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1 IMINAX,Y MATTM,S

PERSOIaL BACI(GBOU}ID AND DESCRIPTION OF QUATIFTCATIONS
a

tr{y name is Andrew A. Marlno. My busjxess add.ress is the Veterans

Adrninlstration Hospltal, 8@ frrring Avenue, Slniacuse, New york, l3ZlO,

f received a bachelorts degree from St. Josephrs Co11ege, philadelphia,

Penrrsylvania, i-n Jrxre, tg62, I received a masterrs degree and a

d.octorate in physics frcnn SSracuse University tn It65 and 196g

respectively. My field of specialization is bi-ophysies. Since September.

Lg6t+, f have been employed frr11-ti-me as a research biophysicist by the

United States Government at the Veterans Administration Hospital in
S;racuse, f am also an Assistant professor in the Department of

ffi,hopedic Surgery of the Upstate Medlcal Center at Strmacuse.

Our reeearch laboratory was forrrded i:r 1960 to study the interactlon

of electricity and biologlcal s;rstems. presently, ou,r interdi-sciplinary

staff is composed of three ph.Drs in biophysics, one ph.D in anatcrny,

two M.D.s, ed forr support personnel. Ad&itionally, we have rortjne

consultatj-on with specialists in bioelectrochemistry, veterinary medicine,

materials science, md electri-caI engineerjng.

I graduated from the Col1ege of Law of SSracuse Unj-versity in May 1g7l+,

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

D:ring the corrse of my emplotrment at the Veterans Adminlstrar,,ion Hospita.l

I have co-authored approximately 35 scientific publications dealing with

electrical effeets and electrical measurements in arrtmals. snd human beings.
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Included among such publicati-ons are three reports which describe the

results of subjecting rnlce and rats to an electrical enrrironment similar
to that created by irigh voltage transmissior lines (trZJ). Included

also are prblications which describe the natr:re of the energ.y flow along

high voltage transm:issicu: fines ({), and. which describe the resrrlts of
mathematical calculations of the effects of electrical exposure on

arui$afs (5). f have written a rerriew of the world-tri:ide scientific
Literature deal-ing with the biological'effects assoeiated i.ith exposure

to an electriceJ- envircn:ment simlIar to that created by high voltage

transnr-ission 15nes (5). We have also j.nvestlgated the stinrul_ation of
bone growbh by minute electrical current (Z).

Presently, f am the principal investj_gator responsible for five ongoing

laboratory experiments designed to study the effects of the electrical
environment of hlgh voltage transmisslon lines on animals and plants.

PUNFOSE OF THIS TESTIMONT

I wiIL d.escrj-be the biological effects that have been observed in a

variety of organisms, including man, when e4posed to electric and magnetic

fields such as wiJ.l be produced by the proposed Sr.rrdesert 5OO k/ trans_

rni-ssion 1ines. I I,J:i11 d.escribe the i.nadequacy of our present information

to predict specifi.c effeets in speclfic people exposed along the right_of_

way of the proposed transmi-ssj-on 1ines, md the reasons therefore. I will
descri-be the available Ss\riet literature in the area, and its inplications
for the proposed transnrlssion Iines. I will describe tnro possible globa1

impacts ,of the radiation fbcrn the proposed transmission lines. I vril1

reccnunend against construct,ion of the transnlssion lines as proposed.. I

-5-
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n:Lll show that all arguments raised by the Applicantrs witnesses to the

contrary have no merit. I have reviewed. the materials relating to biological

effects of the prcposed Sundeserb transmission s;rstem. Included ln this

were porbions of the Notice of fntent, the informational and adjudicatory
:

hearing record and other materj.als furnished me by the staff.

2, E}PM]}MIYIAI Sfl.TOIBS OF THE BIOIOGICAT EFFECTS CAUSM BY ELMTtsIC

AND MAG}ETIC FItr,DS ST}4IIAR TO THOSE ASSOC]ATE] WITH THE PROPOSED

SUNDESERI JoO KV !&{NSMISSION LINES

I.t\FRgrn cTr.oN

The prcposed $und.eserb 500 kv trJsnrission lines 'a;-i11 produce electri.e

and magnetic field.s in the air sr.rrrounding the energized ',r.ires extending

ortriard. for eonsid.erable distances (see Figure 1). It is therefore

necessaqr to consider whether the presence of the fields will induce

biological- changes in the human populatlon, or ui11 influerrce natural

ecological systems. Such questions can be answered onJ.y by a rerriew and

assessment of the sclentific literature wtr-ich deals with the consequences

of exposing biologieal organ:isms rrnder controlled laboratory eonditi-ons

to an electrical environment sim:i1ar to that r.rhich -roul-d be created by

the proposed transmj-ssion lines.

The proposed transmission Ilne would operate at a frequency of 60 hertz,

which i" i1 the exLremely 1ow frequency (U,f') portion of the electro-

magnetic spectnrm (generally limited to frequencj-es less than 1OO hertz).

An assessment of its impact therefore requires consideration of the

scientific literature wlrich describes the observed biologieal effects

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

olP

6-
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to proride a reasonably ccmplete review of such literature. Some EF

fieId research has been reviewed, elsewhere (A-fO).

Wlth few exceptions, EF field biological research did not exist prior

to abor:t t967; since then numerous such studies have appeared. In what

folJ-ous, the EtF electric and. magneti-c fi-eId. reporbs tril1 be descri-bed,

separately to emphasize that the electric and. magneiic field are two

eipferent and distinct p_hypical entities, each of whieh rm:st be

consid.ered with regard. to the causation of biological effeets, Within

each grorp of reporbs a further distjnctj.on is drava: between aeute and

chrsr-lc e)q)osure, with the dividing point generally assumed to be abort

3 days. ELF electric field eryosure was usually acccmplished. through the

medium of alr. In scme cases an aqueols solution such as sea'rr-ater or

nutrLent media was employed, In all lnstances the electric field listed

herein is that to which the test organlsm was exposed. The epid.emological

studles and the reports of EtF field. effects on bird orientatlon and on

plant growbh are described. separately.

ry,ry.rRIc -rJgp EFFECTS

A. Acute Exposure

A variety of biological organisms jncluding man have been shorar to be

sensitive to relatlvely bri-ef exposure to EL,F electric fields. Solovrev

(tt) Aemonstrated that several hotrs exposure to 50OO volts/cm at 50 hertz

was fatal to mice and DroqoptLil4. Lethal consequences have also occurred

wj.th bees (tZrt3)i aborre !@ volts/cm* Uees sting each other to-deAth,

whereas 3O-50O volts/cm at 5O herbz produces changes ln metabolic rate
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and motor actirrity.

The rdtotic index of liver and comeal eplthelial cells in mice was

The i-nfluence of ELI' electric fields cn vari.sus forms of anirna]. behavlor

has receiVed. scrne attention. Spittka et al. (f5) stuAied the effect of
50G766 volLs/cm at 50 heytz on the urr*nking behavior of operantly
trailed rats, and obsezved a sigrr-tficant decrease in the response rate
when the field was app1ied.. The operant response rate of rhesus monkeys

was increased. by 0.0035-0.35 volLs/cm at 7-75 herlz (t6,t7). Employrng

classically conditioned. cardiac deceleration technlqr:esj ttcCteave et al.
(tB) sfrowed that eels and salmon were abl-e to percei.ve 0.@Of-O.OO00?

volts/cm at 6*7i hertz. The perception, wtr-ich occumed only ,rhen the

field was applied perpendlcularly to the body axis, is the most sensltive
trLF el,ectric fieId. induced. biological effeet yet repozted. Ibiend et aJ..

(fg) fsurrd that amoebae extr-tblted. changes in shape and. orientati.on $,:itfdn

a few nr-lrnrtes of the appllcation of 10 volts/cm at 1-1OO herLz. The

question whether the obselved. effects trere due to simple physical forces
or arose from cel}:J-ar activity was not resolved. Sazonova (2) examined

the results eliclted by 3OO-40O volts/cm at 5@ hertz on motor performance

of rabblts. After cumrlati-ve er<posure of 1g hours he obsenred a

stati-stical.Iy signrficant decrease in the rabbitsr ability to do work

(rift a fixed weight).

There are five cqrtrolled laboratory studles which treat the interacti"on

of ffF electrie fields and human subjects (Zt_25). In each irrstance

4
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tripled following applicatlon of 200 volts/en at, 5A her*,z for 4 hors (&)r
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alterattqrs jn hnlrran reactlon time performence were reported. Johansson

et a1. (ef ) e:posed subjects in tolo to about 1@0 volt s/cn ai JO herLz

far 75 rai-nutes. The resrrlts suggested. a decrease in performance which

was however, not statistically signi_ficant. Also emplqring fir1l body

eryosure at the same frequency, but at fieId. strengths ten ti.mes less

intense, Hauf (ea) reported. that after 3 hours he observed an imprwement

in perfoxmance wtrich he attrlbuted to a nonspeciflc stinnrlatory effect.
Haufrs subjects, unlike those of Johansson et et.r were electrical-ly
grounded throrghout the exposure period..

Hamer (e:) ana Konig (e4) Uotir utili-zed extremely t;eak EF electric
fields (0.0t-0.04 volts/cm). Konig obse:sred, decreased,performance at

3 herLz as cffnpared to the field-free situgtion, and increased. performence

at thg trigher frequency as ccrnpared to the lower frequency.

Parsinger et a1. (25) footed. for changes in the reaction time of ?O

subjects as consequence of O.OCEI-0.03 volts/cm at 3-10 hertz, applied
for 4O rnlnutes. Mean reacti-on times were not affected, however

sign:lf5-cant sex, i-ntensity, and. frequency interactions were seen in the

amount of reacticm tlme var5.abiJity.

Two arrirnal studi.es described d.irect effects of brief ELF eleetric
field e4posure on th6 central ne]:vorls s;nstem (Z6rZfi. Carur (e6)

subjected. d.ogs to.a sma]l co:tro11ed hemorrhage and examined. the

effect of 150 volts/cm at 60 hertz for 5 hours on the physiological

compensatory control mechanism invoked. by the hemorrhage. Blood

pressure and hearb rate were fo:nd to be sign:iflcantly different in the

-9-
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e:t:3sed dogs i:rdicating a central nervous system disturbance whlch

resulted jl an inability to employ effecti-ve compensatory cardlo-

vascular mechanisms i.:: response to the hemorrhage. Lott and Mc0ain (27)

applied an jnhomogeneous field of 0.4 vottsf cm maximum at 64O hertz to

anesthetized rate. Record.ing frrxn implanted. microelectrodes, they

measured a significant ilcrease jri hypothalmic activity during the

t hour eryosure period.

Short-tenn ip _vitro studies have disclosed EIF eleetric field indurced

alterations in calcium release (eB) and biochemical fi.mction (2g).

h the former study, exposure of brail tissue from chicks and cats

to 0.05-1.0 volts/cm at 1-ll hefi.z for 20 minutes significantly reduced.

the release of calcium from both tissues to the surroundjng med.lum.

Tn the latter study, 1,55 volts/cm at & he*z caused conrplete loss

of bioehernical fi,mction jrr brain mltochondria after 4O mi.nutes.

B, .Ch{prri.c_ &pozure

Beharrior was the most frequently studj.ed biological parameter in the

acute exposure experirnents, whereas in the chronic exposure e:rperi-

ments growfh or some physiological aspect of a d.eveloping biologlcal

system was studied more often.

Utilizing the mosL intense ELF electric field yet employed in eontrolled

arrimal research, I(nickerbocker et a1, (p) intermittently applled to

mice a verti-cal field of 1600 volts/cm at 6O hertz. The field was

applied to male mice on\r, for 6.5 hoursfday, 5 days/week, for a

duration of 10.! monthg. Drring the non-exposure periods the mice

- 10-
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ue:e mated w:ith non-exposed females and the offspri:rgs were re&red

i.:: a field-free region. ft was found that the male progenj.es but not

the female progenies of the e4posed males were srnal.ler jn weight when

compared at 30, 5O and 87 days postparbum to male and female progenies

respectively, of the control males.

We have confirmed and erbended fu:ickerbockert s results in our

ecperiments involrrjng the contjnuous exposure of three successive

generations of mice to a 6O hertz electric field (1). Initiallyl

male and femnale miee were split into horizontal, verbical and eontrol

groups, Mice jn the horizontal group were allowed to mater gestate,

deliver, and rear their offspring jn a horizontal field of 100 volts/cm.

At maturity, randomly selected indirriduals from the first generation

were similarly allowed to mate, gestate, deliverr and rear thelr

offspring while being contjnuously exposed. Randomly selected

lndirriduals frnm the second generation were mated to producb tne third

and fjnal generation. A para11e1 procedure was followed for the

verbical grcup wherei:: three generati-ons were produced in a vertieal

electric field of 150 volts/cm, and. for the control grnup wherein three

generations were produced in the ambient electrj-c field. I:: the first

and second generation, males and females reared in both the horizontal

and vertical electric field were significantly smaller than the

comtrlarable control group when compared at 35 drys postpartum. In

the third generation, the males ercposed in the vertj-caI field

e:rhibited depressed body weiglrts at.35 days postparbum (after birth).

(See Table 1 and Figure 22).
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pl,* 8rowth rgryonses following chroryic exposure have been zeporbed

rn rats (lr), ,hro_qsqa (rtatworms) (lz) , and @
(sEme mold) (llrgtn). McElhaney and Stalnaker (3r) intermittently

applied W vottsfcm at 3 and JQ herlz to the immobilized but jntact

fernurs of rats. Most of the ercposed rats developed bone tumors' whereas

no tumors were seen in the control rats' In the second stuff (32) 
' two

species of Dreqsia were sectioned traversely and subJected to 3'i.-t+'2

volts/cm at 6O inet*,2 applied along the antero-posteri'or regeneration

alrcis. Tr a significant nurnber of animals the normal regereration

\ - -arpattern (fread anterior, tail posterior) was altered rezultjne irr

bipolarity (ttre production of a head at both the anterior end

posterior surfaces). Trr the exper5rnents on P.hrlsqn:m ?plvcep.hialwn

blrltr) 1 the Snvestigators sirnultaneously applied 0'Oo7 volts/em and

2 gauss al' )+51 60 and 75 hefr,z. At al1- three frequencies they observed

deI-ays in the mitotic cyele and retardation in protoplasrnic streaming'

Dj.fferent eonsequences of ELF eLectric field e'cposure have been seen

in chick growth depending on the strength of the applled field (35fi6)'

Day o1d chicks were exposed continuously for 22 d'gys to 400 and 80O

volts/cm at 60 hertz (:l). Grovrbh appeared to be affectedt and gross

motor activity measured after the birds had been rernoved from the

field was reduced' relative to that of the control birds (lS)' These

obsenrations 1ed to experiments on male and female chicks separately'

Female chicks were enposed continuously to 200 or 800 voltslcm for the

first 14 days posthatching, and boff weights were obtajned at 1-8 weeks

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

strength nas greater than that of the control blrds (1il' The results'



r
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l

ii:-:cn were on the order of 5-lTf"t became sbatistically significant

*,rring the second week. Male chicks were then e:rposed to lpo or

8OO voltsfcn tor the flrst 20 days posthatchingr and body weights were

obtajned during the enpozure period. A significant enhancsnent jn the

early growbh response was observed (35)'

Giarola and lftrreger (15) obsenred that one day o1d chicks eryosed to

a nonuniform field of maxinrum value 35 voltsfcrn exhibited depressed

body weights when con:pared to une4posed chicks. The effect became

signlficant aftei 22 drys aL l+5 lne:,|"z and 28 days at & het*'z' In

another stuff (lZ) tf,e same Sroup for:nd that exposure of egg-Lsying

hens to L6 voAtsfcm at 60 hertz for L6 weeks caused a decrease in

egg production durlng the first half of the test per{-od, but not

dtrring the seccnd ha1f. nrrfee (3S) erqposed chick eggs during incubationl

hatchi:rg, and devel-opmert througlr 4 weeks of age, to a uni-form field

of 36 volts/cm, and found that any differences between the exposed

and control bj.rds with regard to rate of grovrLh were masked by the

effects of crowding. Sirnilar stud:les by the same group involving

rrniform fields of 0.0LO.10 volts/crn at 6o and ?5 hertz (lg), and'

"1 72-80 lne:"{.,2 (39) reporbed some effects on chick growth T€spofls€r

&;4!gg observations of the impact of chronicllly applied EI'F electric

fiel-ds have been made at r,aidely different intensitles. Utilizing

the most intense fiel-ds yet anployed' jn chnonic exposure e4perimentation,

Gann and LaFrance (rc) found that the threshold of a tAA/" Iethal effect

on manrnalian ce11s e><posed for 1 week at 6O hertz jn eeI1 culture was

between 2rO@ volts/on and 61000 volts/cm. At I'OOO volts/on, a tflo
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=:rease 
jn the growbh of embryonj-c chick tibiae (u'g'bones) was

seen (4f). Growbh jnhibition and growbh acceleration were seen following

expofllre of chick embryo ce1ls to O'01-O'10 volts/on ^f fu75 hertz

for 1-3 Oays (38).

Earlier work had revealed' the ability of a magnetic fleld to function

as a biological stressor (Ae). We therefore r"mdertook to determine

whether an ELF electric field could produce a simllar response'

Truenty-one to twenty-four day old rats were exposed to $O volts/em

at 6O hefr.z for one month in ten separate e:rperiments (Zr3)' a

variety of statistically significant effects were found inclufling

depressed bo{y weight, d.epressed water consumpti-on, inereased adrenal

and pituitary weightsl and' altered serum levels of albumint hydrorql'-

corticosterone, and glutamic oxaloacetic transaminase (see Tables 2

and 3r and Figure 3). The restrl-ts ind:icated that e'{pofllre to the ELF

el-ectric field produced. a physiological stress nesponse' Nsval et a1'

(Al) :naependently performed sirnilar e:qper5ments at niuch lower field

strengths and reached essentially the same concluslon' They exposed

3A45 day o]-d rats to 0.005-1.0 volts/cm aL l+5 herbz for 30-4O days'

The treated rats exi::ibited depressed bo{y weights, decreased 1eve1s

of brain choline aceiyltransferase activity and elevated 1eve1s of

liver tryptophan PSrrrolase.

Mathewson et aL. (t-i-) enposed 49 day o1d rats for 28 days to O'02,

O.10, O.20r 0.50r and 1.0 volts/cmr. and reported that they fsiled to

observe effects comparable to those of Noval et al' Since, howevert

the 60 hertz backgror.md present at both Matherrrsont s control and

.
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s-E€r-:€:-,rta1 cages was as high as 0.07 volts/cn (45), it is appropriate

t": :'egard the rats e><posed. to 0.02 volts/cm as part of the control

grcup for the purposes of comparing them Jointly to those animal-s

e>cposed at 0.5-1.0 vol-llosfan (whereas the applied field. was suffi-ciently

greater than the background). Under this approach the data of

l{athewson et a1. reveal a variety of statj.stically significant ciranges

inclucillg a decrease jn blood glucose in three consecutive replicati.ve

experiments, and changes j:r blood hemoglobi:: and hematocrit (red

blood ce11 cor.mt) :r: two of the three experirnents. Changes a'iso

occurred in at least one of the e4periments jn each of the follorri::g

parameters; blood g1obu1in, total lipids, triglycerides, final bo(y

visightl and red. blood ce1l cor:nt,

It seems most reasonable to conclude that I'{athewson et a1. (U)

generally confirmed Noval et a1. (n), $:ith the ciuief difference

between them being that the effects obserued in the Latter stuff were

more severe than those found irr the former. This has led to an effort

to deljneate the specific differences between the two studles whieh

could. argriably be responsibl-e.

The Noval stu$r was performed jaside a Faraday cage (Uf) formed by

the steel wa11 construction of the facillty at whj-ch the test and

control anirnal popul-ations were housed. The possible significance

of the el-ectriea'l shielding was not rocbgnized gb. jAi$io and therefore

was not incorporated jn the experimental design of the Mathewson

stu{r. To the e:cbent that Faraday shieldirrg can of itself produce

bio1ogical changes, it may accor:nt for the obsenred. d:ifferences jn

_ 1,5'_



2

3

4

5

b

7

I

9

IO

11

L2

15

I4

15

I6

L7

18

19

20

2L

22

23

24

25

F

I

26

27

URf PAPER
I' AT CALIFORNIA
I I t3 tREv o.71r

ott

:€-.=rtty between the two studies. Such effects due to shielding

have been reporbed jn humans (t-0-49), guinea pies ( lr9), and mice (lo).

In the most thorough study of the phenomenon, Wever (46-48) isolated

hr:man subjects in r:ndergor:nd br:nkers for J-8 weeks and measured

their temperature and activity cireadian rhlrbhms. He found. that

subjects lirdng ln a shielded br:nker exlribited signifieantly different

periocticities in hoff temperature than si$jects l-iving i.rr a non-

shielded buriker. He also reported that desynchronization between

the two rhybhms occurred 9n1y jn the shielded br:nker. Both effects

ceased when an arbificial electrie flel.d of 0.025 volts/em at 1O

nefr,z was applied, ind:icating that the total ambient electromagnetic

enyironment on the one hand and the arbiflcal field on the other

influence hu^oan circadian rhyLhms similarly in the reqpects investigated.

Altman and Soltau (tu9) u*posed guinea pigs to 2.4 volts/cm at 10 her*,2,

and maintained para1.lel groups under Faraday cond:itions and under normal

ambient cond:itions. They for:nd that shieliLing pradr.reed. changes in

the hematocrit and the distribution of blood proteins, but that both

parameters r€turned to normal in the presence of the artificially'app]ied

field. fo"S (lO) exposed mice to 35 voltsfcm at 10 hertz and

majntajned para11e1 groups u:der Faraday conditions and under normal

ambient cond:it:ions. Shield5ng produced changes in body water content,

blood hemoglobinr arld blood sodium 1eve1s. fhe effects were eliminated

following eq)osure to the arbificial electric fiefd.

I

Blanchi et aI. (51) forrnd that after 10OO hours of exposure Lo 1C00 vcjlts,./cnn

at 50 herLz, the electrocardiograms (lKGts) of micc were significantly

-16-
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In parbicular, Lhere i{as a lengthenlng of the PR intervalr.R rvavefs

, and duraLlon of the QllS compiex. These l^/aves are identified

patterns on an BKG that are interpreted to represent various heart firncLions.

It has also been reporfed that after 1!2 hours.of exposure at +00 anci 8OO
'a

vo1ts,,/cm, chlcks exhibited significantly altered eiectroencephlagrarns (ll).

The spectra of the experj-mental and control anirnals l'Iere compared in 5L2

frequency bands between O42,5 herLz, Four signifieantly different bands

were found in ihe animals e>posei to /+00 vo1-ts,/crn, while seventeen signifi-

cantly d.ifferent band.s,were obsenred in ihe animals e4posed at 800 volls,lcm.

Early works suggested that ,';eak electric and magnetic fields produced genetic

aberrations j.n fruit flies (SZ) , horirever subsequent ir'ork at L gauss and 0.1

volts/cn (Jj) and at 2 gauss and 0.2 volts/cm (54) have failed to confirm

these observations.
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MACNETIC FIEI,D EF'FECTS

A. Acute Exposure

The cca:seqrences of acute erq)osure at hlgh fiel"d sLrengths has received sorne

attentisn jn connectisn w:ith the phenomenon of magnetie phosphenes{producfion

of a rrisuaL response due to a magnetic field). Most sUurfi-es of the biological

effecbs of magnetic fields however, have jnvolved. relatively brief exposure tc

low strength fields. fn such instances the effecb of the field on beharri.or

or perception is usually stu*ied.

DrArsornral (55) first reporbed that a sensation of light could be produced

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

phosphene). Srrbsequently the production of magnetic phosphenes by a

field of 1ooo gauss was reporbed by Thompson at 50 het*,2 (f6) una Dunlap

at 50 inerlz (X). Barlow et a].. (58) aescribed the production of magnetic

phosphenes by lpO-p@ gauss at 1O-90 inec.,2, and reported that the threshold

for the effec'L iLid nob change dependi:rg on whether the subjecbf s eyes were

open'or shut. Reeently, Lorsr:nd et aI. (59) reported the productica: of

magnetie phosphenes by a field of 15O-3OO gauss at 1O-50 herbz in 13

subjects. There are presently many unanswered qrestions co'ncenting the

naiure and the charasberistics of the phenomenon of magnetic phosphenes (60).

Utilizing 60 human zubjects, Frledman et a3-. (5f) demonstrated that J gauss

at 0.2 hertz zuperimposed orr a static field of J gauss significantly

affected reasbion time l-n bobh male and. female tttxnan volunteers. When

beharrioral instnrctions to monkeys are substituted for verbal jnstructions

to humans however, the resu"lting variability 5n response makes it very

*ifficult to obserrre effect's. Grissett and del,oree (62) performed reactj"on

-18-
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i:lne ::asurements on I mcn:keys elcposed. for 10 horrs to I gauss at ? and

-J herLz, but failed to r:ncover any j_rrfluence of the magnetic fields.
Erren chron-i.c e{posure (lt2.days) of the monkeys to 1O gauss failed. to
e}iclt an effect (6il.

The effest of fi:J.l-body exposure on human cognitive and psychomobor

fwrctions was exarnined by Gibson and Morcry (5f*). They d.iscwered that after
2/j ho:rs expoflrre to 1 gaus s aL l+5 heri,;;2, both the ability to perform

addition, and short term memory, were altered.

Milburn (6:) iov"stigated. the ability of human beings to perceive magnetic

fields (t gsuss) and elecbr:ic field s {2.3 volts/em). He employed a forced-

choice testi:rg proeedr:re and fornd that 2 of ljg strbjecbs studled were able

to perceive a magnetic field at 4@ het*,2. No subjects sensitive to the

electri.c field were found..

Sndth and.Iustesen (66) exposed. nrice to 1?.garrss at 6O hertz and. fo.und.

that l-ocomobor actirrity lerrels increased jnrned.iately upon application of
the field. Persinger et a'1. (62) gouna that rats exposed for 21_J0 days to
J-JO gauss at O.5 hertz *ispl-ayed greater acbivity upon remo\ral from the
field as compared to the control rats.

In a series of ercperiments irnrohning { rnonkeys, delorge uti}ized. operant

conditiorri:rg techfriques to study the effect of g.2-1O gauss 'and 0.01.0.3

volts/cm at 1O-?5 herbz (64-Zf). He failed to demonsLrate that the field.s

were detected by the monkeys or that the fields ccnsistently affected. the

stirmrlus control of the operant schedules. Marr (?Z) simflarly failed to

-19_
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:-ect effecbs on operant beharrior of pigeons and rats as a consequence of

exposure to 2 gauss and 1 volt/cm aL L5-75 herta. persinger has.pointed

out that the failwe to detecb effecbs indjcates that the response measures

studied were not sensitive to the physiological systems wh_ich med.iate the

sbj.nrulus effecb (ltn) .

B. Chroni c Exposure

Chronic e4pofllre to 1ow sbrength magnetic fields is generally associated.
'trith some effeeb on growbh or physiology of the test organism.

Udintsev et aI. (Zf) for:nA that e:rposure of rats to 200 gauss .t 5O het*,2

for l- d.ay increased the lasbate dehydrogenase asbiv:ity in the cardiac and

skelete3- mlscles. Rats e:cposed to 200 gauss at 5O hefr,z extribited. a

sigrrificant increase in hydrocycoxtiscosterone in adrenal tiszue and. b1ood.

plasma after 1 and f days of enposure. Lantsman (ZZ) explored. the effect

of e:cposr:re to 200 gauss at 50 herbz on the phagocytic fungbion (ability to
destroy hasmfrfl bacteria) of the reticulo-endothel-i-a1 system (the system

that includes ar.'r phagoeybes excepb the white bIood. ce]J.s) of mi.ce. He.

fotmd that I ho:rs of orposure per day for d days jnhibited the effi,ciency

of phagocybosis in several organs.-

Bassett et al-. (7S) :-rnrestigated the effect .bf a magneti.c field on the

organizatton and. strength of the repair process which occurs during the

healing of a bmre fractrrre. They. applied an aqnnetrically pulsed field
repeating a+, 65 hertz, with a peak value of several gauss, to d.ogs wh:ich

had rrndergone fibular ostesbomies (surgica1 breaking of the fibular bone).

,}
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There are two crbher reports irrvolvirrg chrorric expo$lre of hr:man'bei:rgs to a

lorrv Jntensity magnetic field (8or 81)' Erhman et a1.l (80) exarn:ned the

effecb of a magnetic field on the amor:rrt of medicaticna used by sweral.

trundred patients' With regard to ten typical med:ical complaints' they

found that a field of seueral Sauss a\ l+-V net*'z brorght aborrt a reducbion

Jn the amolrrt of medicaticn conzumed whj'ch greatly exceeded the reducbion

achiwed. with placebos' Beischer et a3.' (8f) enposed subjecbs to 1 gauss

at h,5 hertz f or L day and observed a signiflcant increase jn serun

triglycerides 1-2 d'ays after the eqPostrre fu 9 of the 10 strbjecbs' fix a

subsequerrt sbudy (S2), it was found that exposure of rnice to l gauss at

b5 he*,zfor ]. day iLid not affecfu the coneentration of liver triglycerides'

Persilger et a].' (83) exposed rats for 10-26 days f,o 1-30 gauss at O' 5 hec,;z

and obserrred' progressive changes in total body weight' thy'roid weight'

testicle weight, and water consumlrbion' Ossenkopp (81) e:cplored the

irrfluence of 7-72 gauss at O' 5 rrefiz on rats e4posed in ulero for 22 days'

A nurnber of physiologica1. and behavioral effects were man-{-fest by the pups 
'

after bixth includ5ng retardaticnr of time of eye open&r1g and teeth enrptiont

and depression of morbor activity'

23

24

25

26

27

T:iA i:,::',a that the field accelerated the time course of the repair process'

h a subseqr-renL study (ZA), a magnetic field with similar eharacteristics

was applied to patients nrffering from pseudar{hroses (sj'rdlar to

arbhritis), ed markedly beneficial results were obserrred' Patient's were

D^-- o L *^-+r"o 'ate of 7T76{'
exposed for L?,-L6 ho:rs per day tor T6 months and a success r

in the indrrsbion of new bone growbh was seen'
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et aI.. (:6) founO that exposure of one day o1d chj-cks to 1.3 gauss

t+5 ernd. 60 hefr.z for 28 days depressed their grorth rate by 9-7fl" as

conrpared to unercposed birds.
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COMB]NED FTEI,D IF'FECTS AND SPFCIAL TOPICS

01 ca1 Invest ations

(") Soriet Studies

Soriet irrrestigators have conducted. medical- and physiological srrrrreys of

personnel ocorpationally exposed to strcn:g elesbric fields emanating from

compor\ents of the Soriet eJ-ectrical power sysLem'

Physical examiaations of high voltage switch3rard' workers rwea]-ed that

I+1 of 45 strbjects stu*led presented some neuroloS:ical or cardiorasorlar

disorder duri-ng 'and. shorbly after field exposure (S5)' No organic

pathologies were for:nd., hotrsver examinatj-on did' rereal insbability of the

prrl"se and bLood pressure, tremors of the extrenrities, and hlperhidrosis

(excessive sweating). Accompanying these obsenrationst the elesbrocardlo-

grams shorsed. bradycar*ia (slowness of hearb beat) jn 1l1 zubjects and' slowed

atriorenLricrrLar conduction irl 10 zubjects. Laboratory sbudi'es of the

peripheral blood showed mrild.ch+rges from normal excepb for marked

spheroeybosis in 6U/, of the subjecbs examined' A ptryslological. study of

54 occtrpationally ercposed workers showed that the electric field produced

funsbion&L'ehanges in the autonomic nenroils system (ttrat part norb zubject

to vo}:rrtary ccrntrol) which were related to the dr:ration of elposure (86)'

MecLieal surveys carried out at f6 frigh voltage strbs'bations involving a

tob&1 of 286 people revealed ad:rerse effects of ercposr:r tne ef;ct1ic

field on the central ner,trous system and the cardiovascular sysbem (&7)'

A physiological suryey of 319 people who worked at tr-igh voltage substations

a1d werhead transmiission }iles al-so rerrealed r:nfavorable changes in

health (8?). Twenty-three men were e)ttr)osed to poliler freqrency electric
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i::1js wir:iIe various central nenrous sys.bem and cardicnrasqflar system

ldLces were measured; the results showed thab field.s stronger than

frvo3.ts/em harre an adverse effect c,n man (8?). A clinical. stu.dy of per

of 33A ky subsbations rerealed a variety of harmfi:.I effecbs of field exposure

marrj-fesbed by alterations in blood pressrre and" electrocard.iogram (SS).

I:: a recent e:,periment (891, the electric field associated fl:ith 33U75A ht
transmission lines was meafllred and for:nd. to be Lj-75 voltsr/cm at I0 meters

*isbance, and 1-3 ,5 voLlsfcm at 50 meters distance. Male rats were then

e4posed for up to 4 months j:n an effort to assess the human health hazard

posed by such high voltage transrnlssion lines. Unusual mobor. actirrity and

tqperemla of the nasal mucosa were obsenred j:r rats exposed to 50 volts/cm;

In the'grsups exposed. to 1O-50 volts/cm, a variety of alterations jn normal

physiolory were seen inclu*ing a redusbion of blood cholinesterase acbiv:ity

and. an increase in r:rinary corticoids. Dystrorphy was seen jn a variety of

tiszues at the cqtclusi.on of the elcpofltre period, the extent of which was

proportional to the intensity of the applied field and the d:rration of

exposure. The results zuggesbed. to the authors that the field around.

trigh voltage transrnlssion Lines poses a poLential_ health hazard. to
ad.jacent populated areas.

Within the Soriet Urrion at least some occupational exposu:re to power

frequency electric field.s is regulated by a set of Hygienic Rr-rles wtrich

goyern the permissible dr.ration of 'exposrre at variors field i:rtensities
(901. Althorgh as early as 19?O the modern Ss\riet }iteratr:re cortained

more than 10O reporbs of the influence of Ef,iF elecbric fields on

biological systems (lf;, it appears that the rrrLes are based principally
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(u) otrrer Studles

Stnrmza (94) searched the health records ot !Q' employees ocanpationally

errposed to poruer frequeney fields, and fo:nd no correLation between such

exposure and. the rn:mber of visits to a physician' In crne of the first

stu&ies of ary kind imrolri:ing the biologacal effects of fields,

complete plrysical exanrinations were given to IL linemen who serri'ced

3b5 1$ transrrulssion Lines. No effects related to exposr:re were foJnd (gf),

nor d:id arqr zuch effecbs derrelop after cessati-oa of the ocorpational

ercpofllre (g6). Ercposr:re to the fields of the ProJect Sangujne antenna (1il,

apparently did nsb seriorsly affect the health of the operatS:rg persorrrel

Ol-gq)r nor did it alter the metabolic rate of J species of soil-dweIling

anima3.s gathered from the general area of the antenna (fOO)'

JNT PAPER
l a o, CaLt rotN tall3 riEv s.?21

att 25

/
!r ::-: :-ea.j-caI and' physiological suryeys discussed absue (:01' Standards

3r=:::irg the ercposure of agriculture workers and the general public are

being deueloped" (92). A variety of oLher ruJ.es reJ-ating to the design and

constnrsbj-on of trigh voltage transnrission 1:ines presently proride some

probecbion to bobh groups (92, 93t 130).
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B. lrd Or enta

l:".-era^ invesElgaEors have inquired inEo Eire possible effects of Ehe elecr
-a3reric near-f1eld of the project Sanquine anfenna on bird orienfation.
Sang uine \,ras a project proposed by the Navy. IE was t,o make possible comnrmi

Submerged submari.nes from a land based statlons using ELF energles
In pilot studies (t0l), it was observed that the headings of homing pigeons wer

slightly .altered in the vicinity of the anEenna. In more detailed studies
Southern (102) constructed eages on Ehe ground directly over the buried antenn,

o explore the effect of the fieltl on the instinctive direcEional preference o

3-9 day old ring-billed gu1l chieks. tJhen che chtcks were released in Ehe cente
of the cage with the antenna turned off they showed a directional preference fo
the southeast. I.lhen the antenna was energized the birds dispersed randomly a

exhibited no mean bearing. Larkin and Sutherland (103) carried out radar track
ing of individual urigrating birds flying over the antenna at alticudes of B0_3

ters. ltrey observed that when the antenna $ras activated or when its operaEi
condition lnas being changed (off to on or on to off) departures frou stralght
nd level flight occurred significantly nore often than when the anEenna vras

urned off. In radar tracking studibs which are not yet ful1y analyzed,
lliams arid Hilliaurs (104) reported changes in the flight direcrion of migrat-

birds of 5-250 .when Ehe antenna vas activated. No stud.ies have yeE

nvestigaEed the effect of durarion of exposure, nor, has it been determined.

the eleetrlc or magneti.c field of fhe antenna, or boEh.

arkably litEle attention

C. Plants

has been devoted to the effecEs of ELF fields on

lanEs. Gardner et aL. (105) studled rhe effect of 0.1 volts/cm ar 45 hertz on

he grorrth of beans. When the seeds were planted in soi1, the growth of che
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:lancs were 407, greater than EhaE of the conlrol planEs afcer 64 days of

sire. lJhen the sol1 lras replaced with a nutrlent solution however, no

i;niflcant, effects were seen after 37 days of exposure' the latter result h;rs

een partlally confirmed by l'llller (f06) who reporEed thaE f-i44 hours of

xposure of beans ln nutrient soluEion Eo 0.I volts/cm at 75 hettz did not affect

rowEh. Rosenthal (107) applled 0.01-0. I volts/crn and I gauss at' 75 hertz to

sunflower seeds planted ln soil and observed differences in seedllng mortality,

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

survey of plant life near the Project Sanguine antenna ln Wlsconsin suggested

that Ehe antenna near-field did oot affeet the normal vegative Pattern (108)'

urvey of the plant life near high voltage transmlssion ltnes suggested that the

ields caused a slight enhancernent of growEh (109)

CONCLUSION

sed on the reports descrtbed in the foregoing review, I conclude that Ehe

lectric field trtd the magnetie field of the proposed transmission line rrill eac

robably cause biological effects in the subjeccs exposed to then'

e

re

magnetic flelds cause biological effects. The experinents were performed b

eputable'scientists at reputable scientific institutions (see Table 4)' A heav

aJority of the reports were subJected Eo the peer review process prlor to

publicatLon. The strength of the fiel-d used in each cited experiment was suc

that lt wtll oecur somenrhere on the rlght-of-way of ttre proposed transmlsslo

Sable 4, eoltme Di). If a partlcular fleld strength causes a certain

ELF experimeot st,udies are summarized in Table 4. It can be seen EhaE Ehere

a very large nrmber of seientific experlments which show that ELF electric

#
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M.qical effecE in a laboratory, Ehen the sane field strengrh will cause

:rr: t::^;;ical effecE near the right_of_way of the proposed transmlssion line i
::-e sa:e biological system is exposed under Ehe same circumsEances. This foll
jrcr the universal inability of biological systems Eo distinguish berween

of an applied field ruhen the parameEers and circumstances of the fie
SOUTCES

fields of the proposed

presented from each source are identlcal. Under these conditi-ons of identlcy
specific effects due to exposure to the fields of the proposed transmission li
could be predicred. the actual biological sysEems that rvill be exposed ro th

transmission lines include people. Ihe exposed group wi1
consist of the old, the young, the sick, the healthy, nen, wonen, children -_
completely uneontrolled set of exposed subjects. Since the parEicular biologic
systems that will be exposed and the conditions of such exposure will both diffe
from the corresponding systerns and conditions studied in the laboratory, no hurn

agency predict Ehe specific biological consequences that uill occur
speeific subjeets exposed along the right-of-way. l{otwithstanding our inabili
Co predicE specific effects in specific subgroups of exposed subjecEs, t
foreshadowing of Ehe literature are orninous and avoidable. In each i_ndividua
report described in Table 4, ELF fields interacted with and influenced th,
physiology or behavior of a blological system. In no case is the mechanism
i-nterac tion understood . t{i th respeeC

Table 4, a biological mechanism of
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to each indivldual experinent 1isted

interaction was invoked in Ehe l:rborafo

,^r 
"o"u^ 

28
t?l or caltronNla
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which could be iuvoked along the right_of_way as a eonsequenee of exposure to Eh

fields of.the proposed Eransmission line. In view of the ntrnber and'diversicy of

exposure Eimes fhaE are normally ernployed ln laboraEory experimentation (Table 4,
colr-rnn 7), as compared to the very 1ong_terrrl exposure EhaE will occur tn subject
living along Ehe righc-of-way , it ls probable that biological effects r,rill occur
in sorne exposed subj ec rs. : .

-28-
ott
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experimencs 1isted in Table 4, and bearing in mind the relalively
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:--! possible to foresee Ehe precise biolcgical effecEs rhar will like1l

in individual subjects because no free-world company, organLzation oI

t has eonducted a systemaElc study of the question. I'Jith mlnor

tions the research in the literature eited above q,as performed b1

investigators for reasons other than evaluating the safety of Eransmission lines,

The problem of safery of Eransnission lines did not influence the design of sucl'

experimenE.s and in uost. cases Ehe results \"/ere noE related to transmission -lines

by the individual investigators. lievertheless, it is possible to anaLyze the

liferature and to inqui-re into its implications for the issue of the safety of

the proposed pransmission lines. This I have done, and my conelusion above is sc

ased.

It is not possible however, to go beyond this conclusion and asserE that specific

effeeEs are scientificafly certain to oceur in parti-cular individuals. There is

scientific base to permit definitive answers to the myriad of very specific

questions Ehat can be asked (1.e., will a farmer be adversely affecEed by the

oposed transmission line if he passes under sueh a line once a day, three days

week, thirty-two week's a year, except on holidays, in a Eractor rrith Eires four

feet in diameter made of carbonized rubber, traveling at five ni-les per hour; if

, irow so? ) . Such specif ic i"nf ormati-on will come only f rom studies

ppropriately designed to furnish it. IE is not realisEic to expect Ehat answers

o very specific questi-ons r,rill be deductible from the general literature.

-29
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BIOLOCICAL SAFETY rACTO R OF 1OO AND I S PLICAT ON TO TIIE

LlTERA DIlSCR B OGICAL EFF S DUE FFI

INTRODUCTION

e.elecEric and magnet,i.c fields of the proposed t.ransmisslon lines have E

apability of altering biological function. In such a situation Ehe propriet
of employtng a safeEy faetor is rvel1 recognized (Michaelson, l,le

nd necessity

York, 99?7 *). Such necessity is based upon the unacceptability of permitEi

e public to be involuntarily exposed .to levelb of a subsEance or agent that
been shown ro produce biological effects in experimental animals, or to lev
which presurnably would producg such effects (or relaEed effects) if Eests we

performed. It is therefore necessary to eraploy a safety faeEor 1n evaluat
permissible chronie huuran exposure to ELF 60 hertz fields. Based on t
following analysis it can be seen Ehat a safety factor of 100 to 1 is Ehe mos

applicable and suitable choice.

* Transcri-pt page 9927, containing Ehe testi-mony of Solomon }fi,chaelso n in Case265?9 and 26559 Common Record . Ilearlngs on Health ancl Safety of 765 ktransmission lines Public Service Commlssion of New york. Ci tati-ons hereinEhe testlmony of all witness in the IIew york proceedi ng will be ldenEieal iform. All reference hereln to hearings in l.lew york
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BASIS FOR SAT'ETY FACTOR OF lOO

.-.-:-'rar.ing ttte safeEy-ln-use of food additives, a safeEy factor of 100 has

e:r explicitly chosen by the federal governmenE (110)' Itre federal ruLe seeks

balance the desire of a manufacEurer to gain an economic advanEage with the

sire of the government to Protect the public healEh' The numerical value of

:

=

6

7

8

9

e

100 was ehosen as the appropriate balance point, and' it is therefore significant

as a precedent, l*ren a similar balance musE be struck' I am not urging that th

safety factor for food additives be adopted, but rather that the polic

onsideralions underlying the adoprion of a safety factor of 100 for food

addttives are also present in connection with involunEary exposure of the general

public to Power frequency fields, and therefore that t'tle same numerical val

should be adopted. In further analyzing the question of the appropriat

nr.rmerical value of the safety factor for permissible field exposure' the value o

100 should be viewed as the starting point because .it is a precedent' The

appropriate question would then be whether the particular facts presented to E

Commission warranted some other choice based on a reexamination of the balanc

described above.

tt should be noted that no attemPt is being made here to balance the econom

10 
1

l

rrl
L2

15

L4

15
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L7
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gain

of

against, the danger to public health associated with expost're to Ehe field

the proposed Eransmisslon lines. My intenrion is to identify a siEuat

wlaich is presenLed to the Couunisslon, and to recommend Ehat since it i

confronted with a similar qualiEaEiaq situatlon as that whieh led the federa

government to adopt a safeEy factor of 100, that therefore the Comrnisslon shoul

also adopt the safety factor of I00 as a starting poinc' Ttris level .eould Etre

e ralsed or lowered depending on the parrlcular welght that ttre Coumlssio

chooses to give the economic conslderatlons and Ehe public health conslderat
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ci8€o A brief conslderaE,Lon of some other safet,y faccors illustrates th€

:€::::c:rce of the safety factor of 100. The 0ccupaElonal Safety and Healtir

"{::inistrarion (oSHA) has promulgated an oecupaElonal safeEy standard for
permissible microwave exposure of l&nl,l/ crn2 (l 1l ) . Thls sEandard is based or

the known abllity of microwaves to cause heatlng in biological tissue at level
ten times higher (lfZ1, and Ehus the safety factor is 10. I^Ihlle a safety factor
of 10 noay be appropriate for oceupational exposure, it is inappropriate for the

general population because the general population i.s unconrrolled (Il3). It
conEains the old, the young, the healEhy, the siek and all variations thereof.
Additionally, the s/trole range of exposure periods is possible, from occasional c

chroni.c. This is Lo be contrasted with the occupational seEting in which it is
presrmed that the employees are healrhy, and wherein their exposure can be

controlled and monitored by the employer (113). the SovieL and East.Europear:

safety factor wtrich is eomparable ro Ehe OSHA srandard is IO'OOO (0.0f
7*w/c*z). 

I

The f ederal safety f acrbr for new micror+ave ovens is 100 (1 . 0 mW/ c^2 ) (I 14 ) .l

It is based on the rationale deseribed above (l13) (i.e., more prorection for an

uncontrolled population) and on the possibility that Ehe SovieE mi.crowavd

standard and not the American microwave st,andard is the correit one (ll3). Th

federal safety faetor for carcenogenic substances is infinite (f15). That is, i!
a substance causes cancer in anlmals if can noE be used in food. Thus, putLi

"q
aside the special cases (carcenogenic substances, for wtrich the safety facEor is

exposure, f or r.*rich the saf ety fact.or is 10) , th{infinite, . occupational

precedent ls well established tn the UniEed SEates that a safety factor of 100 I
the appropriate nurnerieal value with relation to t,he public aE large wnen d
balance must be struck bet,ween economic advanEage and the publlc healEh, unles
Ehere ls evidence to JusElfy a diffqqent, value.-32-
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BIOLOGICAL AND EIIGINEERING SAFETY FACTORS DISTINGUISHED

biologlcal safety factor of 100 proposed here musE be disrlnguished from the

oesn E co11apse, then ? safety faetor of 1.5 to 5 would be typical. Such

as certain. Clearly when we speak of a safet,y factor to proEect against]

presently proposed transmission linesr w€ are talking of a biological safety

f actor.

APPLICATION OF T}IE SAFETY EACTOR OF lOO

Since the mosE appropriate safety factor for use in connecEion wiEh the

Iiterature describing biological effects due to exposure Eo ELF fields is 10(

column D. indicates the distance from the proposed Eransmission line .. "nr"n .:J

;::" i:",."".,;.^':,i",:::"..:::""". :,':;;00 o*he value ;:. .,".:"". .:;
biological effect in the corresponding experirnent. Coltrrn ,3 (2D r) ef""{

the total lridLh of the zone of effect; that is, the width of the strip of fanl

withj-n which the fleld from the proposed transrolssion line will e:<ceed the

corresponding safety level llsted in Dr.

While iE appears necessary and appropriate for the Cnrnmssion to utilize a safeEy

factor of 100 in determintng permlsslble chronlc human exposure to t,he 60 hertznr papen 28
I o, cat.tfoFNrA
I l3 rREv. a.?2r

o3t -33-

more familiar buE distinccly inapplicable engineering safety facEor.

envisions Ehe appropriate safeEy factor for the Ehickness of the wall of

vessel so as Eo insure that iE doesn'E rupture, or the

of a strut on a transmission line tower so as to insure thaE the

safety faeEors are relatively low because Ehey rest on a

base, narnely the knovrn physical properties of the materials.

oEher hand, biologleal safeEy factors are necessarily liigher because our

concerning the properties and responses of biological objects is not

exposure of Lhe general population Eo Ehe electric fields of
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h report, llsued ln Table 4. Ttre appllcatlon of the safety'factor of l0(

Eo a speciflc report llsted ln Table 4 vould produce a deslgn crlterlon, and I dc

Ehe available choices notwithsEanding any financially oriented considerations.

tritldrr wLrich the electric field dlmln:ished to about

O.?-2.0 volts/cm.

(Zoeoo volts/cm x to-21 =

ott

-31+-

:teids, I do ooE recommend that rhe safety facEor be applied co any

urge any speeific deslgn criterion. I believe that Ehe particular report

of reporEs in Table 4 which are chosen rrusc reflecE eonsideracion of

record in the hearlng. In vies however, of the effeets reported in

volt/cm range (Tab1e 4), it is ruy judgroent EhaE Ehe application of

faetor of 100 to this range of experlments is an absolute upPer limit

is, the narrowest possible right-of-way that could safely be chosen 1s
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4. RULES IN T}18 SOVIET UN ION GO VERNINC I'TAXII'ITM PERMISSIBLE IiXPOSURE

TO POWIIR Y ELECTRIC TIE],DS AND THEIR BAS IS.C

SOVIET RULES

It is recognized by the Soviet government that power frequency eleetrl-c fields

cause undesirable effects Ln exposed workers. The Soviets believe that power

frequency electric flelds affect people's health, and that the reaction is non-

speeific and can develop after two-five months exposure (92). They further

believe that the effects of exposure are cumulative, dose'related, and depend

strongly on individual physiologieal differenies (921, Such effects include

dlsturbances in the cardio-vascular system' the eentral nervous system, blood

eomposltion, and lower sexual eapability (85-86). In L97A the Soviet

government promulgated nationwide Rules and Regulations regulating the nature

and extent of permissible occupaLional exposure to Power frequeney elecLrie

fields (90). According Lo the Ru1es, r.rorking conditions are not limited or

eontrolled where the electric field is less than or equal to 50 volts/cm. If

the electric field is greater than 250 volts/em, all work must be done with the

worker protected by screenlng 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 volrs/cm, 90 ninutes; at 100 volts/crn, 180 rninutes. Thus for instance,

after spending 90 minutes in an electric fleld of 150 volts/cm, the worker must

spend the remalning portion'of the 24 hour perlod in an electric field of less

than 50 volts/cm.

oar
35-

The, Soviet exposure standards are based upon measurements utllizing a Soviet

Electrlc Field Meter and a speclfic measuring technlque'(90, 116)' Taklng into
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: Soth Ehe particular technlque of mdasurement utillzed by the Sovlets,

d the difference in frequeney between the Sovlet and American Power systems,

t is neeessary to enploy a conversion factor to permit a direct couparlson

etween Amerl-can and Soviet electric f ieLd measuremenEs (Driscoll, l{er+ York,

11176). Thus, in terms of. the American method of electric field measurement'

e actual Soviet exposure level-s arel

Electric Field Permlssible Duratlon of
Intensity (vol-ts/cm) Personnel Stay in Electric

Field During 24 llours
(minutes )

28 Unllmited

18056

83 90

. 111 l0

139 5

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

eveloped (92).

In the Soviet view, knowledge of the effect of the electric field of high

ltage transmission lLnes on the f'lora, fauna, and on the ecological balance

f the area along the right-of-way, ls practically nonexistent, and therefore,

laboratory and field studles should be conducted (92). The soviets believe

that being exposed to the eleetric field of high voltage transmission lines

only occasionally, and not periodically, does not PresenE a health hazard (g2).

BASIS OF TIIE SOVIET RULES

From the existence of Rules governi.ng field exposure wtthln the Sovlet Unj-on, I

lnfer that, there exists sclentlflc evidence wlthin the Soviet Union from which

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

l
I
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foveys of occupationally exposed workers (S5-SB). Neither the number of such

tudies however, nor adequate detaiLs of thelr conduct are presently available

lt" the Unlted States. Some studies may have been performed and not prrLli"hud,

and studles may have been published but not translated ln English. There is no

lagency or organi-zation which systematically Eranslates the Soviet literature in

this area and makes it generally available. Literature becemes available only

when some agency or organization beeornes interested in a specific study,

translates it, and chooses to dissemi-nate it. A prominent spokesman for the

American utility company engineers, in dealing with the Soviet engineers,

appears to be Howard Barnes of Charles T. Main Ine., Boston, Massachusetts.

lHis correspondenee 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

Ameriean utillty companies have been unusually circumspect in inquiring into

the nature and scope of the Soviet data base on high voltage transmission line

ihealth hazards. It does not appear that there has ever been a forrual request.

to the responsible Soviet authorities for all available information dealing

with health hazards of high voltage 'transmission lines. Consequently,

exceedingly llttle of sueh information has appeared in the Ameriean scientific

coumunity under the ausplces of the American utility companies. Sometimes,

even when informatlon is obtained from the Soviet Union, it clrculates very

narrowly.. Both Barnes and applicant's witness. Michaelson have obtained copies

of speciflc Soviet reports but have not honored requests to uake them

available

Informal eontacts between lndivldual scientists in the Sovlet Union and those

ln the United States and Europe have produced some Sovlet reports in the ELF

r'
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The process of obtalnlng informatlon in this manner however, is quite

aphazard and often results ln translatlons of unverified reliablltty' Thus,

lle the basls of the Soviet Rules appears to be the medical and physiological

urveys conducted withln the Soviet Unlon, the studles cannot be lndependently

ssessed on their own me.rits.
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these proceedlngs.
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CONCLUSION

ere are Rules within the Sovlet Unlon governing the maximum permisslble

ccupatlonal exposure to htgh voltage transmission lLne electric flelds'

sure standards

neral public.

La base wlthln

arg belng developed for agriculture workers and for the

lrom the exigtence of the Rules, I lnfer the existence of a

the Sovlet Unlon concerning the blological consequences of

osure to ELtr', electric fields. I have been able to ldentlfy only a part

hereof (11, 14, 20r 75,76,77, 85-93). In view of the very small percentage

f the Soviet literature dealing with ELF biological effects that is available

to me, and the poor quallty of the translations on many of such Soviet reports'

nd the possible differences that may exist between American and Soviet

ientists in terms of scientific nethods and proeedures, I ars unable to reach

ny concluslon eoncerning the likelihood of blologlcal effects from the

lectric fleld of the proposed transmission llne directly from an analysis of

the Soviet literature. Nevertheless' one cannot gainsay the exisLence of the

et Rulesr of the plans for more research and tor aaaftional rules. I

ssume that the Soviets are not unintelligent, scientifically baekward, or

rone to needlessly interfere with their lndustrial progress. It follor.rs,

therefore, that sufficient evidence exists in the Soviet view to warrant the

es that have been and are being taken to protect workers and the general

1ic. This indLcates the 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'

It is my understanding that Allen Frey may relate information gained on his

recent visit to the Sovl-et Union'to study research methods employed there to
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ANALYSIS

The proposed transmlsslon lines will carry about 1000 megawatts of electrlcal

power. The potrer will be manufactured aE one location, transported, and

ultimately used or consumed at the termlnus of the transmission line. The 1000

megawatts' wtll travel from the point of generatlon to the point of consuroption

not through the conductors, but rather through the space surrounding them (4)

(See Flgure 1). The region which the transmitted power oceupies extends a

considerable distance outward from the transmission line. When an lndivldual

is within this region, a portion of the electrical power being transmitted

impaets him. The auount of energy which impacts the iadividual depends on his

size, his distance from the transmission line, and how'long he stands there.

Transmlssion line energy is composed of an electric field and a magnetic fte1d.

Thus, when subjects are exposed to the energy of the proposed transmission

lines, they will actually be exposed to stmultaneous electrj.c and magnetic

fields. It has been shown that ELF electric fields and ELF magnetlc fields

separately eause blologlcal effeets {Table 4). .The "real life" sltuation

however, namely, the simultaneous and phased appllcation of both fields, has

not been studled. The biological response 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 latter Eesponse is called potentiatlon and represents the

conditlon whereby one agent is made more potent in the presence of another

agent. Thus, the sltuation whlch w111 actually Qccur under the proposed

transmlssion 1ines, namely, the phased slmultaneous applicatLon of the electric

and magnetic fields, has not been studled experlmentally. lle do not know whe
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w111 be a synerglstlc effect betwebn them' Moreover' we have no ldea

t,her sy.nerglstlc effects w111 occur beEween the energy fLux of the proposed

rransmlsslon lines (i.e., the eleetric and magnetic field taken together) and

other agenEs present in the environment at various locatlons along the rlght-

of-way. Such agents may be el-ectrical (radar' radio sEations' etc') or non-

electrical in nature (air pollution, drugs' etc')'

CONCLUSION

Substantial and significant energy levels due to the proposed transnission

lines will exist within the right-of-way and for considerable distances beyond'

The energy levels are composed of phased' simultaneously present' electric and

magnetic fields. l'lhile experiments have shown that each field separately can

i"..r"" biologieal effects, oo experiments have been performed to test the

possible synergistic effecEs' Thus' vre have no basis for assessing vhether the

effects occurring under the proposed transmission line will equal or exceed the

sum of. the effects observed when each field is applied separatel-y' l{oreover'

the possibility of synergistic lnteraction between exposure to the 
.energy 

flux

of the proposed transmlssion line' 'and other factors present in Ehe

ienvironment, has yet to be considered'
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T}IE PHYSICAL PHENOMENON

Robert He1llsel1 of the Radloscience Laboratory, Stanford University., has

lnvestlgated the propagation of Very Low Frequency (VLf) (3O0 hz-30khz)

electromagnetlc waves between Roberval, Quebee, and Siple Station in the

Antarctlc (117), The t\,ro stations are conjugate, each belng located aE the end

of a magnetic field duct (See Figure 4). Very Low Frequency (Vlf1 energy which

enters the duct is channeled along it and passes into the magnetosphere where

it interacts with electrons to produce a variety of new frequencLes and time,i
variati.ons which are detectable at the eonjugate poixt.

Lightning discharges produce VLF electrouagnetic waves which enter the ducts.

It is also posslble to deliberately inject such waves into a magnetic duct such

via the 2L.2 km antenna located at Sip1e. Hel1iwe1l found that

,lectromagnetie radiatlon.from the Canadian power system is inadvertently being

nJected into and channeled along the particular magnetic duct vrhich he employs

n hls measurements (117)

e VLF electromagnetic waves whlch enter the duct pass lnto the magnetosphere

ere they interact with trapped electrons and the frequency of the VLF wave,

liwe11 has found that the magnetospheric amplification process occurs for an

nput power as small as ten watts, and can. result in a gain of more than three

defs of magnitude. Some electrons which have surrendered energy to the wave

op out of the magnetosphere and raln dorm on the ionosphere. Thls in turn

ses eolLision processes whlch froduce a spectrun of bromsst,rahlung x-rays

ott

(1r7).

-t&-
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ls a normal baekground of preclpltated electrons due to galactic sourceg

natural electromagnetic noises, and there are intermittently hlgher counts

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

No research has been performed to determine either the magniEude or the

biological significance of the electron precipitation caused by high voltage

transmission lines.

l{e need to know first the amount of power that witl be radlated by the proposed

transmission lines at the fundamental frequeney and at the first 100 harmonies'

Second, we need to know the magnitude of the natural versus artlficially

induced electron precipltation. Third, we need to know the spatial

distribution of the preclpitated electrons' Fourth, we need to know the nature

l-..,1,
lof the lnteraetion process which occurs when the electrons precipitate onto the

ionosphere, and the blologieal eonsequences thereof' There are pl-ans to use

the IIASA Electrodynamics Explorer satellite to neasure the electron

precipitation caused by specific Sipl-e Station transmissions (118)' This will

provlde the flrst measurements of the magnitude of the electron rain' and its

relationship to electromagnetic energy of specific frequency and anplltude'

There are, however, no plans to conduct BeasuremenLs useful for directly

evaluatihg the proPosed transmisslon lines' Satellite observations have shown

that VLf electrical aetivity has the highest probabiltty of occurrence in

reglons threaded by geomagnetic fleld llnes that intersect industralized' areas

(119). The results tend to confirm recent land-based observations of the

influence of transmlsslon l1ne radiation on magnetospheric dynamlcs (120)'

ol?

-t$

?
a

,d

a nearby lightning discharge oecurs' Thus, the electron precipitatlon

I
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there are strong indlcatlons (117, 119' 120) that radlatlon from

Eransmission lines plays a signlflcant'and hitherto unsuspected role 1n the

dynamics of the magnetosPhere.

THE POSSTBLE BTOLoGTCAL CONSEqUENCES

The precipitated electrons will be scattered by partieles in the upper

ionospherel and in that process w111 emlt x-rays of about. 2 kev' Such photons

have a radlation length of less than l/2 km, and are, therefore, absorbed far

above the earth's surface. The absorption gi-ves rise to secondary processes

whlch involve the production of ultraviolet light (UV) which can pass through

the atuosphere and strlke the earth. One effect of the electron rain wou1d,

therefore, be .expected to be an increase in the total amount of UV which

strikes the earth. Qualitatively' an increase in the UV that strikes the earth

is quite capable of causing biological effects. The number o.f instances of

human skin cancer depends ln part on the amount of UV at ground level (I2I)'

Interest in this relationship has been stimulated by the possible llnk between

freon and depletion of the ozone layer of the atmosphere, a Proeess which also

has the effect of increasing the UV wh'ich strikes the earth via a completely

different mechanism. *Y", the radiation from the proposed transmission lines

could increase the arnount of UV that strikes the earth in sufficl-ent amounts so

as to lncrease the incidence of human skin cancer.

There is another possible ef,fect assoclated with the proposed transmission

llne, which ls related to the earth's climate. Solar emission of UV and

clrarged particles varl-es wlth sunspot ,"tt.rity ( L22). A number of workers have

shown a relationship between these varlations and changes in the earth's

climate (LZZ-LL4). Thus, the physlcal factors whlch appear to be related to
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change als.o occur as a consequence of the radiation from hlgh voltage

changes in global weather patEerns.

Professor HelliweLl's reaction to the possibility of biologicatr consequenees

arisLng from the physical phenomenon 'which he discovered appears to be an

opinion that such consequences have not been demonstrated and are un1-1ke1y to

occur (125). It ls readily apparent, however, that the question has not been

adequately considered.

CONCLUSION

The proposed transmlssion lines may cause increases ln.human skin eaneers and

may cause modiflcation of global weather patterns. It aPpears wise to

inpartially conslder both possible globaI impacts of the proposed transmission

lines prior to their construction.

IRT PAPER
.E OT CILITORNIA

I l3 rREV. a.72r

oar

-l+5-

{

1lnes, thereby ralslng the possiblllty thaE such lines may eause



F
2

5

4

5

6

ii.

r

7. PURPORTING TO S}IOW THAT TIIERE T{ILL BE

EXPOSED TO THE ELECTRIC AND I'{AGNETIC FIELDS
BIOLOGICAL EFFECTS IN SUBJECTS

OT HIGI1 VOL E TRAN SION LINESI
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SUCI1 AS THE PRO POSED SUNDES ER.T TRANSMIS SION LINES

INTRODUCTION

Four distLncr arguments have thus far been advanced by proponents of high

voltage transmisslon lines to show that such lines are safe'

A. ExPerlmen'E a I Scientific Evidence. It is argued that there exists

laboratory evidence uPon whlch one may confidently base a judgment that high

voLtage transmisslon lines such as the proposed Sundesert 500 kV transmission

lines w111 not cause blologlcal effects in subJects exposed to the electrlc and

magnetic fields thereof

B.B ioohvsical Calcul4Eions. It ls argued that it is Possible to do

calculatlons which are properly appllcable to subjects exposed Eo

transmLssion lines such as Lhe proposed Sundesert 500 kV

llnes whiehl establish that, according to the laws of physics and

mathematical

hlgh voltage

transmlssion

19

20

2L

22

?3

24

25

26

27

engineering, such transmlssion lines wlJ'I not cause biological effeets in lhe

exposed subjects.

uri rat €oc€o It is argued that high volt?rge transmission

lines sueh as the proposed Sundesert 500 kV transmisslon lines are safe because

there "1. no recorded instances of death or inJury or disease of any klnd

attributable to exposure to their electric or magnetic flelds''

D Difference Between "eLf, tl| tthaz ll It ls argired that not every

bJ.ological effect that may be caused by the electrle or uagnetic fteld of high

voltage transmission lines ln subJects exposed thereto is necessarlly

hazardous, and therefore, if a determlnation of the existence of a bioLoglcal
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In all cases

establlsh the

not observed.

there must be a further determination Ehat the effect ls a

utlllty company may be required to eease the productlon of

he effect.

SPECIFIC ARG1JMENTS

A. Experlmental Sq ientific Ev ldence

ere are two dlsEinct lssues which arise with regard to the biologieal effects

f the electric and magnetic fields of high voltage transmission lines such as

he proposed Sundesert 500 kV transmission lines' Can such fields cause

iologlcal effeets; andr will such fields cause such effects? l'Ihen we turn to

the relevant scientific llterature in an attempt to examine these issues' r're

lnd two general categories of studles' There are experimental studies in

ich the investigator observed a.cause and effeet relationship between the

applied field and the parameter being measured (ttfound an effeettt) ' 
vhich I

refer to as ELF-plus reports. Slmilarly, there are studies in which the

investigator failed to observe such a relationship (El.F-rninus)' Thus' there

rises the question of which grouP of studies logically constitutes aceeptable

scientific for each issue.

El.F-minus reports have scienlific value on the issue r*hether high voltage

itransmisslon 1ines, such as the proposed transmission lines' 1i111 cause

biological effects ln exposed subjects in only two cases' (1) wherein ELF-plus

reports do not existr and i2) 't'tttin both El,F-mlnus and'ELF-plus exist and

icontradicL one another. NeiLher case applies in the present hearing (Table 4) '

other than those enumeraEed above, the ElF-minus reports merely

existence of certaln condltions for whlch a specific effect is

The establishment or enlargement of this lfunited class does not
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lt more likely that the claas of alL'condltlons wi1l be unproductlve of a

erve no evldentlary purpose wlth respect. to the issue of the possibility of

ological effeetg.

El.F-mlnus reports have significanee with regard to the lssue of whether the

oposed .transmission line will_ cause physlological, growth, or behavioral

end on hor+ closely it relates to the actual conditions that would prevail if
he proposed transmlsslon line were to be constructed. Thus, the ElF-minus

lion tines less intense than the field strength of the proposed transmission

l1ne. Therefore, the Sanguine-ElF-minus reports, although of signlficance in

1 ElF-mlnus reports thus far cited, in.the present proceeding and in the New

ork proceedlng, can be afforded llttle weight r+ith respecE to the lssue

the electric and magnetic flelds of hlgh voltage transmission lines

that were vastly less lntense than those that prevail n'ear typical high voltage
'

transmission llnes wlth respect to applied if.fa strength and durati.on of

e (126).

The ELF-plus reports are the only proper scientl-f1c evl-dence on the first l-ssue

ott l+8 -
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perforned in connection with Projeet Sanguine (Sanguine-ElF-minus),

c1-earIy have signifi.cance and some welght on. the issue whether the

antenna wlL1 cause biological effects. The Sanguine experiments,

were performed at Sanguine field strengths, wtrlch are about one

proceeding on the lssue stated, can be accorded little rrelght. Indeed.,

cause blological effects in subjects exposed thereto because, in eaeh

the studies were performed under laboratory conditions of exposure
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ltage transuisslon lines such as the proposed Sundesert 500 kV transmission

nes will produce such effects in the exposed subJects' and are oPeil to .the

test for weight as descrlbed above'

conclude therefore that the ELf experlmental literature affords the

oponents of high voltage transaission lines such as the proposed Sundesert

transoission lines no substantial support' that exposure of the general

iological effects.

sical ions

biophyslcal calculations are meant mathematical computations involving

ological syslems on the basis of which it is argued that some effect can' or

system under lnvestlgation' Tlieoretical calculations of the posslbillty of ELF

electric or magnetic field biological effects are properly employed to guide

i

lsclentists in the choice of experiments' They are' however' not evidence

are l-ncapable of conveying lnformatlon bearing on the likelihood

effect due to ELF field exposure' Before any theoretical

ru]
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of any biologieal

calculatlon, one knows that any given blological effect ib elther lmpossible'

possible, probable, or definlte' The calculation leaves the situation

unchanged. This chronlc lnfirmlty of theoretical calculatlons {s recognized in

lottut forums. A review of the maJor environmental health lssues raised ln the
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ffi above- They establtsh beyond reasonable doubt that ELr fieLds can caube

effects. They are obviously evldence on the lssue whether high

electric and magnetic flelds of such l-ines will not cause

. or cannot, ot must, occur as a consequence of ELF field exposure'

based on theoretlcal caleulations of necessity depend on nuoerous

and unverlfiable assumptions concerning the naLure of the physieal

they
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States has not revealed a slngle example whereln a state or federal

tory agency or court has gl-ven declslonal lmpact to theoretlcal

calculations showing the absence of the possiblllty of a blologlcal effect when

competent investigators have reported such effects. Theoretical- calculatlons

are, thereforer. noL evidence on either issue dtscussed above

have resultedrfrom exposure to the electrie or magnetic field of existing high

voltage transmlssion lines, such as the proposed Sundesert 500 kV lines, 1t is

likewise true that. no significant epiderniological studies have been-performed

upon which a clalm that no such harm has oecurred might be based' At best,

therefore, the elaim rests uPon. brlef and uncontrolled observatlons to the.

gtJneral effect that existing lines do not aPpear to be causing harm in the

exposed subjects. The absence of gross, immedlate' acute, and obvlous effects

on health when one Passes near a htgh voltage transmlssion line is indeed a

kind of low-leve1 indlcation that such lines 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 ln the vlcinity of

a transmission 1ine, then surely a connectLon bettreen then arld the line would

be made. I,Ihen one entertains the ldea of more subtle effects oceurring, then

brtef and uncontroLled observatlons are utterly inadequate for the purposes of

assessing hazard. By way of example, lf the absence of proper epideurological

studies 'together wlth brief and uncontrolled observatlons'were sufficient to

lndlcate the absence' of subtle hazaid, then the absence of parallel studles,

together wlth parallel observatlons Ln the controversy surrounding the

depLetion of atmospheric ozone or surrounding the contaminatlon of the
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d by chlorinated hydrocarbons could be vlewed as evLdence that these

'henomena are not hazardous to human health' Since such an argument ls

unreasonable, I conelude that the operating experLence of the utillty companles

affords no substantial evidence that hlgh volLage transmisslon lines such as

the proposed Sundesert 500 kV transmissLon lines are safe'

fference Be en ttEff t'Haz r It
Lto

The proposed transrnlssion lines are a regulatory-public heal-th problem with the

following aspects. A private corporation (applicant) ls manufaeturing a

product (elecEric power). As a consequence of the production ofits product'

the corporation emits or causes to be emitted a substance or entity (electric

and magnetic fleld) lnto the environment' Let us assume that the entity eauses

a blologieal effect (otherwise there would be no hazard) ln some part of the

general population exposed thereto. The assumed biologlcal effect may be any

physlologieal, growth, or behavioral- effect' I'ina1ly, the affected part of the

general population has neither given informed consent to the production of the

biological effect within themselvesr nor are they aware of the production of

such effects.

In such a situation, there is a strong presumption that the biological effect

ls potentially hazardous. I have found no instances which a state or federal

eourt, or adminlstrative agency lndulged in the contrary presumption' there is

no precedent for an argument by the private corporatlon that they should not be

regulated because the effect that they caused in the exposed subjects had not

been proved hazardous.
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human experlmentatlon. To urge that a blologlcal effect induced in

subJect exposed to the ftelds of hlgh voltage transmlssion lineg should not

prevented unt,l-I 1t has been sho$n to be hazardous Ls tantamount to urglng

the performance of human experimentation to evaluate the degree of biologlcal-

insult caused by the transmisslon 1ines. Moreover, such human experlmentation

d be involuntary sinee, in the setting described above, informed consent is

not obtalned. Since Lnvoluntary human experimentation ls a corapLetely

unacceptable alternative, it follows that any biologieal effect caused by high

voltage transmission in exposed subJects is strongly presumed to be hazardous'

I eonclude therefore that thqre is no basis for a dlstinction between an

tteffect" and a tthazardtt in the context of high voltage transmission lines such

as the proposed Sundesert 500 kV lines, and that such a distlnction is

medieaLl-y unethical (Becker, New York, 9004) and 'unprecedented.

' SOL MICI{AELSON

SUBSTANTIVE ARGU}bNTS

Based on an analysis of sclentific experiments, appllcant'b wltness Mlchaelson

has concluded that the proposed transmission line's electric and uagnetic field

wllL not cause slgnificant blological effeets in exposed subjeets (I'llchaelson,

5*). Based on an anal-ysis of two surveys, he concluded that Ehe proposed

transmission llnes will not inEerfere with farn workers, reduce erop growth or

nilk production, or harm farm animals (Michaelson, 22). Based on the work of

Dalziel and Underwriters Laboratorles, Michaelson has concluded that slx

milliamperes of steady-state shock current is safe for the general public

(Michaelson, ?6). In eaeh lnstance, however, the bases cited by l'lichaelson do

not furnish any significant suPport for his conclusion. AddLtlonally,

*Page 5 of Mlchaelson's preflled testlmony'
of all witnesses +ri1l be ldentleal ln form'
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voltage transmisslon

(Michaelson, 16-17),

between an ileffectrt

testimony regardlng the Sovlet experlence wlth high

lines whlch may be misleadlng Eo the CommissLon

and he has urged ttre Commission to adopt a distlnction

and a 'thazard" whieh is wrong because lt is ethicatly
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inperrnissible (Mtchaelson, 6).

Sclentific riment Flichaelson clted the vork of Kouwenhoven, Singewald,

Ilauf and 'colleagues, Knickerbocker, Johansson, and Beischer. Hauf and his

colleagues have reported that ELF fields caused a nonspecific stimulatory

response in human subjects after Ehree hours of exposure (22). lkrickerbocker

has reported that ELF fields produced stunted growth in mice (301. Johansson

reported that exposure to ELF fields for 75 ninutes appeared to alter human

reaction times (2t1. Bei-scher reported that ELF flelds caused increased serum

triglycerides in humans after one day's exposure (81). It is therefore not

logical to cite the work of llauf, 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 eould reveal only gross biologlcal effects.

Inasmuch as the reports described above are a complete llsting of those cited

by Mlchaelson, ir must be concluded that he has not furnished any significant

support for hls conclusion that the proposed transmission llne wl11 not cause

biological effects in exposed subJects. :

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

lnternal report (I2S), lllchaelson has testlfied tirat the proposed Sundesert 500

kV transmission lines will not adversely affect fann operations' In the Busby
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rsurvey, two dalrymen reported that mllk pr_oduction had increased foilc;::.:
constructlon of the transmlsslon 1ine, and two reported that there had been r:c
change (tzg). Addltionally, 11 crop farmers reported that they !7ere satisfied
ith thelr crop yie1d, however, seven farmers reported dlssatlsfaction with

crop yleld. Of the nine farmers who grazed anlmals under the transmission
line, three farmers reported that the line altered the pattern of grazlng. In
Ithe utlllty company report , LZ5 farmers were surveyed rrith regard to their
attitude toward high voltage transmission lines. The company said that 77

percent of the respondents found that the transmi.sslon lines caused no farming
problems, but that 23 percent coraplained of some interference 1n farming
operations due to the transmission line.

It is not reasonably posslble to rely on the two studies to conclude that the
proposed transmission lines will not adversely affect farning. 0n the
contrary, they indicate that the impact of high voltage Eransmisslon lines is
largely unexplored and potenEially significant.

tea ate sh ck Cur l. Michaelson stated that six milliamperes i.s a safe
eurrent for an adult or child to experlence when touehirrg an ungrounded

lruetallic obJect near the rlght-of-way of the proposed transulssion lines. He

believes that the six nilliampere level may be painful, but wiII not lead to
any serlous after-effect (Itlchaelson, 25). Miehaelson gives no relevant
literature citatlons howeverr. and thus provides no basls whatever for his view.

It is gulte clear that testlnony regardlng the blological consequenees of
steady-state shock current is useLess in the absence of a specificatlon of both
the magnltude and duratlon of current flow. In our laboratory we apply direct

,I



mill-lamperes to patients accordlng to a

human experimentatlon protocol. Utllizing

such

1y regulated

currentsr u€

and monitored

have caused bone to gro$, 1n cases ln which standard

4l

s

6

7

I

I

IO

11

L2

15

14

l5

I6

L7

18

1e

orthopedic procedures had falled and amputaEion was the only other alternatlve

(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 rnay have been responsible for the stunting of

growth of niee (t)(Michaelson, New York, 11644)'

Soviet Experience -q;!
th High Voltage Transmisslon Lines. Based on an analysis

of the Soviet literature, Ifichaelson has concluded that the Soviet research is

unreliable because it lacks details concerning methods' procedures and'

statLsties (Michaelson, 16). The irnpli-cation of his testirnony is that the

Commlssion should afford the Soviet seientific literature very little weight'

Mlchaelson has conced.ed however that it is quite possible that the Sovlet

literature whieh he read and found r^rantlng in deseriptive detail h'as so lacking

because he did not read the actual Soviet reports, but read only a sutwnry

thereof in a Sovlet literaEure review article (Ilichaelson' New York ' 9875-76) '

-hp imnlicationt n'6 testimony with regard to theConsequently, the inplieations of Michaelso

Soviet scientific literature should be reJected'

l{ichaelson staEes that Soviet hlgh voltageQuoti-ng .uncited 
documents,

transmission lines produce more lntense Sround-level electrli fields than those

thar w111 be produced by the proposed transmissl-on llnes' and he states that

the Soviets have had no problems of blological significance as a consequence of

such fields (lllchaelson, 17). The lmpllcation of hls testlmony is that slnce
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:: ri,{ i:',-:-eE deslgn crlter :nd-level fieLds hlgher than thoge
la permit grou

;:oposed fot the Sundesert 500 kV t,ransmisslon lines' and slnce the Sovlet

operatlng exPerience has not uncovered any blological- problema' Ehat'
:
a

4

5

b

7

B

9

10

therefore, the Soviet

proposed transolsslon

however, the aPPlicable Soviet

experlence suPPorts

llneq will be safe'

to high voltage transmission lines'

the extent of exposure to high voltage

ard

rules and regulatl-ons whlch are part of

the aPPlicants PosiEl-on that the

Michaelson chooses Lo Lgnore'

the

The Soviets

Lransmission

ll-ne electric fields (90)' They are developing courparable rules for other

groups (92). Sovlet high voltage transmission lines are built 984-I,640 feet

Soviet regulatorY resPonse

have work rules governlng

from planned population sites (92)'

inhabited dwellings $2) ' For 1100

I{ichaelson,

must

to

testlmony is in error'

1I

L2

13

I4

15

16

L7

the Soviet Zone of Influence is 756 feel (130)' Uithin the Zone of

'Inf luence, unauthorized people are not perrnitted (130), and agriculture is

(gZ). Beaehes and shoPs
llmiEed and must be earried out in shielded machinery

be located a sufficient distance from the edge of it" zot. of Influence

They are oot built within 328 feeL of

kV transmission line referred to by

." Mlehaelson urges that there is a

(Hlchaelson, 6' It would be grosslY

18

19

2A

2L

(g2'). Buildlngs are not permitted within the Zone OZ) / It is within a set of

' fnworable oPerating exPerience
rules and' regulations and procedures' that the favorable operi

referred to by I'Iichaelson has been achieved' To the extent therefore' that

Michaelson's testimonY imPlies that the Soviet operating experience with regard

high voltage transmission l1nes supPorts the position of Lhe applicant' his

22
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24

25

26

27
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Distlnct Bet l'Eff ttt d

distl-nctl-on betr'reen an ef fect and a'hazard

lmproper, however, for the Commlssion to draw such a distlnctlon in the context

of thls heartng (Sectlon 7' supra)' A blologlcal hazard ln the context of the
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which has not been shor'm clearly and convlnclngly

. New York, 6425). Mlehaelson, would reverse

usual burden of proof (Michaelson, New York, 37X' 1o4o?)' His view however'

alien to or:r system because i-ts impl-ementatlon would' consiitute involuntary

experimentation.
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transmlsslon llnes l-s any blologLcal effect lnduced in the bodles of

subJectsr or ltkely to be so lnduced based upon an evaluation of

experimentation,
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Michaelson is a veterj::arj-an, and he has published 26 arbieles

in the field of veterinary medicine,

Eacly in his professional career, I'ilchaelson acquired an interest in

the biologieal effects of ionizing radiati.on. He subseciuentl;.'published 35

papers deal-ilg with the cljnical synptoms nanifest by laboratorv a:rima1s,

principally dogs, nhen they have been subjected to very large d'oses of

X-rays. fn almost all of his e.qteriments, ihe procedure fo1Ior,'red, t'ras

identical. The animals ':*ere imadiated. for several ninutes, follor:ing

ruhich the d'ead animals l'ere rernoved' for autopsl' and' the renrailing an1rlals

were observed. closely to determine hoi'r long they could. survive and, r,'hen

death oecurred., ihe precise cause thereof. In one of his first studies

i:rvolving L-rays (p-3), I,iichaelson iradiated 100 dogs and found that on1lr

about l?0 surrrived for one month foltorring t,he eqrosure. In another experi-

r,rent (p-/+)r he obtaj::ed. comparable results. fn experiments i:rvolvin,t 95

dogs (pr-L6), ttictraelson reported that 250 r (roenigen, a measure of ionizing

tt Publication nu:rber I in the list of publications appended to the prefiled
testimony of applicantrs r'ritness I'llchaelson. All citations herein to the
list of publications will be identical j:r form.'
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5

4

5

6

) of X-rays kil}ed SV, of the dogs tested when the X-rays trere directed

against the dogrs enijre body, t''rhereas L775 r tras required to kiI1 the same

percentage when only the head was irradiaLed' Comparable results were

obtained, when a differeni source of X-rays were employed (p-f?)' Michaelson

JOrsoasto
developed a teehnique for irad'lating the dogts heart '-'rith.20t0'

produce card'iac necrosis (p-zA)' He described the nerologicaa and clinical

changes observed i-:n dogs e:cposed' to 5r@O-5O'000 r X-raYS to the head (p-21)'

Di.rring exposure there was an increase in respiratory rate itith contirruous

salivation. Immedi-ate1;'after exposure there was evid'ence of disturbance

in equllibrium and vomiting occurred'

The dogs surrived tot 72-a6 days. Comparable results were obtained in a related

e>cperiment (g-36). I{ichaelson has reported' tliat dogs irradiated' -"riih 1'800 r

l.rere not able to perform exercises as efficiently as dogs that riere not'

irradlatea (p-&0). In stud'ies involving )2 dogs' I'lichaelson coneluded' '''hat

x-ra1.s can damage the thryoid gland and thereby induce hypolhl'roidisrn (p-&5)'

About ten years after the beginning of his professj-ona1 careert

Liichaelson became interested' jn the biological effects of microt'iave radia-

tion. Si:rce then he has published 51 papers i'ihich deal rvith the effects of

microwaves, In i3 of the paDerst i4ichaelson reportecl the results of labora-

tory e:<periments in I'drieh he partiiipated'. In the remainilS 33 nublications'

lvhich are all esseniially identical, t'lichaelson expressed opi'nions concerning

safety. FIis 1"3 laborator)'.studies of micro-

tr-ave effects closely paraIleI his ionizing radiation studies' Thai is' in

alnost aIl instiu-Ices the aninals under strrdy uere given short duration' high

intensit,l, doses of :nicro"I&Yosr The frequenc;" and intensit"' of the ili'cro-

i.Javes used by I'lichaeLson l'Jere both comparable to those eni:loi'ed' in normal

7l
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-_:':3e-hoId mj-cro'*lave ovens, anC the effects on the Lest animals uere compara_

:-'; obvious. iihen iiichaelson c>q;oserl ciogs lo ;l-1200 rt.:/c:12 for ?.-) hours,

he obserwecl that the dogs began to pa.nt as soon as the iradiatiofi i.,,as be,3rm

(>-19). -l,s the e:r.cosrlrc rr{.ls eontinued the rete of pantin3 increased, and j;he

dogts body teraperature ros€r Salivation occurreci and the ciogs j;ec,rre rest-
less. lieaimess developed, and. the animals becarne prostrate; thirst increascrL,

fn another srr,ud.;r (pa7), I1i-chaelson reported th:,t tCO ri,if cn2 at 23CO titaz

caused e::irerire agilationl excessive saliyati.on, Iijtor.ecl p::nti:r3 I _rre-:u:nt

rasping, impai-r"nent of iesenotion, acute cl.istress, anti. e;craustion. in il-re

dogs exposeC at t2g5 .hz houever, the effects ;.rere less severe. i.lici:aelsori

has shorm tha.t anir:rals e.xposed to micronaves e:<i-.erience lherm:I sLress, and

Ceep burns someti.mes devel-op (f;-&3), Utilizj::: 15; i.:/ct2':u 2-eOO iit:r,

r-rc.lir.e1son fc,;ni tj:ai.bou-t 8!::inutes is recu:_r'ec Nc i:i11. do,1s, :.-hei.eis

rabbits su-*.'i.ve for 1C ninules and rabs survi.re.ior lC ninutes (p_ii).

llonp:rab] e resuits l.;ere obtained in laLer stu<lies (fT, l_3/+).

i'.lichaelson concedecl that he has done no original research in the ELF

area (ilichaelsonl :2.0S), but clained ilrat he haC 1:u;:lished tiro reviex

a.rtieles dea"l jng idth EF (:tichaelson, 520?). His staternent is not correct,

ho:',-ever, because notl+ithstanding their titles neitirer of the trCI articies
i'rhicir he eited (ir-$/:, e42) dea.l r:ith the trF literatur.e.

One can fincl nothi:rg in liichaelsonts i::.ofessional exrerience -ts :)

vel,erninari:-n or researclrer ,..,'hich jrrCicates Lhut he posesses lmorfleCge or

erpertise rn the area o.f the biological effects cf lhe electric and ire.1;netic

fielCs associated ',..,i-th if,.F rad.iation. ;idd.itional1;,, there is no indication

fron i.iichaelsonrs publications or'his acatlemic i>acir3round as he h:is descriLred.

i.t in his l-arious testimonies vhich gives e.,,id.ence ilrat ire nosesses the

nithc:naticai or bioph;.sical tools necebsar;, to ai:proprittei;i lnal;,ze ilre

tr
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L2

13

- - - - ^--^L\- : -_ ---1: Vrr of others irr the ELI area for the benefit of the Comrrtission' In

proceedings involvin3 the health hiizards of various electrical de''rices end

sysler:ns, ilichaelson has tesLifieci on behalf of the Association of Ho:ne App1i-

ance l''ianufaeturers (L32), Itockland' Utilities Compan;' (1I3)r &afl'heon Corrtitanv*

i-c Corporation ( i.illi) 
' 

tJiagara l{oha';:k Po'rier
(131+) rr Eocirester Gas and 4lectric corporatLon \L') )1 1tr1<t{ilr'<r r'ru

Corporati-on (135), as 
"+e11 

as SIE & E' In none of these testimonies is ihere

an indication that i'{ichaelson posesses tire rec'uisite educatj'onal baclq3round

in physics or eleeLrical' engineering to atter:1lt to integrate ancl s;T-rths5ir"e

ihe ',,ork of other researehers'

The research which Michaelson performed utillzing X-rays and microwaves

.r1-

deal with phenomena not observed in dealing with ELF e>cperimental data '

invariably i-nvolved the production of immed:iate and obvious effects

follow5ng very acute gxposllr€r In such researeh, both the eristence of

an effectr and j-ts causel &r€ absolutely certain' There is no di'spute

concerning the seri-ousress and life-threateni:rg nature of the effect'

The study of such biological phenomena mqy'make it difficult to appreciate

the original research of others in which the biological effects do not

occur jmmediately r:pon application of the radiation, and in which the

effeet may be consistent with the zurvival of the test animal for the

duration of the exPeriment.
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Michaelson has evolved tr.lo chronologically d.istinct but substanLively

identical careers as an advoeate for thp corporate viel"l.point concerning the

health hazards on nonionizr4g.radiation at boih ends of the electromagnetic

spectn:-n. Sometj:ne around 1g68 he becr,re a spokesman for the corporaie
jnterests jn the microl.rave frequency portion of the spectzrrm. Thereafter,

all hls public testi.nrony and articles espoused the corporate vieu that only

thermally indrrced. effects r.irere possible jri biolo;3ical systems. This public
postr:re was a reversal of his pre;1!66 ,oublic posture to the effect that
non-thermal (1or,r1eve1) effects l{ere possible. l,lichaelsonrs post-1pdg

position in regard. to micror,raves is distinguished by three characteristics;
(f) fre consistently espouses the corporate vieri but never provi.des ana1l.sis,

argunents, or data to support his viel.r, (Z) ne has perforrned no research

at the exposure 1eveIs at l.rhich he says no effects exist, and (3) he has

organi-zed aIL investi-gators jn the field into tl,ro classesp those who agree

with his vien, and those who perform pcor research or are other,rise incompe_

tent.

Sometime around 1924 Michaelson became a spokesman for the corporate

i:rterests in the pot^rer frequency porbion of the electromagnetic spectrumr

Thereafter, alJ- his public testj.mony and articles espoused the corporate

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

to the'electric or magnetic fields of high voltage transmission li:res,
:

This public posture was a reversal of his pre-tglt* public postr:re thaf, such

biological effeets lvere Iikely. I,lichaelsonrs post-1924 position in regard,

to the power fleErency of 6O herUz is d.istinguished. by the same three

characteristics enumerated abwe.
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b

ffi rrn tg6'l $36), tliehaelson wrote;

Sufficient factual data are not avail-able to establish a

colnprehenu:tr"'""i"-iever for microi"Jave exposure because of

factors related to microtr-"; ;;;Au"cpnt'^lch influence the

biological response to- this eli"d'' l::-'!:*ai:r find:irgs

such as a possiUle effect on bone marrow arrd the thyroid

rn:st be "*;;l;-uvti""t*d' 
because of thei:r subtle

natr:re *ta q"[tionable relati'onship to i]ermal effeets" "

. ". firrbh""i;;;;;G;;i *i*"o*'"" 
-hazards' especiallv those

of a subacute nature are requ-iJed to estabti-sh safety 2

regulatiolls ,"'The p'*u"#i[;";-(;1") level of 10 mw'/cm

for whole uoiv";;;;d;t.rfiich is based' on the average pov'er

density for al1- frequenci""l"'f'n"-"emajnea rrnchanged since it's

adoPtion.....

ln Lg73 houtever, on behalf of the Associatj-on of Horne Appl-iance }lanu-

fact.urers he testified' that ($7) i

It is important to realize that the standard of 10

*o/"n?"il"nJll-tot or t"n belovr threshold of damaget

assumi:rg a long duration oi-""po"*u' -Thi" 
is an exceed-

i.r:gly.safe tevEt of exposure' It should-be poi:iLed out

that the ,,i""iific and meAic"f conmunities' after inten-

sive irrve"tis;iio"s, have not been able to oroduce any

substa,ntiated evid'ence of 
. 
t"i*V belo"r the ievel of '100

ffii;z.:.-n"-r""-lhe questioi oi sensiti'ritv of the

nervous ";;";;-u*"ea 
on biophysicar principles' there

just is noi eno'trgn energ],. frbnr- microtiaves to result i-n

itY 
"o.rc"ivable 

effect'

Fo11oi,,r'ing lhis testirnonyl a colloquy occured bet'v;een i'{ichaelson and

Senator turney of California (138)'

Senator TUiiINEY: Dr. l'{ichaelsonr ol-page-SS ?f-'1 :-!}dl,,
authored ;;; y"" ffiitt"a' iieiorosi"ai r;ffect is of Microwave

Ir4posurerrr-;,o1t 1t1te i' tugltd i3 tn" stud'ies undertaken b;r

th; Sovibts, cnd I quote:

,,The oecasional reports "f l:i1*:1:_oo*r, 
sreepressness'

and other il;ffi ffiSeciive syniptoms.amot'g rrorlcers' ilt!l]u
. vicinit)' of ;icio'"'Ia1're generati"g equipinenl have not been

lhoroughl;r in'restigl!?d' 
-ift""*"fi"q:';E" should not be ixnored'

as sinnil-ar vague, mild' and 't*a"f:o"A sy:ptoms irhich have

been e:cpe"i*"i"a'i-n the ";;;" 
of nicrotrave sy'rpioms in 't'he

laboratory' Su'ch s;rnpto*s Oo ind'icafe a br'sic nticrol'tave

ef f ect. rr
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l.c;;, f ;rcrrJ-C say that, reading Lhat statement arid
I is-"enin: to ;our lesti-inony r'rouirl nake i-t airpear to rne

rnat ,ou have chan;1ed ;rss1 opi.nion since 7ou irote these
iiords. ilave 7ou ch:ini;cd ;-or:r opinion?

Dr. l'{Tc}LtiiL30i'l: Yes; ren-rr:nrber, that r';as r.rritten jn
1966 e.nd it cane out - lrou are trlicin.s a.bout iha.t blue-
eovered reporl?

Sen:-ito:' -''i.JllEY: Yesl it l:ls lritten-
Dr. ,rIii-l'.]SC;l: T'o ca.ne out in L967.
Senator TUIOIEY: ,1e11, it is rrli.ological iffects of

ilicro:l,rvc Tz,r--osure'r bi, Dr. SoI i'i. I.iichaelson, X.oclericlc ri.
ii. ?hornson, Joe :i. i-lo:rland, Univerist,i,' of Bochester, lel,.arl-
rrent of R;rClai:-cn, 3i-oi-ogy ar:C Bio;:hysics.

Dr. ilfCii,',iLSOl{: lles lhel's all ri,1irt. T !ric;: i;hic}r
'-'^ -i+ -i' r hirgg r;ritten e;tensirr-e1;,, si-nce 'l-hen :i-id T l-iavevltv rv *Ja ! r!!

been -rcr;,' fcl"ir.rt:te in ilavi::,g il::11 ihe olll:o'rl'.:i:.il.- '-3 re :d .;rd.
s'Lr-r'.,'e, "-nc :-tc:':.liu'e c;C,erisi vel -.' ir.i. ir:Ler:si'.,ei,- i-:t ;ile l-:.s L

several 'v"ec.rsr I have also bccn ver;,' fortr::tr.ie lo be eifi.l--
ra.ted lrith ;ric,n}' or3eni-'.,aiions :-n l:hich these lrobiens ai'e
being discussed, e.nd. I have been able to criirc:Il;,- ln:l-;-,:e
ri.irni.r :n:.ny oi il-re probl elns :ncl l. feel r,rore eoniiCenl no:.-
than r'rtat f appear to itave been in !9i>7. f iend tc l:e
cons(:rva.tive i:: rhi-nlrng i;i-ol ogic:rJ-I;; and scien:r jic:ll;'.
lje'r:ere as1<ed t6 pg.,.isi; the lj-te:'ititre a't, thi.t'"ine irno
:re diC. iire best ;ob lh.:rt '..e cou-l-d.. Holre.ier, ,',e dc b.ve

v 
d-'\iv 

!

J;VVl Va

.'. .lei; nonenis before the colLor;u;' lith -senator Tu:ure;.., ,.icitielson

str.ted (i;g) ;

In 1973 (i/,O), refercin,3 to a ,:limned !ir.'r:,, stuC:.,. of the cficcts oi .L-r

i-ield.s on iiul;.in viliuiiteers, I,lciraelson s:iii;

It nla1. l:e iirgr:ed that r,la.:r iras been e:.r.--csed for nearJ-;'
I gener*tions i;o c'lectric:.1.' utilitY iields ;nli:orrt ,:,..;arent.
il1 effects. Ho-,;ever, at no time hrve suol.e eilfecis oi ft,f...l'a,:l.i:tion been invesLi.;rteci er:'efuL1;., It a;:rear:s entirel:,
possibLc that tl:ese fiel-ds :re invoi,'ed in the cLiol-o::;, oI
cert:i:i hr.::;u-,n il-l::esses l:iiiclt hi:l.re i::cretseC s-.eclEcr-r1ari.'
duri.n3 tire list, centtrrl,. .',ssenova in the USS.r" for:nd. c,trCio-
lr:lscu]-:{r efiects c*rC iiie asbi:enic s;'ndroine in ;0 i)ersons

otP
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There is no reason to belie.;e ihat curent sl;ando.rds
.are inadequate for protection of the 1:ubl,ic..... llo ne:'J
data from the l-it,erature and no ne-'* vali-d erprnen'ts h:rve
been iresented to chani3e the situetion fron .':hat it ,ras
last yea-r', four J.ears ago, or Ll ).rea.rs ago,

Difference ieti':eeg i[cirrelso.nrs nrc- anc] nosl-1973.:rostu:'e itr :li.
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i.-=:ci.3sec1) ofi ;ncl r:ln for il- t'o i;' )real's to the fieids of eieetric
no:;er stit,ions 

-1';O ytz. ;t fet{ 3nl.l1" '"'nd' 2.to lr0 kr''/rn)' 
l

the ilav;,', ttre-slud';'-'n''; shed' l-i3lrt' on Previously wrrecoSnired

effecls of utilit-r Poi'I€rr Lusirreli, to condit,ions
ilu-'rren ,-'articipinis r"d-1-1 be e;q:csed e:':c-

und.er lii-iicll r:rillions ci 1;co.-r1-e l-ivl r'iI over liie i;or1C' iicl:evert

bhe l-a.borat'oyr environi-'icnt' n}l-ot'= to cont'r'oi (src) the en'riron-

:nenia-l condi;ic;;'t-a't"' *ake iests iihich i'"re expectecl to re'rea1

sui:t'Ie crranger-; ftl" "fi'ical- 
ph;isicrlogical end psTchological

rnake-up of e:'-loserl 1>ersons'- fnns, the services ol a fei" r:iL;r benefit

the publi" ir,'g"'luri't :nct the s';ecific-purposes of ti-ie ilav;;'

.,il no tiiie before h':ve ihe bioloqltal- effects of :;r-3rretic

:.nd electrical- fietis i:r the ulilit;" ilo''rer frequenc;' ranle-been

ilvesti;:rted in ti:e Ll^rroughness rlanneC in ihis ;ro;eci' If
ce:ctt'.in effects sho'rl-C be founci, lr::C o"lr |rei-inin::r;; imrssr'i-

3rtion ir.aic.ie" lhe ;ossi'oii:'j'', nfxi. peoll-e "i-tl benefii; front

-fh" 
"'rgg"siion 

of preccutionar'7 l;leisures'

In L975 hciier,'err on behllf cf the il'ochester Gas & Ilectric Corporation

and. Lhe l,iiagara iioi:ar& Po"'"er Corporation' I'lichaeison said that e:rposure to

the electric and na;;neii c f:-e] d's of high "'oltage 
lransnission lines '''ron-1d

not produce "r:ioiogj-cal effects in ii-re exposed subjecls' (l'li-chaelson' i'ier:

Torl<, 3715). lleferring t'o the Surrd'esert 100 ky' transmission I'ines ire seid

(llichaelson, iz61);

As far as these' po';er lines ''r€ collcerned' I :till
thinlt l';e h:,ve-had 'r fot of ex-Serience' 'le hi:ve hed !0 -1-ears

of no'..'er f:.""s, frorrrerl lo:'ivoh'age no:rer lines +-o niqlt
voltage Do,Ier lines"--- 

iti.t is l;or1dl"i-d'e, goes 'for populated orr€3s, Soes o1'rer

far:niand.l ancL ',re real1-;" haventt seen "in;tiiin3' If there

i.Iere &rl,rr overt responsesl I am sr]re it l';ould heve been

recognizecl b;' Pe1".

I{e also tesiifiecl thaf (i';ichae"lson, J21'2) i

r r r ','Ie also hi've lo ur'dersir':rC th:rt ':lople h:'rre lived
jl the viciniL;r of po'"ter U:res 'icr inirny' "'t"i;'y'earsl 

i-i in;thin;
-'rrere to devel-op, it lroulcl be noliced il;' no:r' :

i.iichaelsonrs ;losition rs regards the ;issal-io.'''a s+'ud;" (S:) has simil-t'l;-

unciergone :r transformationl he nol; bclieves t'l-rat the stucl;' i5 rlivfslll;"

rrortirless (l1ich::relson, 5:Z'i2)'

The Navl- study i,o td-rich I'Ij'chaelson refemecl uhen he lestified i'reforc the
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Sonnittee on Comrnerce "l-ed ultrnately to tuo reports. One report .slroi:ed. that

lX,F fields caused ele.rated levels of senrn triglyceri<jes in huniin s,_rbjecls

(91). The other reporN shoi.;ed that EIF fields caused a]terations in the

ability of hr-u:ran subjects to perfornr standard psychologlcal t,ests (6fr.).

lliehaelson ciiC noi ;rdciress lhe latter report in his testiinon)., but sard

that the for:-ner report :;as deficient in both 1ts clesign .and conduct

(i'lichae1son, 1B-1?) n At tlie iine the I'la-,ry slud.;' iras designed and conducteC,

Ilichaelson ',:as hired as a consultant b;.r the ilarri' tc asiisL in its design anC

conciuci,

Absence of Support.

I.iichaelsonrs'prefiled. testj-rnony is similar to that i,;hich he pref-i3-ed in

Ner',r York in December, L975 (1&1). Both testir,ronies contain almost no data

and literature citati.ons to support the conclusi-ons stated. therein. On

January 2J, L976t irrterrogatories concernirrg his testimony tiere propound.ed.

to llichaelson by the Staff of the Pub1ic Service Cor,rmission. In perrticular,

I.lj-chaelson r.ras asked tol

A. Provide citations to alI reports or studj-es upon
r&ich the following stalements are based:

:iirtlt::ril t,:i*iff "HH:k';r",."'-
of the proposed lines.rl

fn h:is reply of l.larch 6, Lg?6, Michaelson cited. only 2 reports

(pA5f p-92), neither of l.ftich r,rere relevant .t,o the issue in support of

which they irere cited..

*ril+

J+ +( ",(

*n&*
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Michaelson has not been completely fair jl his evaltr

ation of the work of his colle&gues' For example' there

was his evaluation of-the work of Dr' Z'1i{' Gordon'

of the Institute of Labor Flygiene, Academy of I'fedical. Sciences of tlie USSnt

I{oscow. It occurred on JuJ.y L0, L9?5t during the course of his lestinrony

before the Board of Fubli-c Utility Commlssioners of Nelt Jersey on behalf

of Roekland Utilities. l'lichaelson had teslj-fied that only thermal effects

r^Jere possible as a consequence of microt'rave exposure, and 'that therefore

the microi*ave tower which Bockland sought to bulld troulC not be a heallh

hazard. Dr. Gordon hol'rever, had co-authored a book (i&5) in "ftj-ch she

d.escribed her experj-ments and those of htir eolleagues jnvolving non-thermal

biological effecis. Durilg cross-exanr'ination i:'lichaelson fias highl;' critical

of Gordon, and the follol'ring colloquy occr:rred;

iJUISTION: Now, doctor, di-d' you say before tirat another one of
Lhe fautbs that, you found in her lesting nrethoCs 

"^ias 
that she

put the animals in cavities?
iitCt+ufSom, No, I didnrt say that. I said the fault with her
lltti"g ineihod is iiri:t she put them in a batter,v of cagos, not
that she uses ctrvities. I didntt say that she uses cavities'

ttlOStiOi'l: l'ieII, vfiat is the clefect in that tlpe of operation?
:ifCgiilSOirt: ,\s I ment,ioned before, lrou have no rILUI oL' icroi''ingr

of getting a good a.ssessmenL of the field by the inleraction of
one animal agiinst another. Thatts one proi:lem' She rses ntetal

cs.gesr l,ietal itill act, as an antenna.
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.,,5TI01,: iiould ;,ou have reconinend.ed plast,ic cages?iiiCflri:L301'l: CertainJ"y plastic , ;r-so

Qtrgsriom: tihat is polyst,lrene?
IlICItr,IX,S0lt: That'=- o il3ltic.
QtjESTIOi,i: Thatrs a plistic?
i'lfCiiAEISOll: Yes.
QUESTlOhi: And itts yor:r testimony that she used rnetal cages
*_!:l!.9sls, is ilrar risht?
IITCIIAES0N: I4cst of her tests she use$ nretal cages.

B

I

IO

11

L2

15

I4

l5

l6

L7

a

a

?UISTIOII: Irm riuoting frorn f,a3e 10 of her :rlrodriction. Jhesa;rs rFor irradiation r.rith microi,ia.resr and psrticr:irr,ly rath;li.liineter !..Javes, the cages tJere rnade'of poi;,rsf,3.rene i.rith adielectric loss angle of .0002_-.0003. 81: usirr3 rut*ri"i oithls quality there r:as negligibLe refleciio,, oI tn" wal.resfrom the front (iru:rdiated) i.;all of lhe cage und losses oienerglr in the italls l...ere minj.mal,'r Noit d.oEtor, Co ;.ou stl1l-state that this ;.roaan used steel ca6es?
i.Il0llAif,S0l'l: Yes. If 1,6s ryi1l 1ook through there, ;rou :..i11see lhe setu.r. There is a pici-i:re ilrere 5f ti-,e ,;ra; she hadthe cages errayeC.
QUISTICI]: Doclor, do;rou mean to tetl me fror,,i lcolcing at thispicture )rou c,tn LeLl- lthether itrs a netaf or pof;.st;,rEne 

""g"ii,iiCMlf,SOtrt: yes.
IIUIETION: in other. r."Iord.s, even tirough she tolC e,..er;;bo,iy she
3il;1^!:1{:t}r:ne, she uses meral cagJs, ls thar rishi?
i,-Iurd!:_:r i-uii: Ies 1 1.3 1 .
JUDGET fs lt possi_i:,le that she had .the .,..nron3 pictur.e i:r fhe
boolc?
l.iICli,iS,S0lI: No, she has -- this 'is _ there j-s a iot of _shets done niany siuiies. Irm ir;ring to find o-Ltt if ti:ese g:.e therats or rai:bits shets falking about.
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Carstensen has concluded that the fielcls of the proposed Su:Cesert

trs.narni ssion lines l'riIl not produce biol-o3i'cat cffects in the e)?osed subjects

liis conc"lusion is based cn ?' series of biophl"si'cal- ca'1cul-ations eontai:ieC in

a Beport ati,ached to i-ris Lestii:rony' Tl:e c::iculaij'ons cont:inei' in r'he Beportr

hc,,Iever, are only arbitrar;'', unvcrified' t-LnC- unl'eriiiable h;'nclncses' and

i-iii..'e virfr:allrr ;:o pred.icf,i',"e v:'ilue r'j-1'1i rcspcrcL tc ihe ='-'ieL;''' 
c-" ihc ;ro-

poseC 'i,r'lns:rission iines. '"cdi'iicn:tll"r 
;l:.'::sier:sen hLs ;i"':n :':l-ri+':'n*'illi;'-

prejud-iced lesiinonlr ';t'ith respecl to fhe i{L'F biol-o3ieal iiieraNure'

i-ca-'r- caic u].aiions

Tn his Re"oort Carstensen d'escribed' sone theories of pir;"sics' and then

appliecl them to riniform obiate and prolaie s1:l:eroids' in settin; forLh his

various theories ho"';e'rer, Carstensen dealt front a siaelteci d'eck' !'rom anton;

tlie j-nfi:ri-i;' s1 sci-entific la"rs, rules' mathernat'ica1 rnoclels' nuierical dat'a'

assunptions, and hypotheses, he arbitrarily chose a specific subset of

information nhich predicled ihat the proposed transnission lines l':oul-d induce

yery srnall eleetric fields inside spheroids' No significant' consequences

hoi;ever, flol'i therefror-n because Carstensen's j:rforma'tional sui:set is not

ruri-c1ue, original, or profot]?a1r lind' because people are vastl' :rore conplex

lhan u.niform prolate spheroi-d's' There qxists an indeterr;rilatel;1' large nurtt-

ber cf inforrirational subsets, ever-Jr one of r:hich is eqiiall'i' correct' i;liich

leaci to .an indelern:j-natel;r large nunrber of values of iniernal- electric freld

strength. It is possible to utilize equally veIld' inforrnatj-onal subsets

and. thereby rlernonstrate in inexorable fashion that the elec*'ric lield that

itouid be incluced by the proposed transmission line j'n various mathenrrtical

rnod.el-s extribits a variation of one billion per cent ( 5)' Carstensen has
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literrilly assumed that r,rhich he purported to prove, namel;r, ttrat
rhe el-ecbnc fielcl inducecl insiie hi-s noclel by the;;roposed. tr:rnsnission line
r^rouId be smalI. Carstensen has conceded that there has been no rrerification
b7 measurement .of any r.aIue of the electric ficld strength that he preCicted
l'rould be inducecl inside ani-mals or people exposed to Lhe fields of hi3h voI_
tage transmission lines. (arstensen, irtrevr york, TA69).

ir fi:rther and. distinct error j-:r Carstensenrs anal;,sis is his assunpt,icn,

sub sll-enlo. thi:t if he couiC cal-cu]_ate Lhe electric fielci strength induced
inside subjects exposed to the fields of the proposeci Sund.esert .,tines; 

titen
he coul<l determine r,Ihether that particular intensity ;.;ould be hazardous to
health. Forrirtually all systems irit,hin the bod;r, ite lack lmoirledge of the
meehanism of aetion and control. Carstensen of course shares our ignoraJlee.

For example, the mechanism by -,";hich the body controls the healing of bone

fractures is unlsroi^,,:-r, It therefore clfloot be predicted lthether the presence

of any specifle intensity of electric fielC i:rsid.e such heal_in3 tissue
vroul-d. be safe. A si.nrilar. comment applies to al1 healing tiu",.u, The

mechanisms regulating the production of insuli:r by the pancreas and the
production of adrenalin by the ad.renal glands are unkioi.rn. ft therefore
could not be pred.icted whether the presence of a specific intensity of
electric field inside the pancreas or ad.renals vrould affect their function,
particularly nhen the field iras appJ_ied for long periods of tirne. Sirnilar
comnrents apply to all the glands and organs of the body. The etioiogy of
many hur.,ran diseases is unlmol.rn. ft could not therefore, be predicted
-;rhether the occurrence of such diseases irould be altered b;r lpg nresence of
a specific jntensity of electric field r.rithin the subject r s bod;r. The

neehanisms und.erlying ihe processes of learning and. memory are presentl;r no{,

understood. ft could not therefore, be predicted r.rhether these Frocesses l
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i.rould be affeeted by the presence r,rithin the body of a specific intenslty of
electric field.. Since the mechanisms underlying the great nn:ltitude of
biological processes are rnlmown, Carstensen has no rati.onal basis upon rrhich
to evaluate the i-nrpact of any specific intensity of internal electric field
on physS"ological functlon.
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Carstensen has eyinced. an arnblvalence towards the ffi_F literature, to
r.&ich he is a stranger. Sometlmes he testifled that Ei,F fields could not
possibly cause a biological effect because his biophysical caleuLations
precluded the possibility (Carstensen, New lork, 6t+5\ 6b5Lr 6t+53t 6ti5bt

6b6O, 6l+9tt 6l+63, 6t+62). This view 1ed him to conclude that the approxl_
mately 6l research groups around. the world who have reporbed such biologj_cal
effects r.rere al]. r,rrong (Carstensen, Nerrr york, 6t+fO-_6U65), fndeed., Carstensen
reached his conelusion prior to having read the great maJorlty of the ELF

literature (Carstensen , Neiv york, 6l+?6). -4.t other times Carstensen adopted
a yarient of this testimony. He fastened. onto the maximum gror::rd._1eve1

electric field that would be created by his elient,s high voltage transmission
1ine, and asserted that the e4perimental ELF Studies performed at electrlc 

i

field strengths below that 1eveI were all examples of poor research, and

those performed at electric field. strengths above that 1evel did not apply
to the high voltage transmission line for that reason. Thus, vrhen Carstensen
testifled on behalf of Quebec Hydro_E1ectric Corporation and t,he Niagara
i{ohairk Power Corporation ( 146), he fastened onto 10 I<V/m, This choice re-
sulted, jl Carstensenrs vie.*r, in a breakdonn of the E_F reports jrrto about
65;,i r.,'rong and. 35i4 irelevant. (Carstensen, New york, ?OO5r ?Ot?) (U+9))rrO).
On behalf of SIJG & E, Carstensen fastened on B kVr/rn, and was leC therefore
to essential-I1, the same numerj-cal brealiclor,rn. Carstensen exhibitecl still a
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a third face during r&ich he testified that there lrere valid reports of a

biol.ogical effects occuring at field strengths belo,rr his cli.ent's ground.-

level maximum, but that all such effects ,,vere innocuous and not nred.ically

significant (ti*g, L5L) .

Carstensen has baselessly eondemned manl,- e:<per:ienced anC conpetent

scieniists as people r,;ho cornmit glaring and obvious errors dr:ring the con-

duct of their research. It is elear that the fault Iles vrith Carstensen uho

harbors a heavy bias against those r'.'ho report biological effects ,,hich hls

calculations forbid. Conlnon r.risdom dictaies ihaf, it is Carstensen?s clair:s

that his calculations are relevant to high voltage transmission linesr md

not the experimental lilerature i+hich ought to be rejected.

Carstensenrs conrnents regarding confirmation of experinental resul-t,s

represent a vie'r,i through the r,irong end of the telescopes ff there i-s a

necessity to d.uplicate any research, the resrr-',onsibilit;, rests '.'rith the

applicant and not li-ith the individual scleniist ',tho first observed the

biologi-cal effeci. If the applicant claims that some research reporL nay

be i::r':i1ici, it incurs the responsibil-it;, to rlupticate the 'i';ork to attenpt

to sustajn its posj-tion. ii scientific ieport can not be vitiate<i b;. a ;rere

asserticir of in',ra1id.it;. unsupported by contradictor;r d.ata. Furthernore, it,

is onl.y the ipplicant, the utility industry, and the gor.rernmental- a.gencies

uibh :.n in'r,eresi theretn ,'rho posess Lhe resources to support duplicaticn of

IILF research. l,ian;r inygstigetors id:o heve ir,"rblished reports oescribiqi

biolo:ieal- elfecls no longer have research support. CarsLdnsen is 'r:e11

ariare thet thcre are onl;'three Eronps in the United lit:tes today'd-th

si.lnificant researcli fur:ds available in l,he iil.i' s.rea, narneL;' Lire lt:erg;,'

De.rslop.i:ent Ilesearch :\gency, the liiectri-c For,.'er Research Institute, :nd the

Oifice of l{aval Besearch, and t}rat a}I three generally do not fund i;rrrjects

o3F
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9. ADD]TIONAI MATTMS

Availability of fnformation

There are three inportant sources of informaticar regarding the biologrcal

effects of EtF electri-c and magnetic fields that are available to

Applicantls tritnesses but are nsb avai1.ab1-e to rne.

The Elecbrie Power Research Institute (Wnf) is cr:rrently supporbing a

rrumber of biological experiments. EPRI was requesbed by the staff of the

Public Serrice Comnrission of New York to supply eopies of the research

probocols and i-nter:im rezults for each projeebl but refused to zupply a

substantial amount of the requesbed information on the grolrd that it was

prirril-eged. I beliwe that a'1'1 such information is aval$able to Applieantrs

nj-tness MichaeLson who is a member of ffEfrs Scientific Adrrisory Corrnaittee.

Dnrlng the co:rse of the New Tork Hearing irr Cases 26559 and 265D a

tritness for the utility comparries testi-fied. that a Corrmlttee of the

National Acad.enry of Scienees (tfAS) formed at the request of the Navy in

csnnesbion vrith Projecb Sanguixe had. aecurflLlated more than tlr-ree linear feet

of material dea1.jng ri:ith the effesbs of EF fields on biological sysbems.

The NAS was reqrested by letter from the Chai-rman of the Public Senrice

Comnriission of New York to supply a coplr of thb materials to the Staff of

the Conmdssion, tnrt refused to do so beczuse i-t was against NAS policy to

disseminate jnformati.on pri-or to the finaJ. Conmittee Report. AfJ. the NAS

j-nformatj-on is arrsilable to Applicantts ruitness Michaelson who j.s a member

of the NAS Cormnittee.
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Durirrg the New York Flearing, Appltcantts witness Michaelson eited a large

rn:mber of Ss\riet reports dealing with the biolog:icaI effec! of nf,f fleld.s

(Michae1son, New York, gSt4Z-gSL5, gsb5-|ggllt LOtilS-LOW7). He refused

ho*euer, to zupp1y ccpies of the Sov:iet literature to the staff of the

Pubaic Serrrice Comraission when requested to do so.

I'Iy Snability to obtain the jnformation d.escribed above, which f believe

is possessed by the Aprplicantf s rritnessesr and which f belleve is
substantially adverse to their position j.:: this hearing, has j:rterfered

uith nqy presentation of the issrres.
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BIOIOGICAI RESEARCII SUPPORTD tsY Ttm EI,ECTRIC PCI^Im, RESEARCH n{S]mUIE

The j:ritial research proJecb sponsored by EPRI i-n the bioeffecbs are& was

RP-98r located at John Hopkins University. I:1 L97l+ the proJecb in"r,resbigr

tors reported that 60 het+,2 electric field.s were fatal to marn'aalian

ceI-ls (AO). Subsequently, the projecb imresbigators for:rui that only 5 ho-rrs

ercposllre to an eLecbric field comparable to the grornd leuel field under

the proposed Sr:ndesert 5@ lnr transraissj-on lines signiJieantly irrterfered

with a normal physiolog:ical response in doss (26). At the end of Febnrarry

L976t after I years of zupport tdaljxg about $5331000.00, ffi - !8 was

terminated by EFRI and no official fina3. report was issued.

EFRI has two obher major project,s concernj-:ng which it has released some

detailed sci.entijie in-formation. They are RP - 799 and RF - Ln. Ic

bobh cases the ercperimenta-l protocols harre been designed in such a way

that no possible result of the experiments vril-L be ad,rrerse to the utility

indusbry. It is nob possible for either experiment to fucrtish restrlts

shovring that exposr:re to the fields of high voltage transmission Lines

is hazardous, Moreorrer, it w:il-t be sweral years before the projects

niIL be conrpl-eted. It appears that the strategy of EFRIts research

program :is to prouide a false sense of moirement towards resolutlon of the

issue of safety of high voltage transmi.ssion ljnes.

Und.er the claim of prirriJlege EPRI has ref\rsed to supply any information

regar&ing se\reral obher projecbs. I harre therefore, been rxrable to

analyze thejr experi:nental designs.
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Researeh fi:nded by EFBI is tr-1gh1y un-Likely to be of use to the Conrni-ssion

in assessing the safety of high voltage transrnission }ines. IPBIts

Scienti-fic Adrrisory Connrittee is hearnily weighted jn farror of the interests

of the elesbrie uti.lity industry. Its. srrrrentJy firnded research does nob
I

reflesb concern for the asbual problems creatled by high voltage trans-

nrission l,j:tes. Moreover, the propriety of WRfrs aetion of ter:ninatj;ng

nP-98 at precisely the point ab widch the jrnrestigators began to reporb

adverse dfecte iri arr.irnal.s, reflects quesbionable pol-icies, and und.ermines

any corrfidence in the objecbiv:ity of thei-r program.

Fina1-ly, EFfi,f cannob be reaied upon because it makes available only a

carefirJJry selesbed portion of its jl-formation concerning H.iF field

induced bioLogical effecbs, and the materiaL fur^nished canncrt be presumed

to reflecb tJrb characber of the material withheld.

I
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IffiTEDIT.ARY PRIDISPOSIIION

Applieantf s r,ritnesses claim that hered:itary facbors d.o nob alter their
conclusion that it is safe for alJ- members of the general poprdatio.n to
be ercposed ctrronicaaly to the fields of high voltage ,r*"*"sion lines.
The recorrl hcrwggerr tends to esLablish that hereditarXr facLors render
chrsric exposrre to sueh f:ields of greater pobentiaL hazard to certain
porbions of the general poSnrlation. For i::stance, black people exhibit,
higher than average rates of high blood pressure and. related ear*iovaseular
&isorders. Robert 0. Becker, W, has testj-fied il the New york hearing
that the changes produced Tirithin the bodies of laboratory animals and
peopl-e, e4posed to EIF fields, are si:nilar to those obsenred clj:::icaAly
in people hari:il1g h-tgh blood presslre and related. car*iwasorlar disorders.
Consequently, chronic exposr:re to the fields of the proposed. transndssj-on
lines may be partiorJ.arly hhzard.oirs for those groitps in the population
hav:ing intrerited or qLher systenric factors predisposi:rg them to the
darelopment of high blood pressure and obher cardiovascular diseases.
There are obher examples jn the record tending to jnilicate that particrrlar
grc,Lrps t,:ithjrr the general population are more fllsceptible than the average
to chrorric exposure to the fj-e1ds of trigh voltage transrnission lines, but
the area genera'l'ly is une:cp1ored.. There are for j:rsLance no published
reports in the Urrited St.tes i:rrro1rnlng the study of the health consequences

to va.rlors g"oups lrith:in the general population of 1ildng or workirlg near
the transrnission Lines.
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I make the foll-olring general recormnendations to the Conrnission:

L. The proposed Sundesert 5OO krr transrnission lines shorld noL be

btdlt as proposed because the design takes no accourrt of the

biological effecbs that r^ri3-l Ltkely be produced by its elecbric

or magnetic field.s in the bodies of peopLe who 1:ive or trork or

oLhernrise come jn pro:c5mity to the proposed transnri-ssion }5ne'

As an independent basis, the proposed Sundeserb 5OO lcrr transmission

lines shanld nsb be bruilt as prc&osed because its pro'ponents have

nob considered the possibility of the producLic'r: of a synergistic

interac{ion between the elesbric and magnetic. fiel-d of the }ine

in the bodies of the e:cposed people. The Applicants have f\rrbher

failed to consider the possibility of a synergisbic interas'tion

between bobh fields associated with the proposed transmission

line and cfiher fac'Lors present in the emrj-ronment which are lmoi^rn

to have bio3.ogical si-gnificance.

3. As an independent basS-s, the transurission lines shottLd not be

built as proposed' because its proponents have fai'led to adeqrately

consider the la:owledge and informati-on wtrich exists rrithin the

scienti-fic literatrrre of the Scnriet Uni-on wirich indicates that

the proposed transntlssion line would' be a health hazard'

l+. As an ind.ependent basis, the transmission Liaes should nob be

built as proposed because the proponents have failed to consider

the conseqrences that ractiation therefrom wlL1 cause specific

oat
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plrysical. processes to occr:r jn the ionosphere, thereby possibly

causing an j::crease in the jncidence of truman ski-n cancer, and

possibly causJng a modi-fication of global. weather pattems.

f make the fol-Ls$d-ng specific recommendatj-ms to the Cormd-ssion:

1. A notice of Dispute shorld be sent to wery person lirring or

workilg adjacent to the proposed ri-ghtr-of-way, and the general

public shofl-d be appropriately jn-formed that there exists a valid'

' scienti-fic dlspute between conpetent scienti-fic and medlea1.

authonities coneerraS-ng lftether ctrronic exposure to the elec'tric

and magnetic fields of the prorposed high voltage transntission

Hnes and existing high voltage transraission Hnes and existing

biological effecbe in dhe bo*ies of e4posed people, and a1so,

a *ispute whether specific bioJ-ogical effecbs so produced are-

a health hazard. The Nobice should be given to the people of

Cal:iforrria, rcany of whom are unaware of even the existence of

elesbric and magnetic fie3.ds, rdgardless of the decision of the

Cornrission in this caser so that the people may deeide for thern-'

selves the exbent to which the proposed }irres vrilJ- be a health

hazard.
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2, A paneL of independent* scientj-fic experts should be appoi::ted by

the Connrission to enraluate lrhether the radiation from the proposed

transrni-ssion Hnes wiIL }ikely effecb the incidence of hurnan ski:r

cancerr or wiIL likely dfecb g1oba1 weather patterns.

3, A paneL of i:rdependent* scientific experLs should be appoirrted by

'the Corrrnission r,rith the responsibility to asses.s al1 obta:inable

scientific Literatr:re $dtfdn.the Ss\,:iet Union which is relevant

to the qrrestion of the extent of the health hazard that vriIl be

created bytheproposed transrnission ljnes. The panel should be

jnsLrusbed by the Conmission to ccnrtasb directly the proper Soriet

officl-als and, if necessarlr, eonstlt directly. tcith the proper

Sorniet scientists and oLher officials'

4. Tn the event thai the Conunissior fjnds that direcb me*ical opinion

l-s needed., a panel of ind.ependent* medical eqperts shsuld be

appointed by the Conraission to evaluate the exbent of the pobential

hazard posed by the proposed transnuission l-ines as determj-ned from

the irrformation cr:rtently arrail.able in the crpen scientific

literature ccnce:rdJlg the existence of biol-og:ical effects.

* By the term independent i-s mearrt that the sci.entisbs selecbed by the
Connnrission nob be employees, agents, consr:ltants, advisors, major
stoelcl:olders or grantees of any eleetric utility company or related
ildustry. The individuals selecbed should be outside the orbit of
boLh th; electrj.c utility indusbry and state and federal agencies such
as the Energy Denrelopment and" Besearch Agency, wtr-ieh are i:rtimately
assoeiated in interesL.
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5. The Ccrnmlssi.on should explleitly adcpt and apply a Safety Faetor .

of 100.

6, The nlght of way chosen or approved by the Conrnlsslon should be

sueh that the strength of the electric fleld at the edge rui11 be

less than 1 volt/em.

7. Where the Cornnission finds that a particular biological experiment

ptrblished jrr the open scientific }iteratr:re wo:J-d be given

decisional impacL but for some objecbion raised. j:r this
proeeeding by the Applicant eorlcer:d-ng the competence of the

respcnsibLe jrnresbigator or h-is datal ttat jn aIL zuch cases

the Cormiission inv:ite the impugned jmresbigator to answer

direcbly to the Cormission the charges levied in a special hearjrg.
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* rbid

The Cornrission shouLd create an Admirri-strative Researeh Co:ncil

(ARC) to orersee the performanee on basic and' applied research

concerrr-ixg tl:e effects of el-ecbronagnetic energy on peorple and

the ernrironment in connecLion with the manufactr:re and transporb

of elesLrical power. The ARC shofld be authorized to ftlrtd'

research by cmnpetent independent* irnrestigators to fi:rn:ish the

i:tformation necessary to pfope?ly and efficiently regulate high

voltage transmission lines and sjrmrltaneously probecb the health

of the peopleof.Calttornia. The AEC shorld contain a Review

Sesbion composed of Sndependent* jn*i1':idua-1-s possessing the

expertise necessalTr to offer adrrice to the Conmtission i'ased on

the resr:-lts of the research performed by IRC irnrestigators

and that performed bY others.
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Frequency Electromagnetic I,ie1d.s on BJ&:#w-&lycqpk rmr il Rad.iation

Research 66, fit (ag76).

3l+. N!. T. Mamon, E. M, Goodman and B. Greenebaum, rtrtitobic Delay in the
SHme Mould Phfsq#$ Folv_ce_p.ha1u:S Tnduced by trow li:tensity 60 and 75 hz

Elecbromagnetic Fieldsrr Naturet &t 66 (J:g?il.

35. J. W. Barrlcoske, G. W. McKee and H. B. Grayes, Ecological I:cfluence of
E].ecbnic Fields, ffiRf EA-I?B, Frojecb Lp, Irrterim Report 2, Elecbric

Power Research I:rstitute, palo A1to, CA., Sepbember, 11976.-

36, A. J. Giarola and W. F. Iftueger, ilContjrirr.ors E:cpos:re of Ch:icks and Rats

toElesbromagnetic Fieldsrtr TE!-E Trans. Microwave Theory and Teehni.{ilesr

3, t$2 (t97t+).

3'1. W. F. Krueger, A. J. GiaroLa, .T. W. Brad.Ley and A. Shrekenhamer, ,,Effects

of Elecbromagnetic fields or Fecun*ity irr the Chlckenrr Aml. II.y.
Acad.. Sci., Zt+|t 39:r1flZl),
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38. W. K. Dr:rfee, I:rfluence of Extremely Low Frequency Elecbric and. Magnetic

FieLds Upon Growbh, Developmentr and Beharrlor in DomesLic Birds, Phase f,
University of Rhode fsland, KingsLon, R,f .1 M|IS No. AD A007-5?8r

March, L9?5.

39. W. K, Durfee, hfluence of Extremely Low Freqrency Electric and Magnetic

Fields Upon Grcnrbh, Dwelopment, and Behavior jrr Domesbic Birdsl :,,

Phase 2, Urriversity of Rhode Island, K5:rgston, R.f. NTIS No. A.D O3t+5%,

December, L976.

/+0. D. S. Garue and T. F. LaFranee, Effect of 6O Herbz Elecbrostatic Fields

ca: GrowLh and. Sunrival of Ce1ls in Tissue Cultr:re, John Hcrpkins

University School of Med:icine, Baltimore, ID . t L974.

41. J. Watson, W. G. DeHaas and S. S. Hauser, trEffecbs of Elecbric Fields on

Growbh Rate of Elnbryonie Chick Tibiae in Vitrorrt Nature, b4,, 33l (WZf),

ltz. H. Friedman and R. J. Carey, rBiomagnetic Stressor EffecLs in Pr:imatesrtr

Physiology and Behavi wt 2r il{L (1972),

l+3, .J. J. Nora1, A. Sohlerl R. B. Reisberg, H. Cqme, K. D. Straub and

H. Mcl{inney, Extremely Loru Frequench Electr:ic Field f:rduced, Changes in
Rate of Grorth and Brain and Liver &:z6rmes of Rats, ftrtry Nrxrber &[,
Compilation of Navy Sponsored. E[,F Biomedical and Eco]-ogical Research

Repo,rts, Volume I1I, Narral Me&ica3. Research and Derelopment Cormnand,

Bethesd.a, tfd., NTIS No. AD LA35959t Norember, L9?6,

44. N.. S. Mathewson, G. M. Oosta, S. G. Lerrin, M. E. Ekstrom and S. S.

Diamcnrd., Estremely Low Frequency (Uffi') Vertical Elecbric Field. Exposr:re

of Rats: a Search for Growth, Food Conslnpbioa: and B1ood. Metabolite

Alterations, Entry Number A-J, Compi-Latisn of Narry Sponsored ffi,F Bio-

me*icaL and. Ecological Research Reports, Volume IfI, Naval Medical-

Research and DeveLopment Conrnand, .Bethesda, Md., MIIS No. AD AO3595h, l/77)
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&5. N. S. Mathewson, S. A. Ollva, G. M. Oosba and A. P. Blasco, Exbremely Low

Freqqency (nm) Vettical EleeLric Field F,:rposure of Bats: lrrad:iatioql

Facility, Entry Ni:mber A-/-i, Comp.tlatioar of Nalry Sponsored ELF Biomed:ica1

and Ecolog-rcal Research Reoortsl Volume fff, Naval Medical Reeearch and

Darelopment Conmrand, Bethesda, MD.r NTIS No. A-D A035g55, January lgn'

46. R. Wever, Itlnfluenee of Elesbric Fields on Some Parameters of Circad:ian

Bhybhms in Manrrt i:r Bioehrcrnometry, M. Menaker, ED., Nat. Acad. Sci'

(USn), Washingtorn, D.C., L971, pp. 1a'l-LJZ,

Is?. R. Werrer, rtHuman Circa&ian tshybhms t''nder the lnfluence of Weak Elecbric

Fields and the Different Aspecbs of These Studiesrrt Int. J. Biometeor',

13, zrt (Wfi).

&8. H,. Wever, ilEF-Effects on Human Circadian Rhybhms, i.n ffijf and I/LF

Electromagnetic Fie1d. Effects, M. A. Persinger, Ed', Plenum Presst

New York, L97l* PP. 101-1lr/+

hg. G, Altman and G. Soltau, rtEinflus Luftelektrischer Felder auf das

Blut von Meerschweinchenrtt Z. Angevr Bader-u. K1:ima}eik', ,4, 28 (19?4)'

50. S. Lang, ilstoffwechselphsiologische Auswirlarngen der Faradayschen

Abschi-rnrung und Eines Kunstlichen Luftelekbrischen Feld'es der

Freqr:enz 1O Hz auf Wisse Mauserrt Arch. Met. Geoph' Biokl',

ser. B, 39, 109 (:lglZ).

5t D. B1anchi, L. Cedrinir F. Ceria, E. Meda and G. Re, rrExposure of

Manrnalians to Strong 5o hz Electrlc Fieldsrrr Areh. Fisio1., 19, 30 (Lgn)'

52. W. B. Coate, Biological Effects Test Program Pilot Studies, Hazelton

l,aboratories, Inc., Fal1s Church, VA.r NTIS No. AD 71t7LA8, Nor' 197O'

53. S. Mittler, Loro Frequency Electromagnetic Rad:iation and Genetic

Aberrations, Northern fllinois University, DeKalb, If't NTIS

No. AD 'll+g959, September, ]9'12.
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5l+. H, Bender, A Study of the Effects of ELF'Electromagneiic Fields upon

Drosophilq MelanoFastel, Urriversity of Notre Dame, Notre Dame,

Indi-ana, NTfS No. lD LO35955, Nwember, L)'16.

55. A. DrArsonval, rrDispositifs Pcrur la Mesure des Courants Alternatifs ad

Tsutes Frequencesrr Compt. Bend.. Soc. BioL., 2, h5L (.1f{l6).

56. S. P, Thompson, ItA Physiological Effect of an Alternatiag Magnetic

Fieldrtr Proc. Roy. Soc. B, 82, 396 (fgfO). 
.

5.z. K. Drnlap, I'Visual Sensations fronn the Alternating Magnetlc Fie1dr'r

58. H. B. Barlow, H. f. Kohn and E. G. Walsh, ilVisua1. Sensations Aroused

by Magnetic Fieldsefi Am. J. Physiol., ]49, 372 tBgTt+).

59. P. Lorsr:nd", S. E. G. Nllsson and A. Oberg, Electromagnetic Fields

in Swedish We1-ding and Steel fndustry fV. Magnetophosphenes,

LIU-D&'-8.-OO1J, Linkoping University, Linkopilg, Sweden, Lg76,

60. M. Valentjrmzzi, ttTheory of Magnetophosphenesrrt Amer. J. Med.

Electronicsr ]r LLz (1962),

51. H. Fried.man, R. O. Becker and C. H. Bachman, ItEffect of Magnetic

Fields on Reaction Time Performancelr' Nature, ZZ, gl+g O967).

62, J.. D. Grissett and J. delorge, Central-Nerrrors-System Effects as

Measured by Reaction Time in Squ:imel Monkeys Exposed for Short

Perj-ods to Extremely LovrFrequency Magnetic' Fi-e1ds, NAMBI-II3],

Naval Aerospace Medical Research Laboratory, Pensacola, Florida,

IrIIIS No. N 73199[, August r L97L. . '

63. J. D. Grissett, Exposure of Squirrel Monkeys for Long Period.s to

SxLremely Lor*-Frequency Magnetic Fields: Central-Nenrors-System

Effects as Measured by Reactlon Time, NAI&L-U45, Narral Aerospace

Medical Besearch Laboratory, Pensacola, F1orid.a, N'llIS No. AD 735456r

October, pJ1.
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64. R. S. Glbson and W. F. Moroney, The Effect of Extremely l,ow Frequency

Magnetic Fields on Human Performance: A Preliminary Study, NAMRT-1195,

Naval Aerospace Medical Research Laboratory, Pensacola, Flori-da,

ir]TIS No. AD A005898, August t LgTt+.

55. B. B. }{i-lburn, Very Low Fregueney Electromagnetic Fields and

Beharrior, Doetoral Dj-sserbation, University of Califorrria, Los

Angeles, Califonr:ia, L9?L

66*n, F. Smith and D. B. Justesen, Effects of a 6A UzElectromagnetic

Field on Locomotj-on and Aggressive Beharriors of Mice, University

of Kansas School of Med.icine, Kansas City, Kansasl presented at

the 19?6 URSI/APS Conference, liniversity of Massachusetts, Amherst,

Massachusetts, October 1i976,

6.-, M. A. Persinger, M. A. Persinger, K. P. Ossenkopp and G. B. Glavin,

rrBehavj-oral Changes in Adu1t Bats Exposed. to ELF Magnetic Fieldsr'r

Int. J. Biometeor., A6, L55 (L972).

68. J. delorge, Operant Beharrior of Rhesus Monkeys jn the Presence of

Exbremeltrr,.Low Frequency-T,ow Intensi-ty Magnetic and Electrj.c Fields :

Experiment 1, NA],RI-1J55' Narral Aerbspace Me*ical Eesearch Laboratory,

Pensacola, Florida, NffS No. AD 751+Oi8, Nwember, tg\Z.

69, J. d.elorge, Operant Behavior of Rhezus Monkeys in the presence of
Exbremely Low Frequency-Low Intensity Magnetie and Electrie Fi-elds:

F,xperiment 2, NA$RI-11?91 Naval Aerospace Me&ica1 Research Laboratory,

Pensacola, Florida, NTIS No. AD Z6hfiZ, March, llg{1>.

70. J. delorge, Operant Beharrior of Rhesus Monkeys jn the presence of
Exbremely Low Fregrency-Low Intensity Magnetic and. Electric Fields:
Eocperiment 3, NAI4RI-1196r Naval Aerospace Medlcal Research Laboratory,

Pensacola, Florid.a, i\mIS No. AD 77t4AO6, Nouember, ]1973.
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?1. J. delorge, A.Psychobiological Study'of Rhesus Mmkeys Exposed to

Exbremely Lor Frequency-Low Tntensity Magnetl c Fie1d's I NAMRI-1203 t

Naval Aerospace Med:ica1 Research Laboratory, Pensacola, F1.orida,

IrIIIS No. AD A 00@?8r t4aY, L97h

72. M. J. Marr, W. K. Rivers and C. P, BtLTns, The Effect of Low E:eergy,

F,:cbremely Lor Frequency (Uff) Electromagnetic Radiation on Operarrt

Behavior in the Pigecn: and the Rat, Georgia lnstitute of Technology,

Atl-antal Georgia, NTIS No. lD 7591A5, Februaryt 1:973'

73, ProJect Sansuine (a$.so laronn as Sanguuine/Seatarer) is a planned Navy

project i:nvolving the constmction of a vast antenna cwering several

thousand sqrare mj.Ies in Michigan, which would operate in the ELF

' reglon permitting eonnn:nications lrith srrbmarines without the

necessity of sr:rfacing. A probotype anterura has been operating in

Wisconsin for swera3. years. The arrter:na operates in the frequency

range of 45 *,o'75 hertz, r'rith a maximr:m magnetic field of abort 0'5

gauss, arrd a maxinnrm electric field of abotrt O.OOO? volts/cm' Thus

both its frequency and magnetic field are comparable to those of

the prorposed Sundeserb transmissicnUne; its electric fieldt however,

is abort on-e rnill-ions times sma]-ler than the electric field of the

prq>osed Sr:ndeserb li:re.

?4. M. A. Persinger, rrEf,,F Electrie and Magnetic Field Effects: The

Patterns and the Prgblemsrfi in EIF and VLF Electromagnetic Fj'e1d'

Effects, M..A. Persinger, Ed., Plerym Press, New York, Il97l+

pp. 275-310
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N. A. Udintsevr'N. V. Kanskays, A. I. Schchepetilrnikovar 0. M.

Orlnda and P. A. Pichurila, ilD;rnarnics of Lactate Dehydrogenase

AcLiri:ity of Skeletel and Hearb lfuscles After a Single E4posr:re

to an Alternatjng Magnetic Fielflrtt BUIL. Exp. Biol. Med.

N. A. Udjntsev and V. V. Moroz, rElesponse of the Pituitary-Adrenal

System to the Action of a Variable Magnetlc Fieldril BL{IL' Ei(p.

Bio1. Med.. (usm) , 13, 5L (L97t+).

N. M. Lantsman, rrThe effects of an Alternating Magnetic Fie1d, on

the PhagocyLic F\inetion of the Reticulo-&:dothelial System in

Experimentation, tt j-:a Problems of Hematology, Radiolory and the

Biological Action of Magnetic Fie1ds, Materials of the Second

Scientifj-c Ccrrference of T$$IL, Tomsk, USS,, Lg65t W, 35u-^352.

C. A. L. Bassett, R. J. Pawh:k and A. A. Pi11a, ttAugmentation of

Bone Bepair by lnductlvely Corpled Electromagnetic Fieldsr'r

science, ${, 575 (L97t+),

C. A. L. Bassettl A. A. Pi11a and. R. J. Paw}rk, rtA lton-srrgical

flalvage of Sr:rgically-Resistant Pseudar Throses and Non-Un:ions by

Rrlsjng Electromagnetic Flelds. A PreHmjnarlr Repor"Lrtr

Cljn. ffihop., iJr press.

W. Ehrmann, H. V. Lietner, Id. A. Persi-nger, W. Sodtke and R. Thomas,

rrTherapy with ELF Magnetic Fieldsrtt Z, F. Phys. Med..r &r 161 (f926).

D. E. Beischer, J. D. Grissett and R. E. Mitehel1, Eacposure of Man to

Magnetic Fj-elds Alternating at Extremely Low Frequeney, NAMRT-IL8O'

Narral Aerospace Medical Research Laboratory, Pensacolar Flori.dar '

\IIIS No. AD ??0140, July, 1973,
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82, D. E. Beischer and R. J. Breh1, Search for Effects of l+5 Hz Magnetic

Fields on Liver Triglycerides in Mice, NAMRI-1192, Naval Aerospace

Medical. Research Laboratory, pensacola, F1orida, MlfS No. AD AOO?514,

JanuarXr, L975.

.83. M. A. Pensinger, G. B. GlarrjL and K. p. Ossenkopp, rphysiologi-ca1

Changes :in Adult Rats E4posed to an ELF Rcrbating Magnetic Fj.eld.rrf

Ir1t. ,I. Biometeor., &., t$ (tg|z).

84. K. Ossenkopp, ttMaturation and Open-Field Behavj-our in Bats Exposed.

Frenhtally to an ELF Low fntensity Bobati:rg Magnetic Fieldr,r

Psychological Bepor.Ls, N.r 3?t (tgll).
85. T. Asansua and. A. Rakwl rrThe State of Health of persons Working in the

Electrj.c Field of Or-rtdoor lpo ky and 5OO kv Switehyardsrrf Gigiena

Tnrda; Professionalr nye Zabolevarriia (Uost<ra), fQ, 5O (tg66) ,

86. T, Sazonoua, A phy"siological Assessment of the Work Conditions in
AOO k\r and 5@ lr Open Snitchyards, in Scientific Rrblications of
the Institutes of Labor protection of the AIL-Union Central Cor:ncil

of Trade Unions, fssue /*5, profi zd.ai, 1196|.

87. V. Fillpporr, The Effest of AC Electric Field oe Man and Measures for
Probection, Presented. at the I:rternational Social Security Associati-on

Meet5ng, Cologne, i1g?2.

88. N. N. Goncharwa, V. B. KaramSrskev, N. V. Maksimenko, D. K. Abramorich-

Polykorr, V. N. Pakova, A. S. Teslenko and. V. V. TkachenJco, ,rlabor

Courditionq and Their Effect on the tr\rrrsbional State of .the Cardie
vaseular System in Workers at Hlgh''Voltage Substation"rir i, tabor

HygS.ene and. Biological Effesbs of Rad:iofrequency Electromagnetic

Fie1ds, hsbitute of Labor Hygiene and. professional fll-nesses, Acadenqr

of Med.ical Sciences, USffi, Moscow, IIg{Zt pp. 1@-101.
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Y. D. Dumans}ry, V,, M. Popovich and E. V. Rokhvati-lo, "Hygienic

Assessment of an Flectri-c Field Created. by High Voltage Transnrission

Llnesr, Gig. Saillt.r Lr 19 Q9?6). (nigest 0n1y)

V. P. Korobkova, Yu. A. Morozovl M. D. Stolarov and Yu. A. Yakubt

Influence of the EX-ectric Field ln 500 and 75O lcrr Switchyards on

Maintenance Staff and Means for Its Protection, Paper. No. 2l-{5,

International- Conference on Large High Tension Electric Systems,

Parj-s, 7972.

Yu. I. Novitskiy, Z.V. Gordon, A. S. Presman and Yu A. Klrolodov,

"Radio Frequencies and Mj-croltaves; Magnetic and Electrical Fieldsr"

in Foundations of Space Biology and Medicine, Volume 2, Par*' l,

Academy of Science, USSR, Moscow, 197A, National Aeronautics

and Space Administration, Washington D. C. Techrrical Translation

TT F-14nO21, November L97L.

Yu. I. Lyskov and Yu. S. Emma, Electrical Field as a Parameter

Considered. in Designing Electric Power Transmissio., of 750-1150 kv;

The Measuring Methods, the Desi-gn Practices and Direction of F\:.rther

Research, Proceedings of the Symposium of EllV AC Power Transnrission,

Joint American-Sorriet Commj-ttee on Cooperation i-n the Fie1d. of

Eanergy, tlashi-ngton, D. C., February, 1975. United States DeparLment

of the Interi-or, Bonnerj-11e Power Adrninistratj-on, Porbland, Oregon.

N. N. Tilchodeyev and'G. Balderston, Di-scussion, ibid.

M. Strumza, "fnfluence sur]a Sante Humaine de 1a Proxinrite des

Conduct dtelectricite a Haute Tensionr'l Areh. MaI. Prof ., L,
269 (tg7o).
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95. W. Kouwenhovenl 0. Iangworbh, M. Singewald and G. I(nickerbocker,

"Medlcal EValuation on Man Working in AC Electric F,ieldsr,' fEtrE

Trans. Pow. App. Sys., pAS-86.

96. H. Singewald, O. Iangworbhy and W. Kouwenhoyen, [Medlca]- l,o11ow_up

Study of High Vol-tage tinernen Working irr AC F"Lectric Fieldsr,,

Itrtrttrl Trans. pow App. Sys., pAS-9?, l3OT (Lg|f),

97. Proceedings of the Ad H,oc Comnrittee for the Beview of Blomedieal

and Eeological Effects of ELF Eadiation, DeparLment of ihe Nar4r,

Washingtonl D. C. December, aJJ).

98. P. E. I(rumpe and M.S. Toclanan, Erraluation of the Health of personnel

Working Near Project Sanguine Beta Test Facility from L97L Lo L972t

Naval Medlcal Besearch Unit }tro. 41 Great lakes, I11inois, IfTIS

No. AD A023986, Decembert l9?2.

99. W. M. Houk, The Continuing Medlcal Survei.llance of personnel

F,:cposed to Ertremely Iow Frequency (mf) Electromagnetic Fields,

NAMRI.122, Naval Aerospace Med.ical Research laboratory, pensacola,

F"l-orida, IflIIS No, AD MZ466A, March, 1!}6.

1OO. B. Greenberg, Sanguine/Seafarer E:rbremely Iow lirequency Electro-

magnetic Field.s: Effeet of long-term Exposure on Soil Arthropods in
Nature, University of Illinois at Chicago Circle, Chicago, I11inois,

ITIIfS No. N A0275131 Ju1y, 1976.

101. L. C. Graue, Orientation of Homing pigeons (Co1um!ia_Lir{ia) Exposed

to Electromagnetic Fields at project Sanguiners Wisconsin Test

Facility, Bowling Green State University, Bowling Green, Ohio, IITIS

No. AD 780948r June, lgTt+.

102. W. E. Southern, 'rOrientation of Gull Chicks Exposed to project

Sanguinets Electromagnetic Fieldrrr Science, 189, 143 (t91il.
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104.

R. P. Iarking and P. J, Sutherland, "Mi"grati-ng Birds Respond to

Project Seafarerts Electromagnetic Fieldrrt Science, W-, 777 Q977).

T. C. Wil*liams, A. Eadar fnvestigation of the Effects of ft<bremely

Iow Fbequency tr',Jsstromagnetic .Fields on fuee Flying Migrant Birds,

SwarLhmore Colleger Swathrmore, Pa., NTIS No. AD AO35725t

December L976,

Id. R, Gardner, R. F. Haris and C. B. Taru:er, Response of Plants to

Extremely Iow Frequency El-ectric Fields, Un-lversity of Wi-sconsin,

Madison, Wisconsin, MIS No. AD AA0699|1, January, L975.

M. W. Mi11er, Effects of E:ctremely low Frequency Electri-c llagnetic

Fields on Roots of Vicia faba, University of Rochester, Rochester,

New York, IfIIS No. AD ?W33, June, L97t+.

G. M. Rosenthal, Germi-nation and Early Growth of Sunflowers in

lleak ELF Electromagnetic Fields, University of Chicago, Chicago,

I11i.nois, IXIIS No. AD A023092, May, L975.
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- .=::. - s a furlher and equally fundamental basis for assigning

re&rced eridentiary weight to negative reporLs. u0onsider for
mnlFler the reporb by l4i11er (fOe; who found that when bean

mea@ffi, rooLs Here eqposed. to ELF fields of up to 1Z gauss or

-99-

fL
2

3

4

6

7

B

I

10

11

L2

I5

14

15

16

tr7

l8

I

rI
tn

I



0.1 volts fcm for six days, root growbh was unaffected. One

may ask what the effect on growbh would have been if a stionger

electric field had been used, or lf the roots had been exposed

longer, or lf pears or tomatoes had been studied instead of

beans, or if the exposure techingue were changed to sj-nmlate

the kind of expozure that the beans would receive under the

proposed 1ines, or if some parameter other than that studied,

were measured. In each instance there is no answer because

there is no experi-rnent. Thus, the precise and lim:ited set of

condi-tions for which we lc:ow, based on Ml11ert s work, that no

effeet occurs, is a dinuni-ti-ve lnerease in the body of lmov,rledge

dealing with Ef,F field lnduced biological effects. The comment

of Applicantrs witness Carbensen on this point is particularly

apt; "negati-ve results may simply mean that the investigator

was not lookirig i-n the right place for the right thi-ngs. r'

(Carstensen, New York, T96).

K. Eisby, D. Driscoll and W. Washbon, A Field Srrrvey of Farmer

E<perience r,rrith 765 tcrr Transmission Lines, Agri-culture Resources

Cor',mlssion, Albany, New York, November, 797!.

B. Ware, Effects of 765 ky Transnrission Lines on Animal Grazi-ng

Hablts, AEF Senrice Corp., December, 197b.

The Suruey form sent to the farmers did not ask whether the

numbers of cows had. changed.i

A. S. ZeU-chenko, B. I. Smirnov and f. M. Smirnov, Desi-gn

Conditj.orrs and Calculation Methods of Conductors, Cables, Supporbs,

and Footings for Oyerhead Lines, Erergoset?proelcb l:stltute,

Proceedirrgs of the Symposium on ffiIV Power Transmi-ssion,
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Washington, D. C., February'Wt 27, L975, See a1so, Discussion

held after presentation.
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137, Reference 92, pages !2L-i.Z3

138. Reference 112, pages L25-L26.

139. Reference l)2, page 121,

l..l+0. Reference 132r pages b5A4,,51.

1{1. Di-rect Testimony of SoI Michaelson in the Matter of the
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Mohawk Power Corporation to the State of New york publication
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trrtraves, Consultants Bureau, New York, 1973'
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753. V. Altman and S. Langr 'rDie Revieraufteilur:g bei Weissen Mausen
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154" W. Moos, 'rA Freliminary Report on the Effects of Electrie F.ields

on Mleer* Aerospace Med. , 3j., 371+ (L961).
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FIGURN 1. T}IE 5OO KV TRANSI'IISSION LINES PROPOSED BY SDG&E FOR

THi' SI]NDESERT PRO]ECT ILLUSTRATING TIIE EXISTENCE OF THE

ELECTRICAL ENERCY BEING TRANSPORTED. Tire energy is composed

of an electric and magnetic fie1d. For simplicity, only the

electric field strength at each lateral distance is shown.

(Phase array'ABC-ABC, conductor conf igurat ion horizontal-hor izoatal,

conductor height 35 feet, subconductor spacing 1B inches. )
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f
Ifr 2. EI?'EC? O},I TIICE OF COJI"II}JIJOUS E]G]OSURE TO 60 HTfrTZ TLMTRTC FTELDS.

_oth nrice wete 35 clays old.when the photograph was taken. The mou$e in the upper partof the photograph was conceived, gestated, born and. reared. while being continuouslyexposed to a 60 herlz electric fleld, as lJere its parents. The mouse in the lowerparb of the photograph was a normal unerposed molr.se, as r^/ere its parents. Seereference nurnber 1.
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I

Figure J. Apparatus Enployed to Generate the power Frequency Electrj_c Field

A metal plate was permanently mounted between two sheets of plywood, w.ith

prorrisi-ons for applying and measuriag the workilg voltage. Vibration iso-
lation oads which supported the cager were glued to the upper wood zurface.

Three designs were employed for the ground.ed eage top: (t) an all stain-

less steel top (fypu a), (Z) a modification of Tlpe A jrr which the metal

feed trough was replaeed r,rith one of plastic (type n), (il a modification

of ffpe B jn which a stainless steel lid 'covering the plastic feed

trough was add.ed (tlp* C). fhe approximate electric field profiles cor.-

responding to each type of cage top are shown. perburbing effects due to
the presence of the various dieleetric materj-a1s, and. due to the water

bottle, have been neglected.

30
d 

- " Stointess Steet Cover (Type A

a

oll dimensions
in cenlimelers

l9 r50

E

6

o
J
t!
f,

!l
E.
F(J
UJ
J
l!

TYPE A

TYPE B

Sloriless

Ploslrc

Sleel

ro. t

Molded Plostic
Coge

6.4
':L

30

30o

{-l-Rubber pods (4) TYPE C

o

oooo
oooo

o

oo oo

oo
oo

oooooooooooo
oooooooooooooooooooooooo
oooooooooooooooooooooooo

2

ooooooooooo

ooooooooocoo
o

ooooo
ooooo
oo ooo
ooooo
ooooooocoo

ooooooooooo
ooooooooooo

oooooooooooo
ooooooocoooo
oooooooocooo

oooooooooooooooo

Worer
Bollle

Plywood (.6)

-105-

d (cm) 30

I
I
1

+5.4{

\,

.k



11"
FIGURE 4. SCHEMATIC ILLUSTRATION OF RADIATION FRO],I CANADIAN

PCI^IER SYSTEM TRAVELLING BE]]dEEN CONJUGATE STATIONS AT

ROBERVAL AND SIPLE IN A DUCT IN THE MAGNETOSPI{ERE.
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TABLE 4. SUMMARY O}' ELF EXPERIME}ITAL STUDIES. ThC firSt tWO COIUMNS

give the principal investigator and his institution. .Ihe third
column gives the reference number in this testimony for each

study. The fourtli column gives the biological system studied, and

the next two columns give the strengEh and frequency respectively
of the applied field. The sevenrh column gives the length of time that
each investigator exposed the biological.system uncier study. The

eight column gives the observed biological effect. ,1 is the
distance (rneasured 1atera11y fron the center of the proposed

righr-of-way) at which the field from the proposed transmission
lines would decrease to the value emploved b1, the investigator in the
corresponding experirlent. D, is the distance (sinilarly measured)
at which the fields from the proposed transmission lines would
decrease to I/100 of the value employed in the corresponding
experiment. D: 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 Ehe value employed in the
corresponding experiment.
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