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CU) 7be chet:mal effects c,f electromagnetic :ndiatioa. have heen reasoD.ably ·. 
· well established through experimental in;vestigation. · 'lhe nonthermal. effects,. · 
however. remaiu a controversial issue bet:ween sciaatists :l:n. t'be _West and 1n.: 
the Eurasian Communist c~UDtries. ·. The d:l.ff:iculties encountere.cl -~ conclu- ·. ,: 
aively .oemonstrat:l.ug the non.the~ effects of electromagnetic exposure are 
likely responsible· for differences 1u exposure staudarcls; some standard.a are . 
based largely Oil the 4emonstrable t~rma,l ,ffects9 while oth~rs allow for 

· possible non.thermal. ~~e~ts at subthermal #J,tensi.t:ies_ •. 

CU) ·'Xbe Eurasi.an CoJB?mist countries are acti~ly ·involved in 'evaiuatior:i 
of the biological significance of radiowaves aad. microwaves. Host of the 
research beiug conducted involves ard:mals or !!!:·vitro evaluatioos, but 
act:l.ve programs 9f a retrospective nat~re·desiped to elucidate_ the effects 
on humans are also beiaa conducted. The 111&jor systems, system components. 
or processes currently under study include the •1004.•tba car4iovascular 
systea, cells, the central nervous system. the digesf:l.ve system, the 
glandular s:ystem., metabolic effects. and the reproductive 81.\cl the vi.sual 
ays~ems. Other aspects o~ exposure are also being stwlied, but the limited 
number of reports UDcove.red makes assessment of tbe importaaca. placed upon . 
this research impossible.. 'these lesser repc;,rted research areas includ.e 
nontheXDJfll effects, immunological atwliea, amt use of radiawavea for· 
funct:ional. control of organ systems. -· '· ·. 

: . ._ ... . . . . 
I • • • • 
! Ho unusual devices or.measures for protection from radiowave exposure 

vere noted. but a continu!!d stress upon persoDDel protection in occupa
d.onal.•.s1tuations was · apparent. &ere, ·protective goggles and clothing are 

. recommended when working in regions of microwave radiat:l.on,:, Although some 
d.iffereaces in standards remain 'bet:weea the various COll1BIU.'l1i.st countries 
and between mili.cary mad civi'l.ian standards. the Communist standa-rds re11,1ain 
much more. stringent than those of the West. Aa exception to this may be 
Poland where a recent rel.axatioD of .their standards has occurred. This is 
the first sigJ:lificant shift of aa East Europeu country away from the 
standard first set by the USSlt in 1958. 

I 

\ If the more·advanced nations of the Wast are strict in the enforcement 
of stringent exposure standard~, there could be untavorable effects on iu
dustrial'output aud military "functions. The Eurasian CODIIQUnist countries 
cou1d, on.the other hand. give 1ip serv:l.ce to strict standards, but allow 
their military to operate without restriction aud thereby gain the advantage 
:l:n. electr6nic warfare techniqqes aud the 4evelopment of antipersaanel 
applications • 

v.1.1 

··-



.. 

• 

1 

-·· 

DST-1810S-074-7t, 
March 197h 

.. .. . . ~· . . 
. .. 

Tiu.: .•tentlal for the devcJop1111mt of .i 111,mber of imtipersonnel 
appllcations is suggt.~stcd by_ the research 1mhlisbcJ in the l'SSH. £3st Europe. 
and the Wt"st. · Sounds and possibly even words which np11car to be originating 
intracranially can be induced by signal modulation at very low average
power densities. 

Combinations of frequencies ·and other signal characteristics to produce other 
neurological effects may be feasible in several years. The possibility of. 
inducing metabolic diseases is also suggested. An~mal experiments reported 
in the open literature have demonstrat~d the use of low-level microwave 
signals to produce death by heart seizure or by neurological pathologies 
resulting from breaching of the blood-brain barrier. 

(U) As may be expected. the bulk of the research being done in this area 
is in the USSR. However, a notable volume is also being produced by Poland. 
Czechoslovakia, Bulgaria, Rum.mu, and Hungary. 

. . 
Western scientists who have followed the Soviet research efforts on the 

biological effects of·microwaves have expressed a variety of reactions rang
ing from.disbelief to passive acceptance. The overall impact of current 
Soviet wotk is not overly significant, at least on their civilian sector. 
One possible exception may be their studies of the central nervous syst~m 
where some interesting work is being done. Elsewhere, moat of their work 
tends to be out.dated, some of their experiments cannot be duplicated,. .and 
others are of doubtful credibility. No real new developments or fresh 

_approaches have been Ldentified. Nevertheless, a large volume of material 
-continues.tg be published on the effects of radiowaves and microwaves on bio
logical systems, indicating a f~irly high degree of interest and a genuine 
desire to pursue these investigations. No significant research and devel
opment has been identified that could be related to work in this field in 
the People's Republic of China. North Korc:a. and North Vier:n.:na: .. 
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(U) The effects of racliowaves and microwaves OD bi-ologic:al systems have 
traditionally been separated into two basic cl.assificatioas. (1) thermal 
ef fee.ts, and (2) Don thermal effects. The thermal ef fect:a are widely rec- . 
ognized and the mechanism of ac:tion reasonably well understood. Noathermal 
effects•• however• are controversial sf.D.ce the aecbaniSIDS involved are not · 
clearly understood. Soviet and East European scientists believe that bio
logical side-effects occur at power deasit.j,es that~• too law to produce 
obvious thermal effects. Suell effects have been ~uest1cmed 1u the West 
because experimental evidenc:a. obtamed largely ill VS laJK>ratoriaa.- doaa 
not corroborate oc.curreDce of nonthermal aide-effects. 

(U) Divergences 1u op1ni.ou between Bloc and Western researchers concerning 
the effects of microwave radiation are the result of noastandardized reseaE'Ch 
protocols and materials. In addition. mechanisms uaclerly:l.ng observed bio
logical effects are at present poorly muterstood by uy of the vorld'a • 
scientists engaged in microwave research. The exchange of ecient1.fic iafor
aatioo. on microwave hazards has increaae4 greatly since tbe active partic1-
pat1.on of Soviet. Czechoslovak. and Polish scientists 1u the 'Illternaticmal 
Symposium on Biological Effects and Bealth Buards of Mierowave Radiation 
in Warsaw in October 1973. 

(U) It ~snow generally agreed that biological systems irradiated with 
electromagnetic waves in the racliowave and microwave frequency ranges (one 
kilohertz to aore that 105.megabe.rtz) absorb varying amounts of energy 
depeuding on the irradiation frequencies and the physical properties of 
the system". Typically. however, 40-50 percent of the iac:l.dat energy is 
absorbed by the biological system and the remainder reflected. In reality. 
only the shorter wave.lengths represat any appreciable hazard as a result 
of thermal heating. Jtacliation fields ta tbe microwave rage vary 1D wave
length frOJP about one meter to very abort wavelengths cm the order of a 
millimeter. The depth of penetration of the waves is also variable mid 
again depends on the frequency, 'wave polarization, and the physic.al prop
erties of the system (i.e .• dielectric 8Dd geometric), ~ut typical penetra
tions are on the order of 1/10 of the wavelength. Therefore, very short 
waves are absorbed priurily b7 the skiu, while long wavelengths penetrate 
to much greater depths. 

(U) The degree of beating appears to be a function of the water CODteut 
of the tissue and probably results from oscillations of water molecules or 
dipoles. 6nother possibility is a resonance absorption of energy by pro
tein molecules of the cell. As might be expected, the actual damages 
resulting from a giYeD exposue are fuoctiODS of the thermal regulatory 

1 
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and active adapta~ion processes of the orgau or animal; Less vascularized 
tissues are more"susceptible to thermal damage because of a poorer ability 
to dissipate the heat. therefore. crystalliue lens damage or cataract 
formation may be observed. 

CV) Many techniques and indices have been employed to study the effects 
of irradiation an 'biological a:,:.tems. These 1Dclud~: ' 

Body weight. 
· Biochemical •t~dies. 

Cardiovascular studies. 
CNS effects (iucluc11ug·coa4itioaecl and •collditlone.d reflues). 
Electrophysiological measurements. 
Fertility and mutation •twliea. 
Histology aud pathology studies •. 
Metabolic studies. 
Temperature. 

While these and other experimental studies have been conducted on animal 
and cellular models. knowledge regarding human exposure bas hen almost 
exclusively obtained retrospectively. Accord1Dal1. information regarding 
the amount and/or porti011 of the body exposed. fiela intensities. and 

r·. :. __ _}, 

duration of exposure are usually 111 defined. , 

CV) As can 'be seen from the above. quantitation of the 'biological respoaaes 
to electromagnetic exposure :ts a very complex problem l>acauae of tlae vitle 
frequency spectrum, the large uumber of physical and biological variables, 
and the interrelationships of those variables. Factors requir:Lag coaaid
eration include the frequency, intensity, waveform, (pu.lsed, cw. or mocha-
lated) configuration of the body, its orientation with respect to tbe 
aource,·portion of the 'body irradiated, exposure time-intensity factors. 
enviromnental conditions (temperature, humidity, and air currents), and 
shielding. Other complicating factors inclwle the subject's state of health 
and previous or concomitant medication. ln addition to the above factors, · 
the animal species used and its comparative relation to man is important. 
Accordingly, experimental resuli,s frm auimals cannot easily be extra-
polated and assumed to apply to.h\11118.D exposure because of size differences 
relative to exposure waveleugt.h which can markedly illfluence the ayatem 
or organ being damaged. 

(U) With these complicating factors ill mind, the evaluation contained in 
this report was undertaken. The data presented were obtained from the 
sources outliued 1D the preface and sometimes contained insufficient infor
mation to make absolute decisions regarding their aignificauce. The sources 
were, however, iudicative of the types of effects being reported and sug
gested those areas of research being emphasized. thereby permitting assess
ment of recent Eurasian Communist attempt.a to define the biological effects 
of radiowaves and mcrowavea. 
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BIOLOGICAL SIGNIFICANCE OF IW>lOWAVES AHi> MICROWAVES . . 

PART 1 - BLOOD 

(U) Effects of electromagnetic 1.rradiation on the blood inclucle bio
chemical variations, effects on trryt.brocytea. changes in coagulation,· 
and alterations in the blood fond.ng system.. As wou.ld be expected, 
most communist country reports originate· froa.~ '91.t.ro or~ "ri.vo 
animal exper:1:menta rather than froa hlDDSll clata. · 

(U) Long-term ultrahigh frequency (VHF) exposure in rats reportedly 
reduced the iron and copper content in both the blood and muscle with 
a concomitant increase in iron content 1D the liver.' S:1:milar exposure 
in chicks caused au :l.ucreasa in total proteins aucl glolnalina, but de
creased the album.in in the plasma. Rats exposed to 0.04 W/em2 for 25 
days demonstrated similar shifts. lll some atuclies witla dogs, 1rracliatloa 
with microwaves significantly decreased the lifetime of erythrocytes, while 
other at:udies indicated no chanaes ill the granulocytic aystem after exposure. 
:In the lymphocytic system. however, mitotic di&turbB.Dces.and changea of 
nuclear structure occurred. Babbit• exposed to ••ara electromagnetic field" 
showed significant increases in the uumber of acmocytes, "baaophile, ad 
lymphocytes/mm. Although undesirable, these shifts are not eipificaat 
enough to impair the functional performance of humau. However, they are 
significant enough to warrant further ezperDlelltation. Soviet reaaardlers 
will emphasize more experimeut.s with aniaals aad the,- will contiaue co t.ry 
and relate these experiments t.o data on human exposure to microwave envi
ronments: They will aost likely work toward relating such changes ia 
different species of animals to particular intensities o~ exposures. 

CU) One study iuvolved the observation of several thousand peraoas working 
1D mici:01Cave-irradiated workshops. as well as ara:1mal experiments. In the 
human subjects. three kinds of _,damage were found: 

(1) Lympbocytosis and 1:IIODOCJ'tOSis. 
(2) Granul.ocytopenia, aonocytosis, and eosiaopbilia 

frequently •~compatliecl by absolute lymphocytoais. 
(3) Moderate neutrophilia. 

The degree of changes ill the blood could be correlated with exposure ad/or 
duration of worlr.1ng period. This determinatiou was 'based on the relative 
changes &It a function of period of employaeat, which was felt to indicate 41 
cumulative ef feet of aicrowaves f.n the human l>ocly. The type and intensity 
of the exposure was not documented. 
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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 thirt:y 
days after irradiation. hitially the coagulation time was prolonged. but 
two hours after irradiation it vas accelerated as a result of protective 
compensatory changes in neurobumoral factors. The protective reaction 
was. however. of short duration. the irradiation-induced prolongation of 
coagulation time reappeared and the animals' clotting times "id not 
retum td normal until at.least fifteen days after exposvre. Aaother 
study showed that long-term exposQre to microwaves at a power cleasity of 
10mW/crs{1, decreased the overall activity of'butyrylcholinesterase ill the 
blood serum of rats. Under conditions of whole-body u;posure. the a:lcro
waves did not exert a consistent effect on the enzyme 110lecule. Tae 
decrease in the overall activity of butyrylcbolinesterase was correlated 
with a decrease in its concentration in the blood of cha i.rradiated 
animals. 

(U) The action of microwaves on human erythrocyte permeability to potas
sium and sodium ions was also investigated. 'l'he mechanism of action ap
pears to be an i1ahil>iticm of active trnsport and an altered diffusion 
through the pores i.n the membrane. The latter may l>e caused by the 
influence of OBF energy on the lllembrasie itself or 011 the laydrated sodium 
cation and potassium cation. The microwaves eitber chaage the'aaembrane 
structure thereby increasing the passive sodium cation and potassium 
cation diffusion aud reduciag the concentration aradieat, or aomalaow 
block the mechanism of active i.on transport. 

(U) The question of stability of microwave-induced ch&D.ges ill l>lood com
ponents was addressed in chronic and acute teats usiug dogs and rabbits. 
The irradiation was at a fre,wm.cy of 2375 MHz with a field strength of 
thirty microwatts per square centimeter. The rabbits were subjected to 
between one and ten irradiations of aiz:ty minutes d11ratiC1D each. aa4 the 
dogs were subjected to repeated ~rradiationa over a period of more than 
a year. The changes i.n the blood and marrow of rabbits were found to be 
unstable and to pass after a period of five to ten days. Changes observed 
in the chrouically exposed dogs were more stable, but became normalized 
over a period of twenty-five days. Investigation of chronic microwave 
irradiation on the blood-fol'llliAg system of guinea pigs and rabbits vas 
also reviewed. Both contin1.10us wave 'CW) and pulsed microwaves were 
utilized at an intensity of 3.S d1/cm and a wavelength of 10 cm. In
creases in absolute lymphocyte comita in peripheral blood. abnormalities 
in nuclear structure, and mitosis 1D the erythroblastic cell series in the 
bone aarraw and iD lymphoid cells iD lymph nodes and spleen were obs~rved. 
The changes 41ppeared to be a cumulative result of repeated irradiations 
and were attributed to Donthermal effects. There 1B limited eviclence to 
support the belief that these cumulative effects are reversible up011 
cessatiOD of exposure. It is still not quite clear if similar results 
could be observed 1n humaiis a:lnce wide spec1as-var1ationa have heu 
observed b:, Soviet researchers working with animals. 
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(U) · The primary .. concern of the present study was with electromagnetic 
fiel~ effects, but numerous reports regarding the effects of constaat 
magnetic fields on the blood system were noted during the review. As with 
electromagnetic effects. effects on coagulation~ biochemical propert:.Les •. 
and formed elements were observed. 

(U) To summarize the effect& of electromagnetic radiation exposu.re OD the 
blooc:1 1 the following geueral changes emerge although conflicting reports 
are also preseut: 

(1) Geoer•l decrease in hemoglobin conteat. 
(2) Generally reduced·coagulation times. 
(3) Decrease in leucocyte couat. 

These findings are based largely OD animal experimeDtatioa. While detri
mental in themselves, the extent of these changes vould not be expected 
to be great enough to materially affect an individual's performance or 
general health, especially under stress COD4itions 1 where other factors 
such as physiological protective responses would be far more important. 

PART 2 - CARDIOVASCULAJl S'YSTIN 

(U) Heavy emphasis bas heeu placed cm investigations involvtug electromag
netic Tadiation on the cardiovucular systea. Effects on bemody,:umics in
clude blood pressure variation.a ancl cardiac arrhythmias. Also included are 
reports of a slowdown of intraveatricular and iatra-atrial conduction, 
diffuse cardiac au.scular chauges, and ventricular utrasyatole. As vi.th 
other effects. animal studies are frequently reported and bl.lllNID reports 
are typically retrospective in nature. Many of the variations aoted on 
the cardiovascular system result from central nervous system effect•• 

(U) Several reports concerniq hUIDall car4iovucular effects from auper
high frequency exposure were reviewed. Function.al chaQges were aoted, 
including.a slight increase :tu the asynchronous contractiOD phase, a 
tension period, as well as othei data indicative of 11lDderate dystropbic 
changes of the myocardium accompauied by a disruption of its contractive 
capacity. 

(U) Comp~rison of a group of engineers and administrati-ve officials who 
were exposed to microwaves for a period of years aod an unexposed control 
group revealed a eignificantly higher incidence of coronary dieeaae, 
hypertension. and disturbances of lipid •tabolism among the exposed 
:tndiViduals. Bereclitary predisposition to lut.art disease was approziaately 
the same 1w both groups, but overt 41.sorders developed much 1DOre frequently 
in the previously exposed gl!"OUp. It vaa concluded that microvaves •Y act 
as a nonspecific factor vhlcb. uoder certain c0Dclitions 1 interferes with 
adaptation to unfavorable influences. Exposure IDBY, therefore, promote an 
earlier onset of cardiovascular disease f.n auacepti~le 1n4ividuals. 
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(U) Bemodynamic indices for thi.rt.y men .':la; the 25-:-40 .year age range who : ·•:•.·.· ': ... 
had been ex.posed to UHF exposures for from two to ten years were st.udied. . 
~ese men showed a: tende.nc:y' .to bradycardia;· ·moderate decrease iu the · . :·. /:. _: ·•:·, 
stroke and minute volumes.· and a s~owing of ·th~ rate of b).ood ejecti.ol;l ·. ··~., ::. 
from the left ventricle. · Arterial pressure was essentially normal,·· but a _:;. · . 

. compensatory cons trictioa of the precapillary .- 'be4 waa noted ·.:ta response · ', .. · 
to the decrease :Lu cardiac· ejection.· There was also aa increase in the . · 
tone pf the large arter.ies. ·. EKG changes ::I.Dclicatatl aa 11ltensif:1catioa •·. · <:. 
of vagotonic influences 012 the heart; possible fluctuations in the. ,. ., 
potassium-sodium 'balance were also pos·tulatd.. . In a· similar ~tuay, 1.t • 
was -conc;luded that hemodynamic changes. resulted from di.sturbances occ~r-
ring ::lD the structural a114 functional state of the ngu.latillg system. · 

~U) . M~~h~l~gicd c~es ::lD. ~ar:f.mea~~-~ce -~~-t:~ sbort ~ ultra-
•short wavelengths were observed. Two series of exper:lmeut.s vere coaducted 
using 14.9 MHz and 69. 7 MBz waves. · In the first se»ies 11 twelve animals 
were subjected to single lethal doses of the eiect.romaguetic radiation. 
V~ry pronounced vascular dyatrophic c.hangea·veie.fouad throughout the 
organism. In the second series, 37 mice were given daily 60-minute ex- .. 
posures to nonthermal intensities for five months. Morphological atudies 
of these mdmals showed •light vascular· di.aorclers and CQJJJpellS&t.ory prolif er
ative ·processes in the internal organs as vel.l as clyatrcrphi.c chaages·1u 
bra:iu· cells. 

• . • •• ·., ~-'·· 1.,:.4 ... " ·:. · ...... ' • ..: ; ·~· ·. 
·(q} In a group of.patients suffering from "radio wave di.seas_;," cerebral 
hemodynaniic changes were observed. These included reduced intensity of 
the pulse blood volume and au increase in tonic.ity of the intra- aad extra
cranial vesse1s.· The changes df,d uot. however, appear. t:o be f\lQct:l.onal 1.u 
nature.• · · · · ·:- · · · . .. · , • . . · • · 

/7 Per~oimel exposed -~o mic:.;-~ve radiation ael~--~~~l l~~~··experi- · 
ence JDOre neurological, cardiovascular, and hemodynamic disturbances than 

.. do thei~- unexposed counterparts. Some of the cardiac and circulatoey 
effects attributed to exposure include bradycardia,-bypotensioa, and 
changes in EKG indices (sinus arrhythmia •. extra.systole changes in intra-

• ventricular and intra-atrial conduction, diminished amplitude of EKG 
deflections, etc.). . . 

. . . 
(U) The cardiovascular effects have always been of primary interest,. 
therefore, it is likely that research in this area will continue. It is 
not apparent if cardiovascular effects were first observed in animals or· 
in patients suffering from the so-called "racliowave disease." It is prob
able that." further research will more accurately establish hemodynamic vari
ations in both animals and humans. Greater emphasis will be placed on 
animal studies which vill allow for more precise dose-response quantitations • 

......... . 
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(U) Histological techniques have been used extensively for evaluatiag 
the effects of electromagnetic radiation on cellular systems. Such studies 
have included in vivo investigations of the cellular effects resulting from 
whole body irradiation and in vitro studies employing cell cultures. 

. . 
(U) The most pop.ular cells for study appear to be those of rat or 'IDOUSe 
liver. Nonthermal effects on subcellular structures include the formatiOA 
of binuclear cells and iTTegular thickening of the nuclear membrane. Ia
vagination of cytoplasm into the nucleus has also been observecl. frequently 
accompanied by breaks iu the nuclear membrane. Ka-rked cbanges ill the 
endoplasmic -reticulum and the mitochondria have also been DOtecl. 1.'be 
available data, although still insufficient and inconclusive. •ea~ 
indicate that the magnitude of these effects is frequency dependent. 

(U) The liver cells of -rats exposed for three hours to a 1.625 HBz field 
showed damage to the protein synthesizing structures. Distinc:t changes 
were seen in the nucleoli or ribosome synthesizing apparatus. The ultra
structure of mouse liver cells was investigated after exposure to the •ame 
frequency. The mitochoudria became swollen and underwent lysia. Same giaat 
nu.tochondria also appeared. The cellular reactions observed were largely 
the same as those observed.after the action of many other enviromaeatal 
factors. 

(U) Phagocytic function bas reportedly been increased by exposure to an 
electromagnetic radiation field and induction of colic1D synthesis has 
been observed in ~.!:!ll. irradiated with a nonthermal :llltenaity. 

(U) In many cases, electromagnetic radiation effects occur at the cellular 
level, therefore tissue culture techniques provide a veil cODtrolled and 
accurate method for study of those effects. Ultrahigh frequency exposure 
of cultures of rat fibroblasts, monkey kidney cells, &Dd human embryo 
fibroblasts 1ed to degeneration of the culture 1D four to six days. The 
earliest clegeneratiOD occurred in primary cell cultures. Studies are now 
under way on cell permeability •.. cell interfaces, cell stimulation, and 
the electrical characteristics ~f 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 cellul•r 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 microvave radiation • 
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PART 4 - CENTRAL NERVOUS SYSTD.I 

·-

(U) Research on the effects of radiowaves and microwaves on t.be central 
nervous system of humans was relatively widespread. A aumber of reports 
are discussed in this section. as well as research results regarding 
central nervous system effects on animal models and isolated aervea. 

(U) Subjects exposed to microwave radiation exhibited a variety of 
neurasthenic.disorders against a background of angiodystonia (abnormal 
-changes i.n tonicity of the blood vessels). The aost COIDOll subjective 
complaints were headache, fatigue. perspi~iag, d1zz1neas, menstrual . 
disorders, irritability, agitation, 1:ension, drowamess, sleeplessness. 
depression, anxiety, forgetful.nus. and ladr. of coaceutration. 

(U) Various neurological disorders were investigated b7 studying die 
~estibular and visual aalyzer functiOZlS ill persons exposed to radio 
waves of varying types for various periocla. Elevation of the thresh-
old of excitability was also accompanied by a lengtherdng of 1:be time 
required for dark adaptation. The mago.:ltude and :LD.teaait:y of the 
changes tended to 1ncrease with length of exposure. Simf.lar atudies 
showed increases in the threshold of olfactory aenaitivity. EEG automatic 
frequency analysis was performed cm 80 persona exposed to one meter wave
length radiation and 80 healthy controls. No differences were fol.lDG be
tween the exposed group act the ccmtrols regardless of length ·of tbe 
exposure, intensity of the field. or frequency. Presumably, all of these 
exposures were of a aonthermal aature. Conversely. tbirty-aeven par&OaB 
occupatioially exposed to a superhigh frequenc, microwave field 
(10 .,w/cm) over periocls of two to eight years, were studied; aympt:oma 
of asthei:dc and autonomic vascular disturbances, endocrine abift:s, and 
abnormal EEG's were observed in half of the patients. Their reflexes 1D 
response·td light and sound were weak, distorted, or DODezistent and 
their skin galvanic reaction to flashing light vas abnormally intense 
and prolonged. Additional data will be required in order to assess the 
significance of these hlllllMl studies. 

(U) Long-term experiments couducted on rabbits deaonstrated that irradi
ation with intermittent or ccmtinuoua low intensity microwave fields 
elicits qualitatively and quantitatively different changes in the EEG. 
Intermittent radiation had a aore pronounced. effect oa the recovery time. 
It has als~ been observed that long-term exposure of bumaDs to 1111crovave 
radiation results ill extremely flattened EEG patterns. 
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I:I Exposur~ of rabbits •to ·low levels• of microwave radiation resulted 
:lri ~lteration of brain electrical activity. but caused no detectable .
macroscopic or microscopic histological changes. Examination of the ·.- :, ... 
braJ.us of rabbits sacrificed immediately"after e~sure to 10 centimeter 
m:J.crowaves at power densities of 20 to 30 m.J,1/cm2 revealed hyperemia of· .. , 
the meninges. distension of super~icial vessels. mad small extravasations · • · 
of blood in deeper brain ·areas. Some. or all of the observed changes •.. ":· :. 
could have been thermal rather t'ban nonthermal effects. since the power .. ·. 
density employed in the· experiment was pcr,ierful enough to .have causecl a . 
fairly great.temperature rise. ·'J.'he effects nqted immediately after 
exposure were apparentl7 r~versible 9 since no chaages in the condition of 
tba brain tissue were found :ln animals aacrif iced on the clay following• . • 

- expos~e. . . . .. : ... ~; . . : ., :. ~ . •.• ... · .. · . 
(U) Study Qf the rabbit visual cortex after a one minute exposure of the 
head to 40 µV/cm2 ·at a wavelength of 12.S cm revealed -changes in the fre-

• quency of the b;1ckg-round activity of 52 percent of visual cortical neurons. 
Chronic irradiation (two 1reeks) of rabbits. caused t!he development of a 
prevalence of slow. irregular l>ioloaical currents; this was interpreted as 
evidence of progressive establishment of an inhibitory state :ln the cortex of the cerebra1 hemisp~eres. Normalization of the electrica1 shifts re- .. 
quired up to two months 1.D some. cases. Similar studies with rats indicated 
apparent decr~e __ 1.n. cbolili!!sterase activity in the central aerv~ _system • 

. ctr) Bi.stological exam:fnation· of the cerebral cortex ce11s from rats 
exposed to UHF at S_to 15 ~v/cm2 'revealed the onset of ·sclerosis and the 

· {oxmation of vacuoles :ln some of the cells. 

CU) ·Some excelleut·studiu using biopotential recordiugswere performed to 
determine the effect of microwaves OD the kinetics of nerve :lmpulse.conduc
tion. Frog sciatic nerves were irradiated with 12.5 cm wavelength microwaves 
for one minute and parallel temperature measurements were made. Calcu1a
tions showed that the absorption of one calorie of microwave energy per 
gram of material pe~ minute gave a temperature rise of 1.1 degTees 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)) ware 
measured.and com.pared. For thermal effects alone. one degree increased 
the values of Eq 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 ~igher 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 whe-re At• 9.1 degrees. EC was. lower, although the 
temperature did not exceed physiological normal limits. Chang~s 1n BA 
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during microwave irradiation.were- al.So character.iz.ed by a much faster 
increase. followed by a sharp drop to below the orlguaal level after 
irradiation and essential recovery in three minutes. In a series where 
the temperature increased to 31•c. the microwave effect at first was the 
same as the thermal effecti after thirty secoo.ds the BA value was eYeD 
lower than for the thermal effe«!t alone. possibly aue to overlap of toaic 
currents at such high temperature. This was followed by a eubstaat:lal 
drop after irradiation. and very little recovery 1:a three minutes. "1'be 

-differences in results ill this strles were attributed to different initial• 
conditions of the preparaticma. 

. 
(U) These experimeuts illdicate that microwaves may have a specific effect 
of a nonthermal nature on EC and BA, causing sharp and nversible cllangea 
in these functional parameters of uerve impulse. Further experimeutatioa 
will be needed before extrapolations of similar functional changes to 
in vivo conditions. or to humans, are attempted. It.is expected that 
SovTet'"research o~ these and other CNS respoases will continue duriag t.be 
next five ,:ears. 

PART 5 - DIGESTIVE SYSTIM 

(U) A number of alterations ill the fUDctioa of the gastroin~estiual 

. ... 

,· 

system were observed. Beportedly. exposures of subjects vorld.Dg for long \,._ 
periods of time iu the preaence of low illteasity centimeter aad decimeter 
waves resulted in numer0\18 4isordera. 'l'hesa illcluded dyspeptic diaorun. 
edema of the gums, bleedillg gums. alteration of the gastric acidity. and 
a reduction of the tonus and evacuator fuaetiODS of the stcaacb. 

(U) Numerous animal studies have been conducted cm the aotor function of 
the gastrointestiual tract and the secretory function of the atamach. •on
thermal iutensities were reportedly used. ID general, suppression of the 
etomach 's evacuatory flA'lcticm. with signs of adaptation upon repeated ex- . 
posure, v~s fo1md. After partial denervation of the stomach, the opposite 
occurred. It was concluded that the waves have a dual effect - a mediated 
action through changes in the function of the CNS ud a direct effect on 
the organ or :its local innervation. ID general. gastric juices increased 
and little change in acidity vas noted. Tb.is work tends to support obser
vations of functional changes ill humans and iudicates that they may actually 
result from a CNS illteractim. Other animal results are disc\lBsed below, 
but do not relate to the human observations. 
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(U) .- The effects of high frequency radiowaves on the content of nucleic 
acids in the digestive organs of rabbits were studied. The total aucleic 
acid content and the individual levels of DNA and RNA were assayed in the 
liver, pancreas, stomach, small intestines, and blood. It was found that 
the content of nucleic acids in the organs was a function of the power 
and duration of exposure. Low doses were fouad to considerably stimulate 
the nucleic acids, while higher doses reduced their content. Significant 
shifts in DNA content required very high level exposures. Ia a similar 
study on frogs exposed to microwaves (2307 MHz), the highest nucleic acid 
content' was found in the pancreas and the lowest in the stomac}l. Again, 
low doses increased the total nucleic acid content while higher doses 
induced insignificant increases or reductions in their conteat. 

(U) The effects of microwaves (2307 Milz) on radiophosphorus resorption 
in the stomach, duodenum, ileum, cd colon were studied in rabbits. 
Simultaneously, absorbed radiophosphonis distribution in the liver, lungs, 
kidney, and spleen was investigated. It was found that rates of radio
active phosphorus resorption by sections of the alimentary canal differ. 
Under microwave exposure, resorptive activity of the stomach is somewhat 
decreased, while in the small and large intestines. it 1.s increased. Lower 
intensity exposure a~celerated the inteetiDe resorptive faction to a 
greater extent than 1arge doses of lower frequency waves. Radiophosphorus 
deposition in the viscera ~s also a function of the dosage. 

PART 6 - GLANDS 

(11) Investigations of tbe effects of radiowaves cd microwaves on the 
glandular system have been concentrated maialy on the adreaal, pituitary. 
and the thyroid. The glandular effects, however, do not appear to be a 
high priq.i-ity area whem compared to other aystems currently under avea
tigation. 

(11) The functional status of the adrenal cortex in shipboard specialists 
subjected to the effects of a lJBF field was reviewed. Thirty-eight men 
were exposed to the field for periods of 24 to 1800 hours and k.etosteroids 
and oxycorticosteroid.s (vbicb reflect androgenic function) were monitored. 
The results indicated that anclroga.ic, glucocorticoid. aDd 1111.neral corti
coid functions of the adrenal gland cortex do not deviate from the normal. 
Microwave exposure also increased thyroid function in these subjects. The 
increase•was attributed to secondary effects of the radiation and vas felt 
to result from disturbances of the &J»Pathetic nervowc system in the 
hypothal1111c region. In guinea pigs, t.he weight of the adrenal glands in
creased after continuous exposure at low levels for fourteen days, but 
decreased in animals exposed to interrupted exposures. Modification of 
lipid metll'bolism appears to be tbe mechanism of action. Similar exposure 
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using chicks resulted in increased ascorbic acid content in the cytoplasm 
of the adrenal cortex. but other work bas produced conflicting results 
regarding the effects on the adrenal cortex. 

(U) A quantitative assay of the gouadotropic hormones and growth hormones 
in the pituitary body of rata exposed to microwave radiatiOD indicated tbat 
for a certain time after exposure. blocking or inactivation of gonadotropin
releasing agents occurs in the hypothalamus. Both neural-hormonal and 
pituitary gonadotropic bypofunctional effects resulted from whole-body 
microwave irradiation. 1 

(U) The general conclusion that ca be clrawu from various (both animal· 
oud human) studies of the anterior pituitary and a4resial cortex :la that 
exposure to radiowaves aDcl microwaves of tbermal 1.atensities results ia 
suppression of the hormoae profi11cing fuacti~ but expoaure t:o aont.bermal 
~ntensities tends to enhance proclu.ction. 

(U) An increase of tbe thyroid functioa indices was fOUIMI in animals 
undergoing microwave irradiatio.D for four 1DOUtha at a power flet:&sit:y 
of 5 mW/cm2• In histological aectiODS of the cyliDclric epithelium cov
ering the thyroicl, follicles were seen and electron microscopy revealed 
reticulum. 

PART 7 - ME'rABOLISM 

(U) Electromagnetic radiation exposure has been found to produ.ce distur
bances in carbohydrate energy and nitrogen aetabolisa ia die braiu, liver. 
and muscles. It appears that under electromagnetic exposure. aacroergic 
compounds ~ecome deficient due t:o disjunction of the oxidative phosphory
lation processes and deranged aeta'bolisa of carbohydrates. Widl respect 
to nitrogen metabolism, radiatioo causes an intensification of the ammonia 
formation processes in the absace of correspondingly more vi&oroua pro
cesses for its eliainatioa.. 

(U) Exposure of rats to various,intensit:f.es of electromagnetic fields 
with a frequency of 48 mz produced au increase of lactic and pyruvic 
acids and a decrease in glycogen content 1D brain tissue. The chauges 
depended on the field intensity and exposure duration and one a:,nth 
after cessation of the exposure the titer of lactic acid ill the rat 
brain had not returned to uOftllll. 

(U) The role of aetabolic disturbances of the heart in development of 
functional and structural changes under t'be influence of law frequency 
i:llpulse elec!tromagnetic fields was etudJ.ecl. 'l'est an1mal.s were rats 
ancl it was found that exposure decreased Aff and creati.upbospbate by 
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·· causing disturbances of ~he 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 aaall and 
probably not a significant factor. No buman metabolic variations were 
noted and meaningful extension of tbese animal atucliea to the human is 
not possible. Research in this area is likely to remain low key and 
will b~ conducted mostly on animals. 

PART 8 - lt.EPRODUC'l'ION 

(U) The effects of electromagnetic radiati011 OD reproductive systems 
have been the subject of numerous animal studies. Experiments with 
female white mice revealed changes in the estrus cycle. Durin.g the five
month study, the mice were irradiated twice daily for one hour, using a 
10 cm wavelength of low intensity (10 aV/cm2). Although the average 
number of normal cycles was unchanged, normal cycle duration increaaecl. 
Prolonged diestrus and metestrus, along with a shortened estr,s period, 
resulted in a decrease in the reproductive fWlction of the ovaries. A 
weight loss was fcnmd to occ1i1r starting at about two weeks, reachillg 
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 1.n :l.rradiated animals. Long-term DOD

thermal lllicrowave irradiation of male aice evoked •iffuse changes i11 the 
testes. Subsequent mating of the animals resu1tecl in reduction in tbe 
size o~ J.iltters. 

(tJ) Microwave radiation at 10 and SO dl/cm2 intensity was administered 
for twenty and fifteen minutes respectively at various stages of tbe 
twenty day gestation periods. The progeny showed reduced viability, 
poor development, and anomalies. Changes in rate of postnatal development 
and disturbances of higher nervous system activity were also observed. 

(U) Temale white mice were irradiated twice daily for ODe hour with 10 cm 
waves of low intensity (10 dl/cm2) up to the eighteenth day of pregnancy. 
There were stillbirths, a siguificant number of weak zaewboru, and a general 
retardation of body weight gain and growth. Other researchers found s:l.m1-
lar effects in litters from females which bad been exposed twice daily for 
one hour to a 10 cm wavelength at an intensity of 10 m.W/cm2 for five months 
prior to -,tiDg. 
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(U) Genetic effe~ts of electromagnetic radiation were observed in other 
studies. Male rats. irradiated with microwaves at S0-55 mW/cm2 • were 
mated with nonirradiated females. Litters displayed reduced viability 
and abnormal development, reduced rate of development and nervous 
disordera. 

(U) Although researchers noted a certain degree of specificity ta t:he 
pathological changes induced by microwave irradiation of aice, they 
concluded that the pathological processes occurri:n.g 1a male or female 
animals resulted from different mechanisms of action. . 

' 
(U) Both sexes of the fruit fly, Drosophila melauo&aster • were exposed 
to microwaves to study the effects of ra4iatioa-1Dcluced autatiN. Group A, 
e~-posed for five seconds to 38 MHz, showed an increased frequency of auta
tion when bred five to nine clays after irradiation. -rbe result.a were not 
statistically conclusive, however. Group B. exposed for ten a:l:nutea t:o· 
2375 MHz, showed no effect on frequeacy of mutatiODS. 

(U) A strain of Staphylococcus aureus, kaOWD to 1te rasistSAt t:o peai
cillin, was exposed to an electromagaetic field. A mutaut was found t:o 
be sensitive to penicillin, probably clue to a change :LB lipid coateat. 

(U) In sw:amary, a large &IIIOVD.t of research has beea d.oa.e oa tbe re
productive effects of EHR. However, effects on human reproduction. 
especially on male fertility, have aot 1teea clemoaatrated. 

PART 9 - VISUAL SYSTEMS 

(U) The role of microwaves in cataract formation an.d visual damage has 
• been studie.,d extensively in the past and is reasOD.ably well UDderatood. 

Primary attention in many studies has been directed at t:he biological 
effects of superhigh frequency electromagnetic radiation on 'the crystal
line lens of the eye. Biomicroscopic techniques have been used to study 
cataract development in persons regularly exposed to microwave fields. 
A four-year··study involving 600 workers and 300 controls revealed no 
significant difference between the two groups. Cataracts were discovered 
in only one percent of those persons exposed to such radiation; aost of 
these cases resulted from safety violations. Cataracts which eccurred 
were characterized in their early stages by turbidity of the leDS ancl 
changes in form and color. 

(U) In another study. thirty-five workers regularly exposed to microwave 
fields and having pronounced congenital lenticular cataracts were exam:l.ned 
over a one to three year period; the results of their nam1natiou nre 
compared to £hose of twelve persons with similar cataracts vho had no 
history of exposure to radiation. Bo progression was noted 1D any of tbe 
exposed iradividuals; changes were slow and prol>a'bly attributable solely 
to natural aging of the lens. 
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(U)· Combined wavelengths over the range of the aillimetric spectrum were 
used in an animal study involviag nine rabbits exposed for 35-70 minutes~ 
Although the radiation used was of considerable intensity (120-495 mW/cm). 
no damage occurred io the deeper media of the eye, io particular the lens, 
during the 2·to 2½ months observation period. Bavever, erosion of tbe 
epithelium of the cornea diet occur along with damage to the eo11Junctiva 
and. its vessels. Multiple tiny hemorrhages in the mucosa and aul:>mucous 
tissue were also evident. 

(U) The Soviets bave reported the occurence of "acute attacks" (sic) of 
glaucoma (1304 cases) which were correlated with geomagnetic clisturbances. 
Moreover, recurring "acute attacks" came primarily cm days when the aaa 
value of the horizootal component of the aeomapetic field varied sipif-
1cantly. The significance oft.his report 1s questionable, but :lt 1.a4i
cates that the Soviets are examining all aspects of magnetic and 
electromagnetic radiation which might cause changes iu vision. 

(U) Although a growing body of evidence suggests that the microwave 
power density required t.o produce cataracts is incompatible with life, 
t:he Soviets will continue to investigate t:he visual effects of IKR. but • 
their effort will be reduced from its previous le'Vel. 

PART 10 - INTERNAL SOUND PERCEPTION 

(U) Perception of modulated microwave sigu.als which se• to be originatiag 
:l.atracranially as characteristic sounds is a phenomenon which vas first 
reported in the US open literature more than thirteri years ago. ~o pro
duce sounds, peak power densities of up to s9 flN/c:m may be required, but 
the average power density usually is S t1W/cm. The SOVi.ets have studied 
this phenomenon :l.n order to determine the UDderlying physiological mecban
ism(s) and to define the optimum irradiation parameters needed to evoke the 
response. 'l'bey found that when the fundamental frequency of the electro
magnetic stimulus was raised from 2050 to. 2500 MHz, the reaction threshold · 
rose sign:i:ficantly1 but at a frequency of 3000 HBz there was no reaction 
in the auditory centers. The average intensity of electr~gnetic radi
ation required to evoke the respOELSe was less than 10 mW/cm; it was 
concluded that the fundamental signal fre~\Mmcy rather thaa the 811l0111lt 
of energy constituted the primary stimulus and that the observed phenom
enon was sensory ill uature. 

(U) The Soviets will continue to investigate the nature of intern~l sound 
perception. 'l'beir research will include studies oo perceptual distortion 
and other psychopbysiological effects. The results of these investiga
tions coul6have military applications if the Soviets develop methods for 
disrupting or disturbing human behavior. 
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(U) Most of the reported biological effects from radiC1Waves ucl micro
waves result from exposure to the higher frequency ranges. Many of tbe · 
observed physiological changes probably occur as a result of thei:mal. 
effects arising from the vibration of ions ud dipoles of water molecules 
in tissues; the vibrations are set iuto motion more efficiaatly 1'7 tbe 
shorter wavelength (high frequency) waves. For example. a radiowave of 
ten centimeters wavelen1th couverts about fifty perceut of its energy 
into heat in this manner. whereas a three-centimeter wave converts nearly 
ninety-eight percent of its energy into heat. A study of the biological 
activity of low frequency (seven JQlz) impulse electromagnetic radiatioa of 
different intensities and durations was done on rats. It was fouud that 
the pathological changes were a funct1.on of dose; susceptib1.lity to radi
ation was governed by metabolic processes and morphology 8llcl the organs and 
systems could be classified as to sensitivity in the following order: tes
ticles. liver, kidneys, heart. aud central nervous system. Another study 
indicated that relatively low frequency electromagnetic fields generated 
sonic and ~ltrasonic oscillations in liviDg organisms which 1a turn produced 
elastic deformations. If the frequency of the source field.corresponded to 
the oscillation frequency of the cells (the resODance frequ&Dcy most likely), 
the cells deteriorated as a result of tbe mechaDical reaOG&Dee. 

(U) Clinical studies were done on thirty subjects. aged 25 to 40 years, ·ex
posed to iudustrial ultrahigh frequency centimeter waves at power densities 
of 10 to .. 500 dil/cm2 for periods of time ranging from 4 to 13 years. Subjec
tive complaint& included generalized weakness. afternoon and evening apathy, 
fatigue, headache, sleep disorder&, and nonradiatin& precordial pain sugges
tive of asthenia or neurasthenia with autonomic dystonia. Electroencepha
lography revealed periods of absence of alpha wave activity alternatiug 
with low'·R waves, increased frequency of potentials, dysrhytbmia, periodic 
low peak potentials, and reactions to afferent stimuli. Peripheral blood 
studies revealed lymphocytosis or IDO'Docytosis in eight subjects; increased 
alpha and gamma globulins were found in 18 subjects. Erythrocyte potassium 
was within the lower limits of normal. while urine potassium was within the 
upper li11lits of normal. Adrenal cortex fmicticm was evaluated l>y urine 
levels of 17-ketosteroids, which were elevated to 22 to 40 mg in 11 subjects; 
average levels were 20.5 mg. Urine levels of epinephrine and noreplneph
riue were elevated in some subjects. 1'hyroid function was evaluated by rate 
of radioiod:lne uptake. Average uptake within two hours was 11.3 perce11t 11 

and in fwr hours 16.9 percent. Tbe 24 hour uptake did not differ from 
normal values. ElectrocardiographJ revealed cbSAges in the heart con
duction a7atem in six subjects; the 'fv1>ri s711drome was found 1n ten 
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subjects and a U wave was registered 1D lead V3 iD ei&ht subjects. Bemo
dynamic and myocardial function parmneters were studied by tachooscillo
graphy and polysphygmography. Arterial pressure was usually w1thiD normal 
limits, although it was of a labile nature. Bradycardia was present :In 
14 subjects and decreased ud.uute volume was observed :In eight; :1:ncrease4 
peripheral resistance was found ":ln a siguificant number" of subjects. 
Autonomic-vascular changes and emotioo2l lability and reactiv.tty were 
attributed to CNS changes.and increased pituitary-adrenal gl.aa4 fUDct1on. 
It was also noted that such shifts in neuroendocrine function could lead 
to circulatory disorders manifested by chaages :ln tbe hemodynaaic 1Dd1ces 
and electrical activ.tty of the heart. 

(U) A second study was done on t:wo groups of workers occu.patioually exposed 
in the radio industry. The first group consisted of 100 subjects who h8' 
worked for several years under conditions of periodic exposure to microwaves 
of considerable intensity (up to several .W/ca.2). The eeccm.d group consisted 
of 115 subjects who had begUD. work after the :lntrod11et1on of protective 
measures and had been exposed to microwave intensity levels approximately 
the same as those to which the first group vas exposed. A coatrol group 
of 100 subjects not exposed to the actioa of aicrovaves was also continu
ously examined.. The study showed adverse effects. primar:l.ly cm the aervous 
and cardiovascular systems. :l.n both exposed groups. 'l'heae effects were 
more pronounced in the first group. 'lhey were ma.uifested by more freqwmt 
complaints of astbenic syndrome and vegetative vascular llysf1m.etion. 

(U) A lack of standards for measuring pawer levels represents a problem 
which probably accounts for conflicting reports regardilag the effects of 
a given fr,quency and intensity .. Otber problems vi.th dosimetry and experi
mental technique also exist. Such differences make comparison of results 
from one investigator to another. as well as from oae country to aaother 11 

extremely difficult. 

(U) Only a few studies involving electromagnetic iDteractioa with the 
i.Daunological system have been reported. In one, rabbits were employed 
to study the body imnunological reactiv.tty tmder long-term irradiation. 
The rabbits were immunized with typhoid antigen and divided iDto t:wo groups. 
One group was exposed to waves of SO and 10 aW/r:m2 iDtasity for four hours 
a day over a four-month period. Analysis of the data obtailled indicated 
that chronic exposure to the effects of low intensity high frequency radio
waves can influence the i111nunoreactive state of the body as evidenced by 
differences in phagocytic activity of neutrophils 11 blood serum complement 
level, and specific antibody titers • .,. 
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(U) Soviet ~nvestigators have conducted studies on the effects of micro-

wave frequencies in combination with ionizing radiati011 1 magnetic fields, 

drugs• and nonionizing electromagnetic radiation of other waveleng~~: :· . · 

Generally, synergistic effects have been observed. Continued woi&~ 

this are~ is expected, and possibly new safety standares for these com

bined effects will b~ develope4. 

(U) :In summary, this section ahows the rather 'broad front on which 

Soviet researchers are investigating the biological effects of DIR~ It 

~s apparent that their interest covers all body systems which could reason

ably be expected to display responses to ·such racl:Lation. 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 nontherma.l effects, which, 

by Western standards, they have yet to conclusively demonstrate. 
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The Soviet interest in the nonthermal effects of microwave 
radiation is evident both from the standards estnhlished nnd the many low 
intensity irradiat~on .experiment~ conducted by their researche.rs. 

The results of 
the research have encouraged the Soviets to investigate methods for exploit
ing microwaves and radiowaves to produce controllable psvchophysiological 
effects. Laboratory facilities for investigating the c0111bined effects of 

.. several microwave frequencies have been established at v:1rious institutes. 
Other research iuvolves examining the pathological e(fects of UHF radi
ation from )00 to 3.,000 MHz on man. This work sup~Ttf; the view, contested 
by some non-Soviet authors, that there are nonthenn.il moJcs of action. 
While no specific research results are reported. it appl'nrs c:hat on the 
basis of results obtained the Soviets will not alter their standards. Par~ 
of c:his effort apparently involves development of prophyl-:lctic procedures 
against nonthermal UHF radiation as well as development of therapeutic 
techniques for those exposed. Beneficial effects of exercise and nutrition 
in increasing body resistance to radiation have been postulated. Physio
therapy. vitamins. and stimulants are recommended for the trea't'llent of 
this type of radiation sickness. 

· .. • Recently. US and other Western scientists h.·we been quite con
cemed with the vnst difference between the two standard~. So far. there 
has been no serious attempt to reconcile or expl3in th~se dissimilarities. 
However. c:wo interesting posRibilities preRentcd below may partially 
explain .. the lack of agreement: 

a. Soviet researchers a~e uRintt h:ltch exposure tedmiques. They 
expose a number of animals in comp.:1rtmcnted c:igcs to th•• same radiation 
dosP. Western experience with batch l!Xp<.1suru h.rn ~;lmwn t"h,1t such a pr,,c'."" 
tice tends to exaggerate or perturb the fil'Jd. This f"X.lk~f:'r.'ltion is d11e 
to reflected energy and the phenomunnn of Rtm1din1,t w:iv,.•i;. What the 
exa~gcr,1t ion m1?,1ns in tenn.c. of comparl:;011 to th,• 1•xpus11n• <'f a flin~ I e 
aniUlal is that one is likely to bt! d<.•:11 lng wj th high(.>r i•u1Jcr lrvels th.in 
he rent tv.e~. This may. to som1.~ extent. explain the di I forcnt findings at 
suppos~diy identical dosag~ levels. 

b. Much of the difference between a:s :md Sovkt tl.,•rm:al and nonthermal 
positions mny exist bec:mse of a defin!tion rTohlPm. 1·1ir. Snvit't d,•finition oi 

·••therm..,l" means a me:.isur:.ible incrt!nst• in body t,!mJ•Pratun• m~asurcd rectally. 
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"Nonthenn.11•• tnP..m~ th.1t no lncrea.se lr. n•ct:al· tl"mp1..•raturc :~ m.·m:iurable . 
. Therefor..-. it nppi.•ars th:it lf a c:h:ingt• ,,r .m effm~t is not,•d "'11 t.hmat an 
tncreas~ in rectal temperature lt ls a non::herm,tl cfh•ct exp 1:1in:1hle a:,; 
an energy cnupl ing. This definition do,•s noL t.akc.i into acc1 11mt locali:tcd 
temperatur~ increases which may not be refhlcted in rcctnl l•~rtperatures. 

It has been reported that some European Communist countries have 
established two standards - one for military and one· for tlw civilian 
sector. Alt.hough the civilian standards arc lower. s~ rcse:irchera feel 
that they are not low enough. Reports also indicnte that a number of 
female workers in industry may have aborted as a· result of exposure to 
microwave radiation ostensibly within the snfety standards. 

The extent to which microwaves and other nonionizing r.idiation causes 
chromosome aberrations is somewhat of :1 controversi.il subjt•,·t as is the 
quest.ion of the revf.'!rsibility of any pnssi.ble in iury. lt h:1s been sug
gested that studies on the surface pro1'>ertles anJ permeability of cell 
membranes could supply some answers to these questions • 
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(U) Safety precaut:I.ODS and standards have been established ·u. ·both··.the·.~-,:·:·.~ 
US and USSR to protect not oo.ly ·perscms who are occupationally· exposed ._-· :.::. · 
hut e.lso to protect. the health of per~cms livia.g or workiug near pc;,werful .. · . 
generating or tr~tthg facilities.; Significant clif ferences in these · :· ·.:-~· 
atandardli exist and appear to he primarily due to tifferent viewpoints· ., .. · 
on noa.tbemal effects in the. two countries.. Both uaticms' standards take 
into account the potentially lethal thermal effects· resultiD.g from high
intensity exposure. but the biological effects of aonthermal irradia~ion 

• are not: well defined or documented. Iu addition. some research has indi
cated the possibility of a cumulative effect on hum.ai:is,, but: this.is a1so 

•. very poorly def:lae4. • . .- .. . . . . . . . . · . •• •. -. : .. .. 

n ~et r~~~ ·has. p~~~ced pideliDes :wbi~vere ~e4 A es~lis~. 
·•· val.ue of 10 l,lW/9,11 per ~~r~& day as the 11\BXinnm admissi'ble value for • 
"llli.crowave irradiation. Bigber exposures. at values of 0.01 to 0.1 m.W/cm2 • 
are pormissib1e .for up.to~ hours per day or 1 mW/cm2 for 1S to 20 miuu~s 
per a.ay. Protective •glasses are required iJ:l tba latter case. The Czecho- · 
alov;dtian s~ards for frequencies aoove 300 MIiz allow a~ qf • 
0.02S. mV/c:m iJ:l the ccmtinuous wave mode for e:ipt hour exposures. The 
standard for pulsed operat:J.011 •for the same e:.x:posure period is 0.01 mW/cm2 • 
ID J'une 1973,.PolaDd revised its exposure safety stanc:lard.s for 1.1onionizing 
·radiation in the f,:equeucy range of O. 3 to 300 GHz. The new standard per
mits '4"limited exposure of hum.a:ns to- field iutensities of 0.01 uiil/cm2• 
Eight hours pe~ day exposure i~ permitted for inteius~ties up to 0.2 aW/cm2 
.for fi.zej fields and 1.0 IIIA/ca for rotati:ag fields. Exposures of up to 
lQ mW/cm are pemit1:ed for li:m.itecl peJiod.s of time without safety.equip
ment. Exposu"?5 greater than 10 mW/cm are prohildted without approved 
safety· equipment. Prior to .June 1973. tbe mex11INID radiation exposure 
level for all noniouizing radiatiou was 0.01 mV/cm2 for up t:o eight hours 
per aay • which is the same as the safety standard ·for the ussa. The 
0.1 mV/cm2 limit remains iu effect for O. 1 MHz to 300 MHz, but revised 
staudar~s for this frequency range are under consideration. The FA~t 
German max:f:amm pei:missible exposure to microwaves is 10 mW/cm2, but neithel· 
the exact frequency range or du.rat:l.011 for this exposure is specified. 
By coiuparisO'll. the United States Standards Institute recommends 10 mW/c:m.2 

· as averagea over any 1/10 hour period. The US Army and Air Force use the 
follawfna eqq.ation.to.determine permissible exposure time (Tp>• 

' 

·v 

6000 
- -u 

permissible exposure time -in minutes .. 
during any one hour period and · 

• t~ power deosit7 in the area in mW/cml-. 
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Potential probl,:-m·ar~ns for exposurt.' t,, .-xcc:u,lv'-' rlcctrom.ar.nrtic- rndia
.tlon whlr.h wen~ found in tbc Communist lit,"'!r;atun• hu·lud,:-«t a wood prOt'
essing pl.mt. coastal radiotransmittinr. •·-.:ntcrs,. rmtln equipment on shlpi,;, 
and flight communicntlons equipment ln tha crow r.nbins of aircraft. Open 
feeder lines were identified as major S!)urccs of expo,u.1re • 

.. . ,,. 

• 

(U) Protective devices descri.bed for use in working near un:acceptable 
intensity fields includ~ protecti~-e (metal-coated) .eye glnsses and clothing 
and shielding of the source with special absorbers or sh1:wt metal or wire 
mask shields. A small semiconductor imf'icator instnaent ta!'Sed to warn 
workers·or dangerous conditions from electromngnetic fieldK has been 
developed. It rings an alarm when the field intensity exr.c~ds the allow
able level. An indicator paper for visual determination of the intensity 
of an electromagnetic field bas also been developed. na~ indicator is 
prepared by impregnating a filter paper with a thermoscnsitive chemical 
compound. 

(U) In an animal study. it was reported that oral adminiRtrntion of caf-. 
feine in doses of 20 mg per kg lowered the duration of resistance against· 
hyperthennia caused by microwave irradiation. C.~ffcine did not influence 
the temperature at which the animals died,. but it shortenPd the time to 
death. The reason for the lowered resistance of rnts to 111fcrowaves was 
attributed to caffeine's exciting effect on the CNS which caused increased
metabolic activity and consumption of oxygen. Although C":1ffoine might 
exert similar effects on the human CNS,. any lowering of resistance to hyper
thermia would be insignificant; trained personnel workinr, vlth properly 
operating. adequately serviced microwave equipment wou1d probably nlmoRt 
never be -exposed,. even accidentally, to the tremendous r~rlintion intensity 
required to induce heating of the human body. Nevertheless, monitoring of· 
Soviet reseaTch on the action of drugs in combination with microwave 
radiation should continue,. since such studies may eventuDl1y result in the 
detection,,of nonthermal safety hazards resulting £rnm tlw mutually potcn-

• tiating effects of radiation fields and pharmacological rompounds. 
; . 

Should subsequent research result in adoption of thl· Soviet standard 
by ot!wr countries. ind11.<11ti;:ies who:u.' pr;acti.ccs art" h,1smt ,m lesR strin~cnt 
safety rr:gul~,t lonR r:ould be required tu m:tkC' costly rnncli • k:tt ion~ fn order 
to protr:-ct workf"rn. Recognition of tlw .Ol mW/rm2 Rtmu!.1r1I ,~ould also 
limit till' app1iratiuns of new clcctronh' terhnnloJ~\· hy r:i.1kln)t the• C'om
mcrcial c-xploitation of some prodUL·ts un.ittrnct iv1! h,•c.:rn, ,. ,,r incrensrd 
costs imposed by the nee-d for additional safC'guards. 

" 
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(U) A·. significant amount of research continues to be perfonned in the 
Eurasian Communist countries to establish the effects of rndiowaves and 
microwaves on biological systems. It is often difficult to evaluate the 
reported results,. however,. becau.c;e clctn.i ls of the ~xpmmrP in tenas of 
frequency• durat_ion, and. intensity are raui te v.irinb le •• 'lnil sometimes poorly 
reported. This,. coupled with problems of measur<-llk!'nt enr,,untercd in such 
studies, creates a rather-confusing body of d.ita from whir.h to draw objec
tive and absolute conclusions regarding the significnncc of the research. 
The Eurasian Communist investigators tend to place greater importance 

·on the potential nonthermal effects than do their counterparts in the West,. 
but information regarding the precise nature 0£ the·cxposure under consid
eration is oft.en difficult to establish. A move toward improved statistical 
analysis of data and standardization of dosimetry clln be expected as E.isteni 
Bloc researchers react t~ criticism of their work by Western scientists. 

(U) The types of responses reportedly exhibited by the v~rious biological_ 
organs. processes. or functions are in line with what hll~ been reported by 
Westem investigators. Again,. most of the responses which are reported can 
be linked vith the thermal action of the ~adiatic:m. Studies which report 

· on nonthermal effects deal largely with subjective responses,. relying on 
reports of he3dache 11 sleepiness. loss of appetite. etc. The presence of 
nonthermal effects. in addition to thermal effects at higher intensities. 
bas also\een postulated by Eurasinn Cnmmunist investigators. but no 
detailed investigative support for this possibility vas noted. Accordingly, 
it ts difficult to esttlblish t.rhether or not a trend tow:,rd thiR type of . 
research will begin. It is snfe to say that rt>!'lf•nrch on nnnth~nnal t:ffects 
at t:herrnai intensities vi 11 be exceedin)i;ly difficult sinr.r' nnothcr dimen
sion to an already formidable problem will have been added. 

:;o Eurasinn Communist research activity has been id,•nt i Ucd which c-:in 
be clearly or directly relate,;! to .my u1ilitary uffcnsivr w.:mpons pror,r.,m. 
However. Soviet scientists are full;· ilwnre of the· h1olngir:il effectf:. of 
low-] t>Vul m1crownv~ radiation which mi;::ht have ,,r f,ms i ._.,. w .. :,pons nppli c~t ion. 
Tneir internal suund pPrc:eption rf.".s~arl·h has ,~n•:u· tmtt•nr i:d for dc•vt-lnpment 
into a S)•st1.•rn for djsoric:nting or disruptinJ.~ the hch.ivit1r p:ittcrns o( 
:::aiUtary o; diplomatic personnel; it cou)cl be used c-qunlly well as an 
interrogntiun tool.. The Suvicts huve .ihm studh•d the p~,·chophysiolos;ical 
and aet.ibolic ch:mges and the alter:atlonr. of hrain fnnc:t i"n resulting from 
exposure to mixvd frequencies of el~ctr,-.~Rnetic radintinn. Onr. physio
logical effect which has been demonKtr.ated is ht?nrt sri7.un•. This hm; been 
accomplished experimentally in frog.s by synchrC1nhing n pulsc-d ultrahigh 
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frequency microwave signal of low averaf.te-power den,:;ity with the depolari
zation of the myoc:i-rdium atid beaPting th&.? .signal .:it the thoT;1cic area. A 
frequency probably could be found which would provide suffkicnt penetra
tion of th~ chest wall of humans to accnrnpliRh the same effect. Another 
possibility is alteration of the perme3bility of the blood-brnin barrier. 
This could allow neurotoxins in the blood to cross. As a result, an 
individual could develop severe neuropathological symptoms and either 
die or become seriously impaired neurologically. 

.,... ' . 

'""· ·._, 

- ,. ._ .... 

' ,;,. 

"I'he'aSove study·1s recommended reading material for those 
who have an interest in the application of microwave energy to 
A discussion of weapons .is not within the scope of this study. 
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SECTION VII 

INFORMATION GAPS 
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(U) Little information regarding the effects of relatively low frequency radiowaves was available. These frequencies produce few thermal effects. 
1 but although Eurasiu Communist research frequently investigates nontherma effects, few reports of studies at tllese low frequencies could be f01.md. 

(U) A limited amoUDt of information regarding the effects of nvirommmtal conditions on susceptibility to damage from radiowave exposure was reviewed. In fact, the few articles available on these factors present conflicting results. In 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 fOU11d. 

(U) The effects of relatively low level exposure to radiowaves (such as might be encountered by persons living in the vicinity of high p0111ered radio stations) are not well documented. One report suggests a statistical evaluation of the health of persons living in such areas as compared to persons living in areas with a more normal electromagnetic level. 'l'his would be a very difficult study to undertake if statistically significant data were to be obtained. 

(U) No oYficial safety standards have been identified for Albania, 
Bulgaria, Hungary, Yugoslavia, 'aucl the Asian Coummist countries. 
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