced inside his model by the proposed transmission line
would be small, Carstensen has conceded that there has been no verification
by measurement of any value of the electric fisld strength that he predicted
would be induced insi&e.animals or people exposed to the fields of hizh %ol—

tage transmission lines, (arstensen, New York, 7069),

4 further and distinct error in Carstensen's analysis is his assumption,

sub silento, thot if he could caleculate the electric field strength induced

inside subjects exposed to the fields of the proposed Sundesert lines; then
he could determine whether that particular intensity tiould be hazardous to

health. Tor virtually all systems within the body, we lack knowledge of the

mechanism of action and control. Carstensen of course shares our ignorance,

For exampie, the mechanism by which the body controls the healing of bone
fractures is unknown. It therefore c:nnot be predicted whether the presence
of any specific intensity of electric field inside such healinzg tissue
would be safes A similar: comment applies to 211 healing t%ssue. The
mechaﬁisms regulating thé production of insqlin by the pancreas and the
production of adrenalin by the adrenal glands_are unknown. It therefore
could not be predicted whether the presence of a specific intensity of
electric field inside the pancreas or adrenals would affect their function,
articularly when the field was applied for long periods of time, Similar
comments apoly to all the glands and organs of the body., The etiology of
many humen diseases is unkmorm. It could not therefore, be predicted
whether thé occurrence of Such_diseases wduld be altered by the nresence of
a specific intensity of electric field within the subject's body. The
mechanisms underlying the processes of learning and memory are presently nof

understoods It could not therefore, be predicted whether these rrocesses

s T Cws
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would be affected by the presence within the body of a specific intensity of
electric field, Since the mechanisms underlying the great multitude of
biological processes are mknown, Carstensen has no rational basis upon which
to evaluate the impact of any specific intensity of internal electric field
on physiological function.

Biological literature,

Carstensen has evinced an ambivalence towards the ELF literature, to
which he is a strangef. Sometimes he testified that ELF fields could not
possibly cause a biological effect because his biophysical calculations
precluded the possibility (Carstensen, New York, 6451, 6452, 6453, 6l5L,

6460, 6491, 6463, 6462). This view led him to conclude that the approxi-
mately 65 research groups around the world who have reported such biological
effects were all wrong (Carstensen, New York, 6450-6465), Indeed, Carstensen
reached his conclusion prior to having read the great méjority of the ELF
literature (Carstensen , New York, 6476)s At other times Carstensen adopted
a varient of this testimony, He fastened onto the maximum ground-level
electric field that would be created by his client's high voltage transmission
line, and asserted that the experimentai ELF Studies performed at electric
field strengths below that level were all examples of poor fe§earch, and
those performed at electric field strengths above that level did not apply

to the high voltage transmission line for ﬁhat reason., Thus, when Carstensen
testified on behalf of Quebec Hydro-Electric Corporation and the Niagara
Hohawk Power Corporation (148), he fastened onto 10 kV/m, ‘This choice re-
sulted, in Carstensen's view, in a breakdown of the ILF reports into about
65% wrong and 359 irrelevant. (Carstensen, New York, 7005, 7017) (149))150).
On behalf of SDG & &, Carstensen fastened on & kV/m, and was led therefore

to essentially the same numerical breakdown, Carstensen exhibited still a
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1 a third face during which he testified that there were valid reports of a

2 biological effects occurring at field strengths beloﬁ ﬁis client's ground-
3| level maximum, but that all such effects were innocuous and not medically

4| significant (149, 151).

5 Carstensen has baselessly condemned many experienced and competent

6 scientists as people who commit glaring and obvious errors during the cone
7 duct of their research. It is clear that the fault lies with Carstensen who
8 harbors a heavy bias against those who report biological effects -hich his
9| calculations forbid. Common wisdom dictates that it is Carstensen's claims
10 | that his calculations are relevant to high voltage transmission lines, and
11| not the experimental literature which ought to be rejected.
12 Carstensen's comments regarding confirmation of expgrimental results
13| represent a view through the wrong end of the telescope, If there is a
14 necessity to duplicate any research, the reSponsibility'rests with the
15| applicant and not with the individual scientist who first observed the
16 biologzical effect, If tbe applicant claims that some research report may
171 ve invalid, it incurs the responsibility to duplicate the work to attempt
18| +to sustain its position. A scientific report can not be vitiated by 2 mere
19f assertion of invalidit; unsupported by contradictory data. Furthermore, it

20| 1is only the applicant, the utility industry, and the governmental agencies

21 with zn interest therein who posess the resources to support duplication of

iescribin:

22 ﬁlF‘reseﬁrch. Hany'investigntors /ho have.published reports 7
25| biolozical effects no longer hqfe research support. Carstensen is well
24| auare thot there are only three groups in the ﬁnited States'today "iith

25| significent fesearch funds available in the ILF area, namely the inergy

26 | Developrent Research igzency, the Zlectric Power Research Institute, and the

27

]

ffice of Waval Research, snd that all three generally do not fund projects
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in the laboratories of investiszators who have previously reported a biolozi-
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cal effect due to ILT exposure.
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9. ADDITIONAL MATTERS

Availability of Information

There are three important sources of information regarding the biological
effects of ELF electric and magnetic fields that are available to

Applicantt's witnesses but are not available to me.

The Electric Power Research Institute (EPRI) is currently supporting a
number of biological experiments. EPRI was requested by the staff of the
Public Service Commission of New York to supply copies of the research
protocols and interim results for each project, but refused to supply a
substantial amount of the reﬁuested-information on tﬁe ground that it was
privileged. I believe that all such information is available to Applicant's

witness Michaelson who is a member of EPRI's Scientific Advisory Committee.

During the course of the New York Hearing in Cases 26559 and 26529 a
witness for the utility companies testified that a Committee of the
National Academy of Sciences (NAS) fofmed ét the request of the Navy in
connection with Project Sanguine had accurilated more than three linear feet
of material dealing with the effects of ELF fields on biological systems.
The NAS was requested by letter from the Chairman of the Public Service
Commission of New York to supply a copy of tht materials to the Staff of

the Commission, bﬁt refused to do so because it was against NAS policy to

disseminate information prior to the final Committee Report. ALl the NAS

information is availsble to Applicant's witness Michaelson who is a member

of the NAS Committee,

-7 -




1 During the New York Hearing, Applicant's witness Michaelson cited a large
2 number of Soviet reports dealing with the biological effect of ELF fields
3 (Michaelson, New York, 9842-98L5, 9865-9878, 10473-10477). He refused

4 however, to supply copies of the Soviet literature to the staff of the

5 Public Service Commission when. requested to do so. |

6 2

7 My inability to obtain the information described above, which I believe
8 is pessessed by the Applicant's witnesses, and which I believe is

9 substantially adverse to their position in tﬁis hearing, has interfered
10 with my presentation of the issues.
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BIOLOGICAL RESEARCH SUPPORTED BY THE ELECTRIC POWER RESEARCH INSTITUTE

The initial research project sponsored by EPRI in the bioeffects area was
RP-98, located at John Hopkins University. In 1974, the project investiga—
tors reported that 60 hertz electric fields were faﬁal to mammalian '
cells (40). Subsequently, the project investigators found that only 5 hours
exposure to an electric field comparable to the ground level field under
the proposed Sundesert 500 kv transmission lines significantly interfered
with a normal physiological responsekin dogs (26). At the end of February
1976, after 5 years of support tobtaling about $533,000.00, RP ~ 98 was

terminated by EPRI and no official final report was issued.

EPRI has two other major projects concerning which it has released some
detéiled scientific information. They are RP = 799 and RP -~ 129. In
both cases the experimental protocols have been designed in such a way
that no possible result of the experiments will be adverse to the utility
industry. Tt is nob possible for either experiment to furnish results
showing that exposure to the fields of High_voltage transmission lines

is hazardous. Moreover, it will be several years before the projects
will be completed. It.appears that the strategy of EPRI's research
program is to provide a false sense of movement towards resolution of the

issue of safety of high voltage transmission lines.
Under the claim of pfivilege EFRI has refused to supply any information

regarding several other projects. I have therefore, been unable to

analyze their experimental designs.
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Research funded by FPRI is highly unlikely to be of use to the Commission

in assessing the safety of high voltage transmission 1ines. EPRI's
Scientific Advisory Committee is heavily weighted in favor of the interests
of £he electric utility industry. Its currently funded research does not
reflect concern for the actual problems creaﬁed by high voltage trans-
mission lines. Moreover, the propriety of EPRI's action of terminating
RP-98 at precisely the point at which the investigators began to report.
adverse effects in animals, reflects questionsble policies, and undermines

any confidence in the objectivity of their program.

Finally, EPRI cannot be relied upon because it makes available only a
carefully selected portion of its information concerning ELF field
induced biological effects, and the material furnished cannot be presumed

to reflect thhk character of the material withheld.

..-‘?7_.




IRT PAPER

2

S

10
11
12
13
14
15
16
17
18
19
20
21
22

23

‘24

25

26

27

‘E OF CALIFORMNIA
113 (REV. B.72)

o8P

HEREDITARY PREDISPOSTTTION

Applicant's witnesses claim that hereditary factors do not alter their
conclusion that it is safe for all members of the general population to
be exposed chronically to the fields of high voltage transmission lines.
The record however, tends to establish that hereditary factors render
chronic exposure to suech fields of greater potential hazard to certain
portions of the general population. For instance, black people exhibit
higher than average rates.of high blood pressure and related cardiovascular
disorders. Robert 0. Becker, MD, has testified in the New York hearing
that the changes produced within the bodies of laboratory animals and
people, exposed to ELF fields, are similar to those observed clinically
in people having high blood pressure and related cardicvascular disorders.
Consequently, chronic exposure to the fields of the proposed transmission
lines may be particularly hazardous for those groups in the population
having inherited or other systemic factors predisposing them to the
development of high bloﬁd pressure and other cardiovascular diseases.
There are other examples in the record.tending to indicate that particular
groups within the general population are more susceptible than the average
to chronic exposure to the fields of high voltage transmissiom lines, but
the area generally is unexplored. There are for instance no published
reports in the United States involving the study of the health consequences
to various groups Wlthln the general populatlon of 11v1ng or worklng near

the transmission lines.




4 10. RECOMMENDATIONS
2 T make the following general recommendations to the Commission:
"r 3 1. The proposed Sundesert 500 kv transmission lines should not be
_ : 4 built as proposed because the design takes nd account of the
5 biological effects that will 1likely be produced by its electric
6 or magnetic fields in the bodies of people who live or work or
R i ~otherwise come in proximity to the proposed transmission line.
. :
9 : 2. As an independent basis, the.proposed Sundesert 500 kv transmission
10 lines should not be built as proposed because its proponents have
11 not considered the possibility of the production of a synergistic
12 ; interaction between the electric and magnetic field of the line
1311 - in the bodies of the exposed people. The Appiicants have further
14 failed to consider the possibility of a synergistic interaction
15 betﬁeen both fields associated with the proposed transmission
16 line and other factors present in the environment which are known
17 ' to have biological significance.
.18 . .
19 3, As an independent basis, the transmission lines should not be
20 built as proposed because its proponents have failed to adequately
21 consider the knowledge and information which exists within the
29 - scientific literature of the Soviet Union which indicates that
23 : the proposed transmission line would be a health hazard.
24
25 L. As an independent basis, the transmission lines should not be
26 built as proposed because the proponents have failed to consider
o7 the consequences that radiation therefrom will cause specific
unreacen, -
» 113 (REV. 8.72)
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physical processes to occur in the ionosphere, thereby possibly
causing an increase in the incidence of human skin cancer, and

possibly causing a modification of global weather patterms.

I make the following specific recommendations to the Commission:

1.

A notice of Dispute should be sent to every person living or
working adjacent to the proposed right~of-way, and the general
public should be appropriately informed that there exists a valid
scientific dispute between competent scientific and medical
suthorities concerning whether chronic exposure to the electric
and magnetic fields of the proposed high voltage transmission
lines and existing high voltage transmission lines aﬁd existing
biological effects &n the bodies of exposed people, and also,

a dispute whether specific biological effectslso produced are.
a health hazard. The Notice should be given to the people of
California, many of whom are unaware of even the existence of
electric and magnetic fields, regardless of the decision of the
Commission in this caée, so that the people may decide for them-
selves the extent to which the proposed lines will be a health

hazard.
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2.

A panel of independent* scientific experts should be appointed by‘
the Commission to evaluate whether the radiation from the proposed
transmission lines will likely effect the incidence of human skin

cancer, or will likely effect global weather patterns.

A panel of independent* scientific experts should be appointed by

"the Commission with the responsibility to assess all obtainable

scientific literature within the Soviet Union which is relevant
to the question of the extent of the health hazard that will be
created by the proposed transmission lines. The panel should be
instructed by the Commission to contact directly the proper Soviet
officials and, if necessary, eonsult directly with the proper

Soviet sclentists and other officlals.

In the event that the Commission finds that direct medical opinion
is needed, a panel of independent* medical experts should be
appointed by tﬁe Commission to evaluate the extent of the potential
hazard posed by the proposed transmission lines as detefmined from
the information currently available in the open scientific

literature concerning the existence of biological effects.

* By the term independent is meant that the scientists selected by the
Commission not be employees, agents, consultants, advisors, major
stockholders or grantees of any electric utility company or related
industry. The individuals selected should be outside the orbit of
both the electric utility industry and state and federal agencies such
as the Energy Development and Research Agency, which are intimately
associated in interest.
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The Commission should explicitly adopt and apply a Safety Factor °
of 100,

The right of way chosen or approved by the Commission should be
such that the strength of the electric field at the edge will be

less than 1 volt/cm.

Where the Commission finds that a particular biological experiment
published in the open scientﬁfic Literature would be given
decisional impact but for some objection raised in this
pfoceeding by the Applicant concerning the competence of the
responsible investigator or his data, that in all such cases

the Commission invite the impugned investigator to answer

directly to the Commission the charges levied in a special hearing.
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8

The Commission should create an Administrative Research Council
(ARC) to oversee the performance on basic and applied research
concerning the effects of electromagnetic energy on people and

the environment in connection with the manufacture and transport

" of electrical power. The ARC should be authorized to fund

research by competent independent* investigators to furnish the
information necessary to properly and efficiently regulate high
voltage transmission lines and similtaneocusly protect the health
of the peopleof California. The ARC should contain a Review
Section composed of independent* individuals possessing the
expertise necessary to offer advice to the Commission based on
the results of the research performed by ARC investigators

and that performed by others.
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“ere is a further and equally fundamental basis for assigning
retuced evidentiary weight to negative reports, .Consider for

=x==ple, the report by Miller (106) who found that when bean

Foamt roots were exposed to ELF fields of up to 17 gauss or
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1 0.1 volts/cm for six days, root groﬁth was unaffected. One
2 may ask what the effect on growth would have been if a stronger
3 electric field had been used, or if the roots had been exposed
4 - longer, or if pears or tomatoes had been studied instead of
5 ~ Dbeans, or if the exposure techinque were changed to simulate
6 the kind of exposure that the beans would receive under the
7 proposed lines, or if some parameter other than that studied,
8 were measured. In each instance there is no answer because
9 there is no experiment. Thus, the precise and limited set of
10 conditions for which we know, based on Miller's work, that no
11 effect occurs, is a dimunitive increase in the body of knowledge
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131.
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141,
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Washington, D. C., February 17, 27, 1975. See also, Discussion
held after presentaﬁion.

A metal enclosure designed to prevent any external electric
fields which exist in the environment from penetrating the
interior of the enclosure.

Testimony of Sol Michaelson before the Committee on Commerce of
the United States Senate, March 8, 9, and 12, 1973.

Testimony of Sol Michaelson before the Board of Public Utility
Commissioners of New Jersey, May 15, and July 10 and August 14,1975.
Testimony of Sol Michaelson before the Workmen's Compensation
Appeals Board of California, June 25 and August 20, 1974.
Testimony of Sol Michaelson before the Public Service Commission
of New York, May 25 and June 15, 1976, and February 24, 1977.

Se Michaelson, R. Thompson and J. Howland, Biologic Effects of
Microwave Exposure, RADC-TR-67-461, Rome Air Development Center,
Griffiss Air Force Base, New York, September, 196%.

Reference 132, pages 121~123.

Reference 132, pages 125-126.

Reference 132, page 123.

Reference 132, pages L45C-L51.

Direct Testimony of Sol Michaelson in the Matter of the

Application of Rochester Gas and Flectric Corporation and Niagara

~ Mohawk Power Corporation to the State of New York Publication

Service Commission for a Certificate of Environmental Compatibility
and Public Needs PSC Cases 26559 and 26529.
Reference 132, page 451.

Reference 133, August 14th, page 118,
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15k,

Reference 134, page 76.

Reference 134, page 95.

M. S. Tolgskaya and Z. V. Gordon, Pathological Effects of Radio
Waves, Consultants Bureau, New York, 1973.

Testimony of Edwin Carstensen before the National Enefgy Board
of Canada, Application No. 11923-4/Q-2, June 10, 1976.
Testimony of Edwin Carstensen before the Public Service
Commission of New York in Cases 26559 and 26529;

Reference Mumber 147, pages 1382-138L.

Reference Mumber 148, Rebuttal Téstimony, pages 13-15.
Reference Number 148, Rebuttal Testimony, page 18.

V. Hilmer and Ge. Tembrock, "Untersuchungen zur_lokomotorischen
Aktivitat Weisser Ratten uﬁter dem Einfluss von 50 Hz—Hochspannungs
Wechselfelden," Biol. Zbl., 89, 1 (1970)

V. Altman and S. Lang, "Die Revieraufteilung bei Weissen Mausen
unter Naturlichen Bedingungen, im Faraday's schen Raum und in
Kunstlichen luffelektrischen Feldbereichen," Z. Tierpsychol.,

3k, 337 (1974).
W. Moos, "A Freliminary Report on the Effects of Electric Fields

on Mice," Aerospace Med., 35, 374 (196k).

Addendum to references—— Delete numbers 1&2—1&5
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FIGURE 1, THE 500 KV TRANSMISSION LINES PROPOSED BY SDG&E FOR

THE SUNDESERT PROJECT ILLUSTRATING THE EXISTENCE OF THE

ELECTRICAL ENERGY BEING TRANSPORTED. The energy is composed

of aﬁ electric and magnetic field, For simplicity, énly the

electric field'strength at each lateral distance is shown.

(Phase array ABC-ABC, conductor configuration horizontal-horizontal,

conductor height 35 feet, subconductor spaecing 18 inches.)

DISTANCE FROM CENTER LINE (FEET) bl DISTANCE FROM CENTER LINE (FEET)
be——— RIGHT - OF - way

30?0 2000 IOOO 900 BOO ?OO 600 500 400 300 200 150 IOD 50 0 50 100 150 200 300 400 500 €00 700 800 900 1000 2000 3000

002 006 03 04 06 0 4S5 27 55 2 7 iz4 8l 49 30 49 8 ?4| 7 2 55 27 45 .0 06 04 .03 006 002

ELECTRIC FIELD (VOLTS /CM]) C:"L ELECTRIC FIELD ({VOLTS/CM)
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#E 2. EFFECT ON MICE OF CONTINUOUS EXPOSURE TO 60 HERTZ ELECTRIC FIELDS. .
soth mice were 35 days old ‘when the photegraph was. taken. The mouse in the upper part
of the photograph was conceived, geétated, born and reared while being continuously
exposed to a 60 hertz electric field, as were its parents. The mouse in the lower
part of the photograph was a normal unexposed mouse, as were its parents. See
reference number 1, | ' '




Figure 3. Apparatus fmployed to Generate thé Power Frequency Electric Field
A metal plate was permanently mounted between two sheets of plywood, with
provisions for applying and measuring the working voltage. Vibration iso-
lation pads which supported the cage, were glued to the upper wood surface.
Three designs were employed for the grounded cage top: (1) an all stain-
less steel top (Type A), (2) a modification of Type A in which the metal
feed trough‘was replaced with one of plastic (Type B), (3) a modification

of Type B in which a stainless steel 1id covering the plastic feed

trough was added (Type C). The approximate electric field profiles cor—
responding to each type of cage top are shown. Perturbing effects due to

the presence of the various dielectric materials, and due to the water

-bottle, have been neglected.
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FIGURE &4, SCHEMATIC ILLUSTRATION OF RADIATION FROM CANADIAN
POWER SYSTEM TRAVELLING BETWEEN CONJUGATE STATIONS AT

ROBERVAL AND SIPLE IN A DUCT IN THE MAGNETOSPHERE,

ROBERVAL _

POWER LINE

INTERACTION \:
REGION —}:
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Table 1

AVERAGE WT. 35 DAYS AFTER BIRTH

Female

{grams)

(23) 17.0% + 3.2

(21) 22.0*%
(26) 24.0

(17) 13.6*
(43) 19.2*
(12) 23.6

(19) 17.6
(82) 20.9
(47) 19.2
* p < 0.0

+

+

|+

+

|+

|+

1.8
1.5

2.8

2.7
1.7

3.8
2.5
3.3

Male

(22) 22.39*
(25) 23.9*
(25) 27.0

(15) 15.4*
(47) 22.8*
(44) 27.5

(16) 17.3*
(43) 23.3
(49) 21.7
Tp<0.00

TABLE 1., EFFECT OF LOW FREQUENCY ELECTRIC FIELDS OM THREE SUCCESSIVE GENERATIONS OF MICE.

pregnancies; C, number of pups am_dqmwmmm D, average litter size; E, mortality during first

postpartum. The number of mice is given in parenthesis.

)

/

+

|+

+

I+ |+

|+

4.9
3.4

2.0

2.9
2.8
2.3

4.7
2.9
3.8

AVERAGE WT. 10 WEEKS AFTER BIRTH

(grams}
Female . Male
(16) 2757 + 2.5 (15) 29.2% + 2.6
(28) 27.2% + 2.3 (39) 33.7% + 3.9

(34) 29.9 + 2.5

e e L T T Tp—
i

L L L T T T —

(32) 36.5 + 2.9

A, number of females mated; B, number of

week postpartum; F, mortality during 8-35 days




Table 2 _ %"
_ Serum Proteinsg (g/d1) :
Experiment No. No. of Rats Final Body Weight Serum Corticoids Total Albumin _a.. ;
_ , : (grams) (ug/100 ml) . : . gl
1 (23,52) Experimental (14)° 244.0% + 12.¢  14.6 Fodi Bl
Control €19) 2731 =# 1g.9 22.0 7.1 3.8
2 (24,57) Experimental (14) 276.5 + 24.1 12.4 8.4 4.4
Control (22) 290.8 + 27.9 18.0 6.6 Fa2
~ 3 (22,55) Experimental (14) 270.4 % 14.3 10.4 8.8 4.6 .
Control (18) 277.8 * 15.8 14.5 7.1 3.5
*
4 (21,51) Experimental (14) 228.7 + 26.1 56.8 - - .
_ Control (11) 251.0 = 11.3 53.4 - - _ 3
L.
& m AN
P < 0,05 Tt .
TABLE 2. EFFECTS OF CONTINUOUS EXPOSURE TO POWER FREQUENCY ELECTRIC FIELDS ON SOME BIOLOGICAL PARAMETERS oF g ¢ ,w .
RATS. Serum corticoids and albumin were measured employing the pooled sera of all rats within each group. v Mg
Numbers in first column indicate age, in days, at initiation and termination of exposure, ; ' i i o
— ‘ e -



|
W
O o
Ro. of Cage Top Water Food Final body Pinal Adrenal Final Pituitary Serum '

Rats Type Consumed Consumed weight weight weight Corticoids  SGOT |

(ml/rat)  (grams/rat) (grams) (uglg) (vg/g) (ug/100 ml) (I. ¥)

. N .* _

(24,27) exp. (15) C mbo* + 68 587 * 36 293.4 * 17.0 180.1 * 19.8 38,7 * 3.2 6.8 *+ 0.8 1982 |
cont. (18) 940 * 142 603 + 40 286.7 * 22.1 181.8 * 16.0 35.2 + 3.8 8.7 * 1.2 194

* .
(22,54) exp.  (14) 4,c 749" + 80 — 264.8" * 24.1 181.6% = 21.1  43.9 + 4.1 7.2 £ 1.5 18€
cont. (20) 891 * 93 —-— 281.0 =* 12.5 158.9 * 18.3 40.6 * 3.1 7.6 % 2.1 157
*
(25,56) exp. (19) A 819 * 83 582 * 29 289.5 * 14.9 165.3 =+ 18.5 32.9 =* 3.1 . ——— wmo
_ ,:_. cont. (21) 890 * 104 588 * 42 287.8 * 18.4 168.8 =+ 20.3 35.2 + 2.6 —_— 157
s *
8 ~<25,55) exp. (16) B 901 * 50 542 = 33 282.4 * 13,3 155.2 + 18.4 38.0 =t 2.4 6.0 * 0.7 137
: cont. (1l4) 1054 =+ 84 545 * 36 283.0 * 12.7 155.8 + 30.6 39.0 % 2.6 6.4 * 0.6 134
m. (24,56) exp. (20) A 1003 + 82 614 * 32 286.8 + 17.9 132.1 + 15.8 31.4 £ 2.4 m.w: % 2.0 196
_ cont. (20) 1099 =+ 117 618 * 43 290.2 #£ 13.2 125.7 * 14.3 29.4 * 2.9 16.3 =+ 3.8 185
10 (24,58) exp. (14) A 1143 * 157 6427+ 31 294.6 =+ 15.2 173.9 + 20.0  31.2 + 1.8 ‘9.5 * 2.0 ° 191
cont. (16) 1202 =+ 107 664 + 17 300.4 =+ 12.0 179.3 + 15.8 30.6 * 1.8 9.7 * 4.0 133
% P < 0.05 l "
HP&HMu“.,_mcmemw EFFECTS OF CONTINUOUS EXPOSURE TO POWER FREQUENCY ELECTRIC FIELDS ON SOME BIOLOGICAL PARAMETERS & ”

OF RATS.

Serum corticoids were measured employing sub-pools of 2-3 rats within each group.

column indicate age, in days, at initiation and termination of exposure.

Table 3

Numbers in first

Ll




TABLE 4, SUMMARY OF ELF EXPERIMENTAL STUDIES. The first two columns
give the principal investigator and his institution, The third

column gives the reference number in this testimony for each

study., The fourth column givés the biological system studied, and

the next two columns give the strength and frequency respectively

of the applied field. The seventh column gives the length of time that
each investigator exposed the biological.system under study, The
eight column gives the observed biological effect, D1 is the

distance (measured laterally from the center of the proposed
right—of—Way) at which the field from the proposed transmission

- lines would decrease to the value employed by the investigator in the
cﬁrresponding experiment, D2 is the distance (similarly measured)

at which the fields from ‘the proposed transmission lines would
decrease to 1/100 of the value employed in the corresponding
experimgnt. D3 is the width of the zone that would be necessary

to prevent entry into an area in which the field of the proposed

transmission lines exceeded 1/100 of the value employed in the

corresponding experiment.




Investigator

SUMMARY OF ELF EXPERIMENTAL STUDIES

TABLE 4,

Institution Ref. Animal Field Freq. Duration  Observation D D D.
no studied applied (hertz) : 4 :
. £ ¥ 3
o ey (f£.) (£ (Fr.)
Gann Johns Hopkins 40 cells 6000 60 7 days cell near 119 238
Sch, Medicine death wire
Solov'ev USSR 11 mice & 5000 50 several death near 125 250
insects hours wire
Smith U of Kansas 66 mice 17 gauss 60 several altered near 95 190
minutes behavior wire _
Knickerbocker Johns Hopkins 30 mice 1600 60 10 1/2 altered near 165 330
-Sch, Medicine months growth wire
Johansson Inst, High 21 humans 1000 50 75 min, altered near 180 360
Voltage Res, behavior wire
Uppsala
Blanchi Turin U, 51 mice & 1000 50 1000 hrs. altered near 180 360
rats physiology wire
Watson U. of Wales 41 chick 1000 1 9 days altered near 180 360
tissue growth wire
Spittka U. of Berlin 15 rats 500 50 several altered near 215 430
minutes behavior wire
Hilmer U. of Berlin 152 rats 500 50 10 days altered smmn 215 430
behavior wire

- 111 ~




TABLE 4 (continued)
Investigator Institution Ref. Animal Field Freq, Duration  Observation D D D
no. studied applied (hertz) ?Mn ) Awn ) Awn )
(v/cm) . : .
Bankoske Westinghouse 35 chicks 400 60 3 weeks altered near 225 450
Electric Co, growth wire
Sazonova Leningrad U. 20 rabbits 300 50 18 hrs, altered 0 240 480
behavior
Ossenkopp U. of 84 rats 3 gauss 0.5 22 days altered 0 185 370
Manitoba behavior
Friedman VA Hosp. 61 humans 3 gauss 0,2 several altered 0 185 370
. ) hours behavior
1
Persinger Laurentian 67 rats 3 gauss 0.5 21 days altered 0 185 370 ©
University behavior A
. l
Mamontov Moscow Med, 14 mice 200 50 4 hrs, altered 0 265 530
Institute growth
Gann Johns Hopkins 26 dogs 150 60 5 hrs, altered 0 315 630
Sch. Medicine physiology
Marino VA Hosp. 243 rats 150 60 1 month altered 0 315 630
growth
Warnke U, of 12 bees 110 50 several altered -0 340 680
Saarbrucken days behavior
Marino VA Hosp. 1 mice 100 60 6 months altered 0 350 700
. growth



TABLE 4 (continued)

Investigator Institution Ref. Animal Field Freq. Duration  Observation D D D
' no. studied applied (hertz) nWm ) Awn ) AWn )
(v/cm) : ' *
Hauf Inst, Electro- 22  humans 100 50 3 hre. altered 0 350 700
Pathology ‘ behavior
Freiburg
Bassett Columbia U, 78 dogs 1 gauss 65 28 days altered 0 285 570
growth
Bassett Columbia U, 79  humans 1 gauss 56, | 3-6 ~altered .0 285 570
months growth
Persinger Laurentian 83 rats 1 gauss 0.5 10-26 - altered 0 285 . 570
, University days physiology _
Erhman Tubingen 80 humans 1 gauss  4-12 several altered 0 1285 570
weeks physiology :
Beischer Naval Aero- 81 humans 1 gauss 45 1 day altered 0 285 570
space Res. physiology
Lab.
Milburn UCLA 65 humans 1 gauss 400 several altered 0 285 570
: minutes behavior
Gibson Naval Aero~ 64 humans 1 gauss 45 1 day altered 0 285 570
space Res. . behavior
Lab.
Rosenthal U. of Chicago 107 plants 1 gauss 75 9-50 altered "0 285 570
& 0.1 days growth

e JAT 5




TABLE 4. (continued)
Investigator Institution Ref. Animal Field Freq. Duration  Observation D D D
. no. studied applied (hertz) mWﬂ ) mwn ) Awn )
hq\ngv - . .
McElhaney West Virg, 31 rats 70 30 28 days altered 0 365 730
University growth
Giarola Texas A&M 36 chicks 35 45-60 28 days altered 140 465 930
University : growth
Altman U. of 153 mice 35 10 3 days altered 140 465 930
Saarbrucken behavior
Lang U. of 50  mice 35 10 56 days altered 140 465 930
Saarbrucken physiology .
Altman U. of 13 bees 30 50 several altered 150 480 960
Saarbrucken minutes physiology
Kruger Texas A&M 37 chickens 37 60 4 months altered 165 565 1130
University physiology
Friend Naval Res. 19 amoebas 10 1-100 10 min, altered 180 665 1330
Institute physiology
Moos U. of 154 mice 10 60 10-150 altered 180 665 1330
Illinois days behavior
Marsh U. of Iowa 32 flat- 3.1 60 5 days altered 245 1050 2100
: worms growth
Altman 1k of 49 guinea 2.4 10 13 days altered 255. 1100 2200
Saarbrucken pigs physiology
Reisen IIT Res, 29 cells 1.55 60 40 min, altered 311 1665 3330
Institute physiology

= 11k &




TABLE 4. (continued)
Investigator Institution Ref, Animal Field Freq. Duration Observation UH Um Um
no, studied applied (hertz) (ft.) (£t.) (£t.)
(v/cm)
Mathewson Armed Forces &4 rats 0.5 45 28 days altered 415 2065 4130
Radiobiology physiology _
Res, Inst,
Lott N, Texas St. 27 rats 0.4 640 90 min, altered 440 2450 4900
University physiology
Bawin UCLA 28 brain 0.1 1-75 20 min, altered 665 > 1 > 2
. tissue physiology . mile miles
Gardner U. of 105 plants 0.1 45 64 days  altered 665 > 1 S 3 ;
Wisconsin growth mile miles mW
Hamer UCLA 23 humans 0,04 2-12 several  altered 870 >1 > 2 }
minutes behavior mile miles
Gavalas UCLA 16,17 monkeys 0,035 7-75 several altered 965 S 0 > 2
minutes behavior mile miles
Persinger Laurentian 25 humans 0,03 3-10 40 min, altered 1000 >1 > 2
University behavior mile miles
Wever Max Planck  46-48 humans 0.025 10 8 weeks altered 1100 >1 > 2
Institute physiology mile miles
Durfee U. of 38 cells 0,01 60 3 days altered 1400 >1 > 2
Rhode Island growth mile miles
Konig Technical U, 24 humans 0.01 3-10 several altered 1400 >1 > 2
Munich : _ minutes behavior mile miles



TABLE 4, (concluded)

Investigator Institution Ref. Animal Field Freq. Duration  Observation UH : um cw
no, studied applied (hertz) :
(ol (fe.) (ft.) CEE: )
Goodman U. of 33,34 slime 0.007 & 45-75 600 days altered 2200 >1 > 2
Wisconsin mould 2 gauss ‘ growth mile miles
Noval Temple U, 43 rats 0. 005 45 30-40 altered 2400 >1 > 2
Med. Sch, days growth mile miles
Socuthern Northern Il11l, 102 birds 0.002 & 45-76 2 min, altered 3000 S 1 > 2
University 0.5 gauss behavior mile miles
Graue Bowling Green 101 birds 0.0007 & 76 several altered > 1 >1 S
State U, 0.2 gauss minutes behavior mile mile miles
Larkin Rockefeller 103 birds 0.0007 & 45-76 several altered - | >1 )
University 0.2 gauss minutes behavior mile " mile miles
Williams Swarthmore 104 birds 0.0007 & 45-76 several altered =0 o >1 > 2
College 0.2 gauss minutes behavior mile mile miles
McCleave University 18 fish 0. 0007 60-75 several altered >1 >1 > 2
of Maine minutes behavior mile mile miles

= 11 -



Name:

Position:

Affiliation/Address:

Tducation
1974
1968

1965

1962

Experience
196l ~ Present

- Present

1972

1875 - Present
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ANDREW ANTHONY MARINO, PH.D. = -2-

PUBLICATIONS

1. The Electron Paramagnetic Resonance Spectra of Bone and Its Miajor
Components. Nature 210, 583-588, 1966 (with Becker, R.0.).

2, Evidence for-Direct Physical Bonding between the Collagen Fibres and
Apatite Crystals in Bone. Nature 213, 697-698, 1967 (with Becker, R.OLY,

3. Dielectric Determination of Bound Water of Bone. Phys. Med. Biol. 12,
367-378, 1967 (with Becker, R.0. and Bachman, C.H.),.

4. Mechanically Induced Free Radicals in Bone. Nature 218, 466-467, 1968.
(with Becker, R.0.).

5. Role of Water in Some Biophysical Properties of Skeletal Tissucs. Hiology
of the Mouth, Amer. Assoc. for the Adv. of Sci., 135-143, 1968 iwith
Becker, R.0.). :

6. Electron Paramagnetic Resonance in Human Bone Mineral: A Correction.
Nature 221, 661, 1969, (with Becker, R.0.). ’

7. Temperature Dependence of the Electron Paramagnetic Resonance Signal in
Tendon Collagen. Nature 222, 164-165, 1969, (with Becker, R.0.).

‘8. The Effect of the Electric Current on Rat Tail Collagen in Selution.
Calc. Tiss. Res. 4, 330-338, 1970. Marino, A.A. & Becker, K.0.
9, Evidence for Epitaxy in the Formation of Collagen and Apatite. Nature
226, 652-653, 1970. Marino, A.A. and Becker, R.O.

10. Piezoelectric Effect and Growth Control in Bone, Nature 228, 473, 1970.

' Marino, A.A. and Becker, R.O. :

11. Origin of the Piezoelectric Effect in Bone. Calc. Tiss. Res. 8, 177-180,
1971. Marino, A.A., Soderholm, S.C. & Becker, R.O.

12. Dupuytren's Contracture: Some Associated Biophysical Abnormalities. Clin.
Orthop. & Rel. Res. 83, 144-148, 1972, Berg, E., Marino, A.A. & Becker, R.O,

13. Lung Damage in Mice Folléwihg Intraperitoneal Injection of Butylated Hydroxy-

; _ toluene. Proc. of the Soc. for Exp. Biol. & Med. 140, 122-125, 1972,
Marino, A.A. & Mitchell, J.T. : :

14. Piezoelectricity & Autoinduction. Clin. Orthop. & Rel. Res. 1 0, 247-249,

' 1974. Marino, A.A. & Becker, R.O.

15, Piezoelectricity in Bone as a Function of Age. Calc. Tiss. Res. 14,

327-331, 1974, Marino, A.A. and Becker, R.O. o
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" Du5. Skin Conductence Variation at Acupuncture Loci. .mer

i Ao MARTNO 3

«rfeet of Selected Metals on iiarrow Cells in Julture., Chew-Biol. Inter-
actions 9, 217=223, 197h. A ilarino, Ted. Berger, R.C. Secker and
Jeite 3pAd2ro.

~lectric Field Tffects in Selected Biologic Systems. .innals of N.Y.
iocadeny of Gcle, 238, L36-hil, 197h. llarino, l.i., Berger, T.Je,
K 1tc"1‘=‘ll Jo lae 1 ')uﬂcf‘eu, i .-"'L "y -'_i.rld .'r}:lcker, .'j. .f_; .

Flectrical Stimulution of Articular Cartilajge Regeneration. .nnals of
- - - )

N.7. Academy of Sci., 238, 491-499, 197h. Diker, B., 5padsro, dJ.,

tiarino, A.dey and Becmnr, J.O.

Tlectrostztic Field Induced Changes in liouse “erum Proteins. Ixperientie,
30, 127k, 1074, Harino, ..i., Bergery Tod., cecker, R.0., ond Hord, AN
Tiezoelectricity in lydrated Frosen Bone and Tendon. =t 223, Ha7=502,

4_97/. :u.I'lTlO, .'L.AI..' :nd ._.C’..,!CCI" ;?..O.

Flectrical Jorrelates of icupuncture Points. Diomedical Zngineering
(IBEE Trensactions) BiE—-22, 333-535, 1975, Reichmenis, H., Yarino, Alle,
and Becker, R0

imer, Jo of Chinese
s £ a ; i
tede, Ly 69-72, 1976, Reichmanis, ., :larino, l.:i., and Becker, R.C.

Tlectrophysiolozical Correlates of icupuncture Foints and Meridians.
“srcnoenergetlc Systems 1, 105=112, 1976. 3ecker, R.0., leichmenis, Il.,
larino, A.l., and Spadaro, Jei.

Photoconductivity in Bone and Tendon., Biophysical J. 15, 8L5=dhb, 1976,
Fuller, R.Ge., ilarino, de.li., and 3ecker, R.0.

The Effect of Continuous :xmogure to Low Freguency Electric F101d° on
Three Generations of lices A Pilot Study. Experientia 3%, 567, 197,
Hlarino, Ae.ie, Becker, Rs0sy and Ullrich, B, :

Bvaluation »f Electrochemical Information Transf{er System. 1. Effect
of Electric Fields on Living Organisms. J. of the Ilectrochemical

Society 123, 1199-1200, 1976. Aele Marino, T.J. Berger, B.P. Austin
and R.C. Becker.

Zlectrical Outeogene in Analysis, Clin, Orthope nc Rel. Res. 133,
MSO—“SQ 1977« Aehe mrino and R.0. Becker.
]

Also, see testimony References 3, L, 5, 6, and 7.
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