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PREFACE 

o~rr- 1arn~-.o7 !.- It. 
March l 976 

~ The ;ur;:mse of chis review is to i)rovide information nect!ss.:u:y u1 
assess human •mlnerability, protection materials. and methods applicable 
to military operations. The study provides an insight on che current 
re~earch capabilities of these countries. Information on trends is 
presented when feasible and suppor1:able. 

'f'&) The study discusses the biological effects of electromagnetic radia
tion in the radio- and m.icrovave ranges (up through 300,000 megahertz). 
It is not within the realm of this study to provide detailed descriptions 
of every laboratory experiment. Such data have been purposely omitted in 
favor of ~n analytical approach. An attempt has been made to identify the 
principal areas of research and co discuss the significance of experimental 
results. 

~ Tite information reported in this study has been drawn f~om scientific. 
medical, and military journals, intelligence reports, magazines, new~ items, 
books, and other publications. The information cut-off date for th1$ study 
was l October 1975. 

oftfi Constructive criticism. comments or suggested changes are encouraged, 
~nd should be forvarded to tbe Defense Intelligence Agency {ATTN: DT-L\), 
Washington, DC 20301. 
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(Reverse SL.mk) 



• 
tr.\CL\SS I I· I ED 

TABLE OF CONTENTS 

DST-181 OS-0 '4-'J6 
March 1976 

Page No. 

Preface -----------------------~~--------------------------- iii 

SUl!llllary ------------------------------------------ vii 

SECT'!ON I - INTRODUCTION ---------------------------- 1 

SECTION II - BlOU>GICAL SIGNIFICANCE OF RADIOWAVES AND MICROWAVES 3 

PART l - Blood----- ------------ 3 
PART 2 - Cardiovascular System-------------- 5 

PART 3 - Cells ------------------------~---------- 7 
PART 4 - Central Nervous System ------------------------ 8 
PART S - Digestive System -------------- 10 
PART 6 - Clands ----------------------- 11 
PART i - Metabolism ------------------- 12 
PART 8 - Reproduction --------~~--------~-------- 13 
PART 9 - Visual Systems ---:--------------- 14 
PART 10 - Intern.al Sound Perception -------------- 15 

SECTION III - MISCELLANEOUS OBSERVATIONS -------------- l7 

SECTION IV - DISCUSSION OF RESEARCH METHODOLOGIES -------- 21 

SECTION V - SAFETY PRECAUTIONS-AND STANDARDS ------------ 23 

SECTION \'1 - TRENDS, CONCLUSIONS, AND FORECAST ------------- 25 

:;ECT!ON Vt t - INFORMATION GAPS ------------------------- 29 

Data Handling --------------------------------------------------- 31 

Distribution List --------~------------------------------------ 33 

v 
(!(everse Blank) 

UNCLlS:;; I FI F.D 



• 
03?Jf1 DE?fff.:!d. 

SFMi·l.Ai{Y 

DST-lSiOS-074-7~ 
!'larch 1976 

(t) The ~hcnn<il effects of electromagnetic radiation have been reasonai:>ly 
well estahlished through experimental Lnvestigation. 7hc n~nchennal effects. 
however, remain a cont roversia 1 issue het'Ween scientists in ~he West and in 
th~ Eurasian Communist countries. The difficulties encountered in co1.clu
sively demonstrating the nonthermal effects of el~ctrot:lclgnetic exposure are 
li~ely responsible for differences in exposure sta~dards; some standards are 
based largely on the demonstrable thermal effects, while others allow for 
possible nonthermal effects at subthe:rmal intP.nsities. 

(C) :rhe Eurasian Communist counlries are actively involved ir. ~valuation 
of the biologjcal significdnce of radiO"Waves and microwaves. Most of the 
research being conducted invol•~s anim.:ils or in~ evaluations. but 
~cr.ive ~rograms of a retrospective nature designed to ~lucidate the effects 
on ~umans are 3lso being conJucted. The major systems, system components, 
or processes currently under study inc:•1de the blood, tne cardiovascular 
~ystem, cells. the cen~ral nervou~ system, the digestive system, the 
gl..indular :iystem, metabolic ..-?ffects. and the reproductive and th_e visual 
systems. Other aspects of txposure are also being st~tlied, but the limi:ed 
nucber of reports uncovered makes assessment of the importance placed upon 
this research impossible. These lesser reported reseaTch areas include 
ncnther.nal effects. immunological studies, and use of radiO'Waves for 
functional control of organ sy~tems. 

~ ~o unusual devices or 111easures for protection from radiowave exposure 
were not~d. but a conti~ued stress upon personnel prot~ction in occupa
tional situations was apparent. Here, protect!ve goggles and clothing are 
recommended when working in regions of microwave radiation. Although some 
differen~es in stan~ards re~ain bet'W~en the various Communist countries 
.md bt!t'Wecn milit:iry and civilian standards, the Communist standards re:ma-t.n 
much rnort! :>tringenc than tl1ose of the ~est. An exception to this may be 
Pol3nd where a recent relaxation of their standards has occurred. This is 
th~ first significant shift of an East E~ropean country a"Way from the 
St.1mJard first sec by the USSR in 1958. 

~ if the ~orP ~dvanccd nations of t,e West are strict in the enforcement 
0f s~ringcn~ exposure stand~rds. there could be '.ll1favorablc effects on in
dustrial <1utput ;ind military functions. The E 1r:isian Communist .:ountries 
~ould. on the ot~er hand, give lip service to ~trice standards, but allow 
their mi !Jcar;- to operate ""ithout restriction .md thereby ~ain the .:idvantage 
Ln elt!ctronic warfare techniques :me the develo:iment of antipersonnel 
.IO?liC.'.lC ions. 

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

~ Western scientists who have followed the Soviet research efforts on the 
biol~gical effects of microwaves have expressed a variety of reactions rang
ing from disbelief to passive acceptance. The overall impact of current 
Soviet work is not overly significant, at least on their civilian sector • 
One possible exception may be their studies of the central nervous system 
where some interesting work is being done. Elsewhere, most of their work 
tends co be outdated, some of their experiments cannot be duplic~ted, and 
others are of doubtful credibility. No real new clevelopments or fresh 
approaches hav~ been identified. Neve~theless, a large volume of oaaterial 
continues to be published on the effects of radiowaves and microwaves on bio
logical systems, indicating a fairly high degree of interest and a genuine 
desire co pursue these investigations. No significant research and devel
opment has been :dentified chat could be related to work in this field in 
the People's Republic of China. North Korea, and North Vietnam. 

viii 

C8'fflBfJff!!<L 
.<O I ltl!L~2'At!LE 18 P~ll£ ISU li:\TIQ1l'o1ali 

• 

• 

• 



• 
L:: ;c I.ASS ff il:.D 

SECTION I 

L'ITRODUC1'ION 
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(U) The etfects of radiowaves and microwaves on ~iological systec:.s ha~e 
traditionally been separated into two basic clas~ificatior...s, (1) therma1 
effects. and (2) nonthermal effects. The thermal effects are widely rec
ognized and the mechanism ~f action reasonably well understood. Nonthe'!lllal 
effects. however, are controversi~l since the mecbani$mS involved sre not 
clearly understood. Soviet and East European scientists believe that bio
logical side-effects occur at power densities th.at are too low to produce 
obvious thermal effects. Such effects have been questioned in t.he West 
because experic-ntal evidence, obtained largely in US laboratories, does 
not corroborate occurrence of nonthermal side-effects. 

(U) Divergences in opinion between Bloc and Westeni researchers concerning 
the effects of microwave radiation are the result of nonstandardized research 
protocols and materials. In addition, mechanisms underlying observed bio
logical effec~s are at present poorly understood by any of the ~'Orld 1 s 
scientists engaged in anicra'W'ave resea:ch. The exchange of scientific infor
mation on microwave hazards has increased greatly since the active partici
pat icn of Soviet, Czechoslovak, and Polish sci~ntists in the lnt~rnational 
Symposium on Biological Effects and Health Hazards of Microwave Radiation 
in ~arsaw in October 1973. 

(U) lt is now generally agreed that biological systems irradiated with 
~leccromagnetic waves in the radiowave and microwave frequenc} ~anges (one 
k i !.1heori:z to more t;har 105 mesahertz) absorb varying amounts of energy 
dcr1endiog <>n the lrradiation frequencies and the physical properties of 
the system. Typically, however, 40-50 percent of the incident energy is 
.1hsorbcd by the bi..->logical system and the rem.aindeT Teflected. In reality, 
only the shorter ~avelengths represent any appreciable hazard as a result 
of thermal heating. Radiation f~elds in the microwave range vary in wave
lengt~ from about one m.eter to very short waveiengths on the order of a 
millimeter. The dep~~ of ~netration of the waves is also variable and 
again deper.ds on the frequency, wave polarization, and the physical prop
~rties of the system (i.e •• dielectric and geometric), but typical penetra
tions .ire on the order of l/10 of the wavelength. Therefore, very s!lort 
waves :lre absorbed primarily by the ski1l• while lcng wavclenglhs penetrate 
to ~uch greater depths. 

(U) The degree 'C heating app~ars to be a function of the water content 
of ~he tissue and probably results from oscillations of vater molecules or 
dipoles. Another possibility is a resonance absorption of ener~y hy pro
tern molt?cules of the cell. As might be expected, the :'l.ctua! dJ.l!lages 
resulting from a given exposure are fun~ticns of the thet"'l:.31 re~ulatory 
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and active adapta.ticn processes of tile orga"l or animal. Less ''z.scularized 
tissues are more suscep~ible to thermal damage ber.ause of a poorer ability 
to dissipate the heat, therefore, crystalline lens damage or cataract 
formation may be observ~~. 

(U) Many techniques and indices have been employed to st~dy the effects 
of irradiation on biological systems. These include: 

aody weight. 
Biochemical studies. 
Cardiovascular studies. 
CNS effects (including c~nditianed and unconditioned reflexes). 
Electrophysiological measure:imeota. 
Fertility and arutation studies. 
Histology and pathology studies. 
Metabolic studies. 
Temperature. 

While these and other experimental studies have been conducted on animal 
and cellular models. knowledge regarding human exposure has ~een almost 
exclusively obtained retroapectively. Accordingly. information regarding 
the amount and/or portion of the body exposed, field intensities. and 
duration of exposure are usually ill defined. 

(U) As can be seen from the above, quantitati~n of the biological responses 
to electromagnetic exposure is a very complex problem because of the trlde 
frequency spectrum, the large number of physical and biological variables, 
and the interrelationships of those variables. Factors requiring consid
eration include the frequency, intensity, waveform. (pulsed, cw. or modu
lated) configuration of the body. its orientation with respect to the 
source, portion of the body irradiated, exposure time-intensity factors, 
environmental conditions (temperature, humidity, and air currents), and 
shielding. Othe!" compU.cating factors include the subject's state of l1ealth 
and previous or concomitant medication. In addition to the above factors, 
the animal species used and its comparative relation t~ man is important. 
Accordingly, experimental results from .'lllimals capuot easily be extra
polated and assumed to apply to human exposure because of size differences 
relative co exposure wavelength which can markedly influence the sy1tem 
or organ being damaged. 

(U) With these co~plicating factors in mind, the evaluation contained 1~ 
this report was undertaken. The data presented were obtained frOIU the 
sources outlined in the preface and sometimes ~ontained insufficient 1n1or
mation to make absolut~ decisions regardi~g their significance. The sour~es 
were, h~ever. indicative of the types of effects being reported and sug
gest€d those areas of research being emphasized, thereby permitting assess
ment of recent Eurasian Communist attempts to define the biological effects 
of radiowaves and microwaves. 
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SECTlON l! 
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BIOLOGICAL SIGNIFICANCE OF RADIOWAVES A.'l'D MICROWAVES 

'?ART l - BLOOD 

(U} Effects of electromagnetic irradiation on the blood include )io
chemical variations, effects on erythrocytes, changes in coagulation. 
aad alterations in the blood forming ~ystem. As ~-ould be expected, 
lll<>St communist country reports originate from in vitro or in vivo 
animal experiments rather than from human data:- --- - --

(U) Long-term ultrahigh frequency (UHF) exposure in rats reportedly 
r~duced the iron and copper content in both the blood and muscle vith 
a concomitant increase in iron content in the liver. Similar exposure 
in chicks caused an increase in total proteins and globulins. but de
creased the albumin in the plasma. Rats exposed to 0.04 V/Clfl2 for 25 
days demonstrated similar shifts. In some studies With dogs, irradiation 
~-ith microwaves significantly decreased the lifet111\e of erythrocytes, while 
other studies i~dicated no changes in the granulocytic system after exposure. 
Lr\ the lymphocytic system, however, mitotic disturbances and changes of 
:iuclear structure occurred. Rabbits exposed to "an electromagnetic field" 
showed significant increases in the number of monocytes. basophils. and 
lymphocytes/mm. Although undesirable, these shifts are not signiiicant 
enough to impair the f'l.:.~ctional performance of humans. Howevar, they are 
sign!f icant enough to warrant further experimentation. Soviet researchers 
vill emphasize more experim~nts with animals and they will continue to try 
and relate these experiments to data on hum.s.n exposure to microwave envi
ronments. They will 111ost likely work toward relating such changes in 
different species of animals to particular intensities or exposures. 

(IJ) One study involved the observation of several thousand persons working 
in microvave-irradiated workshops, as well as animal experiments. !n the 
human subjects, three kinds of damage were found: 

(1) Lymphocytosis and monocytosis. 
(2} Gr.:inulocytopenia. mvnocytos~s. and eosinophilia 

frequently acco!QPa~ied by 3bsolute lymphocytosis. 
(3) Moderate neutrophilia. 

nie dag~ee of changes in the blood could be correlated with exposure and/or 
duration of working period. This determination was based on the relative 
c::umges as :i fm1ction of period of employment, whjch was felt to ::·idle.ate 3 
.::umu1ac1w effect .:>f microwaves in th~ human body. TI!a type <1r.d intensity 
~f the exposure was not documente1. 

tr.\CLt\551 FI ED 
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(U) 3lood coagulation indices of dogs subjected to high intensity super
high :requency fields were studied at intervals of ten minutes to thirty 
days after irradiation. Initially the coagulation time ...,as rrolonged, but 
two hcurs after irradiation it was accelerated as a result of ;irotective 
compensatory changes in neurohumoral factors. The ?TOtectiv~ reaction 
was, ~owever, ~f short duration; the irradiation-induced prolongation of 
coa6ulatiou ti.me reappeared and che animals' clotting times did not 
return to norm.al until at least fifteen days after exposure. Another 
study showed th~t long-te~ exposure to microwaves at a power density of 
l0mW/c::a2 decreased the overall activity of butyrylcholinesterase in the 
blood serum of rats. Under candil::ions of whole-body exposure. the micro
waves did not exert a consistent effect on the eru::yme molecule. The 
decrease in the overall actiVitY of butyrylcholinesterase was correlated 
with a decrease in its concentration !n the blood of th~ irra~ai.:ed 
animal;;;. 

(U} !be action of lllicrowaves on human erythrocyte permeability to potas
sium and sodiWll ions was also inv!!stigated. 'The mechanism of action ap
pears to be an inhibition of active transport and an altered diffusion 
through t:he pores in the membrane. The latter r.ay be caused by the 
influence of UHF energy on the membrane itself or on the hydrated sodium 
catiou. and potass1.U111 cation. Th.a nicrowaves either chaQge the membrane 
structure thereby increasing the passive sodium cation and potassium 
cation diffusion :•nd reducing the concentration gradient, or somehow 
block the. mechani.:im cf active ien transport. 

(U} :he questio•. of stability of Ulicrawave-indueed clianges in blood com
ponents was addr11ssed in chronic and acute tests using dogs and rabbits. 
Th~ i::rradiarion was at a frequency of 2375 MHz with a field strength Qf 
thirt:: mic.rowatts per square centinieter. The rabbits uere subjected c.o 
between one and ten irradiations of si.~cy minutes duration each. and the 
dogs ~ere subjected to r~peated irradiations over a ~riod of more than 
a year. The changes in the blood and mar;:cw of rabbi'l..S were found to be 
w1stable and to pass after a period oi five to ten days. Changes observed 
in the chronically exposed dogs were m.ore stable. but became normalized 
over a period of twenty-five days. Investigation of chronic lllicrowave 
i rradiat :!.en on the bfood-forming sy.stEJ:I of guinea pi~s and rabbits was 
also ~eviewed. Both cont~nu~us wave {CW) and pulsed microwaves were 
utili=ed at an intensity of 3.5 mW/cm' and a ws;elength of 10 cm. In
creases in absolute lymphocyte counts in peripheral blood, ~bnoTlllillities 

in nu~lear structure. and mitosis in the e-rythroblastic cell series in the 
bone ~arro~-and in lymphoid cells in lymph nodes and spleen uere observed. 
The c~anges appeared to be a cumulative result of repeated !rradiations 
and •ere attributed :o nonthermal effects. There is limited evidence to 
support ~he belief t~at these cumulative effeccs are reversible upon 
cessation of exposure. le is still net quite clear if similar results 
could be observed in humans since wide ~pecies-variations have bet>u 
obsen·ed by Soviet r.!searchers wot'king with .ltdt:ials. 

UNCL\SSIFIED 

• 

• 

• 



• 
CO,>"!' f f'.E • .'f ! .'\!. 

OST-tSlOS-vi~-76 

M.!'!rch 1916 

{l!) Tl':~ ;n:l.rnary .:-onc~rn of rhe ;:irc=>L'llt :.tudy "'as wich .::lectrom:1gnet le 
:i.~ld ..... ifc"'t.."t$. bu~ numerous report:~ r'-"'t:.·1rd1ng t:h~ t...•f(e~.:t.s of ..:.onst.:int:. 
:agn~cic fi~lds ~n th~ blood system were noted durLng the review. A~ with 
clcctro1:1agnecic ~ffects, effects on coagulation, biochemical ~ropcrcies, 
dnd fonned elements were observed. 

(V) Ta summarize che effects of eleccromagnecic radiation exposure on the 
blood, the fol.l.owing ,general changes emerge although conflicting reports 
are also ?resent: 

(l) Ceneral decrease in hel!IOglobin content
(2) Ceneral.ly reduced coagul.at:lon t:luses. 
(3) Decrease in leucocyte co'\lftt. 

These findings are based large1y on animal experimentation. While decri
::nental in themselves. che extent of ehese changes would noc be expected 
to be great enough to material1y affect an individual's performance or 
general health, -especially under stress ..::ond:lcions, where other factors 
~uch as ?hystological protective responses wou1d be far 1110re important. 

?ART 2 - C.\RDIOV..\SCULAR SYSTEM 

(l:) li.::avy emphasis has been placed on invescigai::ions involving '1'leccromag
n~tic ~3dlac~on on ~he cardiovascular sysi::em. Effects on hemodynamics in
clude blood ~ressure variations and cardiac arrhythmias. A~so included are 
reports of a slm;down of intraventricular and intra-atrial conduct:lon. 
diffuse cardiac muscular changes, and ventricular excrasyscole. As vich 
o~her ef!eccs, animal studies are fre~uently reported and human reports 
are typically recrospective in nature. Many of the variations noted on 
the cardiovascular system result from central nervous syscem effects. 

(l') 2\c'l.·eral reports concerning 1.1.m1an cardiovascular effects from super
hi;;h fn•<;uency exposure ..,ere reviewed. Functional. chnnges "'ere noted, 
including ~ slight: increase in the asynchronous contraction phase, d 
tensien period, 3S wel! as other data indicacive of moderate dystrophic 
changes of the myocardiwu accompanied by a disruption of its contractive 
capacit:!-. 

\l:} .;ompdrison --lf J. group of enllino?ers and administr.:u:lvP ->tiicials who 
·.•.,,r<' cxpo,;ed to ""licro..,aves for -"l :>eriod oi )'ear,; :ind :in unexpo .. ed conerol 
:;roup reveal.ed .1 .:;ignific:tntly hl.gher incidence of ..-oronary JisC!JC.!, 

hyp<.'rt.:insion, .:ind disturbances of lipid met.J1oolism .1mong t.h,. "xpo ,.d 
incli ~·idual:".s. H~rcdit.:iry JH'C<.I ispos it ion t:o hoi!arc J isense Yas .1..,proxima.c"' ly 
rhc s;une i.!\ . :.oth sroups. hut •>Vert: Ji.sorders Jo!Ve lop .. d :nuch :norOii' fru.r; .. e"\C ly 
tn :h~ ?rir.?v~ousi:.# ,.-~p0$~J c:roup. It w ... '\~ c:oncl,iJ..:J c.h..it. m.J.~row.ave~ .1ct 
·•S .1 f"l.«"n:;p'-'""'!f!,: f,l\,.""Cl"r ·.:!J:~·il .. und"; r ,:c!rtain ,-ondlti..)n...;,. intt..'rfe-rP:-t" rh 
h!Jr-:.~tt~\)n i:O cn.f..ivor .. 10ic 1n.t tuencc.s. £..""C'posuri"" :"'l.\V,. l!h'*f'~·f • .,r11."" ... )r~1~•t": .... 1n 
.. 1rt i~r ti:ns...!t. of .. ~.:trd.i..,""IV .. l!i .. :ul~•r Ji::>t!:t.s~ in ~us.'"-:t!pC 1b: .. & in•iiv1.Ju.ils .. 

. ::tl41" ! HI !Pf L> L 
(This ;s..xs;c ... s l.f@Lt:lJl .. ::a; 



DST-1810S-074-76 
Much 1976 

€etfFIBOff' b'\i: 

(U) He1Dodynamic indices for thirty men in che 25-40 yP.car age range who 
had been exposed to UHF e~-;.-csures for from two to ten years were studied. 
These men showed a tendency to bradycardia. moderate decrease i~ the 
~troke and minute volumes, and a slowing of the rate of blood ~jection 
from the left ventricle. Arterial pressure was essentially normal. but a 
compensatory constriction of the precapillary bed vas noted in response 
to the decrease in cardiac ejection. There was als~ an increase in the 
tone of the large arteries. EKG cl.anges indicated an intensification 
of vagotonic influences on the heart; possible fluctuations in the 
potassium-•• odium balance were also postulated. In a silllilar study, it 
was concluded that hemodyncunic changes resulted from disturbances occur
ring ~n the structural and functional ~tate of :he regulating system. 

(Ul Morphological changes in experiment3l mice exposed to short and ultra
short wavelengths were observed. Two series of experiments were conducted 
using 14.9 tpfz and 69.7 MHz waves. In the first series, twelve animals 
were subjected to sing~e lethal dosrs of the electromagnetic raciation. 
Very pronounced vascular dystrophic changes vere found throughout the 
ory3nism. tn the secoad se~ies. 37 aice were given daily 60-minute ex
posures to nonth~rmal intensities for five mc,aths. Hcrphological studies 

• 

of these ani1U.ls showed slight vascular disorders and compensatory prolifer- • 
attve procesSPS in the inteTnal O't'8aDS as vell as dystropbic changes in 
bra.in cells. 

(U) Tn a group of patients suffering f'r01D "radio wave disease," cerebral 
he~odynmn1~ changes were observed. Tilese included reduced intensity of 
the pulse blo~d ~olun:ie and an increase in tonicity of the intra- and extra
c ranial vessels. The changes did not, however, appear to be functional Ln 
nature. 

~ Pers~nnel ~~posed to microwave radiation below thermal levels experi
cnc~ :wre neurologicai. cardiovascular. and hemodynamic disturbances th3n 
d~ their unexpos~d counterparts. Some of the c3rdiac and eirculdtory 
~ff~cts ~ccributcd to exposure incluJe bradycardia, hypoten~ion. and 
changes in EKG indices (sinus arrhythmia, extrasystole ch4nges in tntra
ventrlcular and intra-aerial conduction. diminished amplitude of tKC 
deflections. etc.). 

(U) The cardiovascular effects have alvays been of primary interest, 
t~crefore, it is lik~!y that research in this area vill continue. It is 
n<Jt .1ppar.t?nt if cardiovascular effects vet'e first observed in ani.ro.als \lr 
In p;nients suffering from the so-called "radiowave disease.·· It is pr<>b
.1hl,, th.lt furt.hiJr n•senrch wi 11 mo~ ac.:uratel\• t?stabt lsh hemndynamtr. vaT1-
3tions in both ani::'lals ar.d human9. Greater e~phasis will be placed on 
;mim.al studies whi.::h· wilt a How fur more precise dose-response quant1tat1ons . 
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(U} HiRtologic3l ~echniques have been used extensively for evalu3Cing 
che ~ffccts ot electromagnetic radiativn on cellular systems. Such ~tudies 
have included in vivo in~estigations of the cellular effe~ts resulting :rom 
whole body irradiattOn and.!.!!~ studies employing cell culc.ures. 

(U) The most. popular cells for study .1ppear to be those of r3.t or CJOuse 
liver. ~onthenaal effects on subcellular stTUctures tnclude the formatiou 
of binuclear cell• and irregular thick~ing of the nuclear membrane. In
vagination of cytoplasm into the nucleus has also been observed, frequently 
accompanied by breaks in the nuclear lllelllbrane. Marked changes in the 
endoplasmic reticulum and the 111.itochondria have also been noted. The 
available data, although still insufficient and inconclusive, seem to 
indicate that the magnitude of these effects is frequency d~pendent. 

(U) !b.e liver cells of rats exposed for three hours to a 1.625 MHz field 
shO\ted dam.age to the protein synthesizing structures. Distinct changes 
were seen in the nucleoli or ribosome synthesizing apparatus. The ~ltra
scructure of mouse liver cells was investigated after exposure to the same 
frequ~ncy. The eitochondria became swollen and undet"Went lysis. Some ~iant 
mitochondria also appeared. The cellular reactions obsetved ~ere largely 
the SillllC as those observed after the action of many other environmental 
factors. 

(LJ) Pha~ocytic fimctior. has r~portedly been increased by exposure co an 
~1ectro~agnetic radiation field and induction of colicin synthesis has 
bt.!en <>bst?rved in!.:.~ irradiated with a nonthermal intensity. 

{ti) !~ many case~. eldctromagnetic radiation effects occur at Che ~ellular 
!~vt.!l. th~refore tissue culture techniques provi~e a well controlled and 
.1.:cur.:itt.! method for study of those effects. Ultrahigh frequency dXposure 
~i cultures of rat fibroblasts. monkey kidney cells. and human embryo 
!ibrobla~t~ l~d to degeneration of the culture in four to six days. The 
<!.trliesc degenerac ton occurred in primary cell cultures. Studies are now 
under way on cell permeability. cell interf4ces. cell stimulation, and 
che ~lectrical characteristies of nerve cells. Other Bloc research will 
includ~ study of ~icrawave effects on mitosis, cell differentiation. and 
~ubcellul~r Jeoxidation potentials. lbe data obtained from these studies 
.1t CPllular .:ind subcellular responses to electr0111agnetic stimulation will 
be high!y significant. since they may lead co the eventual understanding 
,,f b~sic mechanisms underlying biological changes which occur during and 
.lt'::er :nicr01Jav .. radiation. 
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PART 4 - CENTRAL NERVOUS SYSTDi 

(U} Research on the effects of radiowaves and nlicrovaves on the central 
nervous system ~f hUl!la.ns was relatively wtdespredd. A nu::;iber of reports 
are discussed in this section, as well as research results r~garding 
central nervous system effects on animal models ar:.d isolated nerves. 

(U) Subjects exposed to microwave rad1Jtion exhibited a variety of 
neurasth~nic disorders agllinst a background of angiodystonia (abnormal 
changes t•l tonlcity of the blood vessels). The most common subjective 
complaints were headache, fatigue. perspiring, diz7.1neas, menstrual 
disorders, irritability, agitation, tension, drows.ness. sleeplessness, 
depression, anxiety, forgetfulness, and lack of concentratiun. 

(U} ~arious neurological disorders were investigated by studying the 
vestibular :1nd visual analyzer functions 1n persons exposed to radio 
waves of v3rying types for various periodo. Elevation of the thresh-
old of excitability was also accompanied by a lengthening of the time 
required for dark adaptation. The magnitude and !ntawsity cf t~e 
cr..:ir.ges t~nded to inrrease with length of exposure. Similar studies 
shl.)\led increases in tne threshold of olfactory sensitivity. EEC autOUlatic 
cr~qu~ncy analysis was performed on 80 persons exposed to one meter vave
lenKth radiation and 80 healthy controls. No differences were found be
twPcn the ~xposed group and the controls regardless of length of the 
•''<;-osurr. intensity of the field, or frequency. l'resUlllably. all of these 
•'·"P".;ures were of a nonthermel nature. Conversely. thirty-sever: persons 
•l<:«up.1t ioQally exposed to :i superhigh fre•fuency microwave field 
( :o .. ',;/cii·) JV.:!t' pl!riods of c:wo to eight years, were studie,·; symptoms 
,,:· 1 •• t!:I! ·.: .ind .1utonC1111ic vascular distut"bances, endocrine shifts, and 
.1t-n..1r.n.11 .:EC' -i vt?re ..,bserved in half of the patients. Their reflexes in 
<<!.s~.·n:n' t.> 1 i~ht and sound weTe weak, distot'ted. or nonexistent and 
ti .. ~1" ..;:._1n ..;alv:mlc reaction to flashing light was abnormally intense 
.inu i'rolonseJ. .\ddit ional d3ta will be required in order to assess the 
si~ni:i..:.mce ..if these humar studies. 

1~) Long-tl!rm ~xperiaents conducted on rabbits demonstrated that irradi
..ic :.in ioi.th intermittent or c.:>ntiiluous low intensity microwavE: fields 
..:d.dt!'I :iu.llitacively :ind quantitaci"ely different changes in the EEG. 
::ic..:rmitt.e>nt radiation h.•d a aore pronounced effect oa the recovery tiine. 
It ha~ also been observed that long-term exposure of humans to microwave 
~adiacion results in ~xtremely flattened EEG pattern~. 
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(-9+ Exposure of •~~bits to lO'lol levels oi microwave rad1acion resclted 
in alteration of brain electricdl activity. but caused no de~ectable 
macroscopic or microscop!c hisrnlogical c.hanges. Examination of the 
b•ains of rabbits sacrificed illl!nedidtely after exposure to 10 centii..et~r 
microwaves at power densities oi 20 to 30 mW/cm! revealed hypere.:111a of 
the meninges. distension of superficial vessels, 4nd 3mall extravasations 
of blood ln deP.per brain areas. Some. ~: all of the observed cbang~s. 
could have been thermal rather than nonthermal effects, since the power 
densi::y employed in the experillMmt vas powerful enough to have caused a 
fairly great te111perature rise. The effects noted immediately after 
exposure were apparently rev~rsible, since no changes in the c~ndition ~f 
the brain tissue were found in animals sacrificed on the day following 
exposure. 

(U) Stud~ oi t~e rabbit visual cor~ex after a one lrlinute exposure of the 
head to 40 ~W/cm: at a wavelength of 12.5 c:m revealed changes in the fre
quenc1 of the background activity of 52 percent of vi.sual cortical neurons. 
Chronic •rradiation (two weeks) of r3bbits caused the devel0pment of a 
?revalence of slow, irrPgular biological currents; this was interpreted as 
avidence of progressive establishment of an inhibitory state in the cortex 
of the cerebral hemispheres. Normalization of the electrical shifts re
quired up to two months in some cases. Similar studies vlth rats tndicated 
apparent decrease in cholinesterase activity 1n the central ~ervous system. 

{U) aistological examination of the cerebral cortex cells fTom rats 
exposed to UHF at 5 to l~ ~W/cm2 rev~aled the onset of sclerosis and the 
format to,\ of vacuoles in some of th•! cells. 

(C; Some excellent studies using biopotential recordings were performed to 
dctcrmin~ the ~f fecc of microwaves on the kinetics of nerve impulse conduc-
t ion. Frog sctactc nerves were tr-radiated with 12.5 cm wavelength microwaves 
t<H' on.:! minute .md p.1r3llel tempe-raturc- measurements were ude. Calcula
tions -inowcd th.1t the abso•ption of one caloric of mi<:rowave energy per 
~r.1m cif :nat ... 'r!.11 per minute gave a temperature rise of l. l de1:rr~t!S C in 
rh,, ··~:ieriment. The effects of tic:rowaves and of direct contact heat111g 
(from three to nin~ degrees) on ne-rve tmpulse par:uneters (the rate of 
e~cita:ion .::onduction (EC) and the b1opotential amplltude (BA)) were 
me:l!'l11rl.'d .ind compared. For thermal effects c.ione, one degree inrre.ist?d 
tht• \•:1lu1..•s .,f EC and 8'\ about five perce::it. Changes tn EC vere ch.:irac
trriz1.:J by r::tpid incre.:ises .:1.s absorption of mi.::rowav!.! •'nergy increased, 
fol low~d by .1 fol rly shar;i d:'<lp upo~ switching ....,f( the microwave irra-
d \..11: ion .1nd-nonualization within three minutes. Thes1..• tncreases in EC 
v.1l11e.,; (hi~hcr th:m v:iluC"s obt.:iineJ by therm.:1l .:ifoct:s ,\lone) WE're •'Spt.•
c-i.1lly :>ronl11mced in .1 study where the s.:imples vere h~atl'd three .ind six 
..i,•gc-.·~·~. tn ·• seri.:~ l.:'-:..:!"t' : t ~ 9. l Jegrees. EC was luW•'r. .tlthough th~ 
tcmp.:!rature uid nrt excet.>d physioloj>,ic~l no['ll1dl limits. Cr .. mges in BA 
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durine microwave irradiation were also characterized by a ouch faster 
increasr., followed by a sharp drop to below the orlsinal level after 
trr3d!~lion and essentidl recovery in three minutes. In a ser~es where 
the cemperarur~ increased to 31°C, the microwave effect at first vas the 
saa>e as the thenial effecti after thirty seconds the BA value was even 
lower than for the thermal effect alone, possibly due to overlap of ionic 
currents at such high t~.111perature. This was followed by a substantial 
drop after irradiation, and very little recovery in three minutes. The 
~ifferences ir. results in this series were attributed to different initial 
conditt"Qns of the preparations. 

(U) These experiments indicate that microwaves may have a specific effect 
of a nonthermal nature on EC and BA. causing sharp and reversible changes 
in these functional parameters of nerve impulse. Further experimentati~n 
will be needeJ befo~e extrapolations of similar functional changes to 
in vivo conditions. OT to humans, are attempted. It is expected that 
Soviet research on these and other CNS responses will continue during the 
ne~t fl Vf! years. 

PART 5 - DIGESTIVE SYSTEM 

(U) A number of alterations in the function of thii: gascrointc~tinal 
system were observed. Reportedly, exposures of subjects working for long 
?er!ods of time in the presence of low intensity centimeter and decimeter 
vaves resulted in nwnerous disoTders. These included dyspeptic disorders, 
edema of the gui:is, bleeding gums, alteration of the gastric acidity, and 
a reduction of the tonus and evacuator functions of the stomach. 

(U) ~u~rous animal studies have been conducted on the t110tor fua~tion of 
the gastrointestinal tract and the secTetory function of the stomach. Non
thermal intensities were reportedly used. In g~neral, suppression of the 
stomach's evacuatory function, with signs of adaptation upon repeated ex
posure, was found. After partial denervation of the stomach, the opposite 
occurred. It was conclud~d that the waves have a dual effect - a mediated 
~cti~n through ch3Ilges in the flltlction of the CNS and a direct effect on 
ch~ organ or its ~ocal innervation. In general. gastric juices increase~ 
and litt1~ change in acidity was noted. This work tends to support obser
'::i.t i.'.lns ,.,f functional .::hanges in humans and indicates that th~y 111ay actually 
rc$11lt irom ~ CNS inc~raction. Other animal results arc discussed belO\.I, 
hue do not reL.ite co the human t>bserv.ations. 
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(t:) The t.?ffects of high frequency rad lowaves on the content of nucleic 
acids in the digestive organs of rabbi:s were studied. Tile total nucleic 
acid ~ontent and the individual levels of DNA and R.~A were assayed in the 
liver. par1creas, stomach, small intestines, and blood. It was found th.at 
the conteut of nucleic acids in the organs was a function of the power 
and duration of exp~sure. Low doses were found to considerably stimulate 
the nucleic acids, while higher doses reduced their content. Significant 
shifts in DNA content required very high level exposures. In a similar 
study on frogs exposed to microwaves (2307 MHz), the highest nucleic acid 
content uas foun1 in the pancreas and the lowest in the stomach. Again,. 
low d~ses increased the total nucleic acid content while higher doses 
induced insignificant increases or reductions in their content. 

(U) ·Tile effects of microwaves (2307 MH:t) on radiophosphorus resorption 
in the stomach. duodenum. ileum, and colon were studied in rabbits. 
Simultaneously. absorbed t'3diophosphorus distribution in the liver, lungs, 
kidney, and spleen vas investigated. lt was found that rates of radio
active ~hosphorus resorption by sections of the alimentary canal differ. 
~~~er ~!crawave e:itp~8~re, r~s~rpt1v~ ~ctivity of the ~tomach is som"!What 
decreased, while in the small and large intestines, it !s increased. Lower 
intensity expo~ure accelerated the intestine ~esorptive function to a 
greater extent than large doses.of lover frequency waves. Radi~phosphorus 

deposition in the viscera is also a function of the dosage. 

<t:) Investigations of the .:?fleets of radiowaves and microwaves on the 
61andular ~vstem have been concentrated mainly on the adrenal, pituitary. 
Jnd the thyroid. Th~ glandular effects, however. do iot appear to be .:i 

nigh priority 3rea wh~n compared to other systems cu•rently under inves
ctgation. 

(L") rh~ tunctional -:t::iLus of the .:idrett:tl corteJI.. in shipboard specLalists 
~ubj~~tcd :~ the effects of a UHF field was reviewed. Thirty-eight men 
4er~ ~xposed to the field for pericds vf 24 to 1800 hours and ~etosteroids 
ind ~xycorti~ostcroids (~hich reflect androgenic function) were monitored. 
Th~ results indicated that androgenic, glucocorticoid, and mineral corti
~oiJ functions of th~ adrenal gland cortex do not deviate fro~ the not'ttlal. 
~i~rowav~ ~xposure ~lso increased thyroid function in these subj~cts. The 
incr.?'1.th~ was .1ttributed to secondary effects of the radiation and 1.1as felt 
t~ resulr itom disturbences of the sympathetic r.ervous system in the 
hypoch.tlmt.:1 region. In g~inea pigs, the weight of thf: <1drenal glan.!s in
.· r~.1sed .fc.•r continuous exposure .:it tow levels for fourteen days. but 
dc•:r~·.is.:J i.n .111 ilil4lls .::q>os>?d to intt?rrnptt?d exposure~. Mod if icac ion of 
ti;nJ rr. .. •r .1!:0l1:;::i ..ippc?::irs to !:it? the r.iech..tnisrn oi :ict ion. S irnilar e:::posure 
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using chicks c-esul .. ed in increased ascorbic acid content in the cytoplasm 
of the adrenal cortex. but other work has produced conflicting results 
regarding the effects on the adrenal cortex. 

(~) A quantitative assay of the gonadotr~pic hormones and growth hoTI110nes 
in the pituitary body of rats exposed to microwave radiation indicated that 
for a certain time ~fter exposure, bl~cking or inactivation of gonadotropin
releasing agents occurs in the hypothalamus. 3oth neural-hormonal and 
pituitary gonadotropic hypofunctior.al effects resulted from whole-body 
microwave irradiation. 

(U) The general conclusion that can be drawn from various (both animal 
and human: studies of the anterior pituitary and adrenal cottex is t.hat 
exposure to radiowaves and microwaves of thermal intensities results in 
suppression of the hormone producing functloll$ but exposure to nonchermal 
intensiti~s tends to enhance production. 

(U) An increase of the thyroid function indices was found in animals 
undergoing~m!crowave irradiation for four months at a p~er density 
o! S aW/cm~. In his~ological sections of the cylindric epithelium cov
ering the thyroid, follicles were seen and electron microscopy revealed 
reticulum. 

fART i - METABOLISM 

(t) El~ctromagnecic radiation exposure has been found to produce distur
bance~ in ~arbohydrate energy and nitrogen metabolism in the br3in. liver, 
and ~uscl~s. It appears that under elcccromagnecic exposure. m.acroergic 
compounds hecome deficient due to disjunction of tbe oxidative phosphory
l.1c ion processes and deranged metaboliSfll of carbohydrates. With respect 
to nitrogen tnet3bolism, radiation causes an intensiftcation of the ammonia 
formation precesses in the absence of correspondingly more vigorous pro
c~sSC$ for its elimination. 

(L) Exposure of rats to various intensities of electromagnetic fields 
with a frequency of 48 KHz produced an increase of lactic ana pyruvic 
3cids .'Uld a decrease in glycogen content in brain tissue. The changes 
J.:p • .mdcd »n Che field intensity and expo~ure duration :i.nd one month 
.1f::er ,·~·.;s.uion of the exposure the titer of lactic acid in the Y"ott 

brain had not returned to normal. 

(t: Th~ iol~ ol metabolic disturbances of the heart in development of 
iuncti~nal ~nd structural ~hanges under the influence of low frequency 
llllpuls~ ~l~~tromagnctic fields was ~tudied. Test ~nlmals were rats 
.1nJ t.t ..,as found that exposure decreased ATP :md ~reatinphosphate by 
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causing disturbances of the oxidative changes of carbohydrates and diver
gen•e of conjugation of oxidation and phosphorylatinn processes. It was 
c~ncluded that changes in carbohydr3te energy and nitrogen oetabolism 
preceded the inception of structural changes in the myocardium. 

(U) l.'hile these animal studies indicated an upset of some metabolic 
pathways. the degree of functional il!lpai-rmeat was relatively small and 
~robably not a significant factor. ~o human metabolic variations were 
no~ed dnd meaningful extension of these animal studies to the human ls 
not possible. Research in this drea is likely to remain low key and 
will be conducted mostly on animals. 

PART-8 - REPRODUCTION 

(G) The effects of electromagnetic radiation on reproductive systems 
have been the subject of numerous ani::ial studies. Experiments with 
female whit~ mice .evealed changes in the estrus ~ye~~. Ouring·the five
month study, the mice were irradiated twice daily for ~ue hour, using a 
10 cm wavelength of low intensity (10 mW/cral). Although the average 
numb~r of normal cycles was unchanged, normal cycle duration increased. 
Prolonged diestrus and metestrus, along with a shortened e;trus period, 
resulted in a decrea.ce in the reproductive function of .tne ovaries. A 
weight loss was found to o~cur staTting at about two weeks, rea~hing 
~ maximum loss after fcur months. 

{U) 'Ibe fertility of female white mice was also investigated. The 
animals, irradiated as above, were aatei during proestrus or early estrus 
with nonirradiated miles. CJnception in fifty-eight control animals was 
94 p~rcent, hut only 75 percent in irradiated animals. Lon~-term non
thermal microwave irradiation of male mice evoked diffuse changes in th~ 
r.estes. Subsequent 1:1ati~g of the animals resulted in reduction in the 
size of litters. 

(U) Microwave radiation at 10 and 50 mW/c:m.2 intensity was administered 
for twenty and fifteen mjnutes respectively at varioas stages of the 
twenty day gestation p~rio<ls. 'Ille progeny showed reduced viability, 
poor development. ~nd anomalies. Changes in rate of postnatal development 
jnd disturrances of higher nervous system activity w~re also obs~1ved. 

d:/ ?;.:cale white mice were irradiated tvice daily for one hour with 10 cm 
waves of low intensity (10 m~/cm2) up to the eighteenth day of pregnancy. 
There were. stillbirths. ~ significant number of weak newborn. and a general 
retardation of body weight gain and growth. Other researchers found situ:l
l~r ~ff~cts in litters from females ~hich had been exposed twice.daily for 
<Jnt.! h.mr to a 10 .:!'!! wavelength .:it 'tn intensity of 10 mW/c.c.2 for !ive mor:.th'> 
µr1or to mating. 
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(U) Genetic effects of electromagnetic radiation were observed in other 
studies. Male rats, irTodiated with micrOl'ol'aves at 50-55 mW/cm2, were 
mated with nonirradiated females. Litters displayed reduced viability 
and a?nonnal development. Teduced rate of development and nervous 
disorders. 

(U) Although researchers noted a certain degree of specificity in the 
?athological changes induced by microvave irradiation of mice, they 
concluded that the pathological processes occurring in male or female 
animals resulted from different mechanisms of action. 

(U) Both sexes of the fruit fly. Drosophila melanogaster, were exposed 
to micrO'Javes to study the effects of radiation-induced mutation. Group A, 
exposed for five seconds to 38 Hliz. shoved an increased frequency of muta
tion when bred five to nine days after irradiation. the results were not 
st~tistically conclusive, however. Group B. exposed for ten minutes to 
2375 MHz, showed no effect on frequency of mutations. 

(U) A strain of Staphylococcus aureus~ known to be resistant to peni
cillin, was exposed to an electromagnelic field. A mutant was found to 
be sensitive to penicillin. pro~ably due to a change in lipid content • 

(U) In summary, a large amount of research has been done on the re
productive effects of EHR. However, effects on human reproduction, 
especially on male fertility, have not been demonstrAted. 

PART 9 - VISUAL SYSTEMS 

(~) The role of microwaves in cataract formation and visual damage has 
been studied extensively in the past and is reasonably well tmderstood. 
Primary atte~tion in many studies has been directed at the biological 
~:fects 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 tvo groups. Cataracts were discovered 
in only one percent of those persons exposed to such radiation; most of 
thes~ cases resulted from safety violations. CatarActs which occurred 
were characterized in their early stages by turbidity of the lens and 
changes in form and color. 

(U) In jno~her study, thirty-five workers regularly exposed to microwave 
fi~lds and having pronounced congenital lenticular cataracts were examined 
~wer ,1 one to three year period; the results of their examinations were 
cu«parcd to those of twelve persons with similar c~taracts who had no 
history of exposure to radiation. No progression was noted ir. any of the 
t>xp11s£'d individuals; changes .,ere.- slow .md probat:ly attributable solely 
(._\ n.'.\::ur~ll :1ging of the lens. 
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(U) C~mbined wavel~ngths over the ran~e ol the raillimetr1c specrrWil were 
used in an anil'lal study involving nlne rabbits exposed for J5-70 minutes~ 
Althcugh the radiation used was of considerable intensity (120-~95 mW/cm-), 
no damage occurred in the deeper media of the eye, in particular the lens, 
during the 2 to 2i.1 months observation peciod. However, erosion of the 
epithelium of the cornea did occur along with damage to the conjunctiva 
and its vessels. Multiple tiny hemorrhages in the mucosa and submucous 
tissue were also evident. 

(U) The Soviets have reported the occurence of "acute attacks" (sic) of 
glaucoma (1304 cases) ~hich were correlated with geoma:Ifletic disturbances~ 
Mo-ceover, recu-cring "acute attacks" came primarily on ;iays when the mean 
val~e of the horizontal c.:>mponent of the geomagnetic field varied signif
!cant.ly. The significance of this report is questionable, but it indi
cates that the Soviets are examining all aspects of magnetic and 
electromagnetic radiation w~ich might cause ~hanges in vision. 

(U) Although a growing body of evidence suggests that the microwave 
power density required to produce cataracts is incompatible with life, 
the Soviets wi!l continue to investitate the visual effects of EMR but 
their effort vill be recuced from its previous level. 

PART 10 - INTERNAL SOUND PERCEPTION 

(U} Perception of modulated microwave si&nals which seem to be originating 
intracr<lnially as characteristic sounds is a phenomenon which was first 
reported in the US open literature more than thirte~n yeart: a.go. To pro
duce sounds, peak power densities of up to s9 mW/cm may be required, but 
the average power density usually is 5 uW/cm • The Soviets have studied 
this phenomenon in order to determine the underlying physiological mechan
ism(s) and to define the optimum irradiation parameters needed to evoke the 
r~'sponsc. They found that when the fundamental frequency of the electro
cai;nctic stimuh::s was raised from 2050 to 2500 HHz, the reaction threshold 
rose significantly, but at a frequency of J000 HR~ there was no reaction 
i~ the auditory centers. The average intensity of electrom;gnetic radi
Jtion required to evoke the response was less than 10 mW/c11~; it was 
conclud~d that the fundamental signal fre~uer.cy r3ther than the ~mount 
of energy constituted the primary stimulus and that the observed phenom
enon ~as ~ensory in nature. 

H.') -:·ht<! Soviets will continue co investigate the nature of i1.tcrn.ll sound 
pt!r.-::cption. Their research will include studies vn perceptual distortion 
.ind nther- psychophysiological effects. The resL•lts of t:hese investiga
tions could have military ~pplications if the Soviets develop ~ethods tor 
disrupt bg or disturbing human behavior. 
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(U) Most of the reported biological effects from radiOW'aves and micro
waves result from exposure to the higher frequency ranges. Manv of the 
observed physiological changes probably occur as a result of thenaal 
effects arising from the vibration of ions and dipoles of water molecules 
in tissues: the vibrations are set into motion more efficiently by the 
shorter vavelength (high frequency) vaves. For example. a radiowave of . 
ten centimeters wavelength converts about f:..Ity percent 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 KHz) impulse electromagnetic radiation of 
different intensities and durations vas done on rats. It was found that 
the pathological changes t·!ere a function of dose; susceptibility to radi
ation was govented by metabolic pr~cesses and morphology and the organs and 
systems could be classified as to sensitivity in the following order: tes
ticles. liver, kidneys. heart. and central nervous system. Another study 
indicated that rel3tively low frequency electromagnetic fields generated 
sonic and ultrasonic oscillations in living organisms which in tunt produced 
elastic J~formations. If the frequency of the source fiel<l corresponded to 
the oscillation frequency of the cells (the resonance frequency most likely). 
the cells deteriorated as a result of the mechanical resonance. 

(U) Clinical studies were done on thirty subjects. aged 25 to 40 years, ex
posed to industrial ultrahigh frequency centimeter waves at power densities 
of 10 to 500 mW/c~2 for periojs of time ranging from 4 to 13 years. Subjec
t tve complaints included generalized weakness~ afternoon and evening apathy. 
fatigue, headache, sleep disorders. and nonradiating precordial pain sugges
tive of asthenia or neurasthenia with autonomic dystonia. Electro.?ncepba
lcgraphy revealed periods of absence of alpha wave activity alternating 
with low R waves, increased frequency ~f porent~als. dysrhythmia. periodic 
low peak potentials. and reactions to .1fferent stimuli. Peripheral !>lood 
studies revealed lymphocytosis or monocytosis in eight subjects; increased 
alpha and gaimna globulins were found in lS subjects. Erythrocyte potassium 
was within the lower limits of normal, while urine potassium was within the 
upper limits of noTinal. Adrenal cortex fuuction was evaluated by urine 
levels of 17-ketosteroids. which were elevated to 22 to 40 mg in 11 subjects; 
jver3ge levels were 20.5 mg. Urine levels of epinephrine and norepineph
rine were elevated in some subjects. Thyroid function was evdluated by rate 
of rjdioiodine uptake. Average uptake l.lithin two hours was 11.3 pe~cent, 
and in four ho~rs 16.9 percent. The 2~ hour uptake did not differ from 
normal values. Elt?ctrocardiography rtvealed changes in the heart con-
d~ct ion system in six subjects; the Tv1>v6 syn~rome was found in ten 
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subjects and a U wave was registered in lead V~ in eight subjects. ilemo
dynamic and myccardial fraiction ~ar~ters wer~ studi~d by tachooscillo
graphy and polysphygmography. Arterial pressure was usually within normal 
lillli.ts, although it was of a labile nature. Bradycardia was present in 
14 subjects and decreased minute volume was observed in eight; inc-;.·eased 
peripheral resistance was found "in a significant number" of su~jeci::s. 
Autonomic-vascular ch~gcs and e:otion~l lability and reactivity were 
attributed to CNS changes and increased pituitary-adrenal gland function. 
It was also noted that such shifts in neuroendocrine function c;ald lead 
to circulatory disorders manifested by changes in the hemodynamic indices 
and electrical activity of the heart. 

(U) A second study was done on two groups of workers occupationally exposed 
in the radio industry. The first group consisted of 100 subjects who had 
worked for several years under conditions of periodic exposure ~o m!.cr~wa•es 
of considerabl~ intensity (up to sever~l m~/cm2). The second group consisted 
of 115 subjects who ha<l begun work aft.er the introduction of protective 
measur~s and had been exposed to micrcwave intensity level~ approximately 
the same as those to which the first group was exposed. A control group 
of 100 subjects not exposed to the action of microwaves was also continu-

• 

ously examined. The study showed adverse effects, pTimarily on the nervous • 
and cardiovascular systems, in both exposed groups. These effects ~re 
more pronounced in the first group. They were manifested by more frequent 
complaints of asthenic syndrome and vegetative vascular dysfunction. 

(U) A lack of standards for measuring power levels represents a problem 
which probably accou~ts for conflicting reports regarding the effects of 
a given frequency and intensity. Other problems with dosimetry and experi
mental technique al$O exist. Such differences make comparison of results 
from one lnvestigator to .. mother, as well as from one country to another, 
extremely difficult. 

(C) Only a few studies involving electro;;;agnetic interaction with the 
i::;munological system have been reported. In one, rabbits were employed 
to study the body immunological reactivity under long-term irradiation. 
The rabbits were lmmunized with typhoid antigen and divided into t~o groups. 
One group was exposed to waves of 50 and 10 ~W/cm2 intensity for four hours 
a day over a four-month period. Analysis of the data obta~ned indicated 
that chronic exposure co the effects of ~ow intensity high frequency radio
waves can influence the immunoreactive state of the body as evidenced by 
differences· in phagocytic activity of neutrophils, bJood scrum complecent 
l~vel, and specific antibody titers. 

l8 
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(U) Soviet ~nvestigators have conducted studies on the effects of micr~
wave frequen~ies in cCC!bination with ionizing radiation, nia.gnetic :ields, 
drugs, and nonionizing electromagnetic radiation of other waveler.~th~. 
Generally, synergistic effe~ts have been observed. Continued work in 
this area is expect:eci, and possibly new safety standards for these cc:n
bined effects will be developed. 

(U) In sumca:ry, this section shows the rather br~ad :ront on which 
Soviet researchers a.ra investigating the biological effects of ~R. It: 
is apparent ::nat their interest covers 311 body systE:DS which could =eason
ably be expected cc display responses to s1:ch radiation. As with Western. 
researchers, they have concentrated their efforts on the higher frequency 
spectrum which would ~e ~xpected to prodc~e more ther:!lal responses. H0\1-
ever, ·they als~ conti!iue to be interest~d in conthermal effects, which, 
by ~estern standards, they have yet to co~~lusively demonstrate. 

'i9 
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lU) Safecy ?recauti~ns and standards have been escabll5hea in both the 
~S and rssR co Frocect not only persons who are occupationally exposed 
~ut also to protect the health of persons living or working near powerful 
generating or transmitting facilititi!s. Significant differences in these 
standards exist ..md appear to be primarily due to different viewpoints . 
on nonthet"mal effects in the two countries. Both nations' standards take 
into account the potentially lethal thermal effects resulting fror: high-
1ntens1ty exposure. but the biologic~! effect$ of nonthenaal irradiation 
:ire not 1o1ell defined or documented. In addition, soce research has indi
\"ated the possibility of .:i cumulative ~ffect on humans, but this is also 
v~ry pocrlv defined. 

~ Soviet research hds ?reduced guidelines which were used co establish 
.1 value ~f 10 ~W/cm2 per working day as the ciaximum admissible value for~ 
~icr:J\Javc irradiation. ~igher exposures, at values of 0.01 to O.l mW/cm-, 
.ire p~nnissiblc for up co t~c- hl'urs per day or l ':IlW/cra2 for 15 to 20 minutes 
rwr d.1y. Protective glasses are required in the latter case. The Czecho
slov3kian st3nd3rds f~r frequencies above 300 :illz allow a maxim1.1111 of 
0.025 :nW/cr:i2 in ::he C')=ttinuous vave mode for eight hour exposures. The 
stand3rd for pulsed operation for ch~ same expo~ure period is 0.01 mY/cm2• 
In June l97J, Poland revised its exposure safety standards for nonionizing 
~~diation in the fr~quency range of 0.3 to JOO GHz. The new standard per
~ics unlimited exposure of humans to field intensities of 0.01 cW/cml. 
Sl~ht hours per day exposure i~ permitted for intensities up to 0.2 mW/cm1 
for fixed flt:!lds :ind l.u mW/c"JJ- for rotating fields. Exposures of up co ... 
~O ~w/cm- arc pen:iicted for llmited per1ods of time withouc safety equip-., 
:icnc. Exposure-. ;;rcater than lO mW/cm- are prohibited without approved 
-;.1:-'.•ty ..-quiprncnt. Prior to June B7J, che maximum radiation exposure 
i,•v,,...l for all nonlonizin& radiation was 0.01 mWfrm2 for up to eighc hours 
p<!r .J~v. ·:hi..:n :s the s.'\Cle 35 the ~afoty standard for the USSR. The 
1l.l :n~i.:m:! llmit remain:> in ~ffect for 0.1 tillz to JOO MHz, hut rev!sed 
.;ca11Jards for chis fr~qu~ncy r:inge .1re under cons'deration. The F-'\<:t 
1~~'rman !:l.lXirnum ;etmis:iible exposure co llticrowave:i {.; lO mU/cm2, but neith~r 
:!ic .~x•1c!: fr~quencv r:mge or d1ir3t tor, ftlr th1s <'Xposure is s;:>ecified. 

? 
:Iv ·:nmp3ris0n, :ht! Unit<"J St.:itc,.; Standards Institute recoomends 10 :riW/crn-
.1:> .tvt'r.JgeJ •:'!t!r .iny l/ 10 hcur ;>eriod. The US Army .md Air force use the 
;,l l l0w1n~ ~·1u.:u: ;.on to dee ermine riennissibli! o?Xp0$Url! tlme (Tp). 

0000 
-..;2 

" .... rm1..;..,. P: ic t.."':\.f'l>SU~t· t !r.tt• ?!\ r.11 nut ... ..:; 
,Jur Lai: .1111: ,,n~ .\\>Ur ''"r 111d .lilt! 

:?~e p~w~r "~cns1c:y ~!J. th'• ,tfl''' tn ~\t.'/cm2_ 
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Potential problem ~rezs for exposure t~ excessive ~lectromagnetic radia
tion w1dch were f11und in t~f' Co.mnunist llt:erature included a vood pr:ic
~ssin~ p larat, coastal radiotransmi rt in~ centers, radio equipment on ship·;. 
Jnd flight .:0111111unications equi?meTJ!.. ic tht> crew cabins of ain:rafc:. Open 
feeder lines were identified as mz.jor sources of exposure. 

CU) Protective devices Jesc~ib~d for use in working near unacc~ptable 
intensity fields include protective (metal-coateoi eye glasses and clothing 
and shielding of the source with special absorbers or sheet metal or wire 
mas!:. shielois. A small semiconductor indicat.>r instrumeut used to warn 
workers of dangerous conditions frO!ll electromagnetic fields has been 
developed. It rings an alarm when the fiel~ intensity exceeds the allow
able level. An indicator paper for visual determination. of the intensity 
of an electromagnetic field has also been developed. 'Ihe indicator is 
prepared by impregnating a filter paper with a thermosensitive chemical 
compound. 

(U) In Jn animal study, it ~as report~d that oral administration of caf
feine in t.oses of 20 mg r~r kg lowered the duration of resistance against 
hypcrthermia caused by microwave irradi~tion. Caffeine did not influence 
th~ ccmperatu~e at which the animals died, but lt shortened the time to 
dc~th. The reason for the lowered resistan~e cf rat~ to ~tcrowaves ~as 
.1ttributcd to caftcine's ~xciting effect on the CNS which ca~ed increased 
met3bolic dctiviry and consumption of oxygen. Although caffe!ne might 
~xert similar effects on the human CNS. any lovering of rc?sistat.ce to hyper
th~rmia ~ould be lnsignificant; trained personnel working with properly 
opcr3tir.g. adequatc?ly serviced microwave equipment would pt"obably almost 
never be exposed, even accidentally, to the tTemendous radiation intensity 
required to induce heating of the human body. ~evertheless, monitoring of 
Sovic?t research on the action of drugs in combinatiun with microwave 
radiation should continue, since surh studies !AaY eventual~y result in the 
detection of nonthermal safety hazards resulting frOll! the mutually poten
tiating c?ffects of radiation field~ dnd ?harmacological compounds. 

~ Should subsequent research re~ult in 3doption of the Sovi~t standard 
by other countries, industries whose pr3ctices are b3sed on less stringent 
.safoty r(!gulations could be required to make costly modifications in order 
to ?rotect workers. Recognition of the .01 mw/cm2 standard could also 
i iciic th<! .1opl.icati<.Jns of new electronic r::echnology by making the com
::u~rci.al <!i<ploit.1tion of .>ome products unattractive because of increased 
c·1sts impo~ed by the need for ddditional safeguards. 

• 

• 
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(U) A significant amount of research continues to be performed in the 
Eur3si.an Collllllunist countries to.es~ablish the effects of radiowaves and 
mfrr:ow.lves on biological systems. [t is often difficult to ev;iluate the 
reported results, however, oecause det~ils of the exposure in terms of 
freq~ency. duration, and intensity are quite variable, and sometimes poorly 
repurt~d. This. coupled with problems of 111easurement encountered ln such 
studies, creates a rather confusin~ body of data from which to draw objec
tive and absolute co~clusion~ regarding the significance of the research. 
The Eurasian Communist investigators tend to place greater importance 
on the potential nonthermal ~f fe~ts than do their counterparts in the West. 
bul information regarding the precise nature o~ the exposure under consid
eration is often difficult to establish. A mo~e-toward improved stati4tical 
analysis of data and stan<brdization of ciosimetry can be expected as Eastern 
3loc researchers react to criticism of their wor~ by Western scientists. 

(U) rhe types of responses reportedly exhibited by the various biological 
organs, processes, or functions are in Line with ~hat has bee~ reported by 
~estern investigators. Again, most of the responses which are reported can 
be linked wtth the therlllOll ~ction of the radiation. Studies which report 
on nonthermal effects deal largely with subjective responses. relying on 
reports of head01che, sleepiness. loss of appetite. etc. The ;:-res~mce of 
nonthcl"'lll<ll ~ffects. in addition to thennal eff~cts at higher intensities. 
h.1s :il:io b.?en po:>tul.itcd by Eurasian Communist investigators. but no 
dctJi~cJ investigative ~upport for this possibility was noted. Accordingly. 
ir ~s Jifficulc co cstahl1$h uhether or not a trend coward th1s type of 
n•:-,•.1rd1 wit l b..:~l.n. tr: ts safe to say that r<>s••.iri•h on nonthcr.:11411 uffecr:s 
Jt thcrr.:iul intensities will be exceedinglv difficult since another dimen
sion to .1n already formidable problem vill have been added. 

~) ~~ ~urasian CollllllUnist research activity has been identified which ca.n 
he ~leJrly or directly related to any milita';I' offensive veapons program. 
Howc\•cr, Soviet scientists are fully a1o1.are of thE" hlalngical eff.ects of 
lvw-icvcl microwave radiation which might have vit".•nsive weapons ..lpplic.:iti..nn. 
Tht!tr internal sound ;:icrceptiau research has ~re.lt potential for development 
into .1 systcr.J t'or dls<..ricntinio; or disrupting the b~hilvior patterns l.)f 
mil it:iry o.r_ diplomatic ;>o:?rs.:innel; Lt .::ould be used o:?qu;.lly vell .1s an 
interrogation tool. Th~ Sovi.:t!I have .1lso sLudicJ the psychophysiological 
.ind :n.at..1boli..: ch.:mges .m<l the ~lterath,ns .Jt br.:iin funer!on resclting from 
<!XP<Jsure to mixed :'requt?n.~t.?s ilr .~i..·c::rrnnagnt!tic radi,1th1n. One physio
lo!':icJl .. ct'~ec 1Jf11ch !t.Js been dcmon:itr.tt<'d i!" heart ->eizure. TM,; h.1s heen 
.1..::..:(1mpl ltih<.'d <!ll:pt::rlment.1llv rn !ro~s 11,· -.ynctrcnl.;in~ .l puls .. J u~tr;thi$:.h 

tl~lfilll?ifL\t 
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fc-equency !!licrowave signa.i.. of low average-power d~ns.ity with lhe -:!e~olari·· 
zation of the il!yocardium and beaming the signal at the thoracic .trea.. A 
frequency ?rob.ably could be found which would provide sufficien: pene,ra
t:i.on of the chest '"'all of hum.ans to accomplish the sue effeC"t. .\nether 
possibility is alteration of the ?enneability of the blood-brain batTier. 
This could allow neurcto:xins in the blood to c-ross. As a result. an 
individual ~ould develop severe neuropathological symptoms and either 
die or become seriously impaired neurologically·.• 

~ A study published in 1972 by the US Army Mobility Equipment Research 
and Developmenc Center. tit led ''Analysis of Microwaves far Barrier t.iarfare' .. 
examines the plausibility of using radiu frequency energy in barricr
~~unterbarri~r warfare. It discusses both anti-peTsonnel and a.nti-t11ateriel 
effect~ for lethal and nonlethal applications for meeting the barrier 
requirements of delay. immobilization. and increased target exposure. 
The report concludes that: 

~. !t ts po~~ibl~ to field a truck-portable :idcrowave barrier system 
chat will ~omplctely i:nmobili~e personnel in the open with present-day 
technology 3nd equipment. 

b. There is a strong ?Otential for d microvave syste~ chsr. would be 
c~pable Qf delaying or immobilizing personnel in vehicles. 

~. With present technology no method could be 1dentified for a ~icro
w~vc ~ystem to Je$troy ~he type of armored materiel common to tanks. 

~ The .:Jbove .:itudy Ls recommenJed reading material for those consumers 
whu h:l.ve :in tntere:H in the application oi microwave energy to 1o1eapons. 
,\ <iii;...:us:iion n( 1o1eap<:1ns Ls not wtchin the scope of this study. 

-E-6+ rhe imzcedLate Janger from microwave bar~ier weapons ts burns. !he 
US Army ?iedtca l Re:>t!arcil l.aboi.'.'atoey ;it F'"lrt Knox. Kentuclt.y. has .:onduc ted 
tests on burns with mi~~OYaves. -:hey have produced third-degree burns on 
human skln ~1th 20W/cm- in two seconds wtth frequencies of approxi~tely 
) Gil~. The study .ilso points out that a microwave banter ca!l be set up 
vtch ~xisting sc~te-of-the-art technology and off-the-shelf ha~dware. 
Cons ldering the Soviet expertise in the :irea of el·~ctromagnctic .anergy. 
~hich Ls probably very close to, if not on a par with chat of the US, 
the possibility must be Jccepted t~at t~ey too have investigated ~icrowave 
en<!ri:y for barrio?r warfare and that they at"e also concerned with the 
hloJ.Jgi<::.:il-<:'!ffocts llf this type of radiation. Close lllOnitodng of their 
research efforts .. m bums .ind ~urn ther.:ipy may ;>ossibly reveal Soviet 
<.!ifort'I r:o J.:!vt.>lop .:o•inc.:imeasures .lg;unst microwave barrier w&rf.:ire. 

~ :::ven ~hough r.1Jiu\J'Jvcs .md !llicrow.ives c3n e:-cen th<?1r influ\ln<."<? uv,'r 
l)t't!<l.C J!:.;c.1nces. hi~h rnc:,'nslti<'!s uv~·. l.:ug,e Jisc..mces .ire not: :>r.-i..:cic.11. 
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Acc.:o:-di.1i:;L::. the ?Ot.,ntial for an offensive military ·=.-.pabi lity eCiploying 
such "'.lve:< t:> sr.uill and any resulting t:hcrmal !>iological effe .. ts have not 
;,,,.,n suff icicnt ly documented. !'fonthermal effecrs. however, could be 
iniC~Jted uver =elatively large distanr~s and areas, but the effects 
arc ~ot "'ell "nough defined to support ?OSsible offensive militazy appli
cation of chi,; energy. The possibility of regulation of body function 
through nonthermal interactions with the neurologicai syscem~has been 
;>ost~lated by .;;ome USSR investigators. If chis ls proven possible, it 
~ighc ~rdve militarily important. but no solid experimental evidence co 
.;upport such a hypothesis has been preseuced. 

~. S.oviet research on the biological effects of microwave radiation ls 
coim:iitced co ~larificacion of the correlation becveen biological effects 
ar.d ~<'W~r ~en5itt~~. The majority nf their efforts will be concentrated on 
chis "bjective. They will ma1.ncain their historical position that there are 
:>ubt~e ef!eccs chat cannot be puc in thermal c~nns but can be explained in 
tcr-...s of specific couplings tn the central nervous system. Therefore. they 
·.rill ·.1er:.1 likely continue to invesc1.gace the thermal effects, but w:ill prob
.1bl'.· ;>l.:icc gre.ao..er ccphasis on invesci~:icions of nonchermal effects in the 
lig~t of criticism of some of their previous reports by Western invescigacors. 

-t-e1 .\ move to .1dopc s c ringenc occupation al and public health sc~ndards 
:·.-r :::i.·r..,wave r:adfacion is being led by Polish researchers. The impact 
•I : -, •. ,•nforccm.,nc of :>candards similar to che Soviet standards would be 
,;ii;ni:"ic.inc for !:>oth the millcarv and civilian sectors of industrially 
.;,.._,,-:,,!'._ . .; counrries. Th.:?se limicacions would prob."lbly be more c..losely 
"'•>r.1:.•:-.•J .and t ii;titly ,•nfurc<?d in ch .. free world chan in the C.:>cnmuni.sc 
.,.1c ~"n"' ._.:,.,.r.,. th•• n"'eds of the state co~ first. le is pcssibl.., chat the 
E.1:.:.t.-rn European Coi=runi.st countries hope co gain adv..1nc.:1.ge ln el .. ccronic 
·..r.1r:·.1r" "'." ~fving lip 9ervi.ce co "'concern for the environmental .. ffeccs" 
.,[ "''nioni~!.ng .:>lectr0Ul3gnccic radiation and :he need for its reduction 
~hi!~ c~ntlnuing the ~~velopmenc of :nilicary .:?lcctronic equipment. 

~ ·:1i.,. ;,azards of nonioniz:ing elec:tromagnecic radiation wi.l.!. be ~tudied 
-~c~ sreacer attention co combined radiation effects, e.g., micr.:>~aves 
~nJ .;ofc :<-r=a~·s, noise. changes in ambient temperatures. humidity, psycho
.:.:1u.,· :sti::iuli, a:td "cher factors. Reports of clinical application:> should 
~ .. ~J~t~ccmlng Juring Che next five to ten '."edrs. I'here ~ill ~e an in
.::-<.?.ts<.!d :"\umber ..,f :nedic:.:il-lnJust:rial investigations in -..hich resP-..1rcher"' 
_.ill ?.lc.:ac...? ·' i.:icility where ~l..!'ctromas;n~ti&: radiation is knovn to occur 
... nJ ,,tuJy :::h<.! ~orkers .1c t!ti.s location over .i i)eriod of rime. It is not 
.:l~.1r wh."lc- ;>.u'1 :::h.:>y will ~allow rc~arding r'unctinn..11 control of body 
:>ro..:-1.•sst.:!s ~h!"augh ...iir~cc. ~xposur~ ~f p~riph~ral ':"C!\..'"~pt:ors. hut any si~nif
!...: .. t~:. c ...... sult:5 ~11 c.hls ~•r~'-1 woulJ noc !:le ...!'Xp~cl~d wichin ch~ n~xc five ye-..~rs .. 
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~} Sovi~t electromagnetic radiation research will continLe on a cautious 
le\·el "1'i.tl.:out straying very far frorn ?resent approaches. So striking ''r 
sur?<i$:~gly new developments are likely to accur in the next ten years. 
With.::.::i ;:his ti?!le f-:-:ime, 3owever. Bloc ;·esearc:hers, particularly the Czechs 
.:1.nd the Poles. vill ;:>rohably di&ting•tish them.selves by conducti.ng b~t::.er 
work in tenns of quality than their Soviet counterparts. In the past, 
th~ir investigations appeared to be general!!· independent of Soviet work 
and seemed to ~erit ~ore credibility. ~ile by no means unique, the 111eth
odologies employed by Czech researchers are distinctly different from those 
of the Soviets. Polish investigators will probably show more aggressive 
and dynamic .aprroaches in their studies of the biological effects of 
non.ionizing raGiation. 
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