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PREFACE

&= The purpose of this review is to provide information aecessary Lo
assess human valnerability, protection materials, and methods applicable
to milicary operations. The study provides an insight on the current
research capabilities of these countries. Information on trends is
presented when feasible and supportable.

¥6) The study discusses the biological effects of electromagnetic radia-
tion in the radio- and microwave ranges (up through 300,000 megahertz).

Tt is not within the realm of this study to provide detailed descriptions
of every laboratary experiment. Such data have been purposely omitted in
favor of an analytical approach. An attempt has been made to identify the
principal areas of research and to discuss the significance of experimental

results.

€9 The information reported in this study has been drawn from scientific,
medical, and military journals, intelligence reports, magazines, news items,
books, and other publications. The information cut-off date for this study

was 1 October 1975.

) Constructive criticism, comments or suggested changes are encouraged,
and should be forwarded to the Defense Intelligence Agency (ATTN: DT-14),

Washington, DC 20301.
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STMHARY

(U} The thermasl effects of clectromagnetic radiaticn have been reasonably
weil established through experimental investigation. The nonthermal effects,
however, remain a controversial issue hetween scientists in the West and in
the Eurasian Ccmmunist countries. The difficulties encountered in coiclu-
sively demonstrating the nonthermal effects of elactromagnetic exposure are
likely responsible for differences in exposure standards; some standards are
based largely on the demonstrable thermal effects, while others allow for
possible nonthermal effects at subthermal intensities.

(LY The Eurasian Communist countries are actively involved in evaluation
of the biological significance of radiowaves and microwaves. Most of the
research being conducted involves animals or in vitro evaluations, but
acrive nrograms of a retrospective nature designed to elucidate the effects
on humans are also being conducted. The major systems, system components,
or processes currently under study inclqde the blood, ine cardiovascular
system, cells, the central nervous system, the digestive system, the
glindular system, metabolic cffects, and the reproductive and the visual
systems. Other aspects of cxposure are also being studied, but the limited
nunber of reports uncovered makes assessment of the lmportance placed upon
this research impossible. These lesser reporied research areas include
ncathernal effects. immunclogical studies, and use of radiowaves for
functional control of organ systems.

&S  No unusual devices or measures for protection from radiowave exposure
were noted, but a3 continued stress upon persomnel protcction in occupa-
tional situations was apparent. Here, protective goggles and clothing are
recommended when working in regions of microwave radiation. Although some
differences in standards remain betwecen the various Communist countries

and betwecn military and civilian standards, the Communist standards remain
much more stringent than those of the West. An exception to this may be
Poland where a recent relaxation of their standards has occurred. This is
the fairst significant shift of an East European country away from the
standard first set by the USSR in 1958.

&z 1f the more advanced nations of the West are strict in the enforcement
of siringent exposure standards, thevre could be unfavorable effects on in-
dusegrial ocutput and military functions. The Eirasian Communist countries
could, on the other hand, give lip service to strict standards, but allow
their military to operate without restriction and thereby gain the advantage
in electronic warfare techniques and the develooment of antipersonnel
dpplicacions.
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(U) As may be expected, the bulk of the research being done in this area
is in the USSR. However, a notable volume 1s also being produced by Poland,

Czechoslovakia, Bulgaria, Rumania, and Hungary.

463 Western scientists who have followed the Soviet research efforts on the
bioclogical 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 to be outdated, some of their experiments cannot be duplicated, and
others are of doubtful credibility. No real new developments or fresh
approaches have been identified. Nevertheless, a large volume of material
continues to be published oun the effects of radiowaves and microwaves on bioe-
logical systems, indicating a fairly high degree of interest and a genuine
desire to pursue these investigations. No significant research and devel-
opment has been ‘dentified that could be related to work in this field in
the People's Republic of China, North Korea, and North Vietnam.
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SECTION I
INTRODUCTION

(U) The effects of radiowaves and microwaves on biological systems have
tradirionally been separated into two basic classificatiorns, (1) thermat
effects, and (2) nonthermal effects. The thermal effects are widely rec-
ognized and the mechanism of action reasonably well understood. Nonthermal
effects, however, are controversial since the mechanisms involved sare not
clearly understood. Soviet and East European scientists belisve that bio-
logical side~effects occur at power densities that are too low to produce
obvious thermal effects. Such effects have been questioned in the West
because experim.ntal evidence, obtained largely in US laboratories, does
not corroborate occurrence of nonthermal side~effects.

(U) Divergences in opinion between Bloc and Western researchers concerning
the effects of microwave radiation are the result of nonstandardized research
protocols and materials. TIn addition, mechanisms underlying observed bio-
logical effects are at present poorly understood by any of the world's
scientists engaged in microwave research. The exchange of sclentific infor-
mation on microwave hazards has increased greatly since the active partici-
parion of Soviet, Czechoslovak, and Polish scientists in the Intermational
Symposium on Biological Effects and Health Hazards of Microwave Radiation

in Warsaw in October 1§73.

(U} 1t is now generally agreed that biological systems irradiated with
clectromagnetic waves in the radiowave aund microwave frequency canges (one
kilohertz to more thar 10° megahertz) absorb varying amounts of energy
dopending on the irradiation frequencies and the physical properties of

the system. Typically, however, 40-50 perceant of the incident energy is
absorbed by the biological system and the remainder reflected. In realirty,
only the shorter wavelengths represent any appreciable hazard as a result
of thermal heating. Radiation fields in the microwave range varv in wave-
length from about one meter to very short wavelengths on the order of a
millimeter. The depuh of penetration of the waves is also variable and
again depends on the frequency, wave polarization, and the physical prop-
erties of the system (i.e.., dielectric and geometric), but typical penetra-
tions are on the order of 1/10 of the wavelength. Therefore, very short
waves are absorbed primarily by che skin, while leng wavelengths penetrate
to auch greater depths.

(U} The degree i hearing app2ars to be a function of the water content
of the tissue and probably results from oscillations of water molecules or
dipoles. Ancther possibility is a resonance absorpction of energy hv pro-
tein molecules of the cell. As might be expected, the actual damages
resulting from a given exposure are functicns of the therrtal regulatorv

1
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and active adaptaticn processes of the organ or animal. Less vascularized
tissues are more susceptrible tc thermal damage because of a poorer ability
to dissipate the heat, therefore, crystalline lens damage or cataract
formation may be observed.

(U) Many techniques and indices have been esmployed to study the effects
of irradiation on biological syvstems. These include:

Body weight.

Biochemical studies.

Cardiovascular studies.

CNS effects (including conditicned and unconditloned reflexes).
Electrophysiclogical measurements.

Fertility and autation 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 aeen almost
exclusively obtained retrospectively. Accordingly, information regarding
the amount and/or portion of the body exposed, field intensities, and
duration of exposure are usually 111 defined.

{U) As can be seen from the above, quantitation of the biological responses
to electromagnetic exposure is a very complex problem hecause of the wide
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, (W, or modu-~
lated) configuration of the body, its orientation with respect to the
source, portion of the body irradiated, exposure time-intensity factors,
envircnmental conditions (temperature, humidity, and air currents), and
shielding. Other complicating factors include the subject's state of health
and previous or concomitant medication. In addition to the above factors,
the animal species used and its comparative relation to man is important.
Accordingly, experimental results from animals cannot esasily be extra-
polated and assumed to apply to human exposure because of size differences
telative to exposure wavelength which can markedly influence the system

or organ being damaged.

(U} With these complicating factors in mind, the evaluation contained in

this report was undertaken. The data presented were obtained from tche

sources outlined in the preface and sometimes contained insufficient infor- s
mation to make absolute decislons regardiag their significance. The sources

were, however, indicative of the types of effects being reported and sug-

gested those areas of research being emphasized, thereby permitring assess-

ment of recent Eurasian Communist attempts to define the biclogical effects

of radiowaves and microwaves. o

2
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SECTION II

BIOLOGICAL SIGNIFICANCE OF RADIOWAVES AND MICROWAVES

PART 1 - BLGOD

(U) Effects of electromagnetic irradiation on the blood include >io-
chemical variations, effects on erythrocytes, changes in coagulation,
and alterations in the blood forming system. As would be expected,
20st 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
reduced the iron and copper content in both the blood and muscle with

a concomitant increase in iron content in the liver. Similar expasure

in chicks caused an increase in total proteins and globulins, but de-
creased the albumin in the plasma. Rats exposed to 0.04 W/ cm? for 25

days demonstrated similar shifts. In some studies with dogs, irradiation
with microwaves significantly decreased the lifetime of erythrocytes, while

other studies iadicated no changes in the granulocytic system aftsr exposure.
in the lymphocytic system, however, mitotic disturbances and changes of

auclear structure occurred. Rabbits exposed to "an electromagnetic field"
showed significant increases in the number of monocytes, basophils, and
lvmphocytes/mm. Although undesirable, these shifts are not significant
enough to impair cthe functional performance of humans. Howevar, they are
significant enough to warrant further experimentation. Soviet researchers
will emphasize more experiments with animals and they will continue to try
and relate these experiments to data on human exposure to microwave envi-
roneents. They will most likely work toward relating such changes in
different species of animals to particular intensities or exposures.

() Ome study involved the observation of several thousand persoms working
in microwave—irradiated workshops, as well as animal experiments. In the
human subjects, three kinds of damage were found:

(1) Lymphccytosis and mounocytosis.
(2) CGranulocytopenia, monocytosis, and eosinophilia

frequently accompanied by absclute lymphocytosis.
(3) Moderate neutrophilia.

The degree of changes in the blood could be correlated with exposure and/or
duration of working period. This determination was based on the relative
changes as a function of period of employment, which was felt to iadicate 3
cumulative effect >f microwaves in the human body. The type and intensirty
of rhe exposure was not documented.

3
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(U) 3lood coagulation indices of dogs subjected to high intensity super-
high ‘requency fields were studied at intervals of tem minutes to thirty
days after irradiation. Initially the coagulation time was prolonged, bhut
rwo heurs after irradiation it was accelerated as a result of protective
compensatory changes in neurchumoral factors. The protective reaction
was, towever, of short duration; the irradiation-induced prolongation of
coagulation time reappeared and the animals' clotting times did not
return to normal until at least fifteen days after exposure. Another
study showed that long-ter: exposure to microwaves at a power density of
10mW/cu® decreased the overall activity of butyrylcholinesterase in the
blood serum of rats. Under conditions of whole~body exposure, the micro-
waves did not exert a consistent effect on the enzyme molecule. The
decrease in the overall activity of butyrylcholinesterase was correlated
with a decrease in its conceantration in the blood of the irradiaced
animals.

(U) The action of microwaves on human erythrocyte permeability to potas~
sium and sodium ions was also invastigated. The mechanism of action ap-~
pears to be an inhibition of active transport and an altered diffusion
through the pores in the membrane. The latter may be caused by the
influence of UHF energy on the membrane itself or on the hydrated sodium
cation and potassium cation. Tha nicrowaves either change the membrane
structure thereby increazsing the passive sodium cation and potassium
cation diffusion ~nd reducing the concentration gradient, or somehow
block the mechani:m cf active icn tramsport.

(U) The questio . of stability of microwave-induced changes in blooud com-
ponents was addrassed in chronic and acute tests using dogs and rabbits.
The irradiarion was at a frequency of 2375 MHz with a field strength of
rhirty microwatts per square centimeter. The rabbits were subjected to
between one and ten irradiations of sixcry minutes duration each, and the
dogs were subjected to repeated irradiations over a veriod of more than

a year. The changes in the blood and marrcw of rabbiis were found to be
unstable and to pass after a period of five to ten days. Changes observed
in the chronically exposed dogs were more stable, but became normalized
over a period of twenty-five days. Investigation of chronic microwave
irradiaticn on the blcod-forming system of guinea pigs and rabbits was
also reviewed. Both continuous wave (CW) and pulsed microwaves were
utilized at an intensity of 3.5 mW/cm® and a waselength of 10 em. In-
creases in absoclute lymphocyte counts in peripheral blood, abnormalities
in nuclear structure, and mitosis in the erythroblastic cell series in the
bone zarrow-and in lymphoid cells in lymph nodes and spleen were observed.
The changes appeared to be a cumulative result of repeated Irradiatious
and were attributed zo nonthermal effects. There is limited evidence to
support the belief that these cumulative effects are reversible upon
cessation of exposure. Ic¢ is still ncct quite clear if similar results
could be observed in humdns since wide specles-variations have beeu
cbserved by Soviet rasearchers working with arimals.

.
N
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() The primary concern of the present study was with clectromagnetic
field c¢ifects, but numerous reports regarding the cffezts of constant
zagnetic fields on the hlood svstem were noted during the revivw. As wich
clectromagnetic 2ffects, effects on coagulation, biochemical properties,
and formed elements were observed.

(V) To summarize the effects of electromagnetic radiation exposure on the
blood, rthe following general changes emerge although conflicting reports
are also present: i

(1) General decrease in nemoglobin content.

(2) Generally reduced coagulation times.

(3) Decrease in leucocyte count.
These findings are based largely on animal experimentation. While detri-
mental in themselves, the extent of these changes would not be expected
o be great enough to materially affect an individual's performance or
general health, =specially under stress conditions, where other factors
such as physiological protective responses wouid be far more important.

PART 2 -~ CARDIOVASCULAR SYSTEM

(U} Heavy emphasis has been placed on investigarions involving electromag-~
netic radiacion on the cardiovascular system. Effects on hemodynamics in-
clude blood pressure variations and cardiac arrhythmias. Also included are
reports of a slowdown of intraventricular and intra-atrial conduction,
diffuse cardiac muscular changes, and ventricuiar extrasystole. As with
other effects, animal studies are freauently reported and human repcrts

are typically retrospective in nature. Many of the variations ncted on

the cardiovascular system result from central anervcus system effects.

('Y Several reports concerning laman cardiovascular effects from super-—
nigh rrequency exposure were reviewed. Functional changes were noted,
inciuding -~ slight increase in the asynchronous contraction phase, a
tensicn period, as well as other data indicative of moderate dystrophic
changes oi the myocardium accompanied by a disruption of its contractive
capacity.

(L)  Cemparison of a group of engineers and administrative ofricials who
vere exposed to microwaves for a nseriod of vears and an unexposed control
group revealed a significantly higher incidence of coronary diseacs,
hypertension, and disturbances of lipid metapolism among the cxpo ed
individualts. Hereditarv predisposition to heart disease was .approximately
the same in dSoth groups, but overt Jdisorders Jdeveloped much more frequently

e the previously exposed wroup. It was concluded that microwaves act
a8 4 nonspes~Ific factor vhich, under certain condlifions, interferes rh
aplatioa ©o eafavorabie ailuences.  Exposure mav, thoeretore, oromo:. an
carlier onset of cardiovascular disease In suscepribi- individuals,
3
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{(U) Hemodynamic indices for thirty men in cthe 25~40 year age raange who
had been exposed to UHF expcsures for from two to ten years were studied.
These men showed a tendency to bradycardia, moderate decrease in the
stroke and minute volumes, and a slowing of the rate of blood a2jection
from tne left ventricle. Arterial pressure was essentially normal, but a
compensatory constriction of the precapillary bed was noted in respounse
to the decrease in cardiac ejection. There was alsos an increase in the
tone of the large arteries. EKG changes indicated an intensification

of vagotonic influences on the heart; possible fluctuations in the
potassium-..odium balance were also postulated. In a similar study, it
was concluded that hemodynamic changes resulted from disturbances occur—
ring in the structural and functional state of the regulating system.

(1) Morphological changes in experimental mice exposed to short and ultra-

short wavelengths were observed. Two series of experiments were conducted

using 14.9 MHz and 69.7 MHz waves. In the first series, twelve animals

were subjected to singte lethal dosrs of the electromagnetic radiatiom.

Very pronounced vascular dystrophic changes were found throughout the

organism. In the second series, 37 nice were given daily 60-minute ex~

posures to nonthormal intensities for five mcaths., Merphological studies

of these animals showed slight vascular disorders and compensatory prolifer-

ative processes in the internal organs as well as dystrophic changes in e

brain cells.

{U) Tn a group of patients suffering from "radio wave disease,” cerebral
hemodynamic changes were observed. These included reduced intensity of

the pulse blocd volume and an increase in tonicity of the i{ntra- and excra-
cranial vessels. The changes did not, however, appear to be functicnal in
nature.

== Personnel cinposed to microwave radiation below thermal levels experi-
vnce more neurologicai, cardiovascular, and hemodynamic disturbanceas than
do their unexposed counterparts. Some of the cardiac and circulatory
effects aceributed to exposure ianclude bradycardia, hypotension. and
changes in EKG indices (sinus arrhythmia, extrasystole changes in intra-~
ventricular and intra-atrial conduction, diminished amplitude of LXG

deflections, etc.).

{U} The cardilovascular effects have always been of primary interest,

therefore, it is likely that research in this area will continue. It is

aor apparent if cardiovascular effects were first observed in animals or

in patdients suffering from the so-called "radiowave disesse.” 1t is prob-

able that further research will more accuratelv establish hemcdynamic vari- .
ations in both animals and humans. Greater emphasis will be placed oo

animal studies which will allow fur mare precilse dose-responss quantitarions.
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PART 3 - CELLS

(U) Histological techniques have been used extensively for evaluating
the effects of electromagnetic radiation on cellular systems. Such studies
<

have iacluded in vivo investigations of the cellular effects resulting from
whole body irradiation and in vitro studies employing cell cultures.

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

{(U) The liver cells of rats exposed for three hours to a 1.625 MHz field
showed damage to the protein synthesizing structures. Distinct changes
wvere seen Iin the nucleoli or ribosome synthesizing apparatus. The ultra-
structure of mouse liver cells was investigated after exposure to the same
frequency. The mitochondria became swollen and underwent lysis. Some 2iant
aitochondria also appeared. The cellular veactions observed were largely
the same as those observed after the action of many other environmental

factors.

(U) Phagocytic function has reportedly been increased by exposure ro an
+lectrowagnetic radiaction fileld and induction of colicin synthesis has
been vbserved in E. coli {rradiated with a nonthermal intensity.

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

~Jd
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PART &4 - CENTRAL NERVOUS SYSTEM

{U) Research on the effects of radiowaves and microwaves on the central
nervous system of humans was relatively widespread. A number of reports
are discussed in this section, as well as research results regarding
central nervous system effects on animal models ard isolated nerves.

(U) Subjects exposed to microwave radiation exhibited a variery of
neurasthenic disorders against a background of anglodystonia {(abnormal
changes ia tonlcity of the blood vessels). The most common subjective
complaints were headache, fatigue, perspiring, dizziness, menstrual
disorders, irritability, agitation, tension, drows.ness, sleeplessness,
depression, anxiety, forgetfulness, and lack of concentration.

(U} Various neurclogical disorders were investigated by studying the
vestibular and visual analyzer functions in persons exposed to radio
waves of varying types for various periods. Elevation of the thresh-

ald of excitability was also accompanied by a lengthening of the time
requited for dark adaptation. The magnitude and iatensity cof the

charges tended to increase witp length of exposure. Similar studies
showed increases in the threshold of olfactory sensitivity. EEG automatic
frequency analysis was performed on 30 persoans exposed to cne meter wave—
length radiation and 30 healthy controls. No differences were found be-
tween the exposed group and the controls regardless of length of the
exposure, intensity of che field, or frequency. Presumably, all of these
exposures were of a nonthermal nature. Conversely, thirty-sever persons
accupat iogally exposed to a superhigh frequency microwave field

(10 .W/em™) over periods of two to eight vears, were studied; symptoms

Al aatie ¢ and auteonomic vascular disturbances, endocrine shif{ts, and
dabnormal JEG's were observed in half of the patients. Their reflexes in
cespouse to light and sound were weak, distorted, or nonexistent and
their skin salvanie reaction to flashing light was abnormally intense
ane prolunged. Additional data will be required in order tc assess the
significance of these humar studies.

+7) Long~term experiments conducted on rabbits demonstrated that irradi-
drion with intermittent or continuous low intensity microwave fields
ericfis qualitarively and gquantitacively different changes in the EEG.
-atermiztent radiation hod a wore proncunced effect on the recovery time.
It has also been observed rthat long-term exposure of humans to microwave
radiacion results in extremely flatrened EEC patternca.

3
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(€2 Exposure of radbits to low levels of microwave radiation resulted

in alteration of brain electrical activity, but caused no dectecrable
macroscopic or microscopic histological changes. Examination of the
brains of rabbits sacrificed immediately after exposure to 10 centiweter
microwaves at power densities of 20 to 30 aW/cn® revealed typeremia of
the meninges, distension of superficial vessels, and sm3ll extravasations
of blood i{n deeper brain areas. Some, .~ all of the observed changus,
could have been thermal rather than nonthermal effects, since the power
densizy employed in the experiment was powerful enough to have caused a
fairly great temperature rise. The effects noted immediately after N
exposure were apparently reversible, since no changes in the condition of
the brain tissue were found in animals sacrificed on the day foliowing

exposure.

(U) Study of the rabbit visual cortex after a one minute expasure of the
head to 40 uW/cm* at a wavelength of 12.5 cm revealed changes in the fre-
quency of the background activity of 52 percent of visual cortical neuroms.
Chronic frradiarion (two weeks) of rabbits caused the development of a
orevalence of slow, irregular bilological curvents; this was interpreted as
evidence 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 with rats {ndicated
apparent decrease in cholinesterase activity in the central lervous system.

(U) Histological examination og the cerebral cortex cells from rats
exposed to UHF at 5 to 1S uW/cm® ravealed the onset of sclerosis and the
formatioa of vacuocles Iin some of the cells.

(U, Some excellent studies using biopotential recordings were performed to
determine the effect of microwaves on the kinetics of nerve impulse conduc-
tion. Frog sciatlc nerves were irradiated with 12.5 cm wavelength microwaves
{or one minute and parallel temperaturce measurements were made. Calcula-
tions <snowed that the absorption of one calorie of microwave energy per
gram of matoerial per minute gave a temperature rise of 1.1 degrees C in

the vexneriment. The effects of microwaves and of direct contact heating
({rom three to nine degrees) on nerve {mpulse parameters (the rate of
excitation conduction (EC) and the biopotential amplitude (BA)) were
measured and compared. TFor thermal effects alone, one degree increased

the vialues of EC and BA about five perceat. Changes in EC were charac-
terized by rapid increases as absorption of amicrowave c¢nergy increased,
follawed by a fairly sharp drop upon switching off the microwave {rra-
diacion and-normalization within three minutes. These increases in EC
values (higher than values obtained bv thermal cifects alone) were cspe-
cially nronounced in a study where the samples were heated three and six
degrees.  In a servies where Lt = 6.1 degrees, EC was lower, .although the
temperacure did nect exceed physiologicil normal limics. Chuanges in BA

9
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during microwave irradiation were alsc characterized by a much faster
increasn, followed by a sharp drop to below the original level after
rrradiation and essential recovery in chree minutes. In a series where
the temperature iacreased to 31°C, the microwave effect at first was the
same as the thermsl effect; after thirty seconds the BA value was even
lower than for the thermal effect alone, possibly due to overlap of ilonilc
currents at such high temperature. This was followed by a substantial
drop after irradiation, and very little recovery in three minutes. The
Aiffarences in results in this series were attributed to different initial

conditlvns of the preparations. i

(U) These experiments indicate that microwaves may have a specific effect
of a nouthermal nature on EC and BA, causing sharp and reversible changes
in these functional parameters of nerve impulse. Further experimentation
will be needed before extrapolations of similar functional changes to
in vive conditions, or to humans, are attempted. It is expected that
Soviet research on these and other CNS responses will continue during the

next five vears.
PART 5 ~ DIGESTIVE SYSTEM

{U} A aumber of alterations in the function of the gastrointestinal e
system were observed. Reportedly, exposures of subjects working for long

periods of time in the presence of low intensity centimeter and decimeter

waves resulted in numerous disorders. These included dyspeptic disorders,

edema of the gums, bleeding gums, alteration of the gastric acidity, aad

a reduccion of the tonus and evacuator functions of the stomach.

(U) Yumerous animal studies have been conducted on the motor function of
the gastrointestinal tract and the secretory function of the stomach, Non~
thermal intensities were reportedly used. In general, suppression of rhe
stomach’s evacuatory function, with signs of adaptation upon repeated ex-
posure, was found. After partial denervation of the stomach, the opposite
cccurred. It was concluded that the waves have a dual effect ~ a mediated
action through changes in the function of the CNS and a direct effect on
the organ or its laocal innervation. In general, gastric julces increased
and littie change in acidity was noted. This work tends ro support obser-
vations of funcrional changes in humans and indicates that they may actually
result from a CNS Interaction. Other animal results arc discussed below,
hut do not relate to the human observations.

10
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(U) The ecffects of high frequency radiowaves oun the content of nuclelic
acids in the digestive organs of rabbi:s were studied. The total nucleic
acid -ontent and the individual levels of DNA and RNA were assayed 1ia the
liver, pancreas, stomach, small intestines, and blood. It was found that
the conteat of nucleic acids in the organs was a function of the power
and duration of exposure. Low doses were found to considerably stimulate
the aucleic acids, while higher doses reduced their content. Significant
shifts in DNA content required very high level exposures. 1In a similar
study on frogs exposed to microwaves (2307 iHz), the highest nucleic acid
content was found in the pancreas and the lowest in the stomach. Again,.
low doses increased the total nucleic acid content while higher doses
induced insignificant increases or reductions in their content.

(U) The effects of microwaves (2307 MHz) on radiophosphorus resorption

in the stomach, duodenum, ileum, and colon were studied in rabbits.
Simultaneously, absorbed radiophosphorus distribution in the liver, lungs,
kidney, and spleen was investigated. 1t was found that rates of radio-
active rhosphorus resorption by sections of the alimentary canal differ.
U'ndar microwave axposure, resorntive activiety of the stomach is somewhat
decreased, while in the small and large intestinas, it !s increased. Lower
intensity exposure accelerated the intestine resorptive function to a
greater extent than large doses. of lower frequency waves. Radiophosphorus
deposition in the viscera 1is also a function of the dosage.

PART 6 - GLANDS

(U) Investigations of the eftects of radiowaves and wmicrowaves on the
alandular svstem have been concentrated mainly on the adrenal, pituitary,
4nd the thvroid. The glandular effects, however, do 10t appear to be a
high priority area when compared to other systems currently under inves-

tigation.

(LY The functional staius of the adrenal cortex in shipooard specialises
subjected o the effects of a UHF fleld was reviewed. Thircy-eight men
woere exposed to the field for pericds of 24 to 1800 hours and ketosteroids
ind oxycorticosteroids (which reflect androgenic function) were monitored.
The results indicated that androgenic, glucocorticoid, and mineral corti-
cowd functions of the adrenal gland cortex do not deviate frow the normal.
Microwave exposure also Iincreased thyroid function in these subjecrs. The
increase was attributed to secondary effects of the radiation and was felt
to resulr from disturbances of the sympathetic rnervous system in the
hypothalmie region. 1In guinea pigs, the weight of tha adrenal glands in-
sreased ifter continuous exposure at low levels for {ourteen days. but
deoreased in animals exposed to interrupted exposures. Modificarion of
tipid meratoelisa appears to be the mechanism of action. Similar eixposure
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using chicks resul.ced 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.

(U} A quantitative assay of the gonadotropic hormones and growth hormones
in the pituitary body of rats exposed fo microwave radiation indicated that
for a certain time zfter exposure, blocking or inactivation of gonadotropin~
releasing agents occurs in the hypothalamus. 3oth neural-hormonal and
pituitary gonadotropic hypofunctioual effects resulted from whole-body
microwave irradiation.

() The general conclusion that can be drawn from various (both animal
and human, studies of the anterior pituitary and adrenal cortex is that
exposure to radiowaves and microwaves of thermal intensities results in
suppression of the hormone producing functions but exposure to nonthermal
intensities tends to enhance production.

(U} An increase of the thyroid function indices was found in animals
undergoing microwave irradiation for four months at a power density

of 5 mW/em®, In histological sections of the cylindric epithelium cov~
ering the thyroid, follicles were seen and electron microscopy revealed
reticulum.

PART 7 - METABOLISM

{U') Electromagnetic radiation exposure has been found to produce distur-
bances in carbohydrate energy and nitrogen metabolism in the brain, liver,
and muscles. It appears that under elecctromagnetic exposure, macroergic
compounds become deficient due to disjunction of the oxidative phasphory-
lation processes and deranged metabolism of carbohydvates. With respect
to nitrogen metabolism, radiation causes an iantensification of the ammonia
formation precesses in the absence of correspondingly more vigoreous pro-
cesses for its elimination.

(L) Exposure of rats to various intensities of electromagnetic fields
with a frequency of 48 KHz produced an increase of lactic and pyruvie
acids and a decrease in glycogen content in brain tissue. The changes
depended on che field intensity and exposure duration and one month
aiter cessation of the axposure the titer of lactic acid in the rat
brain had not returned to normal.

(U} The role of metabolic disturbances of the heart in development of
functional and structural changes under the influence of low Irequency

impulse clectromagnetic fields was studied. Test animals were rats
4nd 1t was found that exposure decreased ATP and creatinphosphate by

i
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causing disturbances of the uxidative changes of carbohydrates and diver—
gence of conjugation of oxidatiom and phosphorylation processes. It was
concluded that changes in carbohydrate energy and nitrogen metabolism
preceded the inception of structural changes in the myccardium.

(U) While these animal studies indicated an upset of some metabolic
pathways, the degree of functional impalrment was relatively small and
orobably not a significant factor. No human metabolic variations were
no-ed and meaningful extension of these animal studies to the human is
not possible. Research in this area is likely to remain low key and
will be conducted mostly on animals.

PART -8 - REPRODUCTION

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

2 maximum loss after fcur months.

{U) The fertility of female white mice was also investigated. The
animais, irradiated as above, were mated duvring proestrus or early estrus
with nonirradiated miles. Conception in fifty-elght control animals was
94 percent, but only 75 percent in irradiated aunimals. Long-term non-
thermal microwave irradiation of male mice evoked diffuse changes in the
cestes. Subsequent mating of the animals resulted in reduction in the

size of litters.

(U) Microwave radiation at 10 and 50 mW/cm2 intensity was administered
for twenty and fifteen minutes respectively at variovus stages of the
twenty day gestation paricds. The progeny showed reduced viability,

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

U} ‘imale white mice were irradiated twice daily for one hour with 10 cm
waves of low intensitcy (10 oW /cm?) up to che eighteenth day of pregnancy.

There were stillbirths, a significant number of weak newborr, and a general
retardation of body weight gain and growth. Other researchers foumd siwmi-
lar effects in litters from females which had been exposed twice dally for
one hour to 3 10 c¢m wavelength at 1an inctensity of 10 mW/cm~ for fi{ve months

urior to mating.
13
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(U) Genetic effects of electromagnetic radifation were cohserved in other
studies. Male rats, irrvadiated with microwaves at 50-55 mW/cm*, were
mated with nonirradiated females. Litters displayed reduced viability
and abnermal development, reduced rate of development and nervous
disorders.

(U) Although researchers noted a certain degree of specificity in the
pathological changes induced by microwave irradiation of mice, they
cancluded 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 microwaves to study the effects of radiation-induced mutation. Group A4,
exposed for five seconds to 38 MKz, showed an increased frequency of muta-
tion when bred five to nine days after irradiation. The results were not
statistically conclusive, however. Group B, exposed for ten minutes to
2375 MHz, showed no effect on frequency of mutations.

(U) A scrain of Staphylococcus aureus, known to be resistant to peni-
cillin, was exposed to an electromagnetic field. A mutant was found to
be sensitive to penicillin, probably due to a change in 1lipid content.

(U) In summary, a large amount of research has been dome on the re-
productive effects of EMR. However, effects on human reproduction,
cspecially on male fertility, have not been demonstrated.

PART 9 - VISUAL SYSTEMS

{(U) The role of microwaves in cataract formation and visual damage has
been studied extensively in the past and is reascnably well understood.
Primary attention in many studies has been directed at the biological
elfects of superhigh frequency electromagnetic radiation on the crystal-
line lens of the eye. Biomicroscopic techniques have been used te 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; most of
these 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.

() 1la another study, thirty-five workers regularly exposed to microwave
flelds and having pronounced congenital lenticular cataracts were examined
over a1 one to three vear period; the results of their examinations were
comparced to those of twelve persons with similar cataracts who had no
history of exposure to radiation. No progression was noted in any of the
exposed individuals; changes were slow and probatly attributable solely

co nazural aging of the lens.

14
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(U) C-mbined wavelengths over the range of the millimetric spectrum were
used 1n an animal study involving nine rabbits exposed for 553-70 minutes
although the radiation used was of considerable intensity (120-49S% nW/cm”),
no damage occurred in the deeper media of the eye, in particular rhe lens,
during the 2 to 2is months observation peciod. However, erosion of the
epithelium of the cornea did cccur 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) which were correlated with geomasnetic disturbances.
Moreover, recurring "acute attacks" came primarily on days when the mean
value of the horizontal component of the geomagnetic field varied signif-
icantly. The significance of this report is questionable, but it indi-
cates that the Soviets are examining all aspects of magnetic and
electromagnetic radiation which might cause changes in visioun.

(U) Alchough a growing body of evidence suggests that the microwave
power density required to produce cataracts is incompatible with life,
the Soviets will continue to investigate the visual effects of EMR but
their effort will be recduced from its previous level.

PART 10 ~ INTERNAL SOUND PERCEPTION

(U) Perception of modulated microwave signals which seem to be originating
intracranially as characteristic sounds is a phenomenon which was first
reported in the US open lirerature more than thirtesn vears ago. To pro~
duce sounds, peak power densities of up to 89 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 evcke the
response. They found that when the fundamental frequency of the electro~
nagnetic stimulus was raised from 2050 to 2500 i4Hz, the reaction threshold
rose significantly, but at a frequency of 5000 MHz there was no reaction

in the auditory centers. The average intensity of electromggnetic radi-~
ation required to evoke the response was less than 10 mW/ca®; it was
concluded that the fundamental signal frequency rather than the amount

of energy constituted the primary stimulus and that the observed phenom-
encn wWas sensory in nature.

{U) The Soviets will continue ro investigate the nature of iuternal sound
perceprion. Their research will include studies on perceptual distortion
and other psychophysiological effects. The resvlts of these investiga-
tions could have military applications if the Soviets develop methods for
disrupting or disturbing huwan behavior.

i5
(Reverse Slank)
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SECTION IIIX
MISCELLANEQUS OBSERVATIONS

(U) Most of the reported bioclogical eiffects from radiovwaves and micro-
waves result from exposure to the higher frequency ranges. Many of the
observed physiological changes probably occur as a result of thermal

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 wavelength {high frequency) waves. For example, a radiowave of

ten centimeters wavelength converts about fifty percent of its energy

into heat in this manner, whereas a three-~centimeter wave converts nearly
ninety—~eight percent of its energy inte heat. A study of the biological
activity of low frequency {seven KHz) impulse electromagnetic radiation of
different intensities and durations was done on rats. It was found that

the pathological changes were a function of dose; susceptibility to radi-
ation was governed by metabolic pr-cesses and morphology and the organs and
systems could be classified as to sensitivity in the following order: tes-
ticles, liver, kidueys, heart, and central nervous system. Another study
indicated that relatively low frequency electromagnetic fields generated
sonic and ultrasonic oscillations in living organisms which in turn produced
elastic Jeformations. 1If the frequency of the source field 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 yvears, ex-
posed to industrial ultrahigh frequency centimeter waves at power densities
of 10 to 500 nW/cm? for periods of time ranging from 4 to 13 years. Subjec~
tf{ve 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. Electroencepha~
legraphy revealed periods of absence of alpha wave activity alternating

with low R waves, increased frequency of porentials, dysrhythmia, periodic
low peak poteantials, and reactions to affereant stimuli. Peripheral blood
studies revealed lymphocytosis or monocytosis in eight subjects; increased
alpha and gamma globulins were found in 13 subjects. Erythrocyte potassfum
was within the lower limits of normal, while urine potassium was within the
upper limits of normal. Adrenal cortex fuuction was evaluated by urine
levels of 17-ketostercids, which were elevated to 22 to 40 mg in 11 subjects;
average levels were 20.5 mg. Urine levels of epinephrine and norepineph~
rine were elevated in some subjects., Thyroid function was evaluated by rate
of radioiodine uptake. Average uptake within two hours was 11.3 percent,
and in four hours 16.9 percent. The 24 hour uptake did not differ from
normal values. Electrocardiography revealed changes in the heart con-
duction system in six subjects; the T3>, Syncrome was found in ten

17
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subjects and a U wave was registered in lead Vq in eight subjects. Hemo-
dynamic and myccardial function parcmeters were studied by tachooscillo-
graphy and polysphygmography. Arterial pressure was usually within normal
limits, although it was of a labile nature. Bradycardia was present in
14 subjects and decreased minute volume was observed in eight; incieased
peripheral resistance was found "in a significant number” of subjecis.
Autonomic-vascular changes and emotionzl lability and reactivity were
zteributed o CNS changes and increased piltuitary-adrenal gland function.
It was also noted that such shifts in neurcendocrine function ¢-uld iead
to circulatory disorders manifested by changes in the hemodynamic indices
and electrical activity of the heart.
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{U) A second study was done on two groups of workers occupationally =xposed
in the radio industry. The first group consisted of 100 subjects who had
worked for several years under conditicns of periodic exposure to microwaves
of considerable intensity {(up to several mW/cm2). The second group consisted
of 115 subjects who had begun work after the introduction of protective
measuras and had been exposed to micrcwave intensity levels 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, primarily on the nervous
and cardiovascular systems, in both exposed groups. These effects ware

mere 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 accounts for conflicting reports regarding the effects of
a given frequency and intensity. Other problems with dosimetry and experi-
meatal technique also exist. Such differences make comparison of results
from one investigator to another, as well as from ote country to another,

extremely difficult.

(U} Only a few studies involving electromagnetic interaction with the
immunological system have been reported. In one, rabbits were employed

to study the body immunclogical reactivity under long-term irvadiatiom.

The rabbits were immunized with typhoild antigen and divided into two groups.
One group was exposed to waves of 50 and 10 W cm? intensity for four hours
a day over a four~month period. Analysis of the data obtained indicated
that chronic exposure to the effects of iow intensity high frequency radio-
waves can influence the immunoreactive state of the body as evidenced by
differences-in phagocytic activity of neutrophils, blood serum complement
level, and specific antibody titers.

18
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(U) Soviet investigators have conducted studies oun the effects of micro-
wave frequencies in ccmbination with ionizing radiaticn, magnetic fields,
drugs, and nonionizing electromagnetic radiation of other wavelengtiis.
Generally, svnergistic effects have been observed. Continued work in
this area is expected, and possibly new safetv standards for these com=

bined effects will be developed.

e rather broad Zront on which

(¢) In summary, this section shows th
e biological effects of MR. It

Soviet researchers are investigating th
is apparent that their interest covers all body systens which could reason-

ably be expected toc display responses to such radiation. As with Western.
researchers, they have concentrated their efforts on the higher frequeacy
spectrum which would Ye expected to produce more thermal responses. Bow-
ever, they also contiaue ta be interested in nonthermal effects, which,
by Western standards, they have yet to conclusively demonstrate.
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SECTION V
SAFETY PRECAUTIONS AND STANDARDS

(U} Safety precautious and standards have been establishea in both the
US and USSR to rrotect not only persons who are occupationally exposed
but also to protect the health of persons living or working near powerful
generacing or transwmitting facilities. Significant dirferences in these
standards exist und appear to be primarily due to different viewpoints

on nonthermal effects in the two countries. Both nations' standards take
into account the potentially lethal thermal effects resulting from high-
intensity exposure, but the biological effects of nonthermal irradiation
are not well defined or documented. 1In addition, some research has indi-
cated the possibility of a cumulative effect on humans, but this 1is also
very poerly defined.

(C) Soviet research has produced guidelines which were used to establish
.k value of 10 SW/em? per working day as the maximum admissible value for,
microwave irradiacion. Higher exposures, at values of 0.0l to 0.1 oW/cm™,
are pormissible for up to twe hours per day or 1 mW/cm= for 15 to 20 minutes
per dav. Protective ylasses are required in the latter case. The Czecho~
slovakian sgandards for frequencies above 300 ¥Hz allow a maximum of

0.023 mW/cm~ in the cnatinuous wave mode for eight hour exposures. The
standard for pulsed operation for tha same exposure period is Q.01 mwlcmz.
In June 1973, Poland revised its exposure safety standards for nonionizing
" radiation in the frequency range of 0.3 to 300 GHz. The new standard per~-
mits unlimited exposure of humans to field intensities of 0.0l aW/cm®.,
Zight hours per day exposure ig permitted for intensities up to 0.2 nW/cm
tor fixed fields and 1.0 oW/cm® for rotating fields. Exposures of up to
0 oW/cm~ are permitted for limited periods of time withour safety equip-
mcat.  Exposures greater than 10 mw/cm2 are prohibited withcut approved
safery equipment. Prior to June 1973, the maximum radiation exposure
icve! for all nonionizing radiation was 0.01 mW/rmz for up to eight hours
per Jdav. shich s the same as the safety standard for the USSR, The

0.1 mW/em~ limit remaing {n effect for 0.1 MHz to 300 MHz, but revised
standards for this {requency range are under cons‘deration. The Fasr
Germian maximum sermissible axposure co microwaves {3 10 mH/cmzl but neither
she oxites frequency riange or duration fuor this exposure is specified.

Av comparison, the United States Standards Institute recormends 10 mw/cm2
a5 averaged ovrer any 1/10 nheur period. The US Army and Air Force use the
following equation to determine permissible exposure time (Tp).

nCG0
b = w2
by 2
where T = sermissiBie exposure Cime 0 omiaots
4 Juriayr any one aour oertad aod
‘ " 1
W= the power Jdeps:ity tn the area in oW/em~,
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Potential problem areas for exposure to excessive electromagneric radia-
tion which were found in the Communist literature Included a wood prac-
e¢ssing plant, coastal radiotransmirting centers, radio equipment on ships,
and flight communications equipmen. in the crew cabins of afrcraft. Open
feeder lines were identified as mzjor sources of exposure.

{(U) Protective devices Jdescribed for use in working near unacceptable
intensity fields include protective (metal-coateu; eye glasses and clothing
and shielding of the source with special absorbers or sheet metal or wire
masi shields. A small semiconductor indicator instrument used to warn
workers of dangerous conditions from 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. The iadicator is
prepared by impregnating a filter paper with a thermosensitive chemical

compcund.

(U) In an animal study, it was reported that oral administration of caf-
Feine in doses of 20 mg per kg lowered the duration of resistance against
hvperthermia caused by microwave irradiation. Caffeine did not influence
the temperatuce at which the animals died, but {t shortened the time to
death. The reason for the lowered resistance of rats to microwaves was
attributed to cafteine's exciting effect on the CNS which caused increased
metabolic 4ctiviry and consumption of oxygen. Alchough caffeine might
exert similar effects on the human CNS, any lowering of resistauce to hyper-
cthermia would be (nsignificant; rrained personnel working with properly
operating, adequately serviced microwave equipment would probably almost
never be exposed, even accidentally, to the tremendous radiation intensicy
required to induce heating of the human tody. Nevertheless, monitoring of
Soviet research on the action of drugs in combination with microwave
radiation should continue, since such studles may eventually rtesult in the
detection of nonthermal safety hazards resulting from the mutually poten-
tiating effects of radiation fields and pharmacological compounds.

€3 Should subsequent research recult in adoption of the Sovietr standard
by other countries, industries whose practices are based on less stringent
safety regulations could be required to make costly modificatlions in order
to protect workers. Recognition of che .01 mwW/emZ standard could also
{imic the anplications of new electronic rtechnology by making the com-
mercial exploitation of some products unattractive because of increased
casts imposed by the need for additional safeguards.

i
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SECTION VI
TRENDS, CONCL!NSIONS, AND FORECAST

(U) A significant amount of research continues to be performed in the
Eurasian Communist countries to.esilablish the effects of radiowaves and
microwaves on biological systems. It is often difficult to evaluate the
reported results, however, vecause details of the exposure in terms of
frequency, duration, and intensity are quite variable, and sometimes poorly
reporred. This, coupled with problems of measurement encountered in such
studies, creates a rather confusing body of data from which to draw objec~-
tive und absolute conclusion< regarding the significance of the research.
The Eurasian Communist investigators tend to place greater importance

on the potential nonthermal 2ffe~ts than do their counterparts in the Wesrt,
but information regarding the precise nature of the exposure under consid-
erartion is often difficult to establish. A move toward improved statistical
analysis of data and standardization of dosimetry can be expected as Eastern
3loc researchers react to criticism of their work by Western scientists.

(U) The types of responses reportedly exhibited by the various bdbiological
organs, processes, or functions are in line with what has been reported by
Western investigators. Again, most of the responses which are reported can
be linked with the thermal action of the radiation. Studies which report
on nonthermal effects deal largely with subjective responses, relying on
reports of headache, sleepiness, loss of appetite, etc. The preseuce of
nonthermal effects, in addition to thermal effects at higher intensities,
tas also been postulated by Eurasian Communist investigators, but no
derailed investigative support for chis possibility was noted. Accordingly,
it is Jdifficult re establish whether or not a trend toward this type of
research will begin. Tt is safe to say that research on nonthermal cffects
at thermai intensities will be exceedinglv difficult since another dimen-
sion to 4n aiready formidable problem will have been added.

«&) Yo Hurasian Communist research activity has been identified which can
be clearly ar directly related to any milita~y offensive weapons program.
However, Soviet sclentiscs are fully aware of the hlological effects of
low=-icvel microwave radiation which might have offensive weapouns application.
Thewr internal sound perceptiou research has great potential for development
into 4 system tor discrienting or disrupting the behavior patterns of
military or diplomatic personnel; it could be used equally well as an
{nterrogation tool. The Sovicts have also studied the psvchophyvsiological
and metabolic changes iand the alterations of brain function resclting from
exposure to mixed frequencies af e¢leciromagnecic radiation. One phvsia-
togical efface which has heen demonscrated is heart seizure. This has been
accomplished expertmentally 1n frogs by svochroarzing a pulsed ultrahigh
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frequencv microwave signai of low average~power density with the denolari--
zation of the myocardiwum and beaming the signal at the thoracic area. 4
frequency probably could be found which would provide sufficient penecra-
tion of the chest wall of humans to accomplish the same effect. .ncther
possibility is alteration of the permeability of the blood-brain barrier.
This could allow neurctoxins in the blood to cross. As a result, an
individual could develop severe neuropathological symptoms and either

die or become seriously impaired neurologically.-

6> A scudy published in 1972 by the US Army Mobility Equipment Research
and Development Center, titled "Analysis of Microwaves for Barrier Warfare'
examines the plausibility of using radiv frequency energy in barriexr~
counterbarricr warfare. It discusses both anti-personnel and anti~-materiel
effects for lecthal and nonlethal applicatiomns for meeting the barrier
requirements of delay, immobilization, and increased target exposure.

The report concludes thac:

a. Iz {s poscible to fileld a truck—portable microwave barrier system
cthat will complctely immobilize personnel in the open with present-day
technology and equipment.

k. There is a strong potential for 2z microwave system that would be
capable of delaying or immobilizing personnel in vehicles.

c. With present technology no wmethod could be identified for i micro-
wave system to Jdestroy the type of armored matertiel common to tanks.

~&y The above s=tudy is recommended reading material for those consumers
who have an interest in the application of microwave energy to weapons.
A discussion at weapons 1s not within the scope of this study.

<& The immedfate danger from microwave barrier weapons Ys burns. The
US Army Medical Research Laboratory at Fort Knox, Kentucky, has conducted
tests on burns with migrowaves. They have produced third-degree burns on
human skin with 20W/cm~ in two seconds with frequencies of approximately
3 CHz. The study alsa points out that a microwave barrier can be set up
with existing scate~of-the~art technology and of f-the-~shelf hardware.
Considering the Soviet expertise in the area of el:ctromagnetic energy,
which i3 probably very close to, i{f not on a par with thar of the US,

the possibilicy musc be accepred that they toe have {avestigated microwave
energy for barrier warfare and that they are also concerned with the
hiological-affects of this type of radiation. Close monitoring of their
research cffores on burns and Surn therapy may possibly reveal Sowviet
<fforts to develop conncermeasures against microwave barrier warfare,

== Iven though rudiowaves and microwaves can exert thelr influcnce over
great discances, high :ncensities ove, large disctances are not oraccicatl.
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Accordinglv., the potential for an offensive milicary capability employing
such waves small and any resulting thermal biological effects have not
been sufficiently documented. Nonthermal effects, however, could be
initiated over relatively large distances and areas, but the effects

are ~ot Well enough defined to support possible offensive military appli-
cation of this energy. The possibility of regulation of body function
through nonthermal interactions with the neurologicai system has been
postulated by some USSR investigators. If this is proven possible, it
aight prove militarily important, but no solid experimental evidence to
support such a hypothesis has been preseuted. )

463 . Soviet research on the biological effects of microwave radiation is
commirted to clarification of the correlation between biological effects

and cowar densit{es, The majority of their efforts will be concentrated on
this objective. They will maintain their historical position that there are
subtie effects that cannot be put in thermal terms but can be explained in
terzs of specific couplings to the central nervous system. Therefore, they
will verv likely continue to investigate the thermal effects, but will prob-
ablv place greacer emphasis on investigations of nonthermal effects in the
light of criticism of some of their previous reports by Western investigators.

=€9 )\ move to adopt stringent occupational and public health standards
Tor microwave radiation is being led by Polish researchers. The impact
o + vnforcement ol standards similar to the Soviet standards would be
significanc for both the military and civilian sectors of industrially
develeped countries. These limitations would probably be more closely
monitored and tighetly enforced in the free world than in the Communist
adacions waere the needs of the state come first. It is pessible that the
Eastern Zuropean Communist countries hope to gain advantage in electronic
warfare hy giving lip service to "concern for the environmental effects"
of nonionizing electromagnetic radiation and :the need for its reduction
while contlnuing the development of military electronic equipment.

& he hazards of nonionizing electromagnetic radiation will be studied
~ith greater attention to combined radiation effects, e.g., microwaves

and soft X-ravs, nolse, changes in ambient temperatures, humidity, psycho-
sonle scimuli, and ocher factors. Reports of clinical applications should
he forthecoming during the next five to ten vears. There will be an in-
creased number of medical-industrial investigations in which researchers
will locate a facility where alectromagnetic radiation is known to occur
and study the workers at this locaction over a period of time. It is not
clear wnat path cthey will follow regarding functional control of body

sses chrough direct oxposure of peripheral receptors, but any signif-
rosules in this area would not bde expected wizhin che next rive vesrs.
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L) Soviet electromagnetic radiation research will continue on a cautious
level without straving very far from present approaches. Yo striking or
surprisingly new developments are likelv to occur in the next ten vears.
Within zhis time frame, however. Bloc vesearchers, particularly the Czechs
and the Polies, will probably distingnish themselves by conducting betier
work in terms of quality than their Soviet counterparts. In the past,
ctheir investigarions appeared to be generallr independent of Soviet work
and seemed to merit more credibility. While by no means unique, the weth-
odclogies employed by Czech researchers are distinetly different from those
of the Soviets. Polish investigators will probably show more aggressive
and dvnamic approaches in their studies of the bioclogical effects of

nonionizing raciation.

Pgs. 29 and 31 are denied
238 in full under (b)(1) 1.4(c)
and (b)(6)
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