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i The atudy ﬁim‘:u&aas t‘[m bialﬁgﬂml ﬁffﬁ:fztﬁ r.;i“ wlectronagnetic radia~
tgmn in the radio- and wicrowave rasges {up through 300,000 megahurts).

It ia mot within the veaim of rhis study to provide detalled descriprious
af every laboratory experisent. Such date have bean purpodely mmitied in
favor of su acalyrieal approsch. An attengr has beon sade o fdentify the

“primeipal areas of f@@ﬁrﬁh m& m dimwa the signiflicapsce of esperiseatal -

t‘;zﬂﬁtlt:ﬁ,. 7 ) e g

fﬂw 1oformation x&pnrted in thix stu&y bas hsm drawe from m:.iwtific,
medical, and militery jouroals, intellipsoce reports, Bagazines, news lteds,
bovks, and other publications. The informstion cut~eff dete for this study
was 1 Ockobay 1575, , ' ‘ '
{0}  Comstruntive eririvices, comments oF ﬁmgﬁteﬁ vhanges are wncouraged,

aud should be forwarded 1o tha Defenss Inttlligmm &sm {3TT%: le&}g
?ﬁﬂshjﬂa(kmﬁ m 253@1;
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{U) The thermal aff&:m of &I&ctrmgmtiz: mdiatim hava bﬁm tﬂmaahly

“well establiished through ﬁmrmi;a& jwvestigation. The nonthersal tffa?ﬁtﬁ,

howevar, Yemsin & controveraiasl issue berween scisutists In the West and in
the Eurasiso Upmmnist cowmtries. - The d4ifffculties encoumnteved An eonclu~
sively dempastrating the sonthermal effects of electromagoetic exposure e

3ikely mapunsiblﬂ for differepces Lo exposure standards; sowe standards sre

based isrgely on the demonstrable thermal effects, while athera allow fnr‘
‘possible vonthermal affects ac subthernmal intensfities. _

{83} 'The Eurssisn i:um}misz t@mtf&es wre m‘:ti:miy inmlwmﬁ in evalustion
uf tha hinlngigal aignificmw of xm!iwam Emi micrwav&s. umt ni the

o hums sre ﬁ.lam haing nmﬂuﬂm&, 'J‘:ha mjnr SYELem Ey&tm cmmmm.
or provesses currently under study include the bloed, ths cerdisvascular
aystem, calls, the ceotral mervous system, the digestive system, the .
51am2ular ﬁyxtm, mm&-@in &ﬁf«wt&, ami tiw mpm&w&tiw m& t:m vimal

nmgr of rapnxa:a mcw&md wakes asa&aswt of t:ha if&pﬂrtmm ylamd upon
this ressarch Ispossible. These lesser reported research areas include
nonthermal effects, immuwnological studiss, sod use of radiowaves feor’
fmntﬁw}, nmtrnl af CEEAn SYRTeme .

! Ra wousnal &evix:es or, messures for pmi:m:t,m frm m&dimw mmsuﬂz
wire woted, but a comtinued stress upon perscnmel protection in ccgupa
tional-sltuaticos was apparsat. Hers, ‘protective gogples aod clothing mra .
 recommended when working ie vegions of microweve radistion. Although Boge
diffyrences iv standerds recsin butwsen the various Communist sowmtries
and betwesn wilitary and eivilian standards, the Communist stesdards rvemain
wch wmore srrisgent then those of the West. An exceptien te this may be
Poland where & recent Yelaxstion of thelix srandards bas oesurrzed. This iun
the first significast ﬁhift of an East European countyy away from the
ﬂtan&ar& first set by the’ .

: The Eurasian Communist countries
could, on the other hand, give 1ip skrvice to sivict standards, but &ilow

their military to operate without restriction and thereby gain the advantage

in electrbmic warfore technigues and the mmﬁmnt of aﬁtiwmmei
a‘g;&lﬂmﬁm
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" fhe atentisl for the development of a wmaler of antipersonnel
applications i ~opgested by the resparch puldishod in the VSSH, fasy Euroge,

Combinatiens of Ereguenties and othor signal eharvracturistivs te produce other
peurological effects may be feanible in several years. The possibility of
inducing metabolic discases is also sugpested. i

{4y As &a? he expected, the bBulk of the ressarch bﬁiﬂ% done in this arveas
is in the UESE. However, a netable wwlewe s also being produced by Pelamd,
Czechosiovakia, Bulgavis, Runania, and Hungary.

Western $ofentists who have followed the Soviet vemsarch efferts on the
biological effects of microwaves have expressed a varlery of reactions rang~
ing £yrom . disbelisf to passive acceptance. The overall ispact of gurrent
Sovier work is poet oeerly significant, at least om their eivilian sector.
foe possible exception may be their studies of the cwntral nervous systaw
whare some interesting work is being dome. Elsewhere, mout of their work
gends to be outdated, gope of their saperisents cannet be duplicated, and
vthers are of doubrful credibilivy. Mo real nev developments or frash
appresches have been {dentified. Beverthelsss, a Iavge voluse of material

-tontinaes to be published on the effecty of vadiowaves and microwaves on bio-

desire to pursue these lnvesvigstions. NHe significant vesearch and devel~
opment has been identified that could be related to work in this field in
the People’s Republic of China, Horth Borea, and North Vistwnam,

»iii
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SECTION X

0% Yhe effects of radiovaves and microwaves op biological systens have
traditionelly buss separared inte teo basic classificatioms, (i) thermal
effects, and (2) sontbermal effects. The thermal effects save widely vee-
xsrgm.zed angd tihe mmnism s}f ﬂﬁtiw rwmaﬂy wil mﬂaratm K@mhewﬂ

Such effects have been gquestioned in the West
bacause experimental svidence, obtsined largely in U3 lsboratoriss, Jous
not corypborate ocourrence of noathersal side~wffects.

(0) Piverzgences Lo opinfon between Eloo and Western ressarchers concerning
the efferts of microwave radfstion sre the result of nonstsndardized ressareh
protocois and materiais. In addiztion, mechanismes wnderlying chessrved bio-
logical effeces ave ar present poorly wnderstood by asy of the world's -
srientines engeged in microwsve resesrch. Tha exchange of sulentific fnfor-
watioos on wierowave hazards bas dncreased grearly gines the setive particl-
pation of Savier, Ceschoslowsk, snd Polish scientists in the Isrermsrionsl
Symposium on Blological Effects sod Bealth Bazards of Microwave Radistien

i Warsaw in Ocxober 1973

elmczrmgzwtic waves i’fi gh& t’&diwamt wﬂ uicrwaw& fimqmﬂy tmgm {m—e
¥ilohertz to wore that 107 mepahmrtz) absorb wverving amounts of sneryy
depending vn the frradiarion frequencies snd the phvaicsl properties of
the gystem. Typlcally, however, 40-50 parcent of the incident energy is
absorbed by the biclegical systes sod the rassinder reflscied. In rmaliny.
only the shortey wawlmgths repmsmt aay ;me:ia‘bia huar& az & uwit
of thermsl hesting.
leugth from about

{0y The degres of bestiog sppesrs 1o be & function of the water content
of the tissue and probably results from cacillations of water molecules or
dipoles. Soother possibility is & resosancve shuorption of energy by pri-

tein molecules of the cell. As might be expacted, the actusl damages
resulting from 5 given wxposure are Functioms of the therwal regulstory

b
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and m:t:iw sdaptation processes of rthe orgsn or animal. fess vascularized
rissues are more susceptible to thermel dasmage besausze of & poerer ability
to dissipate the heat, therefors, crystailiue lens damage ¥ cataracl
formation may be observed.

{0} HMany techoigues snd indices have been employed to study tm wffects
of 1rmﬁiatm oo biological eystems. These inclade: .

Body weight.

Bigchemical studies.

Cardiovescular studies. -

%5 effectr (incluling conditioned end anronditioned veflemes}.
Electrophysiological measurenents.

Fertility and mutation stedies.

Bistalopy snd pathbolopy shediek.

Hatabolic studies,

Timperature .

ﬂiﬁii@ these snd other marmml Etuﬁi&# ’ﬁw& b@m aﬂm&ucuﬁ o mi?.m‘i

ﬁxnigsivﬁy gbumgé ratra&mti@al&w &aewdi&s&y, infnmtim m,garéing,
the smount ssdfor porvion of the body exposed, fisld intessities, and
duratton of saposure are wsesally 111 defiued.

{3 hs cen be seen from the sbove, quantitsiion of the binloglesl respomses
o electromagnstic exposure I8 & wvery complex problem bacause of the wide
frequency spectrun, the large nudesr of phyaiml and binlogical verisblex,
and the interrelstionshipe of those variables. Factors veguirisg cousid-
eration include the Freguancy, dotensity, waveform, (pulsed, OH, or wmodu-
isted) configuration of the body, 11s orisstation with respact to the
soure, portise of the body frradiated, exposurs time-iutensity fagtors,
sovironwental conditions (temperature, busidity, suad air currants}, and
shieiding. Orher complicating facters fuaclude the sublest’s state of heaith
and 9rewim o a;mx:fmit&nt méiﬁatim. 1@: &ﬁéitim to t'ém abnws factﬁffﬁ, .

acwrdmgly, nxperimmal ruul;s f'fr.m wimla zannot e&su:r,r be wxtra~
polated and aseumed to apply to hussn exposure because of size differesces
relstive to sxposures wavelsngth which can wmarkedly influsnce the systen
or urpan beivg danaged.

{0 With these complicatring facturs in wind, the evalusrion contained in
this report was undertaken. The date presepted were obtained from the
sources outlined in the prefsce and sometimes contsined fosufficient fnfor-
mation o wake absoliute decisions vegsrding their sipndfisance., The sources
were, howewer, indicarive £ the types of effects being reported and sup-
geeted those arean of yressarch being euphusized, thereby peyairting essess-
went of recent Ewvesisms Uowsunist sttempis So define the bicloglcal effscis
pf radiowaves and wicrowaves.

IDKLAGSIFIED
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8% Bffecis of elestromapnetic frredfstion on the blosd fuclude bie-
chemicdl variations, effects on erythrocytes, changes iIn cosgulation,
and alteraticns in the blosd forning systes. As would be expected,
most sommanist couwntry reports eviginete from in witze or im vivg
aninal experiments varher thas from human datae. -

{0} Iwaog-term wltrabigh fregeency (VEF} exposure fn rats veportedly
reduced the irco and Topper content in both the blood and muscle with

& cimeonitant increase in iron content In the Iiver. Bilullar exposurs

i ehicks caused an facresss In total proteine and globulins, but de-
cressed the albuexin fn the plsswma. Rate exposed to 0,04 W/ wt for 2%

days demovstyrated eisilsy shifts, In some studies with dogs, Irradistion
with sicrovaves slgnificently dectessed the lifetimwe of swrythrseyees, while
othey studies indicated np chaszes In the pranulccyiic aysten after exposurs.
In the lymphocytic system, however, mitoefic disturbances sod changes of
puclaar stracture sicurred. Rabbits exposed to “an electromegnetic field"
sruned sigaificent inereaser fn the sunher of sosweytes, basophile, sl
lvsphocrtesfom.  Although undesivable, these shifts are not significant
encugh to fmpair the functional perforsance of homans. However, they arve
glignificant sosugh o warrsst further sxpesrimentstion. Soviet resssrchers
will smphasize more pxperisents with soiowls and They will contisue o try
and velate these experiments to dats on humas exposure to microwave envi-
rommentes They will soet Likely work toverd relating such chaages du
different apecien of snimales to pariicular futensifies or sxposures.

{¥} Oue stody ipvolved the obuservatiom of seveval thousand persons working
in wlicrowave-Lrradiated workshope, a8 well &5 snimsl experiments,. 7o the
buman subjects, three kinds of davage wers found:

{1} lywphecytesis and wmonocyiosism.
{2} Cranulocytopenis, sonseytosis, and eosinophilis

_ frequently accompanied by abaolute lyophocytesis.
{33 Moderate neutrophilia.

The degree of chasges 1o the blood sould be corrslated with exposure snd/ov
duration of working pericd. This detersinstion was based on the relative
changes aw & functivn of period of emplovment, which was felt to Indicate o
cusulative sffecr of sicrowsves 1n the hunen body. The type and intensily
of the exposure was not donuzented.

3
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(U) Blood coagulation indices of dogs subjected to high intensity super-
high frequency fields were studied at intervals of ten minutes to thircy
days after irradistion. Initially the coagulation time was prolonged, but
two hours after irradiation it was accelerated as a result of protective
compensatory changes in meurchumoral factors. The protective reactiom
was, however, of short duration; the irradiation—induced prolongatiom of
coagulation time reappeared and the enimals' clotting times did bot
return to mormal until at.least fifteen days after exposure. Aspother
study showed that long-term exposure to microwaves at a power deasity of
10uW/cm? decreased the overall activity of ‘butyrylcholinesterase in the
blood serum of rats. Under conditions of whole-body exposure, the micro-
waves did not exert a consistent effect on the enryme molecule. The
decrease in the overall activity of butyrylcholinesterase was correlated
with a decrease in its concentration in the blood of the irradiated
animals. :

(U) The action of microwaves on human erythrocyte permeability to potas-
eiun and sodium ions was also investigated. The mechanism of action ap~
pears to be an inhibition of active transport and an altered diffusion
through the pores in the membrane. The latter may be caused by the
influence of UEF energy on the mexbrane itself or on the hydrated eodium
cation and potassium cation. The microwaves efither change the mamdrane
structure thereby increasing the passive sodiur cation and potassium
cation diffusion and reducing the conceatration gradiemt, or somshow
block the mechanism of active fon transport.

{U) The question of stability of microwave-induced changes in blood com-
. ponents was addressed in chronic and acute tests using dogs and rabbits.
The irradiation was at a frequency of 2375 Miz with a field stremgth of
thirty microwatts per square centimeter. 7The rabbits were subjected to
between one and ten irradiations of sixty minutes duration each, spd the
dogs were subjected to repeated irradiations cover a period of more than
.a year. The changes in the blood and marrow of rabbits were foumd to be
unstable and to pass after a period of five to ten days. Changes observed
in the chronically exposed dogs were more stable, but became normalized
over & period of twenty-five days. Investigation of chronic microwave
irradiation on the blood-forming system of guinea pigs and rabbits was
also reviewed. Both continuous wave £Cﬁ) and pulsed microwaves were
utilized at an intensity of 3.5 mW/cn® and a wavelength of 10 cw. In~
creases in absolute lymphocyte counts in peripheral blood, abnormalities
in nuclear structure, and mitosis in the erythroblastic cell series in the
bone marrow and in lymphoid cells in lymph nodes and spleen were observed.
The changes "appeared to be a cumulative result of repeated irradiations
and were attributed to nonthermal effects. There is limited evidence to
support the belief that these cumulative effects are reversible wupon
cessation of exposure. It is still not quite clear if similar resulta
could be observed in humans since wide species-variations have been
observed by Soviet researchers working with animals.

&
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{1} The prisary concern of the present study wag with electromaguetic
fie¥d effects, hubt pumerous reporis regardisg the effectis of constant
magnetic fields on the bleod system were noted during the veview, ;ls,s with
electyomagnetic effects, effects on coagulation, Biochemicul properties,
and formed elements were ohiervead.

(U) To summarize the effects of electromagnetic radiation exposure oo the
blood, the following general changes emerge although conflicting reports
are also presentt .

{1) Ceneral decrease in hemoglobin content.
{2) Generally reduced coagulation times.
{3} Decrease in levcocyte count.

These findings are based lsrgely on spimal exparizmestatios. While detri~
pental in thesselves, the mxtent ©f theae changos would not bi expetied
e he grest esough to materielly affect av dindividual’s pecfevmanes oF
general healrh, sapecially onder stress conditicns. where othey factovs
such a3 physiological protective vesponses would be far wore fmporisnt.

{0} Beavy ewphasis has heﬁn placed on fovestigationk fnvolvwing ixleﬁtrmss*
wetic radiation on the cardievssoulsy system. ¥ifects on hessdyramive i~
repurts of a elovdoen of m,wwﬁiifigulﬂ-x and istyra~srtrial cmﬁﬂ@:tims _
diffuse cardiac wuscular chasges, sad ventyisulay sxtvasystole. &a with

are rypically wetrospective fn nature. Hany of the wariations noted ou
the cardidvasculsr systex yesult from central narvous syestes effects.

{1} Seversl repoves concersing boswn cardfovascular effects from super
high frequency sxposurs were revigved. Functiomel changes were noted,
inciuding e slight focrease Io the asyochrovoes contrectiosn phass, a2
tension perisd. as well as other dets indicavive of wmoderate dystrophle
changes of the wyocardionm sccowpanied by & Jiesvoprion of fts comtractive
capacity.

were exposed to mirrowaves for & period of years and an wnesposed contrel
group revealsd & sipoificantly higher fmcidesce of coronary diseane,
hypertension, and disturbances »f liplid metaboslisn among the exposed
iodividuale, Hereditwry predisposition to heart disease was approximately
the smme iw both groups, but overt disorders developed much more frequently
in the previously exposed group. It was concloded that microwaves may act
a5 & nonspecific fartor which, under certais conditions, fenterferes with
adaptarion to wfaversblie lnflumnces., Exposure may, thereforve, promote &n
eariier ooset of cardiceascular &isease £y susceprible fndividuals.

5
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oy Eemdynamic indiﬂtﬁﬁ for r,hi.rt:y wen - m the 25»40 year age rmge ﬂhu ke T

had been exposed to VHF sxposures for from two to Len years wers studled.

Shese men shoved o tnmiimt;y to bradycardia, modexats Jecresss in the -
gﬁtﬁa};& and minute volumes, and 2 slowing of the rate of blood ajant,im

From the left vestricle.  Srterisl pressure was ssseatially oorosl, bat 2
gompensatory coustriction of the precapillazry bed wak woted I respounss

to the deprsase i cardiac esjaemtim. There was alsy o incrsase in the

tone of the lazge artexies. ' ¥EKC thasges indicited en favensificstics E

ot vmgatmiz: influences o the hearty possible fluctustions dn the
pstmsiwaﬁdiwn balapee were also postulated. Yo e sisilar gtm, it -
was eonciuded that bhessdypamic changes. resulted From disturbacces SEUT
ving in the stmz:i;uml mﬁ, fxm:;z:iml statﬁ 9£ the Wiatm BYEte®m.

(i} Harphalagif;al t:mgaa in mximtal nﬁw ma& £6 whoTE aa:.d ulr,mw
‘short wavelengths were obhaerved. Twe series of experfmesis were conducted
using 1& 9 ltma and ﬁ9.’1’ m waves., ‘In the f:lrst; aaﬁiw. mlve andmals

‘ﬁ’ﬁry pmnmmmd #aaaular ﬁystmphif: ahangm save found [ci;mugh@nz the
vrganisa. In the second series, 37 mice ware gives dally Gminute ax~
posuras to nonthermal fntensivies for five months, Horphological studies
uf these animals showved alight vasculax disorders and cowpensstory prolifer-
ative processes in the internal orgens as well aa ﬁyatr@hﬁﬁ ehmgu iz
brain c&m

ot

PR : T, . a"

"{¥} In & group ﬂf g&timtﬁ ﬁui' furing frwm Yradin wave ﬁi&ﬁmﬁa&, % cwrebral

hemodynadic changes wers shesarved. Thess fncluded reduowd intensivy of

the pulse blood woluse snd ap incresse in tonicity of the intra~ awd extra~
wranial wessels. w@ ﬁtmgam dé,d "L, i&wgwr, appﬁﬁx E < iw fwwtlmal :t,;-;s,

Batare. - S . S .

I - ; .

P

. {do thelr vnexposed counterparts. Some of the cerdiac asd cireulstory

Liwentrienlar and intra-arrial conduction, diminished miﬁm@a' af m

§ f Eﬂxsmmel exposed o micvowsve yadistion balmi theml lmls experi~ "
sunce more neurclogical, cardiovascular, and hemedynemic disturbasces than

effects attributed to sxposure include bradycardia, kmtmim, snd
changee in ZHG fadices {(slnus arthyibmia, extrasystole char

gellections, ebg,. ). x N

{ﬂ'} ’ﬁm gar&iwwwiar effects have alwayes been of primary interesy,
thervefore, it iz Ifkely rhat vessardih 4in this ares will cootinue. It is

not apparent if cardlevescular effects were First observed in andmals oo

in patisnis suffering frow the so-called "radiowsve dizsase.” It 4s prob-
able that' further vesearch will wore accurstely sstablish hemodynemic vari-
ations in both aniwals and humans. Grearsy emphasis will be placed om
animal studies wi:is:h wiil allow for move precise daxwr&s@m& fuantitations.

o
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(U) Histological techniques have been used extensively for evaluating

the effects of electromagnetic radiation on cellular systems. Such gtudies
have included in vive inveatigations of the cellular effects Tesulting from
whole body irradiation and in vitre studies employing cell cultures.

(U) The most popular cells for study appear to be those of rat or mouse
liver. Nonthermal effects on subcellular structures include the formation
of binuclear cells and irregular thickening of the nuclear membrane. In-
vagination of cytoplasm into the nucleus has also been observed, frequently
accompanied by breaks in the nuclear membrame. Marked changes in the
endoplasmic reticulum and the mitochondria have also been noted. The
available data, although still insufficient and inconclusive, seem to
indicate that the magnitude of these effects is frequency dependent.

(U) The liver cells of rats exposed for three hours to & 1.625 MHz field
showed damage to the protein synthesizing structures. DPistinct changes
were seen in the nucleoli or ribosome synthesizing apparatus. The ultre-
structure of wouse liver cells was investigated after exposure to the same
frequency. The mitochondria became swollen and underwent lysis. Some giant
mitochondria also appeared. The cellular reactions observed were largely
the same as those observed.after the action of many other enjiroumental
factors.

(U) Phagocytic function has reportedly been increassed by exposure to an
electromagnetic radiation field and induction of colicin synthesis has
been observed in E. coli irradiated with a nonthermal intemsity.

(U) In many cases, electromagnetic radiation effects occur at the cellular
level, thérefore tissue culture techniques provide a well controlled and
accurate method for study of those effects. Ultrahigh frequency exposure
of cultures of rat fibroblasts, monkey kidney cells, and human embryo
fibroblasts led to degeneration of the culture in four to six days. The
earliest degeneration occurred in primary cell cultures. Studies are now
under way on cell permeability, cell interfaces, cell stimulation, and
the electrical characteristice of nerve cells. Other Bloc research will .
include study of microwave effects on mitosis, cell differentiation, and
subcellular deoxidation potentials. The data obtained from these studies
of cellular and subcellular responses to electromagnetic stimulation will
be highly significant, since they may lead to the eventual understanding
of basic mechanisms underlying biological changes which occur during and
after microwave radiation.

L4
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{U} Ressarch va the effects of rsdicwaves and micyowaves on the central

nervous Systen of busans was relatively widespread. A nusber of reports .
are discussed in this section, as well as vessarch results vegardiug

central nervous systen effects on snimal wodels snd fsolated nerves.

{8} Subjecte wxposed o microwave radisticon exhibited a wuriety of
neurasthenis disprders agsingt & backygroumd of angiodystonia {sboormsl

Lhanges 4o tonicity of the blood vessels). The wost commen subisciive
cmlamw wEre hamﬁaﬂha, futi.g&&, ﬂarﬂyirimgg Mnﬁ.ﬁ&sﬁ, mt;mi

: {0} Variows neurelogical discorders were investigated by atudying the

. ' westibular and visual analyzer fenctions in pernons exposed to rsdis
waves of varving types for various pevisds. Elevation of the thresah-
old of exclrability was aleo secompanied by & lenpthening of the time
reguired for dark sdaptsriom. The magoitude and Intensity of the
changes tended to iscrease with lesgth of exposurw. Similaxr astwdies
showed fncreases in the threshold of oifsstory sensitiviry, EEC aotomatic
fragusncy ansliysis was peviormed on B persous axposed €0 ooe meler wave-
length radistion and BO healthy contweis. Bo differences were found Bae
rween the éexposed group end the contvels regardless of lengih of the
exposnre, intensity of rhe field, or frequency. FPresumably, all of thesse
expoiures were of & poothermal pature. Uopversaly, thirty-seves parsons
mcup&iitzgany exppsed to & superhipgh freguesncy microwave field
30 ¥ em®) over periods of two to efpght venes, were studied; aywmptowms
of asthenfc and avtonomic vasculsr disturbsnces, endocrine shifts, and

 abpormal EEG's vere cbheerved fo half of the patiests. Their reflexes in
response 8 Light and sound were weak, disterved, oy nonexistent snd
thelir skin galvanic reaction &5 flazhiog light was abnormally intense
and prolounged. Additional date will be requived in order to saawss the
significance of thess human studies.

{ﬁ} :angmt;m ﬁxp&rimts cmﬂutmﬂ 5} xabbim dmmtratad tlwt fryadi~
elinits qm}.im;i*mly and qmtitatiw&ly @if‘fﬂwt t:h«mg """ 5 :ln the m
Iotermittent vadintion bad s more proovunced effect oo the recovery time,
% | it has also bewn obgerved that Ioug-ters exposura of humans to wictowsve
’ radistion reyults in extyvemely flstiened BEC patterns.

£
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“*q—T Exposure of rabbita to 1low levels of microwave radiation tesulted -
in alteratioa of brain electrical activity, but caused no detectable
macroscopic or microscopic histological changes. Examination of the .
brains of rabbits sacrificed immediately after exposure to 10 centimeter .

. microwaves at power densities of 20 to 30 wW/em? revealed hyperewmia of

" the meninges, distension of superficial vessels, and small extravasations -
of blood in deeper brain areas. Some, or all of the observed changes, - '
could have been thermal rather than nonthermal effects, since the power -
densi:y employed in the experiment was powerful emocugh to have caused a &~ -
fairly great.temperature rise. ‘The effects noted immediately after :
exposure were apparently reversible, since no changas in the condition of
the brain tissue were found in animals sacrificed oh the day following

" exposure. ‘ L _ .- R R o

- .

- 'y = "o

o) Study of the rabbit visual cortex after a one minute exposure of the
head to 40 yW/cm? ‘at a wavelength of 12.5 cm revealed changes in the fre-

* quency of the background activity of 52 percent of wvisual cortical meurons.
Chronic irradiation (two weeks) of rabbits caused the development of a
prevalence of slow, irregular biological currents; this was interpreted as
evidence of progressive establishment of an iohibitory state in the cortex
of the cerebral hemispheres. Normalization of the electrical shifts re- ..
guired up to two months in some cases, Similar studies with rats indicated -
apparent i in the central nervous system.

(0)  Sime excellent atuﬂies using biopotential recordings wvere performed to
determine the effect of microwaves on the kinetics of nerve Ampulse. conduc~
tion. Frog sciatic nerves were irradiated with 12.5 ci wavelength microwaves
for one minute and parallel temperature measurements were made. Calcula~
tions showed that the absorption of one calorie of microwave energy per
gram of material per minute gave a temperature rise of 1.1 degrees C in
the experiment. The effects of microwaves and of direct contact heating
(from three to nine degrees) on nerve impulse parameters (the rate of

: excitation conduction (EC) and the biopotential amplitude . (BA)) were

. measured and compared. For thermal effects alone, one degree increased

. the values of EC and BA about five percent. Changes in EC were, charac-
terized by.rapid increases as absorption of microwave energy increased, .
followed by a fairly sharp drop upon switching off the microwave irra-
diation and normalization within three minutes. These increases in EC
‘values C(higher than values obtained by thermal effects alone) were espe-
‘cially pronounced in a study where the samples were heated three and six
degrees. In a series where A t = 9.1 degrees, EC was lower, although the
temperature did not exceed physiological normal limits. Changes in BA

9




DET-15105-07h-76
March 1976

dSuring wicryesve ir:adiatim wam #lio chavecrerized by a mmch faatar
fnersase, followed by a sharp drop to helow the origleal level efter
frradiation snd essential recowery in three misutes. I & series where
the temperature increassd to 31°C, the wlerowsve effect et firsy was the
aame &% the thermal effect; after thirty seconds the B& valuzx was ewen _
lower than for the thermal sffect slone, possibly due to ovsrlap of tonic
eurrents at such high tempereture. Thisz was followed by & substantial
drop afrer irrvsdiation, and wery Little vesovery in three mioutes. The

.differences in results fn this series were attributed to different initiai

conditions of the preparations.

{8) These experimeats indicaie th&t miarwaves way have & specific effeck
of 2 neunthermal nature on BC and BA, causing sharp and reversible changes
ie these functioosl parsmeters of perve Impulse. msnhzr erperiseniation
will be needed before extrapslistions of similar fupetionsl changes to

in wive voendivions, or to husans, are attempred. It i expected thet
Saviet reszarch on these sud other CBS vespouser will continue during the

next five yvears.

{8 A number of alterations dn the function of the gastrolntestinal
systen were vhserved. Beportedly, suposures of subjects working for loug
periods of time {u the presence of Jlow intensity centimeter and decimeter
waver resulted In mumerous diserders. These included dyapupiic duemw.
wdems of the gums, blesding gums. altsration of the gestric acidivy, snd

# rveducyion of the Tonus sad evacuater fupctions of the stowerh.

{83 Bumerous animal stodies have busn conducted on the moter Dumction of
rhe gastrointestinal tract sad the eecretory Sunction of the stomach. Hoo-
theroal inteosities were reportedly used. In general, suppression of the
stomach's evacestory function, with afpes of adaptution upon vepested ox~
posure, was found. After partiel deserwation of the siomach, the oppoaite
popurred. It wasn ooncloded that the waves bave & dual effect ~ 2 modfated
setion through changes in the finction of the N5 and & direct effect on
the orgen or its Iocel fznerverion. In general, gestvic duices focressed
and Iivtle change In acidity was woted, This work tends Lo support sbaer-
vativns of fonctipoal changes in humans and indiceates that they wmay actoslly
result frop & CHS latsrection. ©Other animal vesults ave disvsssed below,
but do not relate bo the human observations.

A0
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{2Y . The effects of bigh frequency rediowavesz o the content of nuclelc
scids im the digestive organs of rabbits were stwiied. The totsl suclele
acid content snd the iadividusl lavels of DNA and BHA were assayed in the
iiver, pancreas, stomach, small Intestines, and blood. It wus found that
the content of nucleic scides 4o the organs was a function of the power
apd duration of mxposure. Low doses were found to considerably stisulate
the nuclefc meids, while higher doses reduced their content. Sigaificant
ahifts in DN& contunt vequired wery bigh Jevel exposures. 1In s simiiay
study oo froge exposed to microwsves {2307 ¥e}, the highest nucleie scid
content was fowed in the pencreas snd the lowest in the stomsch, Agaim,
low doses tnrreased the teotal mecleic acid contsmy while higher doses
iaduced insipnificant increases of reductions in thelr comtent.

03 The effects of microwseen {2307 MHz) on radiophosphorus yesorption
i the sromsch, ducdenusm, 1lews, and colon were studied in rabbite.
Himaitanecusly, ehsurbed radicphospborus distribution in the liver, Iumgx,
kidoey, snd spleen was fovestigsated. It was found that rates of radio-
sotive phosphorus resorption by sections of the alicentary camoal diffar.
Under microwave esposurs, rssorptive activity of ths stomach i sswewhat

&%aféased, while 4n the small and large intestines, 1t s inﬁraaagﬁ@ Larwiey
fntensity exposute scceleratsd the funtestine resoyptive fumctlon e &
grester extent thas large doses of lower frequency waves. Radiophosphorus

deporition in rhe wviscera ds alsc s function of the dosags.

¥

{0}y Tovestigarions of the effacts of radiowsver and microweves oo the
glapndular system have beep toncentrated mainly on the adrensl, pivuirary,
#id the thyredd. The glandular effects, howsver, do not appear to be &
high prigriity ares when coupermid Lo other systems currently under Inves-
tigsvion.

{33} The functlonsl status of the adremal cortex in shipbvard specialiiste
subjected o the effects of ¢ UHF fleld was reviewed. Thirvy-eight men
wire expoied to the field for perieds of 24 to 1800 hours snd ketosteroids
and oxycorticosterelds (which reflect androgenic function) were wonitoved.
The resulrs indicatead that sndrogenic, glucocorticoid, aod minsral cortis
woid functions ©f the edreval glend cortex do ot deviate From the normal.
Hivrowasve exposure alsc incresnnd thyroid functisn fn these sublects. The
increzase was atiributed {0 secundary elifecte of the radistion snd waz felx
o result from disturbances of the syppathetic servous systen in the
bkypothalmic region. In guines pigs. the weight of the adreasl glands fo
creased sfrer continuous exposure st lov levels for fourteen daye, but
decreased in animals expossd to Interrupted &xposures. Modification of
Yipid wetdbolism appears to be the sechaoisw of sctien. Simflar exposure

i1
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neing shicks vesulted in iscressed ssvorbic scid contest in the cyteplase
of the adcensl sortex, but other work has produced cooflicting resuits
regarding the effecks on the sdressl cortex,

fU) A gusnritative ssnay of the govadotropic hormonss and growth hormones
in the pituitary body of rais exposed to wmlcrowave radiation indicated thax
for & vertain time after suposurs, bloecking or inactivation of ponsdotropin-
relessing agwnts oceurs in the hypothalemas, Both wewrel~lwrmonal and
pituitary gonadotropic bypofunctionsl effacts vesulted from whole-body

{0) The general couclusion thet ceo be dravn frow verious (both animal
aod humsn} studies of the anterior pituitery and sdresal cortex 1s that
exposure to radioweves ead microwsves of thermal futeasities reselts din
suppression of the horwone produciog Dumctions bub wxposurs to poutharmal
jovensicies tends to ephasce production.

{8} An increase of the thyroid funviion indices wes fousd {n aunimals
undergoing wicrowave irradiatiorz for four wonthe & & power denaity

of 5 aWien®, In bistolegical sectiens of the cylindric epitheliuwm cov-
gring the thyredd, follicles ware seen and slectron sicroscopy vevealed
retioulum. )

{1} Electromagnetic radistion erxpomue bas been foumd to produce distur-
bances in carbohvdrate epergy and witrogsn mevabolisme in the braln, liver,
and woscles. it sppenys thet wuonder sisctirosmgnetic exposure, macroergic

| ecmpounds beceone delicient due to disjunction of the oxidative phasphory
iaticn processecs and dervangsd wetsbolism of csrbobydrates. Witk respect
to sitregen wetabolizm, radiation causes ap Intensification of the awmmbnis
formation provessss in the sbaence of correspondingly move vigoroos pro«
cesses for itx slismdoation.

U} Exposure of vats to various Antensitien of eleoctrovapgnetic fields

acids and & depsrease in glycogen coatent in brain tissue. The changes
depended on the field intensity and exposure durstion and one wonth
after cessation »f the expowurs the titer of lactic scid fu the wat
brain had not verurned to norwal. '

{8} ‘The role of metabolic distuwrbances of the heart $n developoent of
functional and structural chenges under the influence of low frequency
impulse eledivomagnetic fields was stodied. Test animals were rais
snd it was found that exposure decvessed ATF and crestinphosphate by

: ¥4
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* causing disturbances of the oxidative changes of carbohydrates and diver-
gence of conjugation of oxidation and phosphorylation processes. It was
concluded that changes in carbohydrate energy and nitrogen metabolism
preceded the inception of structural changes in the myocardium.

(U) While these animal studies indicated an upset of some metabolic
pathways, the degree of functional impairment was relatively small and
probably not a significant factor. Ko human metabolic variations were
noted and meaningful extensjon of these animal studies to the human is
not possible. Research in this area is likely to remain low key and
will be¢ conducted wostly on animals. .

(U) The effects of electromagnetic radiation on reproductive systems
have been the subject of numerous animal studies. Experiments with
female white mice revealed changes in the estrus cycle. During the five-
wonth study, the mice were irradiated twice daily for ome hour, using a
10 cm wavelength of low intensity (10 wW/cm?). Although the average
number of normal cycles was umnchanged, normal cycle duration increased.
Prolonged diestrus and metestrus, along with a shortened estrus period,
resulted in a decrease in the reproductive function of the ovaries. A
weight loss was found to occur starting at about two weeks, reaching

a maximum loss after four months.

(U) The fertility of female white mice was also investigated. The
animals, irradiated as above, were mated during proestrus or early estrus
with nonirradiated males, Conception in fifty-eight control animals was
94 percent, but only 75 percent in irradiated animale. Long-term non—
thermal microwave irradiation of male mice evoked diffuse changes in the
testes. Subsequent mating of the animals resulted in reduction in the
size of ldtters.

(U) Microwave radiation at 10 and 50 oW/ cn? intensity was administered
for twenty and fifteen minutes respectively at various stages of the
twenty day gestation periods. The progeny showed reduced viabilirty,

poor development, and anomalies. Changes in rate of postnatal development
and disturbances of higher nervous systez activity were also cobserved.

(U) TFemale white mice were irradiated twice daily for ome hour with 10 cm
waves of low intensity (10 miW/em?) up to the eighteenth day of pregnancy.
There were stillbirths, a significant number of weak newborn, and a general
retardation of body weight gain and growth. Other researchers found simi-
lar effects in litters from females which had been exposed_twice daily for
one hour to a 10 cm wavelength &t an intensity of 10 oW/cn? for five months
prior to -9t1ng.

13
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{83 Teneric effects of electronsgnetic radistion were chaerved in othar
srudies, Male rets, frvadisted with microwswves at 5055 fcw®, were
mated with noniveadiated Yemalew., Lidzters displayed veduced wiability
and sbucrwal develppument, reduced tate of developseni and nwervous
disvrders .

U} Although vesserchers noted & curiain degree of wpecificity in the
pathsiogiesl changes induced by microwsve Irradistion of mice, they
concioded that the pathologics) procewses ocourving in mele oy fupale
enimaln resulted from differsnt mechanises of aciliom.

(8} Both sexes of the fruit £y, Drosophila pelanczaster, were expowad

to microwaves to stody the effects of yadiation-induced mutation. OGroup A,
exposed for five seconds to 38 MHAsy, showed an incveassd frequency of muta-
tioe when bred five to nipe days after frrsdistion. The results were sot
gratistically conclusive, howewer. Uroup B, exposed for ten minules To
2375 Ms, showed noe effect ou freguency of wuterions.

{U} A sirain of Staphylococcus sureys, koown to be resistant to peni-

cillin, was exposed o an slectromagnetic fleld. A mutant wai found to
be peasitive to peniciliin, probabkly due to & changs Im 1ipid coutent.

{93 In susmary, & large samount of rescsrch has besn done g6 the re-
produntive effects of EME. Bowever, slifects opn husas veaproduction,
especially on male fertdiity, have not bees deponstysted.

PART § ~ VISUAL SYSTEMS

{3 The role of microwsves fe catarsst formatios snd visual demuge has
Primsvy sttestion fn wany studizs hes been directed at the bislopicsel
efincte of superhigh freguency sisstromagoetic radfation on the cryecei~
Iine lens of the eye. Blomicroscopic techoigues bave been ussd o astudy
cuataracy developusnt in persons regularly expossd 6 microwave fislds.

A four-vear study favelving 600 workers and 300 contrels revesled un
significnnt difference between the twe groups. Cataracts were discovered
in ooly one percent of those persons sxposed te murh vadiation; wmost of
these cases vepulted fyowm safety vwiolations. Cetsrscts vwhich occurved
were charscierized fn thelr eariy stages by turbidity of the lens snd
changes in form and oolor.

{3 In emether study, thirty-five workers zegulsrly exposed o misrouave
fields and having pronpounced congenttal Yenrieular catarects wers exsmined
over & one to three year period; the results of theiy examinations wepe
compared to Ehose of twelve persons with similer catarscte whe had wo
history of exposure to radiation. Bo progression was noted fm smy of the
exposed individuals; changes wers slov and probably stivibuteble solely

to pnatursl eging ¢f the lens.

14
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{11} - Conbined wavelengthy over the rauge of the millimetric spectyvum were
used in an snimal study involving nine rabblts exposed for 35-F0 minutﬁ:ﬁt
Although the radfstien used was of considerable Intensity (120-495 mﬂ{cm 3s
ne demage eccurred in the despey sediz of the eye, o particular the lene,
during the 2 to I% wonths observation perind. Bowewer, wrosion of the
epithelius of the cornes 4id ovour slopg with damage to the conjunciive
and its vessels. Moltiple tiny hemorrhages fn the wecoxs and soboucous
tizsue wers alne evident.

{U) The Soviets bave reperted the oscursnce of “atute ettacks™ (sie) of
glavcome (1304 cases) which were correlated with geomapuetic disturbances.
HMoreover, Tecurring Vatute attacks™ ceme priserily oo deye whesn the s
value of the horizontal componeny of the geomagoetic flsld varied signif-
fcantly. The signifivance of this veport is questiomable, bat it dndi-
cates that the Soviets are exsminiog all sspecte of mageetic and
electromagnetic radisrion which might cause changes is vision.

{113 Although & growing body of savidence suggests thit the slerowave
power density regquired to produce catarascts s lnconpatible with life,
the Soviets will continve 30 Invesiigste the visual «ffeects of B but .
theiy effort will be redurced frow ite previous lewel,

PARY 10 - IWTERNAL SODED PERCEFITON

{43 FPereeprion of sodulated mivrowave signals which seom to be originating
intrscracizily es characteristic svunds i3 & phenopenon which was first
reported In the U8 open literabure sore than ﬂﬁitt&%ﬁ FRAYE ARU. To prToe
dure sounds, posk povey densizias of up o 3? eW on" mey be vaguived, bar
the awverage power densdty asually 4o 5 Wfon®, The Soviets have atudled
this phencmenon in ovder to dersrmine the wnderiying phrsiviogical wechas-
jam{s) and to define the ophimus frrsdiastion parameters needed to evoke the
responge. They found that when the fundamentsl frequency of the elsctro-
magoetic stimelus was vaised fvem 2050 vo 2500 MHe, the reactios threshold
reze sigadficantly, but at & freguency of 3000 ¥Hz there was nwo reaction
in the suditory cemberk. The average futensity of alwtrmggnazi.c radi-
atiop required to evoke the response was less than 10 oW/ ee®: it was
concinded thar the Fundamestal sigosl freguency rather than the apount

of soergy constitered the primary stimules and thar the cheavrved phenom—
enon was sensory in walore.

(03 The Soviets will coutiose to investigats the uatwre of imternal sound
perespiion. Thely vesearch will inelude srudies oo peveepivel distortion
and ether peychophysiolopical effects. The results of these fovestips-
tivns could have wiliteary appliestiong 4f the Soviets develop wethods for
disrupring or disterbing husan babavior.

15
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{8} Most of the reported biologicsl effects from radivvaves and micro-
wavez result from exposure teo the higher freguency ranges. Many of the
ohserved physiciogical changes probadbly sesur as & vesulr of thermal |
effucts arising from the wibration of jone and dipoles of water molecules
ir tissues; the vibrations are st into motion sore efficfently by the
shorter waveiength (high Freguency) waves. For exapple, a radiowave of

ten centiseters wavelength convaris about £4fty parcent of it¥ energy

into hear in this manner, whereas s three-centiseter wave converts nearly
pinety-eight percent of Its ecergy inte heat. & study of the biclogical
activity of low freguency (seven ¥z} iwpulse slectromagnetic radiation of
different intensities and durations was dome oo vate. It vas found that

the patholsgical ehacges wavre s fonction of dose; suscepribility to vaii-
ation was poverned by metabolic processes snd morpholegy asd the organs and
systems could be classifisd as to senmitivity 4o the follovwing order: tes-
ticliss, liver, kidosvs, hesr:t, sod central nervous systam.  Asciber study
indicated thatr relatively low fraguvency electromagueiis fields generated
sonie and ultrasonic oscillatfions fn living organismes which is turs produced
elestic deformations. 1F the frequency of the source fisld corpesponded to
the psoillavion freguescy of the cells {the resonance freguency wost likely).
the celle deteriovated s a result of the mechanical résposanes.

{83 Oltnical stedies were dome on thirty subjects, aged 25 to 4D yesrs, ex~
posed to fodustrial elirahigh frequency centimeter wavies at power densities
of I to 500 sli/en* for periods of time ranglsg from 4 o 13 yesrs. Subjec~
tive vompiaints included gersralized weaskowss, sfrernoos and svening apathy,
fatigue, beadache, sleep disorders, sod ooncvadiating precerdial pain suppes-
tive of asthenia oy neurasthenia with sutopomic dystonia. Eleciroencepha«
iography reveealsd pericds of abeenes of alphe wave metivity alrernsting
with low B waves, increased freguency of potentials, dysehythnis, periedic
low peak potentials, and rescrtioes to afferent srimaii. Peripharal blood
etudies revealed lymphocyiosis ot wonooyiesis in elght suhiects; incresssd
alpha and gewmz giobuling were found fn I8 subjects, Erythrooyie potassius
wias within the lower limite of pormal, while urine poteassium was within the
apper linivs of woreal. Advessl cortex fumction was evsluated by urine
levels of Il-ketosterslids, which were elevated to I3 te 40 mg s 11 sublects;
sverage levels weve 2005 mg. Urlne levels of epinephrine snd nsovepinephe~
rine were slevated in some seblects. Thyrodd fesction war evaluated by rate
of radicisdine uprake. Aversge uypiske within two bours was 1l.J percenmy,
and in fobr hours 16.9 percent., ‘The 24 hour uptake did pot differ from
mnormel values. Electrocardiography revealsd changes in the heaart come
ducrion systenm fn six sublects; the Toy¥e syndrone vas found in ten
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ﬂu‘bjmw and a U wave was vegletered fp lead ¥y in eight gubiects. Hemo-
dynamic sod myocavdial Function parameters were studied by tuchoosciile-
graphy and polysphyumography. Arterisl pressure was ususlly within normal
limite, slthough it waz of a lshile nature. Bradycardis was preszent iu
14 subjects and decressed mipube volume wae observed in sight; lncraased
peripheral vesintasce was found ™in & sigoificant number” of subjecta.
sutopopde~vasoniar changes and emotionsl Isability and reactivity ware
attriboted Lo RS changes and fncreassd pituvitsry-adrenal gland functien.
1t wes also noted that soch shifts 1a neurcendocrine function mlﬁ 1&&&
to sirewlatory discrders manifessed by changes in the bemodynasic

and electricel activity of the heaxt.

{8y A secood stedy was done o8 two groupe of workers occupationally exposed
in the rmiin in&mtry. ":i"'im first gxawp gmsiataﬁ of 100 nnbjm:ts wm m

@f gmaiﬂarable intzn&ity {up ta ﬁewml Wit { el } T‘hﬂz n&s:wz,ﬁ gtm ﬂmiﬂttd
pf 115 subjecie who had bagun work afyer the introdustion of proteciive
weasures and had been exposed to microwsve fntengity levels approximately

the same »5 those Lo which the firet group was esposad, A sontyoel groeup

pf 100 sublects not exposed te the actien of microwaves was alse coentblipy-
gusly sxamined. The study showed adverse effscis, primerily op the servous
and cardiovasoulay syetens, in both exposed groups. These sffects were

more prooounced fn the first group. They were manifestmd by awre fraguent

complsints of asthenie syodrome snd vepstastive wascular dysfumetios.

{0 A& lack of stasdards for meeserxing powsr lewels represents & problem
which probably sccounts for confifcring repervs vegarding the effecis of

& givan freguesncy spd lntessity. Otber problems with dosdmelxy and superi~
mental rechnigue aleo exint. Buch diffevances make cospariseoe of repults
fros ope Investipator to apother, a5 well as fros ocons country to saother,
extresely 4iffieuls.

{2} Omly & few studies ipvwolvisg electrumsgnetic intersction with the
tmmunological system have been reported. In ome, vabbits were emploved
to study the body {msunelogical reactivity under long-tarw irradistics.
The zabbits werve immunized with typhoid antigen az%& divided inte two BEOUDE .
fne group was exposed to waves of 30 and 10 e¥/cn intansiry for four bours

& éaﬁ; war & f‘m;r«mth gﬂimi. M?sﬁ af th& &3% ahmiaad iaﬁimmﬂ

lmmi, anﬁ ?‘p&éifiﬁ,‘ wtibe&g iiit&t‘ﬂa
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(U) Soviet investigators have conducted studies on the effects of wmicro—
wave frequencies in combingtion with ionizing radistion, magnetic fields,
drugs, and ponionizing electromagnetic radiation of other waveleng@hs; PR
Generally, synergistic effects have been observed. Continuved work "in
this area is expected, and possibly new safety standards for these com . -

bined effects will be developed.

(U) In summary, this section shows the rather broad front on which
Soviet researchers are investigating the biological effects of EMR. It
is apparent that their interest covers all body systems which could reason— -
ably be expected to display responses to ‘such radiation. As with Western
researchers, they have concentrated their efforts on the higher frequency
spectrum which would be expected to produce more thermal responses. How-
ever, they also continue to be interested in nonthermal effects, which,
by Western standards, they have yet to conclusively demonstrate.
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.. SECTION 1V .
SRR g

DISCUSSION OF RESEARCH METHDDOLOGIES

' The Sovies intevest in the nonthermal wlfectn of aigcrowave
radiation is evident beth from the standords established and the muny low
intendlity frradiation experiments conducted by thelr ressarchevs.

The resulis of
the researah have sncouraged the Soviets to invexnigata wethods for espleit-
ing microwaves snd radiowavas to produce controllable prvebephysiclogical
effecrs. Laboraroery fanilities for invescigaving the combirned effectz of
several wicrowave freqguencies have been sstablished at various instlitutes,
Orhey ressarch involves exsmining the pathological eifeccs of UHE radiw
ativn fros 300 e 3,000 MHr op man, This work suppbris the view, contosted
by some noo-S5ovier asthotrs, that there ave nomtherwal mudes of action.
Wnile no specific research results are reported, it appears thar om the
bagis of resolis sbraived rhe Sowists wilil nok alter their standards. Parg
of this effort apparentiy inmvelvez development of prophvlactic procedures
sgainst nenthermal YHF vadistion as well as developwent of therspeutic -
rechuigues for those wiaposed. Beneficial effects of esercise and nurrivion
in increasing body resistance to radiasticon have been postulated. Physio-
therapy, vitseing, snd stimulenrs are vecomsendsd for the vreatment of
this type of rvadiation sickness.

=t Regently, U5 and other Western solentists have besn guite con~
ﬂﬂfhﬂd with the wvast diffevense bepween the two staddards. S far, therz
has bren oo seriovs atcempt to reconcile or expizia these dissimilarvitvies.
However, two interesting possibilities presentod below rmay pavtiallv
sxplain the lack of agreasment:

4. Sovier gesearchets ave wing hatch exposure technigues, They
gupose & nusber of aateals in compartzented ages 1o the Zame radistion
dogs,  Western esperionce with bateh exposore s shown that soch a prace
tice tends o exaggerate or pertarh the ficld, This experstion is duae
to reflecred srevyy and the phenomenon of stmsiing wiveon,  What the
exagperation means tn termd of cramparison to the exposore of a singis
animal in that one is iikﬁly to be desling with hipher jpowery lewely than
he venitzes. This say, to some extent, explain the diiferent Vipdiogs ar
supposedily identical desage levels.

. Huch of the difference betweon S and Savict thersal and nenthermal
pusitinns may exist becowse of a definition problen. The Sowicy definition o

“ehermal” scans a meascrable increase in bode femperature measured rectally.

-
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Prpntbarmal” means that wo foerease in rectal temperature I swasurvablie,
Fhereiove . 3¢ appears that 1F o change or an effeet (5 poted witlumt an
focrease In rectal bemperature it Is 3 wonihermsl ef fect explaigabie ag
any energy osmpling. This definizion does not pake inte acooant lecalizvd
temperature increases which may net be refiectad in reoctal temperatures.

iz has been reporvisd that some European Compunist countrics bhave
established two stondards ~ one for milivary and one’ for the civilian
secter. Altheugh the wivilian stasdards ave Iewer, somee ressarchers feel
that they are ast low endugh. Beports slsc indivate thai a number of
female workers v indusyry way have shorted as a vesuly of axposuers to
wicrowave radiation cstensibly within the safety standavds.

The extest to which microwaves amd sther neosionizisg rediation couses
thromesome aborrations s somewbat of o costroversis! subjert an s the
guestion i the reversibilivy of any peszible injurv. 1t bis beon sug-
gested vthar srudies on the surfasce propecties and porvelabitigy of xell
wembranes could supply some anwsnrs Lo thess guestions. '

22
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L {m ‘safm:fg pmf:auti.m ami &mﬁaxﬁs ha\ra Imw mmblinhaﬂ 4x both the -
k| ' US and USSR to protect oot enly perscas who ars occupstionally exposed 0
but ulse te protect the health of persons living o weorking neax powsrful

genevating or transeitting Facllirtes. Sigadficent differences in these > -~

- srasdards exist sod appesr to be primarily die to differvent viewpoints ,
on nmt:haml affmts in t.hﬁ two mmnriea. Emh Mtim stwﬁwﬁa t,aka

R 1 intmity exp&xurm but t:lw hielagiml e.ifects @i nthhaml irraﬁmz:im:a

I - - are not well defined or documented. To sddivion, some research has iadi~
cated the poasibiliry. nf 2 tmlahvm wffent on lmnm bur ehis . ia alse

- VLY pmrly ﬁiﬁsfim@d.) S A _ o et

R | ] - ?;""""“""""i

bR
T

Sovier ves c:% hm ymﬁm:aﬁ guidelines ’ﬁhiﬁlflmrﬂ whnd Lo mmma s
& walue of 10 ;ﬁi{gm per working day as the maximum adelzsuible valus ’Eﬂt“g .
microwave irvadiarion, Bigber exposures, at valuss of 0.01 1o 0.3 o¥/fen™,
are pormissible Iov up. o twe hours par day owr 1 wWlems for I3 to 20 b B TR
per day. Frotective glesses are required in the latter case. The Cxecho-
O slovakien sgm&am for frequencies sbove JOU MEr allow 2 maximu of '

it -

: 0,05 midfen® to the continuvous wave mode for sight hour exposurss. The 3
o - - smﬂarti for pulsed opararing for the game exposure pariod is 0.01 wi e,
e K In June 1973, Poland revised ity exposure safety standards for nesloniziog
. adiation o the Preguancy rvaoge aof 4.3 to 00 GHz. The new standavd pee-
A - wits ynlinited expesure of humans Lo field intensitiesz of 0.43 wRf o,
e . Eight hours per day mxposure iy permitted for inteisities wp to 0.2 W
& - for fized Fields snd 1.0 w¥/en® for pocating £lelds.” Exposures of up to
10 wi/en® are peomitted for limived P iods of time withouh safety mguip
- went. Eeposures grearer thus 10 wW/ew’ are probibieed without approved
i safuty equipment. FPrior to Juse 1573, the maximme radisticn exposure
A level for all wontomiziag radiation was 0,01 uf/co® for up to eight howrs
3 *° per day, which 4z the zame as the safety stendurd for the USSR, The
A _ 0.1 wifent limit remains in effect for 0.1 MEx to 300 Mz, but mvixaé
A . standards for this frequency venge sre under conslderation. The Fax
X © German maxisem perwisaible exposure to microwaves 1s 10 s¥/cmd, bur nai thes
b the sxact fregusncy rvange on duratdion for this emposure is speaifiaﬁ;
- . By cobparisos, the United States Standards Institute vecommends 30 wlifew?
a5 averaged over suy 1/I0 hwwr peried. The DS Army mnd Alr Porce sss the
. fﬂllwg,ns eguarion to determine permissible exposure tivs {r!;) *

' . f? - R P
whers ’i’? =  permissible exposure tise iu winutes
‘ doring any soe houy period and -

o LT ow th& powey density fn the &miﬁﬁﬁfﬁﬁz

b -

® %
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?wtaniiai prnhiﬂm sreas For exposyrs Ly vnavhﬁivv e iertromasgeect fe radia~
Clon which were found in the Communist Hitevatute friefuded & wood pror-
eusing plant, voastal radictransaicting centers, vadle eguipment on ghips,
and €light communicagions aquxymenﬁ Liz Else cpew cobing of alverafr. Open
feeder linos wore bdensified as major sources of eNpOsSULe. :

{43 Protective devines described for wse in working near unaceeptable
intensity fields iosclude protective (metal~coated) eye plasses and clothing
and shielding of the source with special sbsorbers or sheot metal or wire
mask shiesids. A small semiconducter indicator instrument ased to wamm
workers of dangerous conditions fvom slectvomapnetic fivlds has bees
developed., It vings an alars when the field intensity excowds the allow-
able bevel. Asn indicateor paper for visual determisstion sof the intessiny
of an electromspnetic Field han alseo been developed. The indicator is
propaced by ispreguating o filter paper with a thermesensitive chemieal
emponnd.

{8} Is an aﬁxmai ntudy, it was repovted that gral adminiscrration of cafe.
feine in doses of 20 sg per kg lowered the duration of rexiutance sgainst -
hyperthermia cpused by microwave irradiation. Caffeine did oot fefiuence
the remperature at which the animals died, bur 1v zshorresvd the time ta
deatk, The resson for the lowered resiztance of rats o misvowaves was
attributed to caffeine's exciving effect on the ONS which caused increased
metaboelic aetivity and consumption of oxygen. Although caffeine miphs
exert similar effects on the humas CHE, any lowering of resistance to hyper—
thermia would be ifnsignificant; trained personmel workisg with properiy
aperat;ng. adequﬂtalv aervig&ﬁ mi@ruwava aquipment H@u&d prwhahly almwﬁx
r&quir&d to iﬂduca hearing of the Tuman bﬂﬂy Hevarth&iewn. mmnitgring nf”
Soviet reswareh o5 the aciion of drugs in conbination with micrgwave
vadiation should continue, since such studies way evantuoliy reselt in the
deteetion of nontherpal sofety hapards resulting fros the setusliv poten-

"tiaving effects of vadlation Tields and pharmacoleogical rospounds.

Ehould subseguent regearch resull in adoption of fhe Sovilet standavd
by other goentries, industpies whose proctivos are bassed sm loss stringen:t
safery repulavions eould be reguirved to spibe cogtly modirientions in order
to protoct workers, Recopnition of the 0 eW/fend atandard svould alan
fimir the appliratibumz of oew slecrrmnis teehnaloey by mobisge the come
wercial expleoitation of mome produvis wuatgractive boesme ¢ of increased
cosrs lmpoged by the need for addiviennl safoguards,

.
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BRETION VI

TREHB& CONCLUSLONS, ANH PORECAST

£ 4 sizgnificant gmount af vugearch continess o be performed in che
Purasian Componist coumtries to establish the wifects of radicusves and
wmivroesves on binlopfcal systemz. Iz is often J4i¥{icult ro gvaluare the
veporeed resulis, bhosever, becanse details of the exposurs in ferms wf
frequency, duration, and inteosity are dquits wariable, and sowelimes poorly
reported. This, coupled with problems of sesscromont encountered in such
studies, creates a rather confusing budy of date from whicrh to draw objec~
tive and asbsolute conclusions eepurding the significance of the rvesearch.
The Eurasiss Cospunist inveztipaiors rtend to glace greater isportsncs

"prn the potentisl nonthermal effects rhan do their sounterpares dn the West,
bur dnformation reparding the precizse naturs of the-exposurs under consid~
ervation fs often difficult toe establish., A wmowe Dowand faproved staristical |
analysis of data and standardization of dosimetyy can be cxpooted as Easteen
Blog wessarchers react to criticise of thelr work by Westers sclentists,

{U} The types of responses reportedly exhibited by the various biclogical,
DTEANG . PIOCEZERE, oF Tuncitions &ve in line with what has hesn repoveed by
Hesters invesvigators. Agsis, soxt of the vesponges which arve reported can
be linked with the thermal action of the vadfation. Studies which TRPOLY
o nonthermal effecrs deal lavpely with sublective rasponzes, relying on
reperis of headache, sieepiness, loss of appetfte, ete. The presence of
nonthermal effeers, {a sddirion o thermal effwcvs st hipgbey intensities,
has alse been postulated by Eurasias Communist investigntors, but so
detailed Investigstive support for thiz possibilipy was nuted. Accerdingly.
iv iz diffdenic to escablish whather or not o tresd toward this ovpe of |
resgarch will begin. It i safe o sav that researeh on wwthermal offvcts
#%t thermal intensicies will he axcwedingly JifTisult sfiane ancther dimen-
slon to an alrveady formidable problem will have been added.

“e Esragsian Comounist reseavch activity has been {destified which cap
be elearly ar direcely related o any wmilitary efionxive wespops program.
anvvﬁr, Eeviat $tientist5 e iu&i; aeare of t&e hiﬁ%ﬁLiP?I efiaaﬁa nf
Tﬁair iﬂ;urnai ﬁuﬂnd 99rr?ptiﬂﬂ rw&warsh hﬁ% Lraa; pa{vﬂ?sﬂi ihr dvvelnpmﬁnf
into a systen for disoricntiag or digrupting thy bobhavier patterns of
wilitary oy diplomatic perseandl; it could be used epqually well gz an
Isterregatios tvel. The Soviets have alse studicd the psvohopbysisiogizal
and wetabolic changes and the alturations of brain function vesulring from
exposure to mired Ureguencies of slectromapnetic radintion. {ne physio-
logieal effect which hax boen desoastroted is hesrt seizure. This bas bees
accospl ished experipentally in frogs by syachrenizineg a pulsed witrahigh
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frequency miprowove signal of low averaue-power density with the depolari-
zation of the mvocardium and beaming thoe signsl at the thoragic area. A
frequenty probably could be found which would previde suffivient punetra~
rion of the cvhest wall of husars o acormplish the zame effect.  Anothey
possibility ix alrveration of the permeabilivy of the blood~brain hbaxrier.
This could allow nsurstoxins in the blood te cross. Ax & result, an
individual could develup sevére newvupathulogical symprems and sithey
dle or hecowe sericusly iepaived nevrologically.

¥ - - “

The afove study is recommended reading materisl for those vansumers
whe have an fnteresty ia the application of microwave eneriy Lo wWeapons.
& discussion of wesponk Is oot within the scope of this study.

s
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SECTION VII

INFORMATION GAPS

. i ' ively low frequency
U) Little information regarding the effects of relat
'E-ac)liawaves was available. These frequencies produce few thermal effects, :
but although Eurasian Communist research frequently investigates nontherma
effects, few reports of studies at these low frequencies could be found.

(U) A linmited amount of information regarding the effects of environmen-
tal conditions on susceptibility to damage from radiowave exposure was
reviewed. In fact, the few articles available on these factors present
conflicting results. 1In addition, a few reports on the effects of the
very complex fields encountered in the near field situation (i.e., very
close to the source) were found.

(U) The effects of relatively low level exposure to radiowaves (such as
might be encountered by persons living in the vicinity of high powered
radio stations) are not well documented. One Teport suggests a statistical
evaluation of the health of persons living in such areas as compared to
persons living in areas with a more pormal electromagnetic level. This
would be & very difficult study to undertake if statistically significant
data were to be obteined.

(U) No official safety standards have been identified for Albania,

Bulgaria, Bungary, Yugoslavia, and the Asian Commmist coumtries.
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