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PRETACE

&&= The purpose of this review 15 toO srovide information gecessary LG
assess human vulnerability, protection materials, and methods applicable
to milicarv operations. The study provides an insight on the current
research capabilities of these countries. Information on trends 1s

nresented 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).
It is not within the realm of this study to provide detailed descriptions

of everv laboratary experiment. Such data have been purposely omitted in

favor of an analytical approach. An attempt has been made to identify the
orincipal areas of research and to discuss the significance of experimental

results.

«3 The information reported in this study has been drawn from scientific,

medical, and military journmals, intelligence reports, cagazines, news items,
books, and other publications. The information cut-off date for this study

was 1 October 1975.

3 Constructive criticism, comments or suggested changes are encouraged,
and should be forwarded to the Defense Intelligence Agency (ATTN: DT-1A).

Washington, DC 20301,
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STMAARY

(U) The thermal etfects of c¢lectromagnetic radiaticon have been reasonably

weil established through experimental investigation. The noanrhermal efiects,

however, remain a controversial issue hetween scientists in the West anad in
the Eurasian Ccmmunist countries. The difficulties encountered in conciu-
sively demonstrating the nonthermal effects of elactromdgnetic exposure are

lizely responsible for differences in exposure standards; some standards are

based largelv on the demonstrable thermal effects, while others allow for
possible nonthermal effects at subthermal inteasities.

(UY The Eurasian Communist countries are actively involved in evaluation
of the biological significance of radiowaves and microwaves. Most of the
research being conducted iavolves animals or in vitro evaluations buc
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 incl-ide the blood, ine cardiovascular
svstem, cells, the central nervous system, the digestive system, the
glandular svscem, metabolic cffects, and the reproductive aund the wvisual
systems. Other aspects of cxposure are also being studied, but the limited
nunher of reports uncovered makes assessment of the lmpertance placed upon
this research impossible. These lesser reporied research areas {nciude
ncathermal effects., immunological studies, and use of radiowaves for

functional control of organ systems.

%= No unusual devices or nmeasures for protection from radiowave exposure
ware noted, but a continued stress upon personnel protection in occupa-
tional situations was apparent. Here, protective goggles and clothing are
recommended when working in regions of microwave radiation. Although some
dif{ferences in stancards remain betweren the various Communist countries

and between military and civilian standards, the Communist standards remain
auch more stringent than those of the West. An exceprion to this may be
Poland where a recent relaxation of their standards has occurred. This is
the fairst sipnificant shift of an East European country away from the

standard first setr by the USSR in 1958.

) If the more advanced nations of the West are strict in the enforcement
of stringent exposure standards, there could be unfavorable ettfects on in-
duscrial cutput 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 develosment of antipersonnel
(d4pplicacions.
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(b)(1).1.4 (c)

(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.

3 Western scientists who have followed the Soviet research efforts on the
biclogical 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 on the effects of radiowaves and microwaves on bio-
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 ¥orea, and North Vietnam.
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SECTIuON 1
INTRODUCT1ON

(U) The effects of radiowaves and microwaves on biological systems nave
craditionally been separated into twao basic classifications, (1) tnermal
offects., and (2) nonthermal eiffects. The thermal effects are widely rec-
ognized and the mechanism of action reasonably well understood. Nonthermai
effeccs, however, are controversial since the mechanisms involved ire not
clearly understood. Soviet and East European scientists believe rhat 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
hecause experim.ntal evidence, obtained largely in US lgboratories, does
not corroborate occurrence of nonthermal side~ecffects.

(U) Divergences in opinian between Bloc and Western researchers concerning
rhe aeffects of microwave radiation are rhe result of nonstandardized research
orotocols and materials. In addition, mechanisms underlying observed bio-
logical effecis are at present poorly understood by any of the world's

scientists engaged in microwave research. The exchange of scientific infor-

mation on microwave hazards has increased greatly since the active partici-
nation of Soviet, czechoslovak, and Polish scientists in the Intermational

Symposium on Biological Effects and Health Hazards of Microwave Radiation
in Warsaw in October 1973.

(U} 1t is now generally agreed that biological systems irradiated with
clectromagnetic waves in the radiowave aud microwave frequency I3nges (ome
kilonercz to move that 10° megahertz) absorb varying amounts of energy
depending on the irradiation frequencies and the physical properties of

the svatem. Typically, however, 40-50 percent of the incident energy 1s
absorbed bv the biological system and the remainder reflected. lo reality,
onlv the shorter wavelengths represent any appreciable hazard as a result
of thermal heating. Radiation fields in the microwave range vary in wave-
length from about one meter Lo Very short waveiengths on the otder of a
nillimeter. The depueh of penetration of the waves is also variable and
again depends on the frequency, wave polarization, and the physical prop-
orties of the system (i.e.. dielectric and geometric), but typical penetra-
cions .ire on the order of 1/10 of the wavelength. Therefore, very saort
waves are absorbed primarily by cthe skin, while lcng wavelengths penetrale

to auch greater depths.

(U} The degree »i heating appaars to he a function of the water content
of the tissue and probably results from oscillations of water molecules or
divoles. Ancther possibility is a resonance absorpction of energy oy pro-
rein molecules of the cell. As might be expected, the actual damages
resulting from a gilven expesure are functions of the therral regulatory

!
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and active adaptaticn processes of the organ or animal. Less vzscularized
tissues are more susceptible tc thermal damage hecause 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 employed to study the effects
of irradiation on bioclogical svstems. These include:

3ody weight.

Biochemical studies.

Cardiovascular studies.

CNS effects (including conditioned and unconditloned reflexes).
Electrophysiological measurements.

Fertility and amutation 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 ill defined.

{U) As can be seen from the above, quantitation of the biological responses
to electromagnetic exposure is a very complex problem because 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-
laced) configuration of the body, its orientation with respect to the
source, portion of the body {rradiated, exposure time-intensity factors,
envircnmental conditions (temperature, humidity, and air currents), and
shielding. Other complicating factors include the subject’'s state of heaith
and previous or concomitant medication. In addition to the above factors,
the animal species used and its comparative relation to man 1s importaunt.
Accordingly, experimental results from animals canunot easily be extra-
polated and assumed to apply to human exposure because of size differences
relative 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 the
sources outlined in the preface and sometimes contained insufficient infor-

mation to make absolute decisions regardiag thelr significance. The scurces
were, however, indicative of the types oif effects being reported and sug-

gested those areas of research being emphasized, thereby permitting assess-
ment of recent Eurasian Communist attempts to define the biocloglical effects

of radiowaves znd microwaves.

2
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SECTION 11

RIOLOGICAL SIGNIFICANCE OF RADIOWAVES AND MICROWAVES

PART 1 -~ BLOOD

(U} Effects of electromagnetic irradiation on the blood include >1o0~
~hemical variations, effects on erythrocytes, changes Iin coagulation,
aad alterations in the blood forming system. As would be expected,
most communist country reports originate from in vitro or in vivo
animal experiments rather than from human data.

(U) Long~term ultrahigh frequency (UKF) exposure in rats reportedly
reduced the iron and copper content in both the blood and muscle wvith
a1 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 Ufcmz for 25
days demonstrated similar shifts. In some studies with dogs, irradiatioen

with microwaves significantly decreased the lifetime of erythrocytes, while

sther studies indicated no changes in the granulocytic system aftar exposure.
in the lvmphocytic system, however, mitotic disturbances and changes of

wuclear structure occurred. Rabbits exposed to "an eiectromagnetic field”
showed significant increases in the number of monocytes, basophils, and
lvmphocytes/mm, Although andesirable, these shifts are not signiricant
snough to impair che functional performance of humans. However, they are

significant enough to warrant further experimentation. Soviet researchers
will emphasize more experiments with animals and they will continue to LYY

ind relate these experiments to data on human exposure IO microwave envi-
ronments. They will most likely work toward relating such changes in

different species of animals to particular intansities or exposures.

(U) One study involved the observation of several thousand persons working
in microwave—irradiated workshops, as well as animal experiments. In the

human subjects, three kinds of damage were found:

(1) Lymphocytosis and monocytosis.
(?) GCranulocytopenia, monocytosis, and eosinophilia
frequently accompanied by absclute Tymphocytosis,

(3) Moderate neutrophilia.

The degree of changes in the blood could be correlated with exposure and/or
juration of working period. This determination was based on the relative

changes as a function of period of emp loyment, which was fellt to ‘adicate 3
cumulative effect >f microwaves in the human pody. The type and intensircy
of rhe exposure was not documented.

UNCLASSTIFIED
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(U) 3lood coagulation indices of dogs subjected to hign intensity super-
high ‘requency fields were studied at intervals of ten minutes L0 thirecy
days after irradiation. Initially the coagulation rime was prolonged, but
rwo hcurs after irradiation i+ was accelerated as a result of protectlve
compensatory changes 10 neurohumoral factors. The protective reaction
was, towever, of short duration; the irradiation-induced prolongation of
coazulation time reappeared and the animals! clocting times did not
return to normal until at least f1{fteen days after exposure. Another
study showed that long~ter: exposure to microwaves at a power density of
lOmH/cﬁz decreased the overall activity of butyrylcholinesterase In the
blood serum of rats. Under canditions of whole~body exposure, the micro-
waves did not exert a consistent offect on the enzyme molecule. The
decrease in the overall activity of butyrylcholinesterase wWas carrelated
with a decrease in 1its concentration in the blood of the irradiaced

animals.

(U) The action of microwaves on human erythrocyte permeability to potas~
sium znd sodium ions was also invastigated. The mechanism of action ap-
pears to be aun inhibition of active transport and an altered diffusion
through the pores in the membrane. The latter =y he 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 increasing the passive sodium cacilon and potassium
cation diffusion ~nd reducing the concentration gradient, or somehow

block the mechanism cf active icn transport.

(U) The questio”. of stability of microwave-induced zhanges in blood comr
ponents was addrassed in ~hronic and acute tests using dogs and rabbits.
The irradiarion was at a frequency of 7375 MHz with a field strength of
rhirts microwatts per square centimeter. The rabbits were subjected ro
between one and ten irradiatlons of sixcy minutes duration each, and the
dogs were subjected to repeated irradiations over & veriod of more than

a year. The changes in rhe blood and marzcw of rabbiis were found to be
unstable and to pass after a period of five to ten days. Changes cbserved
in the chronically exposed dogs were ROI€ stable, but became normalized
over a period of twenty-five days. Investigation of chronic microwave
irradiaticn on the blcod-forming systen of guinea pigs and rabbits was
1is0 ~eviewed. Both cont.nuous wave (CW) and pulsed microwaves were
utilized at an intensity of 1.5 mW/em® and a waselength of 10 cm. In-
creases in absolute lymphocyte countis 1N peripheral'blogd, abnormalities
in nuclear structure, and mitosis in the erythreblastic cell series in the
bone sarrow-and in lymphoid cells in lymph nodes and spleen were observed.
The changes appeared to be a cumulative result of repeated {irradiatiouns
and waere attributed o nonthermal effects. There 1is limited evidence (0O
support the belief «hat these cumulative effects are reversible upon
cessation of exposure. IC 1s still net gqulte clear if similar resuvlts
could be observed in humans since wide speclies-variations have beeu
observed by Soviet r~searchers working with aninals.

!
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(V) The primarv concern of the present studv was with clectromagnetic

t but numerous reports regarding the cffects of constant
o>n the blood svstem were noted during the review. As with
clectromagnetic =2ffects, effects on ceagulation, biochemical =»roperties,

and formed eclements were observed.

tield cifec

zagnetic rields

(L) To summarize the effects of electromagnetic radiation exposure on the
blooa, the following gZeneral changes emerge although conflicting reports
are also present:

]

(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
c0 be great enough to materially affect an individual's performance or
ceneral health, 2specially under stress conditions, where other factors
such as physiological protective responses wouid be tar more important.

?ART 2 - CARDIOVASCULAR SYSTEM

(L} Hecavy emphasis has been placed on investigations involving electromag-~
netic radiacion on the cardiovascular system. Effects on hemodynamics in-
clude blood pressure variations aand 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 efrfects, 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 nervcus svstem effects.

(') 3Several reporzs concerning laman cardiovascular effects from super-—
nigh irequency 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 mvocardium accompanied by a disruption of its contractive

capacity.

(L) Comparison of a group of engineers and administrative ofricials who
tere exposed to microwaves tor a neriod or vears and an unexposed control
group revealed a significantly higher incidence of coronary diseaca,
hvypertension, and disturbances of lipid metapolism among the cxpo od
incdividuals. Hereditarv predisposition to heart disease was approximately
ame in Soth groups, but overt Jdisorders Jdeveloped much more f{requently

rhe s

L2 the previousiv exposed vroup. It was concluded that microwaves Act
48 nonspe~ific factor vhten, under certain condlitions, interrferes rh
IAplalion O taravoradic 1niluences., Exposure mav, thereltore, oroto:,  an
carlier onset of cardiovascular disease 1tn suscepribie individuals.

1
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(U} Hemodynamic indices for thirty men in the 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 ajection -
from tne left ventricle. Arterial pressure was essentially normal, but a
compensatory constriction of the precapillary bed was noted in response
to the decrease in cardiac ejection. There was also 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 systen.

(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 dally 60-winute ex-
posures to nonthermal 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

brain cells.

LA (1) Tn a group of patients suffering from "radio wave disease,”’ cerebral
@'Lﬁ;f hemodynamic changes were observed. These included reduced intensity of

R the pulse blocd volume and an increase in tonicity of the intra- and extra-
cranial vessels. The changes did not, however, appear to be functional in

nagture.

B, o 48 - Personnel ciposed to microwave radiation below thermal levels experi-
b R cnce more neurological, cardiovascular, and hemodynamic disturbances than
_ fff} do their unexposed counterparts. Some of the cardiac and circularory
f;.ﬂf effocts acrtributed to exposure imclude bradycardia, hypotension. and

vy, changes in EKG indices (sinus arrhythmia, extrasystole changes in Intra-
ventricular and intra-atrial conduction, diminished amplitude of LXG

deflections, etc.).

(L) The cardlovascular effects have always been c¢f primary interest,
therefore, it 1s likely that research in this area will continue. It is
gt B aot appurent if cardiovascular effects were first observed in animals or
R £ in patients suffering from the so-called "radiowave disease.” It is prob-
T*iff; thie that further research will more accuratelv establish hemadynamic vari- -
| aticns in both animals and humans. Greater emphasis will be placed oo
animal studies which will allow fur more precise dose-response quantitations.


























































