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SECTION [
INTRODUCT JON

(U) The cvifects of radfowaves and micrownves on bioloplenl systems have
traditionally been separated [nto two basic elassifieations, (1) thermal

el feets, and (2) nonthermal effects. The thermal effects are widely rec-
ogpnized and the mechanism of action reasonably well understood. Nonthermal
offects, however, are controversial since the mechantsms {nvolved are not
clearly understood.  Soviet and Fast Furopean neientists belfeve that bilo=
logical side-cffects occur at power densities that are too low to produce
obvious thermal clfcets.  Such cffects have been questioned {n the West
because experimental evidence, obtained largely in US laboratories, doocs
not corrohorate occurrence of nonthermal side-effoects.

(1) Divergences In opinton between Bloe and Western rescarchers concerning
the effects of mierowave radiation arce thie result of nonstandardized rescarch
protecols and miaterials. In addition, mechanisms underlying obaerved bio-
logleal cffects are at present poorly understood by any of the world's
sceientlsts enpaged 1n microwave research, The exchange of sclentific infor-
mation on microwave hazards has incrcased preatly since the active partici-
pation of Sovict, Crochoslovak, and Polish scientists in the International
Symposium on Biolopical Effects and Health Hazards of Mierowave Radiatlion

in Warsaw in October 1973,

(1) Tt is now gencrally agreed that binlogical systems irradiated with
clectromagnetic waves in fhu radiowave and microwave lrequency ranges (one
kilohertz to more that 107 megahertz) absorb varying amounts of enerpy
depending on the irradiation frequencics and the physical properties of
the svatem. Typically, however, 40-50 percent of the incident enerpy {s
abnorbed by the blological system and the remainder reflected.  In reallity,
only the shorter wavelenpths represent any appreciable hazavd as a result
of thermal heating. Radiation flelds in the microwave range vary in wave-
lTenpth from about one meter to very short wavelengths on the order of a
witlimeter. The depth of penetration of the waves [s also varlable and
apain depends on the frequency, wave polarization, and the physical prop-
ortlen of the system (iced, diclectric and peometric), but typleal penctra=
tions are on the order of 1/10 of the wavelenpth. Therefore, very short
witvess are absorbed primarily by the askin, while lonpg wavelengths penctrate
to much greater depths.

(V)  The depree of heating appears to hbe a function of the water content
of the tigsue and probably vesults [rom oscitlations of water wmolecules or
dipolea.  Another possihflity is a resenance abgorption-of cnerpy by pro-
tein moleculen of the cells  As mlight be expected, the actual dumapges
resulting from a gpiven exposure are functions of the thermal repgulatory
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and active adaptation processes of the organ or animal. Less vascularized
t t9uucg are more susceptible to thermal damage because of a poorer ability
Lo dissipate the heat, therefore, crystalline lens damage or cataract
format Lon may be observed. -

(U) Many techniques and indlces have been employed to study the effects
of irradiation on biological systems. These include:

e Body weight.
5 Biochemical studices.
Cardiovascular studies.
CNS effects (Including conditioned and unconditioned reflexes).
Electrophysiological measurements.
Fertility and mutation studies.
Histolopy and pathology studles.
Metabolic studies. '
Temperature.

While these and other experimental studies have been conducted on animal
and cellular models, knowledge regarding human exposure has been 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 biologlcal responses

‘to electromagnetic exposure 1s a very complex problem because of the wide

frequency spectrum, the large number of physical and biological variables,
and the interrclationships of those variables. Factors requiring consid-
oration include the frequency, intensity, waveform, (pulsed, CW, or modu-
lated) configuration of the bady, its orvientation wilh respect to the
sourci, portion of the body irradiated, exposure time-intensity factors,
environmental conditions (temperature, humidity, and air currents), and
shielding. Other complicating factors Include the subject's state of health
and previous or concomttant medication.  Tnoaddit fon to the above factors,
the animal speetes used and ity comparat {ve relation to man {g dmportant.
Accordingly, experimental results from anfmals cannot casily be extra-
pulated and assumed to apply to human exposure because of slze diiferences
relative (o exposure wavelength which can markedly intluence the system

or orpan belng damaped.

(1Y With these complicating factors In mind, the ovaluation contained in
this report was undertaken. The data presented were obtatned from the
wonrees out Hned fo the preface and iomet fmes contalned insufficient {nfor-
mat jon to make absolute decintfons reparding, their stymlfleance, The sources
vere, however, ndicative of the types of effects belng reported and sup-
posted those areas ol rosearch beinp enphastzed, thereby permitting assesa-

Cpent of reeent Eupasian Communiet attenpts to detine the biological effecto

of radiovaves and mlerowaves,

i
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SECTION 11 o

BIOLOGICAL SIGNIFICANCE OF RADTOWAVES AND MICROWAVES
PART 1 = RLOOD

chemical variations, effects on erythrocytes, changes In coagulation,
and alterations In the blood forming svatem.  As would be expected,
most communist country reports originate from In vitro or f{n vivo

animal experiments rather than from human data,

()  Long-tcerm ultrahigh frequency (UHI0) exposure In rats reportedly
reduced the 1ron and copper content i both the blood and muscle with
4 concomitant fncrease 1n fron content in the liver. Similar expasure

" in chicks caused an inerease In total proteins and globulins, but de-

creased the albumin in the plasma, Rats exposed to 0.04 W/ em? for 25
days demonstrated simllar shifts., In some studies with .dogs, irradiation
with mlerowaves sipnificantly decreased the 14ret{me. of erythrocytes, while

other studles indicated no changes 1n the pranulocytfe system after exposure,

In the Lymphocytic system, however, mitotic disturbances and changes of
nuelear structure occurred,  Rabbits exposied to "an cleectromagnetic field"

“shawed sipnificant increases in the nunber of monocytes, basophils, and

Ivmphoeytes/mm, Although undesirable, these shifts are not gignificant

enough to lmpafr the lunetional performance of humans.  However, they are
sfgniflicant enough to warrant furthoer experimentation.  Soviet resecarchers
will emphasize more experiments with animals and they will continue to try

“md relate these experiments to data on human exposure to microwave envi-
cvonments. They will most likely work toward relating such changes 1n

different apecies of animals to particular intensities or exposures,

(U)  On¢ study involved the observatton of several thousand perdonsg working
in microwave-trradiated workshops, as well as anfmal experiments, In the
human subjects, three kinds of damage wore found:

(1)  Lymphoeytosls and monocvtosisg,

2) Grinulocytopenia, monocytos{s, and cosinophil{a
frequent iy accompanicd by absolul o Tvmphoeytoats,

(3) Moderate nentrophilfa,

o The degree ol changes in the blood could he correlated with exposure and/for

duration of working pertod, Thig determination was based on the relattve
chonges as a functlon of perdod of employment, which wag felt ro {ndicate a

eruxnnlutiw effect of microwave:, (o the humim body.  The type and intenatty

“of the expooure was not documented,

N
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(U) Blood roagulation indices of dogs subjectned to high Intensity supér-‘

hiph trequency fields were studied at fntervals of ten minutes to thirty - | N P,
days after trradiation. Inttrially the coagnlation time was prolonged, but '
two honrs after frradiation it was accelorated as a result of protective
compensatory change s in neurohumoral factors. ‘The protective reaction
was, however, of short duration; the irradlation-induced prolongation of
coagulation time reappeaved and the animals' clottiny times did not |
return to normal until at least fifteen days after exposure. Another

study showed that long-term exposure Lo microwiaves at a power density of
IOmW/cmz doereased the overall activity of butyrylchollnesterase in the

-~ blood scrum of rats. Under condltions of whole-body exposure, the micro- :_

waves did not exert a consistent cffect on the enzyme molecule. The
deercase In the overall activity of butyrylcholinesterase was corrclated
with a decrease in its concentration in the blood of the irradiated
animals.

(U) The action of microwaves on human erythrocyte permeability to potas-
sium and sodium ions was also investigated. The mechanism of action ap-

-~ pears to he an inhibitfon of active transport and an altered diffusion
" through the pores In the membrane. The latter may be caused by the

influcence of UHY enerpgy on the membrane {tself or on the hydrated sodium
cation and potassium cation. The microwaves either change the membrane
structurc thereby increasing the passive sodium cation and potassium

" cation diffusion and reducing the concentration gradient, or somehow

block the mechanism of active ion transport.

(U) The question of stability of microwave-induced changes in blood com-

. ponents was addressed in chronic and acute tests using dogs and rabbits.

The irradiatlon was at a frequency of 2375 MHz with a ficld strength of '  :‘,
thirty microwatts per square centimeter. The rabbits were subjected to e :

~between one and ten irradiations of sixty minutes duration each, and the

dops were subjrcted to repeated {rradiations over a period of more than

2

a-year. The changes In the blood and marrow of rabhlts were found to be

_unstible and to pass after a period of flve to ten days. Chanpes observed

in the chronically exposed dogs werve more stable, but beeame normalized
over a period of twenty-{ive day:. Tnvestipation of chronie microwave

Jrradiation on the blood-forming systen of puinea pips and rabbits was

also reviewed. Both cont lnuous wave (CN) and pulsed microwaves were
utilirzed at an tntensity of 3.5 mW/em” and o wavelength of 10 eme In-
creases in absolute tymphocyte counts In peripheral blood, abnormalities
in nuclear structure, and mitosis in the erythroblastic eell series in the
bone marrow and in lymphoid cella in lyvmph nodes and spleen were observed.
The chinges nﬁpcnrud to be a cunnlative result of repeated frradiations
and were attributed to nonthermal effects, There 15 1imited evidence to
support the belief that these cumulative cffeets are reversible upon
cetisation of exposurc. It 1s still not quite clear if gimilar resultn
could be ohserved in humans sinece wide speciea-variatfons have been v
observed by Soviet. researchers working with anfmals, :

4,
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(V) The primary concern of the present study wns with electromagnetic
ficld cffects, but numerous reports reparding the cifects of constant
magnetic [Telds on the blood sgystem were noted during the revicw., As with
clectromagnet ie effects, effects on coopulation, blorhemical properties,
and formed clements were observed.

(U) To summarize the effects of electromagnetic radiation exposure on the

blood, the following gencral changes emerge althouph conflicting reporta.

»

are also present: =

(1) General decrease in hemoglobin content.
(2) Generally reduced coagulation times,
{3) Decrease in lceucocyte count,

These findings are bascd largely on animal experimentation. While detri-
mental in themselves, the extent of these changes would not be expected

Lo he great enough to materially affect an Individual's performance or

penerial health, especially under stres:s conditions, where other factors
such as physiologiral protective responses would be far more important.

PART 2 - CARDIOVASCULAR SYSTEM

(1) Heavy emphasis has been placed on fnvestipations involving elcctromag-
netic radtation on the cardiovascular system. FEffects on hemodynamics in-
clude blood pressure variations and cardiac arrbythmias.  Also included are
reports of a sltowdown of intraventricular and intra-—atrial conduction,
diffuse cardiac muscular changes, and ventricular extrasystole. As with
other effcets, animal studies are frequently reported and human reports

are typically retrospective in nature. Many of the vartations noted on

the cardlovaseular system result from central nervous system effects.,

(U Several reports concerning human cardiovascular effects from super-

hiph f1cquency exzposure were reviewed.  Functional changes were noted,

Tineluding a slight Increasce in the asynchronous contraction phase, a

tension perfod, as well as other data indleative of moderate dystrophie
chanpes of the myocardium accompanied by o disruption ot 1ts contractive

capacity.

(1) Compavizon ol a pronp of enpincers and admintatrative of ficials who
were exposed to microwaves tor a peviod of years ond an unexposed control
proup revealed a sipnificantly higher fncidence of coronary discase,
hyperteasion, and disturbances of Jpid metabolism among the exposed
individuals, Hereditary predisposition to heart dizcase was approximately
the same in bath proups, but overt. disordevs developed much more frequently
in the proviously caposed proup. Tt was concluded that microwaves may act
gt nonspeel fice factor whleh, under cortain condittons., Interferes with
adaptat ion te untavorable influences. Exposure may, Lherefore, promote an
‘h!v',..r anact of cardiovasculay discase in nusceptible individuals,
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_liver. Nonthermal effccts on subcellular structures include
ol binuclear cells and irregular thickening ol the nuclear me

~accompanicd by breaks in the nuclear membrane.
cendoplasmie rvetteulum and the mitochondria have
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PART 3 -~ CELLS

exienslvely for evaluating
coellular systems,  Such studies
coliular offeets resulting from
cploying cell cultures.

(1) Hiatologival techniques have boeen used
the effercts of clectromagnetic radfat ion on
have incloded In vivo Investipgations of the
whole body {rradiation and in vitro studles

of rat or mouse
the formation
mbrane. In-
of cytoplasm {nto the nucleus has also been observed, frequently
Marked changes In the

alizo been noted. The
inconclusive, secem to
frequency dependent.

(U)ilThn most popular cells for study appear to he those

vaginatfon

avallable data, although stil1l insufficlent and
{ndicate that the magnitude of these effects ia

to n 1.625 Mz ficld
Distinct chanpges

The ultra-

the same

Some giant

(1)  The Lver cells of rats exposed for three hours
ihowed damage to the protein synthesizing structuret.
wors sceen in the nucleoli or 1ibosome synthesizing apparatus,
structure of mousce liver cells was investipated atter exposure o
The mitochondria became swollen and underwent lysls.

The cellular react fons observed were largely
many other cnvironmental

froquuacy.
mitochondria also appeared.
the same as those obscerved after the action of
factors,

(1) "hapocytic function has reportedly been increascd by exposure to an
vlectromapnetic radiation fleld and Induction of collcin synthesis has
boen ohserved In L. coll irradiated with a nonthermal Inteansity.

clectromapnetic radiation effects occur at the cellular

(1)  In many cascs,

lovel, therefore tissue culture tochniques provide a well controlled and
aceurate method for study of those effects. Ultrahipgh f{requency cxposure
of cultures of rat [ibroblasts, monkcy kidney cells, and human embryo
fihrohlaste led to degenoration of the culture in four to six days. The
carliost depenerat lon occurred in primary cell cultures.  Studies are now
ander war on eell permeability, cell intertaces, cell srimalation, and
the oleetrleal characteristics of nerve cel ‘. Other Bloe research will
inelude studv of microwave effects on mitosts, cell differentiation, and
qubeellular deoxidation potentialac The data obtained from these studles
of collular and subcellular responses to clect romapnet e st imalat{ion will
be hipl 1y sipgnificant, since they may lead to (he eventual understanding
of hasie mechanisms underlyfap biolopglical chanpes which occur during and

after microwave radiation. .
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(U) Research on the v
nervous system of humans was rel
are discussed in this section, as well as
central nervous system effects on animal models

{fects of radluwaves and microwaves on the central
atfvely wideapread. A number of reports
research results regarding
and isolated nerves.

Subjects exposed to microwave radiatlon exhibited a variety of ‘ ' i

a background of angliodystonia (abnormal
changes in tonicity of the blood vesscls). The most common subjective
‘complaints were headache, fatigue, perspiring, dizziness, menstrual

. disorders, {rritability, agitation, tenslon, drowsinens, slceplessness,:
~depression, anxicty, forgetfulness, and lnck of concentration. ’

()

neurasthenic disorders apainst

: Various neuroleglcal disorders were investigated by studying the ' T i
| “vestibular-and visual analyzer functions in persons exposed to radio )
S waves of varying types for various periods. Elevation of the thresh-
old of execitability was also accompanied by a lengthening of the time
required for dark adaptatlon. "The magnitude and intensity of the
changes tended to increasc with length of exposure. Similar studies
showed increases in the threshold of olfactory gensitivity. ERG automatic
frequency analysls was performed on 80 persons cxposed to one meter wave-
length radfation and 80 healthy controls. No differences were found be-
tween Che exposed group and the controls regardless of lenpth of the
oxposure, intensity of the fileld, or frequency. Presumably, all of these
exposures were of a nonthermal nature. Conversely, thirty-seven persons
ocrupaLjoghlly cxposed to a supcrhipgh frequency microwave field
(10 yW/em”™) over periods ol two to cipht years, were studied; symptoms
of asthenfc and autonomic vascular disturbances, endocrine shifts, and ‘
abnormal ENG's were observed in half of the patients. Thelr reflexes In
response to light and sound were weak, distorted, or nonexistent and
to flashing light was abnormally intense
" and prolonped. Additional data will be required in order to aA8sesy the
f significance of these human studies. :
periments conducted on rahbits demonstrated that irradi-
ontinuous low intensity mlcrowave fields
antitatively different changes in the VEG.
Tnturmittént rad{ation had a more pronounced cffect on the recovery time.
1t has also been obscerved that lonpg-term exposure of humans to microwave
xtremely flattened EEG patterns,

elic(tw qualitatively and qu

8
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during microwave {rradlation werc also eharacterized by a much fanter .. o

fnerease, followed by a sharp drop to below the oripinal level after
{rradiation and easential recovery in three minutes, In a serics where
the temperature fncreased to 31°C, the microwave effoct at first was the
same 44 the thermal offect; after thirty soconds’ the BA value was even
lower than for the thermal cffect alone, possibly due to overlap of 1onic
~currents at guch high tumperature. This was followed by a substantial
drop alter irradiation, and very 1ittle recovery In three minutes. The
diiferences in results in this serles were attributed to different initial

conditlons ot the preparations.

(1) ‘These experiments indicate that microwaves may have a spectflb effect
of a nonthermal nature on EC and BA, causion sharp and revarsible changes
in these functional parameters of nerve Impulse. Further experimentation
will be nceded before extrapolations ol ¢imllar functional changes to
©odn vivo conditions, or to humans, are attempted, Tt is expected that
soviet research on these and other CNS responses will continue during the

next five years.
PART 5 - DIGESTIVE SYSTEM

(U) A number of alterations in the funetion of the gantrointcstinnl

system were obscrved., Reportedly, exposurcs of subjects working for long
perlods of time in the presence of low intensity centimeter and decimeter
waves resulted in numerous disorders. Thesc included dyspeptic disorders, "
odema of the pums, bleeding gums, alteration of the pastric acidity, and

a reduction of the tonus and cvacuator functlons of the stomach,
() Numcrohé animal studies have been conducted on the motor function of
the gastrointéstinal tract and the secretory function of the stomach. Non-
thermal intenslties were reportedly uged.  In general, suppression of the
stomach's evacuatory funct ton, with sipns of adaptation upon repeated ex-
posure, was found. After partial dencervat lon of the stomach, the opposite
occurred., Tt was concluded that the waves have a dual cffect =~ a mediated
actjon through chanpes in the function of the CNS and a direct effect on

the organ or its local innervation. In gencral, gastric julcesn {ncreascd
“and little change In acidity was noted. This work tends to support obser-
vat fons of functional changes Jn humans and indfcates that they may actually
result from o CNGS internction, Other animal results ave discusscd belowv,

biit do not relate to the human observations.
. X )
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(Uy The offocts of hiph frequency radlowaves on the content of nuclefc
acids In the digestlve orgag of rahbits were siudied. The total nucletce
acid content and the (ndividual levels of DNA and RNA were assayed in the
Viver, panereis, stomach, small fntes'incs, and blood. Tt was cround that
the content of nuclele acids in the organs was a functlon of the power
and duration of exposure. lLow dodges were found to considerably stimulate
the nuclele acids, while higher doses reduced thedr content, Significant
shifts in DNA content requircd very hipgh level exposures.. In a similar
study on lrogs exposed to microwaves (2307 MHz), the highest nuclele acid
content was found in the panrreas and the lowest in the stomach. Again,
low doses increased the total nucleic acld content while higher doses
induced insignificant increascs or reductions in thelr content.

(U) » The effécts of microwaves (2307 MIz) on radlophosphorus resorption

{n the stomach, duodenum, {leum, and colon were studied in rabbfits.
Simultancously, absorbed radiophosphorus dlstribution in the liver, lungs,
kidoey, and spleen was mvestigated., 1Tt was foimd that rates of radlo-
active phosphoris resorption hy sections of the alimentary canal differ.
Under microwave exposure, resorptive activity of the stomach fs somewhat
deercased, while in the small and larpe {intestines, it fs Increascd. Lower
intensity exposnte accelerated the intestine resorptive function to a
greater extent than larpe dosecs of lowoer freguency waves. Radiophogphorus
deposition in the viscera is also a function of the dosage, o

PART 6 -~ GLANDS

(Uy TInvestigatlons of the effects of radiowaves and microwaves on the
plandular system have been concentrated mainly on the adrenal, pituitary,
and the thyroid. The glandular cffects, however, do not appear to be a
hiph priority area when compared to other systems currently under inves-
tlpation.

(
(') The functional status of the adrenal cortex in shipboard specifalists
subjected to the effects of a UHF fleld was reviewed.,  Thirtv-elght men
wore exposcd to the field tor perlods of 24 o 1800 hours and ketosterolds
and oxycorticosterolids (which reflect androgenie funct ton) were monltored.
The results tadieated rhat androgentc, plucocorticold, and mineral cortl-
coid functions of the adrenal gland cortex do not doviate from the normal.
Micrownve exposure also incicased thyrold function in these subjects. The
[neyoase was attributed to secondary i feets of the rvadiation and was felt
to result from diﬂtnrh1nrvn of the sympathe tic nevvous systoem in the
hypothalmie wepton. Tn puinen pigs, the weipht of the nadrenal glanda in-
crensed after continuous exposure at low tlevels for fourteen days, but
decreased in andmals exposed to interrupted exposures.  Moditication of
Hptd metabolism appears to be the mechanism of actfon, Similar exposure

[}

[
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using chicks resulted in incrcaned ascorbie acid content in the cytoplasm
of the adrenal cortex, but other work has produced conflicting results .
regarding the effectas on the adrenal cortex. |

(1) A quantitative assay of the gonadotropic hormones and srowth hormones
~in the pituitary body of rats exposced to mlecrowave radiation Indicated that

for a certain time after exposure, blocking or fnactivation of gonadotropin-

releasing agents occurs in the hypothalamus. Both neural-hormonal and
pltuitary gonadotropic hypofunctional cfifects resulted from whole-body
microwave [rradiation,

(N The general conclusion that can be drawn from various (both animal
and human) studies of the anterlor pituitary and adrenal cortex is that
exposure to radlowaves 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
undergofng microwave irradiation for four months at a power density

of 5 mw/sz. In histological sections of the cylindric epithelium cov-
ering the thyroid, follicles were scen and clectron microscopy revealed
reticulum.

PART 7 - METABOLTSM

(U) Flectromagnetic radlation exposure has been found to produce distur-
hances In carbohydrate coergy and nitrogen metabolism {n the brain, liver,
and muscles. Tt appears that under clectromagnetic exposure, macroergic
compounds hecome defictent due to disjunction of the oxidative phosphory-
Tation processes and deranged metabolism of carbohydrates. With respect
to nitropgen metabolinm, radiation causes an Intensification of the ammonia
formatfon processes in the absence of correspondingly more vigorous pro-

- cesses for dts elimination,

(1)  Exposure of rats to vartous Intensities of clectromapgnetic flelds
with a frequency of 48 KHz produced an increase of lactic and pyruvic
aclds and a decrevase in plycopen content in brain tissue.  The changes
deponded on the ffeld intensity and exposure durat lon and one month
Ater cessation of the exposure the titer of lactic acid in the rat
brain had not returned to uormal,

(1) the role of metabol{c disturbances of the heart in development of
funceional and structural chanpes under the influence af low frequency
frpulse electromapnet fo fields was studicd. Test animals were ratgs
and [t was found that exposure decreased ATP and creat Inphosphate by

5 1

§ b

|

i 12
& \ . {

i

{

UNCLASSTFTED

e
| o



causing disturbances ol the oxldative chanpes of carbohydratcs and diver=~
cgence of conjugation of oextdatlon and phosphorylation processen. Tt wan
. vconcluded that changes In carbohvdrate energy and nitrogen inetaholiam
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preceacd the fnceprion ol structural changes In the mvoeardium.

()7 While these anlmal studles Indicated an upset ol Lome metabolle

" pathways, the degree of functional lmpalrment was relatively small and i

Ca maximum loss after four months.

.number of normal cycles was unchanged, normal cyele duration increased.
Trolonpged diestrus and merestrus, along with a shortened estrus period,

probahly not a significant factor. No human metabolic variations were
noted and meaningful extension of these animal studies to the humin 1is
not possible. Research in this area is likely to remain low key and o W
will be conducted mostly on animals. ' " , B bt RS,

PART '8 - REPRODUCTION " TR

"(U) 'The effeets of electromagnetic radiation on reproductive systems
“have been the subject of numerous animal studfes. Experiments with I

female white mice revealed chanpes fn the estrus cycle. During the five- =

‘month otudy, the mice were {rradfated twice datly for one hour, using a

10 em wavelength of low fntensity (10 1nW/cm2). Although the average

resulted in a decrcase in the reproductive function of the ovarics., A
weipht loss was found to occur starting at about two weeks, reaching

(U) The fertility of female white mlce was also iﬁvoe%rigilte(i; The

animals, lrradiated as above, were mated during proestrus or early estrus
with nonirradiated males. Conception in fifty-cight control anlmals wasg
94 percent, but only 75 percent in irradiated animals,  lLong-term non-
thermal minrowave irradiation of male mlce ovolied diffuse changes in the
testes. Subsequent mating of the animals resulted in reduction in the
siza of Iltters. < i
(1) Microwave radlatlon at 10 and 50 mW/em? Intensity was admiuistered
for twenty and Cifteen minates respectivelv at vartous stages of the
twenty day pestation periods.  The progeny showed reduced viabiliity,

poor devetopment, and anomalies. Changes in rate ol poxtnatal development
and disturb.onces ol higher nervous svstem activity were also observed.

() Femdde white mice were frradiated twlice dafly for one hour with 10 cm
waves ol low intensrty (10 mW/cm‘r) up to the eipghteenth day of pregnancy.

There were stilthinths, a significant number of weak newborn, and a general
retardat fonvof hody welpht pain and yrowth,  Other researchers found sint-
1ary et fecty In Titters from females which had been exposed twice daily for

Cone honr to a [0 em-wavelength at an Intensity ol 10 m\,l/(;m2 for five montho
prior to mating. ' _
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(U) Cenetfe offecta of clectromagnetic radintion were obuserved in other
studfes, Male rats, frradiated with microwaves at 50-55 mwlvmz, ware
mated with nonirradiated females. Litters diaplaved reduced viabhility

and abnormal development, reduced rate of development and nervous
disorders, '

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

(U) Both soexes of the frult fly, Drosophila melanogaster, were exposed

to microwaves to study the effects of radlation-induced mutation. Group A,
exposed for five scconds to 38 MHz, 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 Mllz, showed no cffect on frequency of mutations.

(U) A strain of Staphylococcus uureﬁs, known to be resistant to peni-
c111lin, was exposed to an electromagnetic field. A mutant was found to
be sensitive to penicillin, probably due to a change in lipid content.

(U) 1In summary, a large amount of rescarch has been done on the re-
productive effects of EMR. However, effects on human reproduction,
especially on male fertility, have not been demounstrated.

PART 9 - VISUAL SYSTFMS

(U) The role of microwaves in cataract formation and visual damage has
becen studied extensively In the past and is reasonably well understood.
Primary attention in many studies has been directed at the biological
effects of superhigh frequency electromagnetic radiation on the crystal-
l1ine lens of the cye. 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
gignificant differcence between the two proups. 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
wore characterized In thefr ecarly stapes by turhidity of the lens and
changes in form and rojnr. !

(U) In another studv, thirty-five workers regularly exposed to microuvave
- ficlds and having pronounced congenital lentfcular cataracts were examined
~over g one to three yvear period; the results of thelr examinattons verve
compared to those of twelve persons with similar cataracts vho had no
history of exposure to radiation. No progression was nwoted In any of the
exposed indfviduals; changes were slow and probably attributable solely

to natural aping of the lens,
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(1) Combined wavelengths over the ranye of the mi{1tmotric wvpedtrum were
uned In oan anfmal stadv tnvelving nine rabhits exposed tor 35-70 minutes
Althouph the radiation used was of connlderable fntenslty (120-495 mW/em©),
no damape oceurred {n the deeper media ot the eye, In particular (he lens,
during the 2 to 2% months observation perfod.  However, orosfon of the
epithelium of the coinea did occur along with damage to the conjunctiva
and {tg veusels. Multiple tiny hemorrhapes in the mucosa and submucous
tigsue werce also evident. Ce

(1) The Sovicts have reported the occurence of "acute attacks' (sic) of
P

~ gloucoma (1304 cases) which were corrcelated with peomagnetic disturbances,
.. Morvover, rccurring "acute attacks'" came primarily on days when the mean

value of the horizontal component of the geomagnetic field varied signif-
fcantly. The significance of this report s questionable, but it indi-
cates that the Soviets are examining all aspects of magnetic and
clectromapgnetic radiation which might cause changes In vision.

(I Although a growinpy body of evidence suggests that the microwave
power density required to produce cataracts Is incompatihble with life,
the Soviets will continue to investigate the visual effects of EMR but
their offort will be reduced from 1ts previous level,

PART 10 - INTERNAL SOUND PERCEPT1ON i

(U) Perception of modulated mlcrowave signals which seem to be originating

intracranially as characteristic sounds Is a phenomenon which was flrst
reported in the US open literaturce more than thirtegn years ago. To pro-
dince sounds, peak power densities of up to BQ mW/em™ may be required, but
the averape power density usually is 5 uW/em™,  The Soviets have studied
this phenomenon in order to determine the underlving physiological mechan-

fem(s) and to define the optimum Irradiatlon parameters needed to evoke the

response.  They found that when the tundamental Vrequency ol the electro-
magnet ic stimulus was raised from 2050 to 2500 MHe, the reactlion threshold
rose ¢ignificantly, but at a frequency of 3000 Mz there was no reaction
fvn the auditory centers.  The averape Intensity ol celect romgpnetic radi-
At fon reguired to evoke the response was lens than 10 mW/em' s it was
concluded that the tundamental sipnal frequency rather than the amount

ol encergy coenstituted the primary stimolus and that the observed phenom-
Cnon was Sensory in natare.

() Ihe “ovictn will continue to investipare the nature ol fnternal sound
pereeption, Their rescarch will include studies on perceptual distortion

Cand other psychophystolopfeal effects. The results of these {nvestiga-

tions could have military applications if the Soviets develop methods for
disrupt fag or distuwrhing haman behavior, :
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SECTION 111 ] b

MISCELLANEOUS OBSERVATIONS

(1) Most of the reported bilological cifects from radlowaves and micro-

 waves resnlt from exposure to the higher frequency ranges.  Many of the

obscrved phystological changes probably occur as a result of thermal

effects arising from the vibration of fons and dipoles of water molecules

in tissues: the vihratlions are sct into motion more efficiently by the ' .
shorter wavelength (high frequency) waves. For example, a radiowave of

ten cent lmeters wavelength converts about fifty percent of its encrgy .

into heat in this manner, whereas a three-centimeter wave converts nearly
nincty-eight percent of fts encrgy into heat. A study ol the bioloptcal
activity ot low frequency (seven KHz) impulse celectromagnetic radiation of
different intensities and durations was done on rats. 1t was found that
the patholonical chanpes were a funct ion of dose; susceptibility to radi-
ation was governed by metabolic processes and morpholopy and the organs and
cyatems conld be classificd as to sensitivity fn the folltowing order: tes-
ticlos, tiver, kidneva, heart, and central nervous system.  Another study

“Yndicated that relatively low frequency electromapnetic ficlds penerated

sonic and ultrasonic oncillations In living orpanisms which in turn produced
olastiec defarmations. 11 the frequency of the source field corrvesponded to.
the oscillation frequency of the cells (the resonance {requency most 1lkely),
Cthe cells deterlorated as a result of the mechanical resonance.. : :
(U Clinical studies were done on thirty subjects, aged 25 to 40 yenrs, ex-
posed to Industrial ultrahigh frequency centimeter waves at power densities
of 10 to 500 mW/em? for periods of time ranging from 4 to 173 vears, Subjec=

tive complaints Included gencralized weakness, afternoon and evening apithy,

fatigue, headache, sleep disorders, and nonradfating precovdial pain suppes-
tive of asthenia or neurasthenia with autonomic dystonia.  Dlectroencepha-
lopraphy revealed periods of absence of alpha wave activity alternating

with Tow R waves, increased [requency of potentials, dysrthythmia, perfodic
low peak potentials, and reactions to alferent atimull,  Peripheral blood
studies revealed lvmphocytosts or monocytosis in eipht gubjects; Increased
Alpita and pamma globnling were found in 18 subjects. Erythrocvte potagsium
wis within the lower limits of normal, while urine potassium was within the
apper Tintts of normal.  Adrenal cortex function wax ovaluated by urine

lovi 1s oF 17-ketosteroids, which were clevated to 22 to 40 mp {n 11 subjects;
averape levels were 2009 mg. Urine levels of cpinephrine and norepineph-
rine were elevated th somo cobijects, Thyroid function was cevaluated by rate
ot radioiodine uptake. Averape uptalke within two hours was 11.3 percent,

and {n four hours 16,9 percent.  The 24 hour uptake did not differ {trom
normal valuep. PFlectrocardiopraphy revealed chimges {n the heart con-
‘duction svstem in six subjectsy the Tvl>vh syndrome wias found {n ten
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suhjects and a U wave was registered in lead Vy In efght gubjects. Hemo=~
dynamic and myocardial function parzmeters werc atudied by tachooscillo-
graphy and polysphygmopraphy. Arterial pressure was usually within normal
limits, although ft was of a labile nature. Bradycardia was present in
14 subjects and decreased minute volume was observed In eight; increased
peripheral resfstance was found "n a sipnificant number of subjects.
Autonomic-vascular changes and omot tonal lability and reactivity were
attributed to CHS changes and increascd pLLujtary—ndrvnal pgland function.
Tt was also noted that such shifts in neurcendocrine function could lead
to circulatory disorders manifested by chanpes in the liemodynamic indices
and clectrical activity of the heart.

(1) 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 periodie exposure Lo micrewaves
of considerable intensity (up to several mW/cmE). The sccond group conslated
of 115 subjects who had begun work after the introduction of protective
measures and had been exposed to microwave 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 atudy showed adverse ef fects, primarily on the nervous
and cardfovascular systems, In both exposed proups. These effects were

more pronounced in the (irst group. They were manifested by more frequent
complalnts of asthenic syndrome and vepetative vascular dysfunction,

(W) A lack of standards for measuring power levels represents a problem
which probably accounts for confllcting, reports regarding the effects of

a given I'requency and intensity. Other problems with dosimetry and experi-
mental Lechnique also exist. Such diflerences make comparison of results
from onc Investigator to another, as well as from one country to another,
extremely difficult.

(UY Only a few studies {nvolving electromagnetic fnteraction with the
fimmunological system have been reported.  In one, rabbits were employed

to stody the body {nmunological reactivity under lonp-term irradiation.

The rabbits were famunized with typheid antipen and divided into two proups.
One proup was cxposed to waves of 50 and 10 mW/em? intensity for four hours
a day over a four-month period. Analyusis of the data obtained ifudicated
that chronie exposure to the cffects of low Intenstty hipgh frequency radio-
waves can tnfluence the fnmunoreact ive state of the hody as evidenced by
differences in phagocvtic activity of neutrophils, blood serum complement
level, and spectfic ant ibody titers,

A}
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(1)  Soviet invest ipatoras have conducted studles on the eifects of miero-
wave Prequencic s in combinat fon with fonfzing radlation, magnet 1o flelds,
drups, and nonfonizing eloctromapnet Te radiat Ton of other wavelenpths,
Generally, synergist e ofleets have heen abhaorved. Continned work In
Lhis arca o expected, and possibly new satety standards for these com-
bined offocts will by doeve loped.

\

(U) In summary, this scetfon shows the rather broad front on which
Soviet rescavchers are {nvestipating the blologleal ceffects of TMR, 1t

f5 apparent that their interest covers all body systems which could reason=

ably be expected to display responses Lo such radiatifon. As with Western
roscarchers, they have concentrated their efforts on the higher frequency
spoect rum whiceh would be expected to produce more thermal responses. How=
over, they also continue to be interested In nonthermal effects, which,
by Western standards, they have vet to concluslvely demonstrate,
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