NASA TECHNICAL
TRANSLATION

NASA TT F-708

NASA TT F-708

INFLUENCE OF MICRO\)VQVE RADIATION
ON THE ORGANISM }B'F MAN AND ANIMALS

B by 1. RG]

“"Meditsina" Press, Leningrad, 1970

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION - WASHINGTON, D. C. - FEBRUARY 1972




NASA TT F-708

INFLUENCE OF MICROWAVE RADIATION

ON THE ORGANISM OF MAN AND ANIMALS

Edited by I. R. Petrov

Translation of '"Vliyaniye SVCh-Izlucheniya
na Organizm Cheloveka i Zhivotnykh."
""Meditsina'" Press, Leningrad, 1970

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

For sale by the Nationat Technical Information Service, Springfield, Virginia 22151
$3.00



IR e U s S SN U S D e s IS e g



TABLE OF CONTENTS

Foreword (I.R. Petrov) . . e
Introduction (A.G. Subbota and R I Kovach)

PART I. INFLUENCE OF MICROWAVE RADIATION AT HIGH (THERMAL)
INTENSITIES

Chapter 1. General Characteristics of the Influence of Ther-
mal Intensities on the Organism (A.G. Subbota).
Chapter 2. Changes in Functions of Various Systems of the
Organism under Exposure to High—Intensity Micro-
wave Fields ., . .
The Central Nervous System (A G Subbota)
Cholinergic Activity (V.A. Syngayevskaya). .
Endocrine Glands (I.R. Petrov and V.A. Syngayevskaya)
External Respiratory System, Cardiovascular System, and
Blood (A.G. Subbota). e e e .
Organs of the Digestive System (A G Subbota).
Chapter 3. Metabolic Changes (V A. Syngayevskaya)
Protein Metabolism . .
Carbohydrate Metabolism
Oxidative Processes. . .
Chapter 4. Combined Effects of Microwave Electromagnetic
Radiation and Other Factors on the Organism
(I.R. Petrov)

PART II. INFLUENCE OF LOW- (NONTHERMAL-) INTENSITY MICRO-
WAVE RADIATION ON THE ORGANISM

Chapter 5. Changes in Functions of Various Systems of the
Organism (A.G. Subbota)
The Central Nervous System
The Cardiovascular System.
The Digestive Organs
The Excretory System
The Blood System . .
Chapter 6. Changes in the Immunological Reactivity of the
Organism and in the Properties of Bacteria,
Viruses, and Simple Animals (B.A. Chukhlovin)
Nonspecific Resistance to Infection. . e
Specific Immunological Reactions .
Influence of Miecrowave Radiation on Bacteria, Viruses,
and Protozoa,

PART III. INFLUENCE OF MICROWAVE IRRADIATION ON THE HUMAN
ORGANISM

Chapter 7. Functional Changes in Healthy Humans Exposed to
Low-Intensity Microwave Fields (A.G. Subbota)

Chapter 8. Changes in the Functions of the Internal Organs
of Personnel Operating Microwave Generators (Ye.
V. Gembitskiy).

iii

- 15
. 78

24
24
26
31

b1
by
48
48
54
56

61

66
67

85

88
89
92

94

160

106


magdahavas
Highlight

magdahavas
Highlight

magdahavas
Highlight

magdahavas
Highlight

magdahavas
Highlight

magdahavas
Highlight


General Characterization of Subjects Examined. .

Visceral Symptomatics Under Acute Microwave Exposure

Influence of Prolonged Microwave Exposure on the Inter-
nal Organs.

Treatment.

Chapter 9. Dlagnosis and Treatment of Neuropsychic Disturb—
ances (I.G. Ramzen-Yevdokimov and V.&. Sorokin)

Chapter 10.Effects of Microwave Radiation on the Visual
Organ (V.G. Shilyayev). .

Chapter 11.Problems of the Etiology and Pathogenesis of the
Pathological Processes Caused by Microwave Radia-
tion (I.R., Petrov).

Etiology C e e
Pathogenesis .o e e

Chapter 12. 'Therapeutlc Uses of Microwaves (A P Parfenov,
V.V. Sevast'yanov, and A.I. Semenov).

Chapter13. Problems of Prophylaxis and Protection from the
Harmful Effects of Microwaves

Protection of Personnel from Exposure to Mlcrowave Ir—
radiation (Ye.A. Yermolayev). . .
Prevention of Harmful Consequences of Exposure to ngh—
Power Microwaves (I.R. Petrov). .
Conclusion (I.R. Petrov and A.G. Subbota)
References e e e e e e e e e

iv

107
110
119
126
142
147
147
152
166
180
181
187

193
204



INFLUENCE OF MICROWAVE RADIATION ON THE ORGANISM /2%
OF MAN AND ANIMALS

Editor: I.R. Petrov
Academy of Medical Sciences of the USSR

ABSTRACT: The book deals with problems of the ef-
fect of the microwave fileld on the organism, which
are becoming more pressing with each passing year,
slnce the power outputs of microwave generators
are belng increased and more and more persons are
being exposed to this factor. The monograph con-
sists of three parts. The Introduction deals with
the biologlical bases of the action of microwave
electromagnetic radiation on the organism. Parts
I and ITI set forth experlimental material on the
influence of high and low microwave 1intensities on
the animal organism, characterizing the functional
changes of the organism's basic systems and its
metabolism. Also considered is the question of
damage due to microwaves combined with other fac-
tors and changes in the organism's immunological
reactivity, the properties of bacteria, viruses,
and simple animals. Part III of the book is de-
voted to the influence of microwaves on the human
organism and sets forth data acquired as a result
of observations on volunteers as to the influence
of low microwave intensitlies on the healthy human
organism; it sets forth the symptomatclogy, stages,
reversibility of changes, and a classification for
the pathological processes that arise under the
influence of microwaves 1n persons working with
microwave generators. The book examines problems
in the etlology and pathogenesis of sequelae to
exposure to microwave radiation, characterizing
the significance of microwaves and factors operat-
ing concurrently with them in the appearance of
pathological changes, and indicating the basic
pathogenic mechanisms of the pathological changes
that arise under the influence of microwaves. It
also presents material characterizing the applica-
tion of microwaves to treat patients. The last
chapter is devoted to protection from and preven-
tion of detrimental effects of microwaves on the

¥Numbers in the margin indicate pagination in the foreign text.



human organism. It cltes the maximum permissible
microwave radiation levels, characterizes means

for individual and collective protection from the
harmful effects of microwaves, and presents experi-
mental materlal on the use of drugs to prevent detri-
mental aftereffects of microwave exposure. The
Conclusion sets forth concisely the basic premises
of the problem of microwave effects on the organism
as reflected in the monograph and takes note of
problems that require further study. The bock con-
tains 24 i1llustrations, 36 tables, and a bibliog-
raphy of 521 citations.

FOREWORD /3

The widespread use of radiocelectronic equipment in the
national economy and the development of the radioelectronic in-
dustry have led to a situation in which large groups of persons
are even now being exposed to radio waves in the microwave band.

Present-day space research, aviation, the hligh promise of
spaceflight, the development of automation and communications,
and the use of radioelectronic gear in various branches of
sclence and engineering have opened extraordinary possibilities
for the use of radioelectronics.

As a result, the number of persons coming into contact with
microwave radiation 1s increasing with each passing year.

At this time, a great volume of scientiflc research data
has been accumulated on the problem of microwave radiation both
in the USSR and abroad; thelr study has led to the conviction
that radio waves in the mlcrowave band may have both pathogenic
effects and, under certain condltions, a therapeutic actlon on
the human organism. Even now, the microwave field 1s 1n use in
the treatment of a number of human illnesses.

However, many aspects of this pressing problem remaln almost
totally neglected; 1n particular, our information on the mechanism
by which microwaves affect the human organism is inadequate, and
without it it is difficult in cases of need to develop protective



and preventive measures against the harmful effects of microwave
exposure and to design effective therapy.

The literature offers only occasional monographs, each of
them written by a representative of only one speclaity, although
the problem of the effects of mlicrowave radiation on the organism
can be dealt with successfully (and the literature materlal critic-
ally generallized) in 1ts present state only by a team of scilen- 4&
tists representling varlous speclaltiles.

Thus, the present volume constltutes a brlef generallzation
of published forelgn and Sovliet sclentiflc research and the ex-
perience of the authors 1n study of thls pressing problem,

Representatives of the followlng speclaltles partlcipated in
compllation of the monograph: physics, radloelectroniecs, physiol-
ogy, blochemistry, pathophysiology, 1mmunology, neuropathology,
therapy, ophthalmology, and physiotherapy.

The book examlines a variety of problems related to the ef-
fects of mlicrowaves on the organism, namely: 1) the biophysical
bases for thelr blologlcal action; 2) the influence of high in-
tensities that cause a general rise 1in body temperature on the
organlsm of animals; 3) the influence of low intensitles on the
organism of animals; 4) changes in immunologlcal reactivity; 5)
clinical medicline and treatment of the pathological processes
that arise in humans under the action of microwaves; 6) changes
in the functions of the organ of sight; 7) treatment of pathologl-
cal processes caused by microwaves; 8) therapeutlc use of micro-
waves; 9) standardization and problems of protection from and
preventlion of the detrimental effects of microwaves.

It 1s hoped that thls structuring of the monograph will con-
vey a more complete 1dea of the present state of thls urgent prob-
lem and future research trends.

It 1s also our hope that the monograph will ald 1n solving
the publlc-health problems stated by the Program of the Communlst
Party of the Soviet Union.

I.R. Petrov

Professor

Actlve Member, USSR Academy
of Medical Sciences



INTRODUCTION /5

The explosive development of radioelectronics and its wide-
spread penetration into various branches of the economy and the
military (radio communications, television, radar, radio naviga-
tion, radiospectroscopy, radio astronomy, etc.) have led to a
situation in which practically the entire population of the earth
has come under exposure to radio waves to a greater or lesser de-
gree. The influence of electromagnetic radiation in the radio-
frequency band on specialists who operate the radloelectronic
equipment and on indivliduals in the radiating zones of the antenna
systems is particularly strong.

In this connection, industrial-hygiene problems of prime im-
portance have arisen, involving determination of the amount of
harm done by the radlo waves to the human organism, establishment
of maximum permissible human exposure levels, and development of
preventive and protective measures.

However, 1t has been found impossible to sclve these problems
without thorough study of the mechanism by which radio waves act
on biological objects. It was also necessary to investigate the
changes in the organism as they depend on wavelength (the fre-
quency of the oscillations), time of exposure, and other condi-
tions.

It was very important that sufficlently reliable dosimetry
of the radio emissions be provided, that the necessary measuring
apparatus be developed, and that the protection problems be
solved.

Taken together, all of these questions composed the new and
independent problem of the biological effects of radio waves,
which came under most circumstantial scrutiny in the 1930's.

Since radio waves (including microwaves) represent a part of
the broad electromagnetic spectrum, it 1s obvious that study of
their influence on the organism cannot be separated entirely from
problems in the bilological action of other wavelength bands. This
applies particularly to those segments of the spectrum directly
bordering on the radio frequency range (the infrared).

Electromagnetic radiation is one of the forms in which matter
exists. There is no rigid boundary between matter and radiation.
It has been proven experimentally that certain elementary parti-
cles, on interacting with one another (for example, an electron
and a positron) are transformed into electromagnetic radiation of /6
a certain wavelength and, conversely, that elementary particles
can be produced from an electromagnetic field.



Electromagnetic radiation is composed of alternating electric
and magnetic flelds that propagate 1n space at a finlte veloclty
and cannot exlst without one another. From the gamma-rays to the
long and ultralong radlo waves, they exhlblt wave and quantum prop-
ertles. It 1is these properties that determine the aspects of
thelr biological actlon.

The wave properties 1include the velocity of propagation of
electromagnetic radiation in space (c), the frequency of the field
osclllations (f), and the wavelength (X).

The propagation veloclty is the same for all forms of elec-
tromagnetlic radiation, equalling approximately 300,000 km per
second 1n the atmosphere. The frequencles of the oscillatlons
(f), which attest to the alternating nature of the radiation as
it propagates in space, may vary. 1t 1s measured in hertz (Hz).

A hertz is one oscillation per second. Derived units are the
kilohertz (KHz), 1 thousand Hz; the megahertz (MHz), 1 million Hz;
and the gilgahertz (GHz), 1 billion Hz.

Wavelength (A) is a quantity derived from the propagation
veloclty of the electromagnetlc fleld (c¢) and the frequency of
its oscillations (f):

~|e

Wavelength is measured in kilometers (km), meters (m), deci-
meters (dm), centimeters (cm), mlillimeters (mm), microns (u),
millimicrons (mu), and angstroms (4).

Since the propagation velocities (c) of the various types of
electromagnetic radiation are the same, the fregquency of the os-
cillatlons can be determined if we know their wavelength:

.oc
roe—.
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The blological effectlveness of electromagnetic rediations
in varlous bands is determined, apart from the frequency (f) and
wavelength (X), also by the i1rradiance. The 1rradiance of electro-
magnetlc waves, also known as thelr power flux density (PFD),
indlcates the amount of energy transferred by the radiliation per
unit time across a surface wilth an area of 1 cm? placed perpendic-
ular to the propagation direction of the wave. Power flux den-
sity is measured in W/cm?, mW/cm?, and uW/cm?®. This quantity is
the basic paramefer used for the irradlance of electromagnetic
waves 1n the microwave band.



The biological effects observed under exposure to microwaves
are compared wlth the PFD of the radlo waves. An electronic meas-
uring apparatus (designated PO-1) has been developed and placed in
production for measurement of the PFD in the microwave band; its
baslic components are a receiving antenna and a receilved-power
meter. By dividing the power received by the device by the area
of the antenna receiving surface, we obtain the PFD at the loca-
tion of the antenna.

The following properties of electromagnetic radiation are
also among the wave properties of major biological importance:
reflection, refraction, interference, and diffraction. The de-
gree of absorption of the fields by the tissues of the organismn,
the depth of penetration, the distribution of the electromagnetic /T
energy at interfaces, etc. depend on the wave properties of the
electromagnetic fields.

In addition to the above wave properties, we also distinguish
gquantum parameters of electromagnetic radiation; here the radia-
tion is regarded not as a continuous process, but as an intermit-
tent one in the form of separate elementary portions known as
quanta.

The quantum (photon) is the minimal, indivisible portion of
electromagnetic radiation and propagates 1n space with the finite
velocity (c) mentioned above. An electromagnetic quantum (photon)
possesses a certaln energy whose magnitude depends on frequency:

E = hf,

where h i1s Planck's constant, which equals 6.6 - 10-3* W/sec?, and
f is the frequency of the electromagnetic radlation. The energy

of a quantum (E) is usually expressed in electron-volts (eV). It
is seen from the formula that the energy of a quantum is larger
the higher the frequency of the electromagnetic-field oscillations.

The biological effect of electromagnetic radiations, especial-
ly in the ultraviolet, x-ray, and gamma-ray frequency bands, 1s
determined chiefly by the quantum energy (E). Thus, for example,
it is known that an energy of approximately 13.5 eV must be ex-
pended to detach the electron from a hydrogen atom. Quantum ener-
gies sufficient to produce this effect are encountered only at
frequencies corresponding to electromagnetic oscillations in the
ultraviolet or at still higher frequenciles.

The quantum energy is negligibly small 1n the radio-frequency
band: it averages about 10~® eV. Thus, electromagnetic radiations
in the VHF, UHF, and microwave bands are low-energy radlations,
and the gquantum effects are less significant for them. On the
whole, three basic bands (Table 1) are dlstinguished in the broad
electromagnetic spectrum. Some of them have even acquired names
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based on their biologlcal criteria. For example, the optical
band covers the reglon of the electromagnetic spectrum that is
perceived by the eye as visible light.

The blological role of electromagnetic radiations was most
comprehensively defined by Academician V.I. Vernadskly (1926). He
was the first to point out that the earth's biosphere was "built"
with the aid of electromagnetlic radiation incoming from the cosmos.
In his conceptlon of the biosphere, he included not only the en-
tire organic world of our planet, but also the products of their
metabolism, and oxygen in particular. V.I. Vernadskily was the
first to submit the notion that it 1s difficult to conceive of the
biological importance of only 4.5 octaves of electromagnetic radla-
tion (3 octaves 1in the infrared, one octave in the visible, and
0.5 octave in the ultraviolet). He argued that among the 40 known
octaves, there should be other bands of the electromagnetic spec- éﬁ
trum that participate in the shaping of the earth's bilosphere.

The radio-astronomical, biological, and other research of recent
years has confirmed his point of view.

TABLE 1. CLASSIFICATION OF THE ELECTROMAGNETIC SPECTRUM

. In conven-— Average Average
Region of spectrum tional frequency guantum
units in Hz energy in
eV

Radio waves:
long, short (SW),
ultrashort (USW) 1 km-1 m 3+105-3.10°8 10”5

microwaves: (deci-
metric, centimet-

ric, millimetric) 1 m-1 mm 3¢108%-3.1011
Optical band:

infrared 500 pu-15 u

15 u-7600 & 3+10'2-3-101%°

visible 7600 8-3800 } 3+10%" 1

ultraviolet . 3800 %-1000 R 3+1018
Icnizing radiation:

X-rays 100 %-0.1 % 3+10!°8

[o) 106
gamma-rays 0.1 %-0.0001 A 3.102°

It has actually been established that the sun emits electro-
magnetic waves not only in the infrared, visible, and ultraviolet,
but also at longer, radic wavelengths. Needless to say, not all
of its radiation reaches the earth's surface: radio waves reach
cur planet only at wavelengths from 1 cm to 50 m. The rest are
stopped in the sun's chromosphere and in the upper layers of the



atmosphere (by reflection or absorption).

The 1ntensity of the sun's radio emission at wavelengths from
1l cm to 50 m (in contrast to the infrared, visible, and ultra-
violet rays) 1is subject to very wide fluctuations. Thus, the
level of radio emission may increase by a factor of 1000 on the
appearance of a sunspot. The radio intensity rises especlally
sharply during chromospherie flares on the sun (A. Smit, 1961).
Radio emlssions arrive at the earth not only from the sun, but
also from other cosmic radio sources. Thus, the planet Juplter
emits strong radio bursts at frequencies around 20 MHz (X = /9
about 15 m). Radio emissions arrive at the earth from the Milky
Way, nebulae, and colliding galaxies, and also from the inter-
stellar gas hydrogen (at a wavelength of 21 cm). Radio emissions
also appear at the time of lightning discharges in the earth's
atmosphere.

Thus, radio waves in the metric, decimetric, and centimetric
bands are nothing altogether new and unusual for the earth's bio-
sphere. To the contrary, radio emissions would appear to be a
parameter of the environment on a level with the gravitational
field, the oxygen partial pressure, and others. A basic attri-
bute of this parameter is its variability.

Up to the present time, almost no study was devoted to the
biological role of the natural radio emissions. This has been
principally because quantitative estimates of these radiations
have been made only during the last few years, and discoveriles of
new radio sources continue to be reported.

The blological action of radio waves from artificial sources
came under study only after radio engineering had reached a cer-
tain level in its development. The first experimental investiga-
tions of the biologlcal effects of radlio waves were performed
five years after A. S. Popov invented radio, by our compatriot
V.Ya. Danilevskiy (1900).

Systematic study of the influence of these waves was begun
much later, and then the selection of the frequency ranges was
determined chiefly by the level of radioengineering development.
In the first stage, the effects of short, and then ultrashort
waves (SW and USW bands) were the principal objects of study. As
a rule, the biological objects were placed between the plates of
a capacitor, so that what was actually determined was the effect
not of the electromagnetic field, but that of its electric compo-
nent on the organism (G.L. Frenkel', 1937, 1940; V.V. Tatarinov,
1937; K.P. Golysheva, 1940; A.V. Lebedinskiy, 1940; A.V. Tonkikh,
1940; Pidtzold, 1930; and others). Later, when radioengineering
began to master still higher (superhigh) frequencies, experiment-
ers also began to study their blological effects. At first, the
biological objects were again placed between capacitor plates in
analogy with the method used to subject the organism to the UHF



electric field (V.Ya. Batunina and Ye.V. Gernet, 1938; F.M. Supo-
nitskaya, 1938, 1940, and others).

However, no measurements of the radliation lntensity were
made during those years when these studles were performed. 1In
splte of these shortcomings, the factual materlial from prewar
research is of definite interest. At that time, the blological
effects of microwave radlation were usually studied simultaneously
with determination of the effects of the UHF electric fleld. The
research took three directions: 1) the thermal effects of the
radio waves; 2) the nonthermal (specific) actlion of these waves
on the organism; 3) the radio emission of the human brain.

Attempts were made in each of these trends to ascertain the
features of the influence of the microwave field on biologlical
obJects or models thereof. One of the first experimental studies
in which the mlcrowave band was included in a study of the thermal
effect of the UHF electric fleld was that of Patzold (1930), who
established that different electrolytes taken 1n the same concen-
trations and amounts are, other conditions equal (wavelength,
field strength), heated differently. The thermal effect depended
on the conductivity (o) of the solutions. P&atzold derived a for-
mula that can be used to find the conductlvity at which maximum
heating is obtained and plotted a diagram of the wavelengths that
produce the most distinct thermal effect in the rabbit. Thus,
Patzold indicated a wavelength of 79 cm for heating of cerebro-
spinal fluld, 93 cm for bile, 177 cm for blood, 7 m 87 cm for the
brain, and so forth. These data were confirmed by Schliephake et
al. (1932) and expanded by V.V. Tatarinov (1937).

Later, I.V. Zherdin (1938) used one of the first magnetron
mlcrowave generators (by changing magnetrons) for similar studles
in even shorter-wavelength bands: A = 8, 23, 25, 31, 42, 62, 84 cm
and 1 m 4 cm,

It was found that the absorption maxlma characteristic for
the UHF that were established by PAtzold are not observed in the
mlicrowave band. Thus, substantial differences between the ther-
mal effects of UHF and mlicrowave electrlc fields were identifiled
even in the flrst biophyslcal studies of the problem.

The experiment of Esaux (1933) is regarded as most interest-
ing 1n that 1t demonstrates the role of conductivity in the ther-
mal effects of UHF and microwave electric flelds. Briefly, this
experiment consists in an unusual increase in the temperature of
an emulsion of water in paraffin oll. When placed in a UHF capacl-
tor field, such an emulsion boliled at 50-60°C. This was because
of pecullarities in the heating of the different phases of the
emulsion, which had different electrical parameters & and g. The
water was heated, as usual, to 100°C, but the paraffin oil re-
mained relatively cold, wlth the result that the thermometer
registered an average temperature of 50-60°C

/10



The results of the experiment formed the basis of one of the
first theories of selective heating of individual tissues and
even subcellular formations (the specific-thermal action of radio
waves). The microwave electric field was also studied from the
same aspects (F.M. Suponitskaya, 1938, 1940; Denier, 1932, 1937).

It was established from study of the nonthermal (specific)
action of radio waves that the changes that appear in the organism
cannot be explained solely in terms of the amount of heat formed /11
in it.

P. Libezni (1936) stated flatly that the nonthermal effect
of the radio waves is basic, and that the temperature rise in the
tissues merely masks the specific shifts in the organism. F.M.
Suponitskaya (1938) also linked the influence of decimetric (A =
= 40 cm) waves on the organism with basically nonthermal tissue
changes (the vibrator effect).

At the same time, A.V. Lebedinskiy (1940) suggested that
practically all changes in the organism under the influence of
radio waves can be explained from the standpoint of generation of
heat in the blological object. He did, however, stress that
molecular resonance 1s also possible on transition to another
frequency range. The nonthermal action of radio waves, including
microwaves, was also acknowledged by I.M. Khazen (1940), N.N.
Livshits (1957), I.A. Abrikosov (1958), and others.

A third (and singular) direction in this research was initi-
ated by Cazzamalli (1928), who reported that he had discovered
radio waves emitted by the human brain. These radio emissions
depended on the psychic state of the subject. Arguments for the
existence of biological radio communications were subsequently
advanced (B.B. Kazhinskiy, 1962; Amadou, 1954, etc.). However,
these researches were not supported convinelngly in later studiles
(L.L. Vasil'ev, 1964, and others).

Thus, significant steps were taken during the prewar years
toward establishing how the organism is affected not only by the
HF and UHF electric fields, but also by shorter wavelengths — the
microwaves.

Systematic research on the blological effects of microwave
electromagnetic radiation was begun immediately after the end of
the Second World War. By this time, as we know, radar had come
into widespread use and its development was contlnuing at a rapid
_pace. The power outputs of radar installations were being in-
creased steadily, and the operating frequency ranges were also
being broadened. Almost all forms of radio emission had come into
practical use, especially those in the metric, decimetric, centi-
metric, and millimetric bands.

10



Research was belng pursued in several directions. Simultan-
eously, the mechanism of microwave actlion was being investigated
in experiments on higher and simple animals and plants. Much at-
tention was devoted to study of the most obvious, thermal effects
of microwaves on the organism. Attention was also given to the
state of health and morbidity of individuals working with micro-
wave apparatus.

Much attention was devoted to blophysical research on the
biological action of microwaves. The studles of Pdtzold (1930), /12
Esaux (1933), V.V. Tatarinov (1937), and I.V. Zherdin (1938),
whose object was to ascertaln tilssue heating as a function of
tissue conductivity (o) and dielectric constant (e), were unable
to explain the diversity of the blological effects in hetero-
geneous structures, especially under exposure to microwave radia-
tion.

For thils reason, broad-gauge research on the electrical
parameters of tissues was extended intc this frequency range dur-
ing the 1950's (Schwan, Li, 1956; Schwan, Piersol, 1954, 1955, and
others). It was found that all tissues of animals and man can be
classified into two groups on the basis of € and 0: 1) tissues with
a high water content (muscle, skin) and 2) tissues with a high
fat content (subcutaneous fatty tissue, etc.).

The tissues of the first group have large ¢ and o, with €
decreasing with lncreasing frequency, while 0 increases; this
corresponds to the characteristic behavior of water.

Tissues of the second group have small € and 0.

When electromagnetic waves act upon tissues of the first
group (a homogeneous model was adopted), the amount of absorbed
energy reaching the interior increases, but remains relatively
constant at about U0% in the range from 600 to 10,000 MHz. The
remaining 60% is reflected. Inhomogeneous models were also used,
wlth simulation of the skin layer, the subcutaneous fatty tilssue,
and muscle. Substantial variations of the absorbed microwave
energy were established here at frequencies of 1000-3000 MHz (from
20 to 100%). It was also shown that the amount of absorbed energy
may vary substantlally as a function of the geometrical dimensions
of the blological object. Thus, the body of an adult human can
absorb 50 to 125% of the energy incident upon its cross section
in the 400-10,000-MHz range (Salatli et al., 1962).

As 1t 1s absorbed, the electromagnetic field penetrating into
a biological object declines in strength. This attenuation 1s de-
termined by the conductivity of the medium (o). The rate of at-
tenuation of microwaves in a homogeneous medium is characterized
by thelr depth of penetration, i.e., the distance from the surface
during passage through which the intensity of the radiation is
reduced by a factor of 2.7. The depth of penetration of the
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microwave field into tissues of the first group (the water-con-
taining tissues) is much smaller than that in tissues of the second
group. The customary rough approximation is that the depth of
penetration into the animal organism is 1/40 of the wavelength.

Thus, the depth of penetration of microwave radiation into a
biological object depends on its wavelength. As a result, longer-
wave radiations (decimetric waves) penetrate deeper and may have a
direct influence on internal organs, while shorter wavelengths
(centimetric and millimetric waves) are absorbed almost entirely /13
by the skin because of thelr very small depth of penetration and
have their basic influence in the surface regions of the biologi-
cal object. Almost all of the energy absorbed in this process is
transformed into heat. The best-known effect of microwave on the
organism, and the first to come under study, is that in which the
irradiated tissues are heated.

Since different tissues absorb microwave energy to different
degrees, they are also heated differently. This was the result of
experiments on models of blological cobjects and animals.

It was observed that the ftemperature distribution established
in the blological object under the actlon of microwaves depends
not only cn wavelength, but also on a number of other factors,
chief among which are heat exchange at the surface of the heated
objeect (natural or forced coocling), the tissue structure of the
object (homogeneity or a layered structure), the rate of blocod
supply to the heated area, etc.

In addition, the degree to which biological objects are
heated under mlcrowave exposure also depends on the PFD. At
small PFD, the thermal energy liberated in the biological object
may be dissipated into the surrounding space without any appre-
ciable rise in the temperature of the biological object as a re-
sult of functioning of its temperature-control mechanisms. Local
microwave exposure of a biologlical object that can be regarded
as homogeneous results in the strongest heating of the object's
outer layers under conditlons of natural cooling of its surface.
The internal regions of the object are less strongly heated under
these conditions.

The decrease in temperature toward the interior of the bio-
logical object is the more rapid the shorter the wavelength of
the radiation. If the surface is subject to forced cooling (for
example, by blowing air over it), the maximum temperature rise
occurs inside the object, at a certaln distance from its surface;
this distance is larger the longer the wavelength of the radia-
tion and the stronger the cooling of the object's surface.

When microwaves act on a zone of the biological object that

has an inhomogeneous structure (for example, when there 1s a layer
of fat covering a layer of muscle), the temperature distributilon
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becomes more complex. Owing to the weaker absorption of micro-
wave energy by the fatty tissue, less heat is llberated in the
fatty layer than in the muscle layer. When the layered system

is 1rradliated, therefore, the temperature rise in the layer of
muscle 1s larger than in the fatty layer, even though the latter
is nearer the source of the radiation. This phenomenon is particu-
larly consplcuous at decimetric wavelengths.

As we have noted, a marked temperature reaction of the or-
ganism to microwave exposure 1s observed when the PFD is not too
small (more than 10 mW/cm?). However, organisms are also observed /14
to react to the electromagnetic field at smaller microwave power
flux densities, even though the temperature rise is not observed
in this case. These phenomena belong in the category of nonther-
mal or specific effects of microwaves.

The physlical nature of the nonthermal effect 1s not as clear
as in the case of the thermal effect. One of the earlliest theorles
advanced to explain the nonthermal action on the organism 1s the
theory of "point" heating (of the type in the Esaux experiment).
It has been shown in recent years that certain microstructures
may 1ilndeed be heated much more rapidly than nearby elements with
lower conductivity (for example, the lipoid cell membrane). In
the final analysis, extraordinary temperature gradients form be-
tween subcellular formations, cells, and even tissues. Thus,
when suspended solid isolated particles no less than 80 um in
diameter were irradiated with a PFD of 10 mW/cm?, the temperature
gradient reached 10°C. 1If it were ever shown that a similar pic-
ture prevails in the living organism, the specific-thermal mecha-
nism would be accepted.

The "chain of pearls" theory has also attracted considerable
attention. Droplets of a liquid (milk, lymph) or solid particles
(polystyrene beads) suspended in another liquid arrange themselves
into chains in the radio-frequency field. These chains are orlent-
ed along lines of force.

The orientation of the suspended particles is explained by
the fact that charges are induced 1n them under exposure to the
field. Electrostatic attraction is what causes the stringing of
the particles. It is believed that the "chain of pearls" phenome-
non is of nonthermal nature, since 1t 1s weakened by increasing
the field strength, whereupon the temperature rises (Kalant, 1959).
This phenomenon has not been observed in the living organism.
Saito (1961) takes the view that this effect has no biological
importance at all.

The theory of nonthermal denaturation of protein also has
numerous adherents. It was first advanced by V.I. Romanov (1940).
He suggested that polar molecules are not rigid dipoles, as was
assumed by P. Debye, but elastic ones. This makes it possible for
parts of the molecules to shift in an electromagnetic field. In
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his opinion, molecular deformation is also possible even in non-
polar molecules. A medium composed of such elastic molecules
would be a medium composed of resonators. Electromagnetic waves
could be absorbed in this medium if their periods coincided with
the natural vibration period of the dipoles.

V.I. Romanov reasoned that such effects might also occur at
superhigh frequencies and that transition of molecules to excited
states was quite possible. Much later (A.S. Presman, 1963; Kalant,
1959, 1965, 1968) proposed that such phenomena are also possible
in certain parts of protein molecules. Here, hydrocarbon and
other bonds might be ruptured as a result of the forced orienta-
tional vibrations of the protein molecules. The hydration zone,
which, as we know, determines the solubility of the molecules,
might also change. Either rupturing of intramolecular bonds (due
to resonance forces) or changes in hydration zones could ulti-
mately lead to nonthermal denaturation of the protein. However,
the importance of this mechanism has not yet been confirmed ex-
perimentally.

A.S. Presman assumes that the following also occur: a) a
change in the "potassium-sodium gradient" owing to different ef-
fects of microwaves on the degrees of hydration of Na and K; b)
a change in the permeability of the cell membrane owing to ef-
fects of microwaves on the water molecules that hydrate the pro-
tein molecules in the surface layers of the cell membranes; c)
disruption of electromagnetic functional regulation.

In his view, electromagnetic fields give rise to a regula-
tory process in the living organism (alongside the nervous-re-
flex and humoral processes), i.e., that intracellular processes
are controlled, along with the interactions of organs and systems.
Proceeding from these considerations, it is possible that this
regulatory mechanism might be disturbed under microwave irradia-
tion.

However, since there is no proof of the electromagnetic-wave
functional regulatory mechanism in the organism, we find it dif-
ficult to concur with this view. In addition to this one, many
other hypotheses have been advanced to account for the nonthermal
effect. In one, for example, the microwave field may influence
the molecular structure responsible for the specific activities
of proteins and enzymes (Bach et al., 1961; Bach, 1965). It is
proposed further that the nonthermal effect may be related to
resonance-absorption effects of microwaves at certain frequencies
by complex biopolymer molecules or their components. There are
also the supramolecular hypotheses of the thermal-effect mecha-
nism, according to which elements of the cellular structures (mem-
branes) detect microwave signals.

It is also possible that the action of weak microwave fields

(nonthermal action) is brought about with water molecules as an
intermediary; vibrating under exposure to the electromagnetic

14
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fields, these molecules can produce changes in the striectly regu-
lated rhythm of metabolic processes in the cell, which take place
in the aqueous phase. This hypothesis 1s favored, for example,
by the fact that the nonthermal effect of electromagnetic fields
is observed not only in the microwave band, but also at lower
frequencies, and the corresponding phenomenological manifesta-
tions of this effect (physiological and other reactions) have
much in common.

™~
'_I
(@)

|

Summarizing the above, we can state that electromagnetic
microwaves may affect biological objects in two ways: thermally
and nonthermally. At high microwave intensities, this effect is
related to liberation of heat in the biological object with all
of igs consequences (heating of organs and tissues, thermal damage,
ete.).

The physical mechanism behind the biological effect of lower-
intensity (nonthermogenic) microwave fields is still unclear, al-

though there is no doubt that the nonthermal microwave effect
exists.
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Part 1

INFLUENCE OF MICROWAVE RADIATION AT HIGH

(THERMAL) INTENSITIES

Chapter 1

GENERAL CHARACTERISTICS OF THE INFLUENCE OF THERMAL
INTENSITIES ON THE ORGANISM

The first experimental studles of the effect of microwave
radiation on the organism were, as a rule, made at high (thermal)
intensities. Even in the prewar years, attempts were made to
compare the heating effects in organs and tissues in UHF and

miﬁrowave (A = 40 cm) electric fields (F.M. Suponitskaya, 1938,
1940).

However, the intensity of the radiation was not measured at
that time, and the animals were not even subjJected to electromag-
netic waves, but only to the electric component; the data obtained
therefore required verification and refinement.

Systematic research on the thermal effects of microwaves was
begun in the postwar years, with the advent of improved microwave
generating and measuring equipment. Most experimentors reported
that the body temperatures of warm-blooded animals rose under ex-
posure to microwaves only at PFD values above 10 mW/cm? (N.V.

Tyagin, 1957; Z.V. Gordon, 1960; Schwan, Piersol, 1954, 1955, and
others).

Later, however, V.I. Mirutenko (1963, 1964) showed that heat-
ing of certain tissues is also observed at PFD around 10 mW/cm?®.
Tomberg (1961) established that at this intensity (10 mW/cm?), the
temperature gradients may reach 10° in certain structures (suspen-
sion of solid particles in water).

In the opinion of Deichmann (1961), the amount of excess heat
formed in the organism as a result of absorption of electromag-
netic energy at a PFD of 10 mW/cm? (A = 12.4 cm) is considerably
in excess of the normal rate of heat dissipation; from this he
concludes that the maximum permissible levels adopted in the USA
(10 mW/cm? with no 1limit on time of exposure), which are based
only on consideration of the thermal microwave effect, are too
high.
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Conslderable attention was devoted in animal experiments to
features of the temperature rise 1n various organs and tissues as
functions of wavelength, the thickness of the subcutaneous fatty
layer, blood-circulation rate, and other factors. The results of
biophysioclogical studies, which had indicated a dependence of
tissue heating on the conductivity ¢ and dielectric constant g,
were 1in large part confirmed (I.V. Zherdin, 1938; Schwan, Plersol, /19
1954, 1955; Saito, Schwan, 1961; and others). Thus, when the
thigh reglon was exposed to a 12.2-cm microwave field, the tem-
perature rose to a greater degree in the muscles than in the skin
and subcutaneous fatty layer (Seguin, 1948; Rae et al., 1949;
Cook, 1952; Herrik et al., 1953; Krusen, 1956, and others). How-
ever, Osborne et al. (1948) falled to observe this negative tem-
perature gradient. Worden (1948) reported that the thermal effect
depends on time of exposure and that deep-lying muscles are more
strongly heated only during the flrst 20 minutes of exposure. It
was established at about the same time that the blood supply to
the extremity increases (Gersten et al., 1949). It was subse-
quently shown that the distribution of temperature among the var-
lous tissues depends very strongly on the rate of blood circula-
tion. Thus, when a tourniquet was applied to the thigh, exposure
to a microwave field caused extremely rapld heating of all tissues
(A.I. Semenov, 1963, 1965; Krusen, 1956), and volunteers irradl-
ated under similar conditions (A = 12.4 cm and A = 33 cm) even
showed stronger heating of the surface tissues than of the muscles
in some cases (Lehmann, 1964).

Hendler (1960) also noted that the sensation of heat appears
in man later under exposure to microwaves (A = 3 cm) at rather
high (thermal) intensities than under infrared 1light, although
the skin temperature rose more rapldly at the locations of the
temperature sensors (at depths of 150-200 um).

According to the studies of Schliephake (1960), the most pro-
nounced heating of deep-lying tlssues occurs when metrlc wave-
lengths are used. According to thls author, the temperature rise
in the thigh muscles was U4 times greater than that in the subcu-
taneous fatty layer. The results of the study showed that in dogs
whose forelegs were irradiated (X = 12.2 cm), the temperature rose
by 4.3°C in the subcutaneous fatty layer, 4.6° in the surrounding
muscles, 3.8°C in the humerus, and 3.0°C in the bone marrow (Engel
et al., 1950).

In rabbitsi local irradiation of the paws with mlcrowaves (PFD
about 200 mW/cm®) caused necrosis and sloughing of the soft tissues
(A.G. Subbota, 1957). The temperature rise in the deep tissues of
the leg could vary substantially in repeated local irradiations.
Thus, whlle the temperature in the upper-leg muscles rose 4°C
(rounded value) after the first treatment with the microwave field
(PFD about 120-150 mW/cm?, XA = 12.6 cm, exposure ten minutes), the
rise was smaller by almost half (about 2°C) after the sixth or
seventh treatment; this 1lndicated that adaptive reactions had
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come into play. Adaptlve reactlons are also noted on the oppo-

site (unirradiated) leg after dailly conditioning exposures to
microwaves. After denervation of the rear extremity, the tem- /20
perature rise in the thigh muscles remained the same irrespective =
of the number of irradiations (A.I. Semenov, 1963, 1965). Simi-

lar conditioning effects of the temperature-regulating mechanisms

have also been reported for whole-body microwave lrradiation treat-
ments (A.G. Subbota, 1966).

Temperature changes more pronounced than those 1in other tis-
sues were noted 1n the transparent parts of the eye. This is be-
cause they do not have blood vessels, i.e., one of the baslc tem-
perature-regulatory mechanlisms 1s absent. Thus, according to
Daily et al. (1956), the temperature rose by 1.9°C in the soft tis-
sues around the eyeball, by 3.2°C in the vitreous humor, and 2.8°C
in the aqueous humor after a microwave treatment (A = 12.2 cm).

The temperature rise was even greater in the crystalline lens,
leading to the development of cataract (I.P. Gapeyev, 1957; Clark,
1950; Richardson, 1950; Carpenter, 1957, 1960, 1961).

Experiments were performed on embryos to solve the problem
of the mechanism of thermal damage to certain organs. For this
purpose, chicken eggs that had been incubated for 48 hours were
exposed to a 12.4-cm microwave field with a PFD of 400 mW/cm?.
The temperature rose to 55°C at the position of the embryo. After
irradiation, the eggs were returned to the incubator for another
48 hours. Then the 96-hour embryos were examined under the micro-
scope, and it was found that the foreparts of the lrradiated em-
bryos were practlcally normal, while the hindparts were totally
absent. This effect was linked to the fact that the rear part of
the body (tail, rear extremitles) was still in an undifferentiated
state at the time at which the embryos were irradiated. Conse-
quently, the microwave field inhlbited differentiation of tissues.

On the basis of these experiments, it was suggested that high-
intensity microwave fields may, in additlon to heating, produce
nonthermal changes in young (differentiating) cells, such as those
in the process of physiological regeneration in the lens of the
eye (Van Ummersen, 1961).

When the abdominal region 1s exposed to thermal microwave
intensitles at high enough microwave-flield powers in the 12.6-cm
band, the temperature rises in the hollow organs of the abdomlnal
cavity; the effect is most pronounced in the contents of the
stomach, intestine and bladder, and less so 1n the rectum (Hines,
Randall, 1952). These data were confirmed in a study of the tem-
perature of the water in a thin rubber balloon introduced into
the stomach of a rabbit through its esophagus (Table 2). Damage
to the mucous membrane of the stomach was noted at a PFD of 100-
120 mW/cm?. In dogs, subJection of the anterior cellac reglon to
microwaves (A = 12.6 cm) of the same PFD caused a smaller increase
in the temperature of water in the stomach (Fig. 1), and no damage
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was observed (I.V. Pitenin and A.G. Subbota, 1965). /21

TABLE 2. CHANGES IN WATER TEMPERATURE IN A RUBBER BALLOQON
INTRODUCED INTO THE STOMACH OF A RABBIT UNDER
MICROWAVE IRRADIATION OF THE ANTERIOR CELIAC REGION

Water temperature Rectal

- : in balloon temperature
- R § E % | Before After Before After
§E  38s 88 | imadistion | imadiation pradiation | iradiation
z§ &8 ‘g g F:l‘ 8
0 C s o0 38,0 37,9 37,0 37,3
: [ (36,6--37,1) | (37,638,7) | (36,5-37,3) | (37,0—37,6)

Wl W 37,0 38,2 36,9 37,0

; ;  (36.6-237,2) | (37,6—38,8) | (36,4—-37,5) | (36,3—-37.8)

Deichmann et al. (1961) compared the survival times of rab-
bits subjected to local mlicrowave exposure (A = 1.25 cm, PFD =
300 mW/cm?) with the same irradiated body area. It was found that
the survival time was 18.5 minutes for irradiation of the head,
15.5 minutes for the lumbar region, and 12.3 mlnutes for the abdo-
men.

The authors suggested that the animals died quickly under
local irradiation of the abdominal region because of overheating
of the contents of the hollow organs, which, like the transparent
media of the eye, cannot be cooled by the bloodstream.

Local thermal microwave-field effects on the parietal region
of the head in dogs (A = 12.4 cm, PFD = 0.5 W/cm?) indicated that
the brain is most severely heated at the point nearest the radia-
tor (directly under the parictal bone). In this experiment, the
dogs perished after 75-137 minutes, although their rectal tempera-
tures showed almost no increase (Searle et al., 1961). At a some-
what lower intensity (PFD = 165 mW/cm?), irradiation of the heads
of dogs was accompanied by swelling of the tongue and formation
of numerous blisters filled with a serous flulid on the oral mucosa
(Michaelson, 1961, 13962).

Besides local 1irradiation, whole-body irradiation was also
used, usually involving unilateral exposure to high (thermal)
microwave intensities; here it was found that body temperature
rises with increasing PFD and that the animal dies of hyperthermia
when it reaches 44-45°C. The nature of the increases in rectal,
subcutaneous, and muscle temperatures were different for differ-
ent animals. VUsually, the subcutaneous temperature was the first

~
n
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Figure 1. Water-Tempera-
ture Changes in Balloons
Introduced into Isolated
Dog Stomachs on Irradia-
tion of the Anterior
Celiac Region. Wavy
arrows 1indicate micro-
wave treatments; the
numerals above them in-
dicate the power output
of the Luch-58 generator
in watts (at 60 W and a
distance of 10 em from
the radiator, this re-
presents about 110-120
mW/cm?) .

to begin rising (N.V. Tyagin, 1957;
Z.V. Gordon, 1960; S.F. Gorodetskaya,
1962, 1964), Since microwaves also
heat deep-1lying tissues (if the wave-
length 1is longer than 10 cm), hyper-
thermia develops much more rapidly
than under exposure to infrared rays.
Thus, on microwave (A = 12.6 cm) ir-
radiation of the spinal region in
rabbits, a 1-1.5°C rectal-tempera-
ture rise was observed at a PFD of

50 mW/cm? {exposure 30 minutes),
while a PFD of 350 mW/cm? was neces-
sary to produce the same effect with
infrared (IR) rays. Consequently,

the thermal effectiveness of the micro-

wave field 1s approximately 7 times
that of infrared rays.

In spite of certaln pecullari-
ties of the heat effect of micro-
waves (development of heat in deep-
lying organs and tissues, nonuniform
heating of various structures), and
the presence of the specific effect
on the organism, adaptive reactions
are also brought into play in micro-
wave hyperthermia. This has been
demonstrated on dogs that were ir-
radiated in a 12.4-cm microwave
field with a PFD of 165 mW/cm?
(Michaelson, 1962, 1963, 1965) for
4-6 hours; the rectal temperatures
of the animals rose to about 40°C
within 1/2-1 hour and then, despite
the continuing irradliation, remained
at the same level, probably as a re-
sult of increased heat rejection.

As irradiation continued, body
temperature began to rise again after

a certain time and the animal would perish. However, if the ex-
posure was terminated or the dogs were irradiated in a microwave
field of lower intensity, they developed deep and slow-healing
burns, especially where the tension on the soft tissues is great-
est (over bony protuberances).

The nonuniform heating of different fissues is also confirmed
by a nonuniform temperature increase in the blood in the inferior

vena cava of the rabbit.

Thus, when thlis temperature was meas-

ured at its confluence with the portal veins, the increase was
0.69 + 0.29°C; it was 0.68 + 0.28°C 5 cm below this point, and
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0.63 £ 0.26°C still farther upstream (below the discharge of the
renal veins). There was a slight decrease in blood temperature
at these points in control experiments (R.I. Kovach et al., 1966).

The survival times of different specles of animals differ
under identical irradiation conditions. Thus, continuous irradia-
tion of dogs with microwaves in the 12.2-cm band at a PFD of 165
mW/cm? is lethal .after only 4-6 hours of exposure. A microwave
field with PFD = 100 mW/cm 1s not lethal in these animals
(Michaelson et al., 1960, 1961). However, white rats and white
mice perish under almost the same irradiation conditions (A = 10.0
em, PFD = 100 mW/cm) (Z.V. Gordon et al., 1955, 1960; N.V. Tyagin,
1957). This is due to different effects of microwaves on vitally
important organs in large and amall animals. When dogs are ex-
posed to a 10-12-cm microwave field, almost all of the electro-~
magnetic energy is absorbed in their skin, the subcutaneous fatty
layer, and muscles, while the vital organs are protected to a cer-
tain degree, since the depth of microwave penetration 1is roughly
equal to 1/10 wave.

In small animals, on the other hand, the brain, heart, and
other organs are easily reached under the same microwave irradia-
tion conditions, since thedistances to them from the body surface
are shorter than A/10. The temperature of their cerebrospinal
fluid (including that in the ventricles of the brain) also rises
rapidly, since the bloodstream provides limited cooling. In dogs,
on the other hand, the dominant picture 1s one of general over-
heating. Obviously, the mechanisms leading to the death of large
and small animals are also different. Thus, 1t has been estab-
lished that heating of the brain causes convulsions in rats (Aus-
tin, 1954). The lowest microwave intensity in the 3-cm band that
is lethal to mice is 38 mW/cm? (Jacobson et al., 1959), and, ac-—
cording to certain sources, as low as 8.6 mW/cmi (Baranski, 1963).
The results of intermittent-irradiation experiments and experi- ~
ments in which the animals were fan-cooled during irradiation
also indicate that temperature changes in the organs and tilssues
are prominent in the mechanism leadling to the death of the ani-
mals. Thus, white rats survived for 15 minutes under continuous
irradiation with microwaves (A = 1.25 em, PFD = 300 mW/cm?). When
the same microwave field was applied intermittently (one sccond on /24
and two seconds off), death occurred only at the 95th minute of
actual radiation exposure (not counting the pauses). Clearly,
the dose required with periodic irradiation was 6 times larger
than that in continuous exposure (Deichmann, 1959, 1961).

Similar changes were noted under exposure to 10-cm waves
(Table 3). We see from Table 3 that approximately the same effect
is obtained in intermittent irradiation (1:4) and continuous
radiation, although the amount of absorbed energy is substantially
(almost twice) as large in the former case (R.I. Kovach et al.,
1966). This indicates that the adaptive mechanisms provide for
offtake of a substantial amount of heat during the pauses, so that
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TABLE 3. SURVIVAL TIMES OF WHITE MICE UNDER INTERMITTENT
AND CONTINUOUS IRRADIATION WITH MICROWAVES IN THE

10- cm BAND
! B £ val

: Ratio o Survi

%eor.les [ gtu::: :’nFWD,e‘:‘n, off and on times, sec git:n :o off gxi:e.
First 10 600 6,5 3,5 1:2 10,84.1,2
Second 10 GO0 7.5 2,6 1:3 16,3.22,5
Third 10 400 2,0 2,0 1:4 28,5+3,7
Fourth 10 68,5 Continuous — 30,2+1,5

hyperthermia develops more slowly. In addition, 1t appears that
this leaves time for other adaptive mechanisms to come into play.

Fan cooling of the animals durling irradlation also increased
their survival times conslderably.

The data given above indicate that application of the conven-
tional concept of dose to microwaves 1s incorrect. This applies,
at least, to those levels that cause pronounced hyperthermia.

The survival times of the animals in intense microwave fields
also depended on polarization. Dogs whose bodles were placed
along the lines of force of the electric field perished at lower
PFD than dogs oriented across the lines (Addington et al., 1961).

Sensitivity to microwave fields of thermal intensity also
depends to a major degree on the functional state of the central
nervous system. The survival times of white rats with inadequate
internal inhibition (I.R. Petrov and V.A. Pukhov, 1966) and those
of mice that had been dosed with adrenalin were shorter than those /25
of animals irradiated after administration of cholinomimetic sub—
stances such as acetylcholine (M.I. Yakovleva, 1966). ‘

Circulatory changes predomlnated in the pathomorphological
picture of animals that perished under exposure to high- (ther-
mal-) intensity microwave fields. They took the form of paralytic
dilatation of blood vessels, stases, and extravasation. Peri-
vascular and pericellular edemas were also observed frequently in
the brain (V.Yu. Pervushin and A.V. Triumfov, 1957; I.V. Pitenin,
1962, 1966).

Dystrophic changes in organs and tissues were not pronounced.
However, after multiple exposures to microwaves at somewhat lower
levels (or shorter exposure times), the dystrophic processes began
to predominate. They were manifested in swelling and homogeniza-
tion of the cytoplasm, changes in tinctorial properties, shrivel-
ling and pycnosis of nuclei, changes in the contents of oxidative
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enzymes and nucleic acids (I.V. Pitenin, 1966). This morphologi-
cal pilcture resembles that observed after subjJection to other
physical factors, such as Infrared rays. However, the tlssue
changes begin at smaller temperature rises than 1in experiments
wlth natural heat sources. -

It was established even earlier in experiments on animals
that were irradiated with a 10-cm microwave fleld with PFD's up
to 100 mW/cm? that a plcture of receptor irritation appears
against the background of hyperthermia, along with substantlal
dystrophic changes in the receptors, sometimes to the point at
which they disintegrate into fragments (M.S. Tolgskaya, Z.V. Gor-
don, 1959, 1960, 1964; M.S. Tolgskaya et al., 1959).

Pathological changes of the dry-necrosls type appeared in
the skin of rabbits and rats under local exposure to 3-cm waves
of very high intensity (500 mW/cm?), during which the skin tem-
perature increased to 55 * 3°C (A.A. Slabospitskiy, 1964).
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Chapter 2

CHANGES IN FUNCTIONS OF VARIOQOUS SYSTEMS OF THE
ORGANISM UNDER EXPOSURE TQ HIGH-INTENSITY
MICROWAVE FIELDS

In this chapter, we shall discuss changes in the functions
of the central nervous system, the endocrine glands, respiration,
the cardiovascular system, the blood, and the stomach as observed
in animal experiments under the influence of thermal microwave
intensities.

THE CENTRAL NERVOUS SYSTEM /26

The central nervous system of animals irradiated at high
(thermal) intensities is apparently the first to undergo func-
tional changes. They are manifested in abrupt suppression of con-
ditioned-reflex activity (decline and disappearance of positive
conditioned reflexes, disinhibition of differentiations, etec.) in
white mice (S.F. Gorodetskaya, 1963, 1964). These data have been
confirmed in large part in rabbits in which feeding conditioned
reflexes had been developed. When their heads were irradiated (A =
= 12.6 cm, PFD = 35-40 mW/cm?, exposure 20 minutes), the condi-
tiloned reflexes were observed to vanish in the absence of disin-
hibition of differentiations. The offspring of rats irradiated
during gestation developed conditioned reflexes with great diffi-
culty and modification of acquired responses was slow (R.I. Kru-
glikov, 1968).

In dogs with elaborated motor conditioned reflexes and elec-
trodes 1mplanted in the thalamus, caudate nucleus, frenulum, inner
geniculate body, and sciatlic nerve, still higher radiation levels
(0.4-0.5 W/cm?) produced a variety of dissociated changes in the
electrical activity of these formations, as well as disturbances
to conditioned-reflex activity (V.S. Belokrinitskiy, 1966). Since
a high-frequency voltage was 1nduced on the implanted electrodes
in these experiments, artifacts cannot be excluded in the observed
picture.

Salivary conditioned reflexes were also investigated in dogs
subject to unilateral microwave irradiation at about 20-30 mW/cm? ;
a decrease in the strength of the conditioned reactions and an
increase in their latent times were noted. In the case of func-
tional weakening of the cortex, when the animal fell asleep in
the chamber and even refused food, such microwave treatments re-
stored considerable conditioned-reflex activity over 1-2 days (A.
G. Subbota, 1958; Z.P. Svetlova, 1963).
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Rabbits subjected to the same irradiation intensity show
abrupt suppression of the basic rhythm of cerebral-cortex elec-
trical activity and their responses to exteroceptor stimulation.
Since the hemisphere on the radiator side was heated much more
strongly than the opposite one in the rabbit, in contrast to the
case of the dog, interhemispherical asymmetry was observed as a
result of the earlier and more pronounced changes on the irradi-
ated side.

Often, depending on the intensity of the microwave field and
the exposure time, an exaltation phase preceded the development
of central inhibition in one of the hemispheres. On this basis,
the hypothesis was advanced that 1nhiblition of parabiotic nature /27
occurs in the CNS under microwave heating (M.S. Bychkov, 1957).

Some time later, Yu.A. Kholodov (1962, 1966) carried out
electrophysiological studies of the CNS under exposure to high-
Intensity electromagnetic fields. He regards the generalized non-
specific synchronization reaction (an increase in the number of
"spindles" and slow waves) that appeared 20-40 seconds after the
generator was switched on as the most characteristic aspect of
the effect of these fields (A = 12.6 cm with PFD from about 40
mW/cm? to 1 W/cm?). This reaction was also observed at the in-
stant at which the generator was switched on. Similar results
were obtained by R.A. Chizhenkova (1967).

The synchronization reaction was most distinct from the
hypothalamus and least distinct from the reticular formation when
the activities of various divisions of the brain were registered
(Yu.A. Kholodov, 1967). However, as the author himself correctly
notes, high-frequency induction on the electrodes cannot be ex-
cluded from these versions of the experiment, so that there was a
possibility of secondary stimulation of the brain formations under
study.

A neuronally isolated strip of cortex responded to the micro-
wave field with a shorter latent period than intact cortex. These
and other facts prompted Yu.A. Kholodov (1966, 1967) to argue for
the direct action cof electromagnetic flelds on the CNS. This ac-
tion is manifested in the appearance of trans-1imit inhibition.

When rabbits were irradiated with microwaves of various
lengths (A = 12 em, A = 52 ¢cm, A = 1 m, with PFD from 0.2 to 50
mW/cm?), a variety of changes in the fundamental rhythm of elec-
trical activity were observed. The curve of the sensitivity of
the CNS to a microwave field of A = 52 e¢m was similar toc that of
Weiss-Lapicque. Analysis of the latent-period distribution of
all cases in which the ECoG showed changes indicated that the CNS
is most sensitive to metric waves and least sensitive to centi-
metric waves (A = 12.6 cm; Z.M. Gvozdikova et al., 1964).
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N.F. Smorodin, T.A. Gribanova, and A.G. Subbota compared the
effects of single and repeated exposures to microwaves (A = 12.6
em, PFD = 50 mW/cm?, exposure 30 minutes) on the bioelectric ac-
tivity of the right frontal lobes of rabbits that had been thor-
oughly acclimatized to the experimental conditions. It was estab-
lished that in once-irradiated animals, the amplitude of the slow
waves (A) was lower, while those of the other waves (0, a, and B)
were higher 10-30 minutes after the end of the microwave treat-
ment. The respiratory frequency was 2-2% times higher against
the background of moderate hyperthermia (body-temperature rise
about 1°C). The ECoG of repeatedly irradiated rabbits showed
phased changes in the slow-wave amplitudes when a similar time
had elapsed after the end of the 30th treatment: an increase on Aj,
a decrease on A;, and an increase on €. On the other hand, the
activity remained the same as in the control group in the fast
ECoG rhythms. Respiration was also unchanged. The absence of
ECoG changes at the fast rhythms (8) and the rapid normalization
of respiration in the repeatedly irradiated rabbits would also
appear to indicate the development of adaptive reactions to the
microwave field in the organism.

CHOLINERGIC ACTIVITY

As we noted above, microwave lirradiation gives rise to pro-
nounced functional changes in the nervous system; for this reason,
research on cholinesterase activity during microwave irradiation
is of interest for understanding of the mechanism by which elec-
tromagnetic energy acts.

TABLE 4. CHANGES IN CHOLINESTERASE (ce) ACTIVITY IN
CERTAIN DIVISIONS OF THE RABBIT BRAIN FOLLOWING
IRRADIATION IN A DECIMETRIC MICROWAVE FIELD (PFD 50
mW/cm?, exposure 20 min)

ce activity in pmole :
ce activity, [ of acetic acid with  Percentage change
g:;:’il: n(z:fid | introduction of ' in ce activity
S » | proserine ;
Division : ® ";' ; :
of brain | 39 8 | with- 5
g o lout : with
Control |Experiment| 3 § | Control |Expertmenl! pro- : proserine
a8 | serine !
‘ |
Cortex 5,110,233 | 3,8:0,17 —26 | 4,0:0.09 | 4,2.0,16 —22 lNo changes
Subcortex 5.810,20 | 4,110,130 | —20] 4,3:0,13 | 4,4,0,10 | —28 : Same
Cerebellum 5,340,28 | 4.6.0,16 ~J3 | 4,5.0,11 1,6:0,15 —13 ‘ » »
Stem (oblongata, ;| 6,810,214 5,7:0,19 —18 | 5,240.14 | 5,5.:0,11 —24 | > >
corpora guadri- |
gemina, |
hypothalamus) |

26




A decrease in cholinesterase activity in the internal organs
and blood of irradiated rabbits (irradiation at thermal intensities
of the microwave fleld) was observed in the studies of S.V. Nikogos-
yan (1960). V.A. Syngayevskaya, T.P. Pliskina, and 0.S. Ignat'yeva
(1963) irradiated rabbits at nonthermal intensities (PFD = 500
uW/cm?) of the microwaves and observed a decrease in cholinesterase
activity in the cortex, subcortical divisions, cerebellum, brain-
stem, and medullaoblongata by 13-29% (Table 4); at times, it was
accompanied by accumulation of acetylchollne. Injection of 0.1
mg/kg of proserine without irradiation of the rabbits lowered the /29
activlity of the enzyme 1n the same divisions of the braln, while
irradlation-of the animals in weak microwave fields after prelimi-
nary injection of proserine was accompanied by no marked changes
in chollnesterase activity and the effects were not additive, in-
dicating a more complex mechanism in the action of microwave energy
on cholinergic activity.

After a single 10-minute microwave irradiation at thermal in-
tensity (PFD = 100 mW/cm?®), all rabbits showed a 40-70% increase
in cholinesterase activity (averaglng 50%); it remained high in
some of the rabblts for 15-20 minutes after the end of irradiation
(Table 5), and the rectal temperatures were observed to rise to
hoec. Five 1l0-minute radiation treatments dailly also resulted in
an increase in blood chollnesterase activity, but a less signifi-
cagg)one than after the single microwave dose (V.A. Syngayevskaya,
19 .

A 20-minute 1rradiatlon at the same PFD resulted in a depres-
sion of cholinesterase activity in all rabbits (by an average of
40%), and their rectal temperatures rose to 42-42.5°C; the rabbits
behaved restlessly and salivated. Flve radilation treatments of
20 minutes each on a dally basis also produced a depression of
blood cholinesterase activity (averaging 19%), but it was not as
large as after the single-shot irradiation.

After a single 10-minute radiation treatment (PFD = 100
mW/cm?), acetylcholine was detected in the blood of 70% of the 20
rabbits studled; this was indlicated by the contraction of 1solated
eserinized frog abdomlnal muscle. The force of the muscle con-
traction was equal to that at a 1:10° acetylcholine concentration.
After a single 20-mlnute irradiation, no acetylcholine was detect-
ed in the blood of the rabbits (in this concentration). Irradia-
tion under the same conditions produced a reliable decrease in
blood calcium and sodium (Table 6), together with a substantial
rise in the potassium-calcium coefficilent.

The work of V.A. Syngayevskaya (1968) established a substan-
tial decrease 1n ATP and accumulatlon of ADP and inorganlc phos-
phorus in the liver, heart, skeletal muscles, and brain of rabbilts
after 10 minutes of 1rradlation with microwaves in the centimetric
band (PFD = 100 mW/cm?) as compared with control rabbits (Table 7).
This 1indicated increased decay of macroerglic phosphorus compounds
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disturbed the functioning of the nervous system and neurohumoral
regulation (D.Ye. Al'pern, 1963).

In contrast, blood cholinesterase activity increased at lower
radiation intensities, along with enhancement of the tissue phos-
phorylation processes; acetylcholine was detected in the blood, a
factor that could have been important in maintalning neurohumoral
regulation of organs and systems.

Microwave-irradiation research on isolated frog abdominal
muscle (V.A. Syngayevskaya, 1968) has made it possible to trace
the changes 1n cholilnergic activity in a biological obJect that
1s simpler than the intact animal organism.

Isolated frog abdominal muscle was placed in a plexiglas
vessel with thoroughly aerated physiological solution and ir-
radiated with microwaves; acetylcholine was then added (with a
final concentration of 1:10¢) and the force with which the muscle
contracted was observed and compared with the contractile force
at the same acetylchollne concentration in the solution before
irradlation. It was noted that after the muscle was irradiated
with centimetric microwaves for 5 minutes (PFD = 100 mW/cm?) or
for 30 minutes (PFD = 20 mW/cm?) and exposed to acetylcholine,
its contractions were weaker (by 14-30%) than at the same concen-
tration without lrradiatlion. A similar effect can be observed on
an increase 1n cholinesterase actlivity, with the associated more
rapid breakdown of the acetylcholine.

The temperature of the solution 1n the plexliglas vessel rose
from 19°C to 22-25°C during 1rradiation. The same solutlon-tem-
perature lncrease under ordinary heating dld not change the force
of the muscle contraction when acetylcholine was added to the solu-
tion containing the muscle, eilther before or after heating. Thus,
these studles 1ndicated a nonthermal effect of electromagnetilc
waves on the chollnergic properties of 1solated muscle.

Changes in the cholinergic link were established in these
experiments on animals and on 1isolated muscle wlth microwave 1r-
radlation. Apparently, microwaves may act as a stimulus that
works through 1lnteroceptive links to change the cell-membrane
electrical potential or cause de- or hyperpolarization.

It is posslible that, entering the blood, the acetylcholine
formed 1n the synapses under microwave exposure acts upon the
chemoreceptors and pressoreceptors of the carotid sinus and on
the skin mechano- and thermoreceptors (Brown, Gray, 1948), and,
by exciting the carotid chemoreceptors, causes reflex changes 1n
the functlions of the hypophysls and adrenal glands.

Depending on the intenslty of the mlcrowave exposure, they

cause elther an enhancement and activation of cholinerglc trans-
fer 1n the irradlated blologlcal obJect or a weakening of this
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process owing to dlsturbances in the formation of the attendant
bilochemical components, with disturbance of the assoclated metab-
olism (Kh.S. Koshtoyants, 1938; Ye.B. Babskiy, 1947; D.Ye. Al'-
pern, 1963; V.A. Syngayevskaya, 1368, and others).

ENDOCRINE GLANDS

According to presently avallable data, changes occur in the
functions of the anterior pituitary and adrenal cortex, the
thyroid gland, and the sex glands under the influence of thermal
microwave intensities.

Changes in the functions of the anterior pituitary and adre-
nal cortex. In dogs exposed for 2-6 hours to mlcrowave radiation
(X = 12.5 cm and 1.5 m, PFD = 165 and 100 mW/cm?), distinct leu-
cocytosis, lymphocytopenia, and eosinopenia were observed 24 hours
after irradiation (Howland et al., 1961); this is an indirect in-
dication of intensified functioning of the anterior pltuitary and
adrenal cortex. Similar changes in anterior pitultary and adrenal
cortex function were reported by Fukul (1959), Cooper et al.
(1962), and others under the influence of microwave radiation.

In the opinion of Schliephake (1960), changes in pltuitary
and pancreatic functlion are highly important in man and animals
in the development of the effects that appear after exposure to
mlcrowaves. In humans exposed to microwaves 1n the centimetric
band (PFD = 50 W/cm?, time of exposure 10 minutes), he observed
an Increase in the content of 17-ketosterolds in the urine, and
in white rats a marked increase in the ascorbic-acid content of
the adrenal cortex, indicating increased secretlion of the hormones.

The results obtailned by F.L. Leytes and L.A, Skurlkhina
(1961) indicated increased hormone productlion 1n the adrenal cor-
tex under exposure to microwaves as soon as 1l-2 hours after the
beginning of irradlation.

According to the research of V.A. Syngayevskaya et al. (1962),
different changes 1n piltultary and adrenal-cortex function are
observed in anlimals under the influence of dilifferent microwave
Intensitles. Indeed, one hour after exposure to thermal 1nten-
sities (70 mW/cm?, i1rradiation for 30 mlnutes), increased contents
of ascorbic acld were found in the adrenal glands of dogs and
rabblts. But after exposure. to nonthermal microwave inten- /34
sities (PFD = 5 mW/cm“, irradlation for 30 minutes), the same
animals showed lower ascorbic-acld contents in the adrenals.

Thus, 1t may be concluded on the basls of these studles that
thermal intensitles suppress the hormone-producing functions of
the anterior pltuitary and adrenals, while nonthermal intensitiles

. enhance them.
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Figure 2. Changes in Respiration,
Oxygen Demand, and Blood Leucocyte
and Eoslnophil Counts After Micro-
wave Irradiation in Rats. 1) Leuco-
cytes; 2) eosinophlls in rats with
inhibitory bell reaction; 3) same,
with convulsive reaction; #) oxygen
demand. Solid curve: respiratory
frequency in rats wilth 1nhibitory
bell reaction; dashed: in rats with
convulsive reaction to bell.

IT.R. Petrov and V.
A. Pukhov (1966) found
pronounced eoslnopenia
in the large majority of
white rats that sur-
vived after mlicrowave
irradiation (A = 12.6,
PFD = 116 mW/cm?), an
indirect indication of
Increases in the adreno-
corticotropic function
of the anterior pitul-
tary and the level of
glucocorticold hormones
in the blood (Thorn,
1953, Sel'ye, 1960).
Eosinophlil count con-
tinued to decline in
most of the surviving
rats after 4 hours, but
rose slightly after a
few days, although 1t
remained at half its
original level. The
changes noted in the

208inophll counts 1n

the blood of the rats
that died durlng ir-
radlation were the oppo-
site (eosinophilia).

i most of the surviving animals, oxygen demand declined over
the first few hours after lrradiation, but rose sharply after 4
hours and reached 1ts initlal level after 1 day. Breathling slowed /35
at first, rose abruptly at 4 hours, and had reached the original
rate within 24 hours (Fig. 2). The research results of I.R.
Petrov and V.A. Pukhov indicated that the resistance of white rats
to microwaves was sharply lower 1 week after bllateral adrenectomy.
The blood eosinophil count increased by an average of 118% after
removal of the adrenals, and either did not change or continued to
rise after irradiation. As a result, acute adrenal insufficlency
has a detrimental influence on the course of the pathologlcal proc-
ess 1nitliated by exposure to radlo waves in the microwave band.

To ascertain the role of the gluco- and mineral-corticold
function of the adrenal cortex, experiments were designed with
autotransplantation of adrenal glads, a technlque that can be
used to study these functlons 1n 1solation, since only thelr
mineral-corticold function recovers within the first two weeks
after autotransplantation of the glands, and glucccortlcold ac-
tivity resumes only after 1-1.5 months.
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TABLE 8. RESISTANCE OF RATS TO THE ACTION OF
THE MICROWAVE ELECTROMAGNETIC FIELD
(PFD 60 mW/cm?, exposure 45 minutes)

1
Experimental series Number | Survived | Perished
of rats i ;

Control ... & . . a e e e e 15 10 5
After adrenectomy . - 4 - . - . - 14 4 10
1-2 weexs after adrenal 9

autotransplantation - . . « . . . 9 _
1 month after adrenal

autotransplantation . - . .+ . . . . 10 8 2

The results of these experlments showed that 1-2 weeks after
adrenal autotransplantatlon, when there 1s an acute insufficlency
of thelr glucocorticold functlon, all nine of the experimental
rats perished, while only 5 of 15 whilte rats in the control group
explred as a result of microwave irradlation (A = 12.6 cm, PFD =
= 60 mW/cm?, exposure time 45 minutes) (Table 8). Irradiation of
adrenectomized rats under the same conditions also produced high
mortality (10 rats out of 14 perished). Thus, the adrenectomized
animals and anlimals exposed 1-2 weeks after adrenal autotransplant-
ation, at a time when glucocorticold activity was nonexistent but
mineral-corticold activity was in force, were more sensitive to
microwaves than intact animals.

In contrast, one month after autotransplantation, when gluco- /36
corticold activity had recovered in the anlmals, the resistance
of the whilfe rats to mlcrowave radiation was substantlially higher.
Indeed, 8 out of 10 of these white rats survived irradiation under
the same conditlions (see Table 8), 1.e., they had the same mlcro-
wave reslistance as intact animals.

Comparison of the results of these studies indicates convinc-
ingly that the sensitivity of animals to mlcrowave radiation de-
pends on adrenal functlional state and, in particular, that insuf-
flelent glucocorticold actlivity of the adrenal cortex 1s accom-
panied by lowered resistance of the animals to mlcrowaves.

The enhancement of glucocorticold activity observed in most
of the rats durlng and after 1rradliation 1s an adaptive reaction.
A few of the white rats developed inhibitlon of the adrenal-
cortex function (glucocorticold activity), attended by a decline
in resistance to microwaves.

The latter can also be explalned 1n terms of 1nsufficient
ACTH supply. The increase 1n resistance may be related, in turn,
to an increase in the secretlion of ACTH, which would also be an
adaptive reaction of the organism. This 1s supported by the fact
that the resistance of white rats to microwaves shows a slight
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increase when ACTH 1s administered.

It 1s known that the CNS 1is highly sensiltive to microwave 1ir-
radlation and that changes in i1ts functions may be adaptive 1n
nature, with a regulatory Influence on the endocrine glands.

According to present-day notions, the functions of the an-
terlor pltultary and adrenal cortex are regulated by the central
nervous system. From thils viewpoint, it is interesting to com-
pare the functional changes in the CNS, hypophysis, and adrenal
cortex that take place under the influence of mlicrowave irradia-
tion. The results of experimentation have brought out very
clearly differences 1n the microwave sensitivities of rats in

which inhibition and excitation of the central nervous system pre-
domlnates.

Under the effects of irradiation at a PFD of 60 mW/cm?, only
two out of 12 rats with an inhibited reaction to an acoustic stimu-
lus perished, and the other 10 survived. On the other hand, only
one of seven rats with a convulsive response to the bell survived
while the other six perished during irradiation (Table 9). Thus,
animals with predominant excitation of the CNS, i.e., with insuf-
ficlent internal inhiblition were found to be more sensitive to
irradiation in a microwave field.

~
~J

TABLE 9. RESISTANCE OF WHITE RATS TO MICROWAVES
(A = 12.6 cm, PFD 60 mW/cm?, exposure 45 minutes)

Perished |

. Number
Experimental series ) olurats during Survived X1 P
i irradiation
— |
Rats with inhibitory
reactiontobell . « « .« . .+ . 12 ! 2 10 — —_
“Excitable” rats (convulgive . N
reaction to bell) . ., . . 7 6 | 6,1 0,0l
“Inhihited” rats with caffeine
(30mg/ke) . . . . . . . 7 5 2 3,6 0,05
“Excitable” rats with sodium ‘(
barbital (100 mgkg) . . . .| k) 2 6 6,1 0,01

It is interesting to note that the rats with the convulsive
response to the acoustic stimulus were found to be eoslnophilic,
while a decrease 1n eosinophil count was observed in the rats
with the inhibitory reaction (see Fig. 2). Starting 7-10 mlnutes
after the beginning of irradiation, rats in which excitation pre-
domlnated suffered convulsive attacks that generally followed one
another at intervals of 1-2 minutes. During one of these attacks

34



of motor exclitatlion and convulsions, the animals would suffer
respiratory stoppage and perish. The rectal-temperature 1lncrease
(immediately after irradiation) was 1.7°C greater in rats of this
group than in rats with the 1nhibltory response to a strong acous-
tic stimulus (P = 0.05).

Experiments in which the central nervous system was artiflcl-
ally stimulated with caffelne showed that the stability of rats
with the inhibitory reaction to the acoustic stimulus dropped
sharply on administration of the drug and was the same as that
observed 1n animals with insufficient internal inhibition on ap-
plication of a strong acoustic stimulus. In contrast, the mliecro-
wave resistance of rats with an excitation response to the bell
was higher 30 minutes after administration of a soporific dose of
sodium barbital, 1.e., artificial inhibltlion of the central ner-
vous system (see Table 9); here, six of elght rats survived, as
agalnst only four in an ll-animal control group (x? = 6.1, P =
= 0.01).

It is interesting to note that when the rats are placed in
two groups based on thelr response to a strong acoustic stimulus,
eoslnophlllia was observed in rats wlth the convulslve reactlon to
the bell and eosinopenla in animals with the inhlbitory reaction,
1.e., a pronounced adaptive response of the hypophysis-adrenal- /38
cortex system was observed on irradiation of the latter group with
microwaves, whlle this reaction was insufficlent in the animals of
the flrst group.

The questlion as to the state of glucocortlicold and mineral-
corticold activity in the adrenal cortex and the participation of
the hypothalamus 1n these processes cannot be solved simply by
studying blood eoslnophlils and adrenal ascorbic aclid, since
eosinopenia and decreased ascorbic acld indicate general ("sum-
mary") stimulation of the hypophyseal and adrenal-cortex hormone-
producing functions.

The studies of V.A. Syngayevskaya et al. (1966) established
a significant enhancement of the hormone-producing functions of
the hypophysis and adrenal cortex in dogs. Three and 24 hours
after the dogs were irradiated with 10-cm microwaves at a PFD of
10 mW/cm?, the glucocorticold content in thelir blood had increased
by 100 and 150% above the original level, while blood potassium
was down 5-10% and blood .sodium up by percentages in the same
range.

V.A. Syngayevskaya et al. (1962) and the previously cited
data of I.R. Petrov and V.A. Pukhov (1966) indicated that the
changes in the glucocorticold activity of the adrenal cortex under
the 1nfluence of microwaves depend on the functional state of the
CNS. Indeed, the increase in blood glucocorticolds under the in-
fluence of microwaves was more pronounced in intact animals than
in anlmals that had been given chlorpromazine, which blocks the
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reticular formation, before irradiation.

In a study of the influence of pulsed microwave irradiation
(decimetric band, PFD = 1 and 10 mW/cm?, expasure 1 hour), we also
established an increase in the blood glucocorticoid level in dogs
and smaller changes in blood potassium and sodium (Fig. 3); here
the blood glucocorticoid content was 95% higher 3 hours after a
single radlation dose (PFD = 1 mW/cm?).

When ACTH (3.5 units/kg) was administered to irradiated dogs,
the response of the adrenal cortex differed from that observed
when the same ACTH dose was given to unirradiated dogs. Thus,
the glucocorticoid content had risen by 200-280% within 3-4 hours
after administration of the ACTH to the unirradiated dogs. When
the same ACTH dose was given dogs 48 hours after the end of a
single radiation treatment and 48 hours after repeated treatments
(1 hour daily), the glucocorticoid content increased by 60-80%
over its initial level.

Only when 3 days had elapsed after the single treatment and
14-21 days after the repeated irradiations did the response reac-
tilon of the adrenals to administration of ACTH return to the same /39
level as in the controls (Fig. 4). As a result, the stimulation
of hormone production observed in unirradiated dogs was not ob-
served in dogs irradiated 48 hours earlier, although the gluco-
corticold content had recovered to 1ts initial level in the lat-
ter after the single microwave dose.

~
O

Changes 1in sex-gland function. Although the literature
makes frequent reference to complaints of impotence from persons
who have been exposed to microwaves, little experimental study
has been devoted to this question.

Dystrophic changes were observed 1n the sex glands of ani-
mals exposed to high microwave intensities in the centimetric
band (Imig, Tomson, 1948). 1In males, brief exposures (15, 10, and
5 seconds) to microwave radiation (A = 12.5 cm, PFD = 250 mW/cm?)
caused burns on the skin of the scrotum and hemorrhaging in the
testicles (Gunn, 1961); mlicroscopic examlination revealed coagula-
tion necrosis of the epithelium of the seminiferous tubules and
necrosis of the interstitlal tissue and vessel walls, although /40
only a small temperature rise (to 35°C) had been observed in the
testes.

A reduction in the size of the testicles as. compared with
those of intact animals of the same age was observed 29 days after
irradiation. The seminiferous tubules lacked the germinative
epithelium, and the interstitial tissue contained large numbers
of fibroblasts and few Leidig's cells. The degree of the mor-
phologlcal changes in the testicles depended on the duration of
exposure; for example, the changes were less pronounced in ex-
periments with 5 seconds of irradiation as compared with 15
seconds.
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Figure 3. Contents of Glucocorticoid, Potassium,
and Sodium in the Blood of Dogs (Decimetric Band,
PFD of 1 and 10 mW/cm?, Respectively, Exposure

1 Hour). Symbols: a) on awakening; b) 3 hours
later; c¢) 24 hours later; d) 48 hours later; solid
lines represent K contents and dashed lines Na.

S.F. Gorodetskaya (1962) reported more pronounced changes in
the ovaries than in the testicles of mice under the influence of
centimetric wavelengths (PFD = 370 mW/cm?, expcsure 5 minutes).
The experimental results of I.V. Pitenin (1962) indicated that
repeated exposure to microwaves (A = 10 cm, 20 treatments lasting
60 mlnutes each), which are accompanied by an increase 1in rectal
temperature, cause serlious changes in the testicles of mice and
rats (suppression of spermatogenesis, dystrophy of the epithelium,

death of cells). 1In some animals, signlificant necrotic foci were
observed in the tissue nf the testicles (deposition of calcium /41
salts).

G.V. Timeskova (1966) studied the influence of the microwave
field on testicular function, impregnation, the course of preg-
nancy, and the offspring of sexually mature rabbits. They were
subjJected to whole-body irradiation with centimetric microwaves
at a PFD of 100 mW/cm? with an exposure time of 15 minutes. Their
rectal temperatures rose by 3-4°C. It was found in these experi-
ments that the granulosa cells in the mature and maturing folli-
cles of the rabbits dystrophy and decompose.

The 1lrradiated female animals were hard to mate and were im-
pregnated only after six or even 10 days with the male. It is
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Figure 4. Glucocorticold Contents in Blood
Serum of Dogs Given ACTH After Microwave
Irradiation (PFD = 1 mW/cm?, Decimetric Band,
Exposure 1 Hour). Symbols: I, II, III) back-
ground (without irradiation) but with ACTH
(arrow above bar); a) after 48 hours; b) 3
days after single 1rradiation wlth subsequent
ACTH adminlstratlon; c¢) after 48 hours; 4)
14-21 days after repeated irradiation with
subsequent ACTH admlnistration.

posslble that the microwave energy damages not only the granulosa
cells, but also the ova. The offspring of the i1rradlated females
were born small and many of them perished durlng the first two
days. The response of repeatedly (15 minutes on each of 14 suc-
cessive days) 1rradlated female rabbits to chorlogonadotropine
(Friedmann's reactlion) was more pronounced than that of rabbits
given one and three doses of radlation. According to S.F. Goro-
detskaya (1964), irradiated males (PFD = 400 mW/cm?) produced
almost no offspring when mated with unirradlated females.

R.I. Kruglikov (1968) reported lower viability of the off-
spring and abnormalities 1n thelr develcopment (dwarfism, deformed
teeth, low birth weight, abnormal growth of coat) when animals
were lrradlated during preghancy wlth thermal-lntensity mlcro-
waves (A = 12.6 c¢m, PFD = 50-55 mW/cm?). Antenatal exposure of
the animals to mlcrowaves affected the development and reinforce-
ment of conditioned reflexes, which were found to be very dif-
ficult.

Changes 1n thyroid function. The literature offers compara-
tively few experimental studles of this question. The results ob-
tained by V.A. Syngayevskaya and 0.S8. Ignat'yeva (1966) showed
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TABLE 10. CHANGES IN IODINE CONTENT IN 1 ml
OF SALIVA (IN upg) AFTER ADMINISTRATION OF
POTASSIUM IODIDE WITHOUT IRRADIATION AND
AFTER A SINGLE MICROWAVE IRRADIATION
(30 minutes)

After admm.lst:mtion ot potassmm lodide

N
Name of dog |~ ;
and date of 1 After After . After After
l

examination 1h30m; 2h 24 h 48 h
Martyn No irradiation
7V 188 214 a7 Traces
/v 165 224 121
27;VII1 182 202 H2
1041X 148 202 o1
After irradiation
22/V 128 162 79
28/V 127 156 91
17/1X 104 123 102
241X 117 127 95
1/X a8 ‘ 153 118
15/X 11 128 94
Boy No irradiation
27V 194 Y 80 i
VI 185 | 220 142
After irradiation
11/VI 166 189 126
18/VI 168 186 80
24/VI \ 180 197 15

Note. TIodine could not be detected in the
saliva after 72 hours.

anhanced thyroid function in dogs after brief (30-minute) irradia-
tion with metric microwaves (PFD = 3 mW/cm?). Dogs with Steno's
ducts diverted to the outside were given potassium liodide peror-
ally (0.5 g with sugar coating). It was found that the adminis-
tered l1odine was used more rapidly by the thyroid gland in the ir-
radiated dogs than in unlrradiated animals.

The saliva iodine content was down by an average of 37% in
one of the irradiated dogs 1.5 hours after the end of irradiation
and down by 18% in the other as compared with unirradiated figures
for the same dogs (Table 10).

Simllar changes in thyroid function were also observed after
repeated irradiation (eight 30-minute treatments daily).

Seven days after termination of the repeated radiation doses,
the increased functional level still persisted, and only after 14
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TABLE 11. CHANGES IN IODINE CONTENT IN
1 ml QF SALIVA (in ug) WITHQUT IRRADIATION
AND AFTER REPEATED IRRADIATIONS
(8 30-minute treatments daily)

After administr=tion of potasgsium iodide

Dog and date . . \
of examination After 1 After After Aftexr
1hd0m - 2h | 24h " 48 h

Without irradiation
(Average of control determinationsj

Martyn 157 ! 23 00 Traces
Boy | 100 o222yl
After 8 irradiations
Martyn 12/VI 12% ! 15 106
Vi 143 168 Geb
Boy 12/vINT | 169 173 145
HIX : 172 190 101

7 days after end of multiple irradiations

Martyn 19/VI | 125 | 185 ‘ Bl
Boy 19/VIII { 170 ;208 109

14 days after end of multiple irradiations

Martyn 25/VI 182 195 | 99
Roy 26/VIII ‘ 183 ! 210 [ 15 ‘

days had it returned to normal (Table 11); at the same time, the
administered i1odine was detected in the saliva in the same quan-
tities after single irradiations as in the unirradiated dogs.

Using a combination of centimetric waves (PFD = 165 mW/cm?)
and x-rays, Howland and Michaelson (1959) also observed increased
uptake of radioactive iodine I'®*!; they observed no pronounced
functional or morphological changes in the thyroid gland 2-4
hours after administration of the I!'®*! and irradiation.

K.N. Klyachina et al. (1963) observed increased thyroid func- /43
tion in animals irradiated with microwaves (PFD = 33 mW/cm?) and
small doses of x-rays generated by microwave equipment.

Increases in oxygen demand observed in dogs under the influ-
ence of metric- and microwave exposure (PFD = 2-3 mW/cm?) were
linked by N.M. Listova (1963) to a change in thyroid function,
since thyroldectomized dogs did not exhibit these changes in oxy-
gen demand after irradiation.

We cannot exclude the possibility that the effect of micro-

waves on thyroid function comes about with participation of the
nervous system, since the dogs in the experiments of V.A.
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Syngayevskaya and 0.S. Ignat'yeva (1966) were subJected to whole-
body irradiation (right side of torso and head), rather than radila-
tion aimed at the gland. The animals were observed to become ex~-
cited and restless. It is possible that the microwaves acted pri-
marily on the nervous system and that the thyroid-function changes
were secondary in nature.

Thus, disturbances to neurohumoral regulation appear under /44
irradiation wlth high-intensity microwaves that cause an increase
in body temperature, owing to changes in the functions of the CNS
and certain endocrine glands.

EXTERNAL RESPIRATORY SYSTEM, CARDIOVASCULAR SYSTEM AND BLOOD

Simultaneously with the rise in body temperature, exposure to
microwaves at more than 10 mW/cm? causes various systemic reac-
tions. Respilratory changes are first to appear. Usually, pro-
nounced shortness of breath develops within the first few mlnutes
after the start of irradiation at PFD around 100 mW/cm?, and 1is
practically indistinguishable from the thermoregulatory polypnea
that appears under conditions of ordinary overheating (in a tem-
perature chamber, under exposure to infrared rays, etc.).

Salivation, motor restlessness, and other reactions are ob-
served along with the sharp quickening and shallowness of respira-
tion (A.G. Subbota, 1957; Michaelson, 1961, 1962). As the irradia-
tion continues (at 100 mW/cm?), the respiration of rabbits becomes
arryhthmic; then signs of terminal respiration appear and respira-
tion stops 20-30 minutes after the beginning of irradiation (most
frequently during inspiration).

There are also rather distinct changes in the functioning of
the cardlovascular system at these thermal microwave levels. Most
typlcal are tachycardia and increased arterial pressure, especlally
during convulsions, and there are other signs of disturbance to
the work of the circulatory apparatus. Later, when terminal re-
spiration has set in, the heart rate slows and extrasystole ap-
pears; cardiac arrest occurs 1-2 minutes after stoppage of respira-
tion.

Bilateral cervical vagotomy, bilateral adrenectomy (Cooper,
1962), and pharmacological blockade of sympathetic ganglia (Cooper,
1962; Pinakett, 1963) partially or completely eliminated such re-
actions as the tachycardia,

Electrocardiographic studies showed that an increase in the
intensity of irradiation is also accompanied by phase shifts in
the work of the heart. Frequently, changes in the intervals,
amplitudes, and shapes of the ECG deflections have been related to
irradiatlon of excltation from the respiratory center to the extra-
cardial regulatory center of the heart. Profound changes in atrio-
ventricular conductivity were observed, with the development of
arryhthmia.
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When the region of the heart was irradiated locally (PFD =
= 100-200 mW/cm?), a change 1n the amplitude of the deflections
in the ventricular complex of the ECG (R, S, and T) and changes
in the rhythm of the contractilons (bradycardia) were linked to
shifts in blood potassium content (N.R. Chepikova, 1963, 1965).
However, in chick embryos exposed simultaneously to mlcrowaves
and a stream of air (the temperature was held at around 38°C),
Inversion of the S and T deflections was observed after as little

as 3 miguges, together with quickening of the heart rate (Paff et
al., 1963
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Figure 5. Arithmetic Mean Values of Arterial-
Pressure Drop (Upper Curve) and Rectal-Tem-
perature Increase (Lower Curve) in 6 Rabbilts
Irradiated with Microwaves (Wavy Arrows) and
Infrared Light (IR, Straight Arrows).

In a study of arterial pressure under chronic-experiment con-
ditions (exposure to a mlicrowave fleld in the 12.6-cm band, PFD =
= 50 mW/cm?), 1t was found that the arterial pressure dropped and
then recovered to its 1nitial level after 1-2 hours. Character-
istically, these effects were reglstered only after the first few
mlcrowave treatments, and later, as the treatments were repeated
(once every 1-3 days), the arterial-pressure change became smaller
i1n degree, to disappear altogether from the 9th or 10th treatment.
The rectal-temperature rise was less consplcuous: lnstead of the
1-1.7°C increase after the first exposure, it showed 0.7-0.9°C
after 9 to 10 treatments (Fig. 5). We see from Filg. 5 that the
arterial-pressure drops were largest after treatments 1-5, and had
returned almost to the preirradiation levels after 9-10 treat-
ments.
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Acquisition of the abllity to maintaln constant arterial /46
pressure wlth a slmultaneous decrease 1n the body-temperature
rise may be 1interpreted as an index to the organlism's adaptatlon
to mlcrowave exposure, which takes place wlth participation of the
nervous system, since hemodynamlc stabllity was not developed 1in
rabblts with denervated slnocarotld reflexogenic zones. Moreover,
the depressor reactlions were more consplcuous 1n these rabbits,
and the general stabllity of the organism was lowered (some of
the animals perlshed from general overheating).

Since deep~lying tissues and blood are heated preferentlally
under microwave exposure, 1t 1s probable that the vascular thermo-
receptors and, 1n partlcular, the thermoreceptors at the branching
of the carotid artery (demonstrated by I.D. Boyenko, 1950) are de-:
clsive 1n the organlsm's adaptation to thls extraordinary stimulus.

Many papers have been devoted to study of the morphological
plcture of the blood of animals subJected to hlgh-~intensity micro-
wave irradiation. Thus, leucopenia, erythropenia, a 6-10% de-
crease 1n the percentage hemoglobln content, and shorter blood
coagulation times were observed 1n rabblts after 1irradiation with
10-cm waves at a PFD of 100-300 mW/ecm?, against a background of
manlfest hyperthermlia. The blood plcture showed signs of a return
to normal 2 hours after exposure.

Repeated irradlatlions of these anlmals at a PFD of 10-20
mW/cm? caused only a small decrease 1n leucocyte count and an
insignificant shortening of blood-coagulation time (N.V. Tyagin,
1958). 1In dogs irradiated at high intensities (165 mW/cm?), signs
of thlinning of the blood were observed (in the hematocrit) even
before the rectal temperature had started to rise (during the first
30 minutes of exposure). It 1s assumed that this thinning of the
blood results from an influx of tissue fluld into the dilated
vessels.

Decreases 1n leucocyte, lymphocyte, and eosinophil counts
were also observed and taken to 1lndlcate enhanced functioning of
the pltuitary-adrenal cortex system (Michaelson, 1961). After
dogs had been irradiated for 2 hours and longer and begun to show
manifest hyperthermia, concentration of the blood (on the basis
of hematocrlit readings), probably owing to a certaln amount of de-
hydration, and leucocytosis were observed. The animals also showed
more than a 5% loss of welght (Michaelson, 1961, 1962).

The appearance of leucopenla under exposure to low thermal
microwave 1ntensitles has been reported on several occasions (V.V.
Sokolov et al., 1960, 1963; I.A. Kitsovskaya, 1964; S.F. Gordets-
kaya, 1953, 1964; Deichmann, 1959, 1961; Fukuil, 1959).

Interesting data were obtained on mlice that were enclosed in /4

1 slowly rotating polystyrene cabin and irradiated dally for 16-
19 months (X = 3 cm, PFD = 100 mW/cm?, exposure 4.5 minutes). The
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rectal temperature rose by an average of 3.3°C after each radia-
tion treatment. The blood of 30% of the experimental mice showed
the picture of leucosis on examination after 16 months of irradia-
tilon. Among the controls, leucosis was reported for 10% of the
animals.

After 19 months of irradiation, leucosis was found in 35% of
the animals, and in the same 10% of the control-series mice (Praus-
nitz, Slsskind, 1961, 1962).

The coagulability of the blood was also studied under local
irradiation of the liver region in dogs (A = 12.25 cm, PRD = 158~
197 mW/cm?). It was found that the Blirker blood-coagulation time
increased from 6.4 to 8.1 minutes after 10 minutes of irradiation
but had shortened to 4.4 minutes after a second identical treat-
ment given 5 minutes later. Shorter blood-coagulation times were
also observed after subsequent treatments (Richardson, 1959).

Blood flowing through a polyethylene tube from the femoral
vein of a dog was studied to ascertain the mechanism of the changes
in blood composition in vivo. It was found that absolute neutro-
philic leucocytosis developed much more slowly and that the eosino-
penia was less pronounced in the experimental dogs while their
blood was belng irradiated in the tube as compared with control
animals; absolute lymphocytosis arocose during the first hour of
irradiation at a PFD of 50 mW/cm®. The results of these studies
led to the hypothesis that the electromagnetic field has a direct
influence on the formed blood elements or an indirect influence
operating through changes in blood chemical composition (A.Ya.
Kholodnyy, A.I. Ivanov, B.A. Chukhlovin, 1968).

ORGANS OF THE DIGESTIVE SYSTEM

Although 1t was long ago assumed that damage might occur to
the hollow organs as a result of overheating of thelr contents
(Hines, Randall, 1952), there had been no experimental confilirma-
tion of such microwave-field effects. McLaughlin (1957) was the
first to attempt to prove this thesis by reference to a case of
perforated ulcer in the small intestine of one radio technlcian
who died after standing too close to a radiating antenna. However,
Knauf (1958) considers this to be a doubtful case. Later, Linke
(1962) observed that profound morphological changes may occur in
the liver, stomach, etc., but only after organs have been irradi-
ated with the abdominal cavity opened.

It was established only comparatively recently that local
irradiation of the anterior celiac region in the rabbit (which
corresponds to the epigastric region in man) causes selective in-
jury to the mucosa of the stomach. Thus, after exposure to a
12.6-cm microwave field at a PFD of about 110-120 mW/cm® and a
10-minute exposure time, half of the animals had gastric ulcers
on the anterior wall of the stomach, i.e., on the wall nearest
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the radiator (Fig. 6).

All of the other tissues
through which the microwave energy
had penetrated before reaching
this membrane remalned practically
undamaged. The temperature of the
stomach contents, and that of
water introduced into the cavity
of the stomach with a rubber bal-
loon did not rise above 40-42°C.
At still higher radiation inten-
sities (150 mW/cm? and more),
ulcers were found in practically
all of the animals. Under mlcro-
scoplc examination on the 2nd day
after lrradiation of the ,rabbits,
the ulcers took the form of clrcum-
scribed necroses of the mucous
membrane extending to the sub-
mucosal layer and occasionally to
the muscular layer (I.V. Pitenin

and A.G. Subbota, 1965). Figure 6. Ulcer in Lower
Wall of Rabbit Stomach One

Irradiation of the posterior Day After Irradiation of
celiac region (which corresponds the Anterior Celiac Reglon
to the hypogastrium in man) caused (PFD = 150-160 mW/cm?, ex-

ulceration of the mucosa in the posure time 10 minutes).

small and large intestines. To

ascertaln the causes of the damage

to the gastric mucosa, experiments were designed in which the
anterior cellac reglon was lrradiated in rabbits into whose stom-
achs air had been introduced. Thls excluded contact between the
irradiated wall of the stomach and the bolus of fcod, which was
confirmed by x-rays and opening the stomachs. However, the ulcers
were the same as 1n cases 1in which the stomach had its normal food
content (Table 12).

It 1s quite possible that the mechanism of selective inJury éﬂ_
to the mucosa was governed by the same clircumstances as were
noted in the case of chick embryos (Van-Ummersen, 1961), 1l.e.,
by the higher sensitivity of young cells to the microwave field.

This hypothesis 1s favored by the generally recognized high
physiological-regeneration level of the mucosa, whose eplthelial
cells are replaced by new ones practically every day (L.D. Lioz-
ner, 1962). Nor can we exclude the possibility of disturbance to
certain physiological properties of the membrane, such as loss of
stability to digestion by its own gastric juices, since the mani-
fest ulcers did not appear until a day had elapsed since the micro-
wave treatment. Autopsy of the rabbit on the 10-20th day after
irradiation revealed ulcers resembling typical human callous ulcers.
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TABLE 12. SUMMARY OF RESULTS OF RABBIT EXPERIMENTS IN WHICH THE
ANTERTIOR CELIAC REGION WAS IRRADIATED
(PFD = 150-160 mW/cm?, exposure 10 minutes, A = 12.6 cm)

_ Number | Rectal-
Experimental of tempera-
condltions animals ture rise, Autopsy results
°C E

Anterior celiac re- V 1.0° In 8 rabbits, ul-
glon irradiated with 10 (0.9-1.3°) cers of the lower
animal supine. Stom- stomach wall, 1 x
ach fillled with usual x 2 to 3 x5 cm in
food (control) size (2 also had

intestinal ulcers)
Same region irradi- 1.3° In 9 rabblts, gas-
ated, but with air 10 (1-1.8°) tric ulcers at typi-
(50 ml) injected cal position, sizes
into stomach of un- from 2 x 3 cm to
fed rabbilts 3.5 x 5 em. In 2,

intestinal ulcers

(cecum and small
| intestine)

When the anterior cellac region was irradiated under similar
conditions (A = 12.6 cm, Luch-58 generator putting out 70 W and
more, distance from radiator 7-8 cm), glucose induction in a Pav-
lov isolated stomach and in a Thiry isoclated intestine 1ncreased
against a background of heating of the stomach contents by 1.5-
2°C. Glucose inductlon was also stimulated by irradiation of the
cervical reglon and the rear extremitles. Novocalne anesthesiaof
the skin of the epigastric area of the anterior celiac region,
novocalne 1njJected into the gastrlic mucosa, denervation of a loop
of intestine, bilateral splanchnicotomy, or removal of the solar
plexus usually eliminated or inverted the effect of the thermal-
mlcrowave treatment. On the basis of these data, V.R. Faytel'- /50
berg-Blank (1964, 1965) concludes that changes in absorption proc-
esses are basically of reflex nature.

Working with A.M. Grebeshechnikova, we showed that the secre-
tory function of the stomach also changed substantially under
local irradiation (A = 12.6 cm) of the anterior celiac region in
dogs with both Pavlov and Heidenheim stomachs (Fig. 7). Attention
is drawn here to the effect of smaller shifts as the radlation
treatments are repeated, although the water-temperature rise 1in
a balloon introduced into the cavity of the Pavlov stomach re-
malned practically the same.

Thus, the above-noted functional and morphological changes

in the organism on irradiation with (thermal) microwaves can be
explained in far from all cases by the temperature increase in
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Figure 7. Changes in Secretory Function of Pavlov
(Dogs Pestrushka and Irma) and Heidenheim (Dzhil'-
da) Stomachs. Symbols: open bars, total amount of
gastrlic Jjulce after 5 hours; dark bars after 1
hour. Circleés indicate acidity of first portion

of julce (open circles free, dark circles total).
Arrows indicate microwave irradiation (A = 12.6

cm, PFD = 160 mW/cm? for Pestrushka and 110
mW/cm? for Irma and Dzhil'da).
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the organs and tlssues. Some of these changes are definitely
specific in nature (ulceration of the gastric mucosa, leucosis
in mice, ete.).

The same reactlons that have been associated with the tem-
perature rise (thermoregulatory polypnea, tachycardla, dilata-
tion of vessels, etc.) may be modified substantially on repeated
exposures. This 1s probably why the body-temperature increase
under subjectlon to ldentical treatments and the rise in femoral-
muscle temperature under local irradiation both decreased and the

animal withstood the thermal treatments with considerably greater
ease.
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Chapter 3

N
(]

METABOLIC CHANGES

This chapter deals with material on the influence of micro-
wave radiation on protein and carbohydrate metabolism and oxida-
tive processes.

PROTEIN METABOLISM

A decrease 1n albumen content and a rise in y-globulins was
observed in the blood serum of rabbits after 10-20 microwave treat-
ments lasting 1 hour each (centimetric and decimetric bands, PFD =
= 10 mW/cm?), with no change in the rectal temperature of the ani-
mals. Total blood protein remained unchanged, but the albumen-
globulin coefficlent dropped from 1.6 to 1.1. On subsequent ir-
radiations, beginning with the 40th to 60th treatment, the contents
of a- and B-globulins decreased without any pronounced changes in
over-all blood protein (S.V. Nikogosyan, 1962).

The experiments of A.G. Subbota et al. (1967) established a
marked decrease in albumens and gamma-globulins and a depression
of total blood-serum protein in rabbits with no marked change in
the albumen-globulin coefficient (Table 13) under the influence
of whole-body irradiation at frequencies of 13.2-13.6 MHz with an
unmodulated-field strength of 25 V/m. The electrophoregrams had
the usual appearance, reflecting gquantitative changes in individual
fractions. There are several known studies of blood-serum protein
fractions 1in humans exposed to microwave energy (I.A. Gel'fon, M.
N. Sadchikova, 1960; V.A. Syngayevskaya et al., 1962, and others).

The changes in the contents of the protein fractions can be
linked to a change in the proteln function of the liver and with
functional changes 1n the hypophyslis and adrenal cortex.

Under exposure to centimetrlic and decimetric microwaves,
enhanced functioning of the anterior pituitary and adrenal cortex
has been observed in rats, rabbits, and dogs. The dogs showed a
substantial increase in blood glucocorticoids, and ascorbic acid
was down significantly in the adrenal cortex of the rabbits and
rats, also indicating enhancement of the hormone~producing func-
tions of these glands (V.A. Syngayevskaya, G.F. Sinenko, 0.S. Igna-
t'yeva, 1962; I.R. Petrov, V.A. Syngayevskaya, 1966).

Gruszeskil (1962) observed a decrease in y-globulins and an
increase in the a- and B-globulins of the blood serum in micro-
wave-irradiated animals (A = 3 cm, PFD = 100 mW/cm?), with a simul-
taneous increase in the activity of the enzyme glutaminooxalace-
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TABLE 13.

TOTAL BLOOD SERUM PROTEIN AND ITS FRACTIONS BEFORE AND AFTER

TRRADIATION OF RABBITS AT FREQUENCIES OF 13.2-13.6 MHz (Field 25 V/cm,
single 1rradiation)

Protein fractions in g-% i
Conditions of examination (prﬁ?e?rl in ] Coefficient
g~%) (M t m) | Albumens Globulins (M + m) | A
in g% a;+7, 3 H l
Control rabbits
1. First blood sample . . . . . . . « . 5,81x0,18 | 3,64=0,11 | 0,77+0,04 ] 0,63--0,07 | 0,77=0,07 ’ 1,7
2. After16minutes " . . . . . . . . . . . . 5,78+0,22 | 3,85=0,13 | 0,69+0,03 | 0,50+0,04 | 0,74=-0,03 2,0
3. Afterlhour . . . . ¢ . . 4 .. .o 5,61+0,17 | 3,72>0,16 | 0,68+0,05 | 0,52+0,05 | 0,69==0,04 I[ 2,0
Changein =% .+ + « + & ¢ « « « 4 4 —0,20 =0,08 —0,09 =0,11 —0,08 | =129%
fF=13,2 MHz
1. Beforeirradiation . « « . « « & « & =+ . 5,67+0,20 | 3,68+0,16 | 0,68+0,03 | 0,690,053 | 0,62+0,06 1,9
2. 15 minutes after irradiation 5,10=0,17 | 3,342-0,12 | 0,63=2-0,06 | 0,60. 0,04 | 0,53=0,05 1,9
3. After 1 hour 5,02+0,15 | 3,38=0,11 | 0,59+0,06 | 0,62+0,03 | 0,43+0,03 2,1
Changeing-% . « « .+ « « » . —0,65 —0,30 —0,09 —0,07 —0,19 +10%
f=13,6 MHz
1. Beforeirradiation . . . . . « « . « « . & 5,27+0,17 | 3,53=0,12 | 0,63:2.0,04 | 0,552-0,03 | 0,56=:0,06 1,9
2. 15 minutes after irradiation 4,98+-0,14 | 3,470,111 | 0,530,03 | 0,52+0,05 | 0,46+0,02 2.2
3. After 1 hour > S 4,64=-0,13 | 3,22+0,10 | 0,50:£0,04 | 0,53+0,04 | 0,39-0,03 2,0
Change in g% e “ —0,63 —0,31 —0,13 —0,02 -—0,17 =-10%

Note. There were 5 rabblts in each series.

Average data are given.
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tate transaminase. It is known that this enzyme participates in /53
transamination processes, which are closely related to the protein
functions of the liver.

On the basis of the above observations, the changes in the
protein fractions under microwave irradiation would appear to re-
sult from changes in the liver's protein function (its enzymatic
processes) and changes in the functions of the hypophysis and
adrenal cortex. The dysproteinemia that arises in animals ir-
radiated with microwaves may lower the resistance properties of
the organism. The molecules of y-globulin are asymmetrical, a
fact which governs their activity in respect to the formation of
compounds with other proteins and electrolytes. Consequently,
yY-glabulin is more closely related to the immune bodies than any
other protein fraction. A substantial decrease in albumen con-
tent under 1intense irradiation is also a danger signal.

It is known that changes in amino-acid metabolism may also
occur under the influence of adrenal-cortex hormones. On the one
hand, the synthesis of proteins from amino acids may be inhibited
and, on the other, they may be metabolized at a higher rate with
formation of carbohydrates (gluconeogenesis).

V.A. Syngayevskaya and G.F. Sinenko (1966) established that
the levels of 8 out of 16 amino acids determined chromatographic-
ally increased substantially in the blood serum of do%s exposed
to microwave radiation (metric band, PFD = 3000 uW/cm*, exposure
30 minutes): cystine, lysine, arginine, glutamine, glycine, glu-
tamlic acid, tryptophan, and phenylalanine. The levels of tyrosine
and leucine decreased, while the contents of the remaining amino
acids were not substantially changed (Table 14). Rabbits exposed
to the same microwave radiation also showed increased amino-acid
contents in their blood serum (Table 15).

N.A. Yudayev (1961) reported that administration of cortico-
sterone disturbs amino-acid synthesis not only in the liver, but
also in the muscles. This could also occur when animals are ex-
posed to microwave radiation, since, as we noted earlier, the
hormone-production functions of the pituitary and adrenal cortex
are enhanced.

An effect of microwaves on nuclein metabolism has also been
established in recent years. Heller (1959) showed that chromosomes,
which, of course, contain DNA, can be affected by microwave ir-
radiation. The same author found that microwaves inhibit multi-
plication of yeasts, which are rich in RNA.

A number of investigators (S.Ya. Turlygin and N.I. Kobozev,
1937; Mumford, 1961; Klinger, 1954; Leary, 1959) consider it pos-
sible that the structure of protein and nucleic-acid molecules /55
in the cells of living organisms may change under exposure to
high-intensity microwaves at the shortest centimetric and
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TABLE 14. AMINO ACID

CONTENTS IN DOG BLOOD SERUM

Amino acids in mg-%

- ; - @
Weight b | g | \ g ;
Animal No. |;7e® ® g o | E ' I+
@ ® 5 o L E a g d | o8
é g 4 g g g o g g | g g 8 2 _g'g
i ] B S | ° 3 o | g a l S i 8 | T3
14 » 3 3 g ) 339 ; 2 ! g3
5 A 2 < & < B 3 | 85| & | 3 £ | E & 88
Before irradiation
i 14,2 9,6 6.19 4,32 2,29 10,44 4.62 3.31 1,38 2,89 — 1 4,02 0,78 I 1,29 : 2,76 ¢ R
| i -
2 10,5 5,83 3.08 3,09 3,06 —_ 5,82 2,98 1,11 2,47 3,3t — 1,37 | 1,63 ! 2,7 2,54
' : i I .
3 17,8 - 2,03 | 3,89 2,75 8,39 6.02 1,18 1,79 3,59 3,03 i 3,72 ,Tmcesi 1.9 | 2,23 3.25
.
oo |
Average — 7.7 2,66 3,67 2,7 9,41 5,49 2,49 1,42 2,98 3,17 4,87 ) .07 1,63 2,58 4,12
| \ i |
After iadiation (PFD = 3000 uW/cm?, exposure 30 minutes)
1 14,2 13,9 3,22 5,05 6,68 11,64 5,43 3,61 1,78 ) 2,55 2,33 4,37 2,74 0,49 ‘ 1,77 3.09
2 16,5 8,29 | 3,13 3,09 2,97 13,5¢ 5,05 2,89 1,33 2,21 2,62 $.89 | Traces | Traces 1,62 2,249
3 17,8 - 2,29 4,80 3,37 9,23 6,12 1,57 1,57 6,31 4,47 ‘ 4,15 { 147 i > 8,67 3.85
Average —_ 11,06 2,88 4,31 1,34 11,47 5,53 2,69 1,75 3,66 2,94 ! 4,47 ‘ 2,10 0,49 4,12 3.0u
% deviation — +40 |No +17 + 61 :22 |No No +23 +23 |No ENo I <o —70 -6 —23
change change | change change | change!

i
| |
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TABLE 15. AMINO ACID CONTENTS IN RABBIT BLOOD SERUM (1n mg- %)
(Data averaged for 15 anlimals)

;» ’ | ; s e e o -‘ e ——

| 1 ) ‘ i i

| | . K Aspartic { | | ) ' .. Trypoto- 1 i Leucine +

Cystine l Lysine . Histidine | Arginine |Glutamine| acig | Serine | Glycine | Glutamic acid Threonine Alanine | Tyrosine | ppan Phenylalanine | jqglencine
X | g : i : !
| i 1 ; | R | | | | |

Before irradiation
348 | 2,42 | 1,61 | 1,27 | 250 | 2,9 | 2,47 io2,22 | 202 Coe T 0 D 1,74 i 2,48

After irradiation {PFD = 3000 uW/cm®, exposure 30 minutes)

5,03 1 3,69 ‘ 2,18 1+ 1,70 { 232 | 3,96 2,58 1,68 | 3o O S N b I 0,87 1 0,77 | 1.62 1.40
+45% | 59% | 444% | +34% |Nocbenge| 7% | la% | —37% ; D% 2% 2% Nochange —i8)

No change 1[ —40%
]
|

|
‘ ' ' E - f : !
| I . .




millimetric wavelengths.

N.I. Kerova (1964) %t 5
established an increase S 7
in RNA content and a de- o %
crease in DNA in the skin Py 2N =5
and internal organs of 10 7 =
rats irradiated with 3- 5k g =
centimeter microwaves M o
(PFD = 0.5 W/cm? and 0.1 ok
W/cm?, exposure 6 min). 5k
The change in the nucleic 20+
acid contents was accom- “r
panied by a greater or N ®) ©)
lesser degree of inacti- 40k
vation of RNAase and
DNAase.

Figure 8. Changes in RNA and DNA in
Rats After Microwave Irradiatio?.
A) Liver; B) spleen; C) skin; 1

1 5 3

gif;kiﬁga?lggg?’niﬂidT;P' RNA 1 hour after irradiation; 2)

de or in skin RNA and RNA on the day following irradia-
ecrease 1in n tion; 3) DNA 1 hour after irradia-

DNA and an increase in
tion; 4) DNA on day following ir-
the spleen 1n white rats radiation.

irradliated with micro-
waves shorter than 1 cm
at a PFD of 0.2 W/cm? and
a 30-minute exposure (the rectal temperature varied in a 0.5°C
range). A more significant increase in the DNA content was ob-
served on the day following lrradiation. The RNA content remained
practically unchanged in the liver on the day of treatment, while
DNA decreased (Fig. 8).

V.A. Syngayevskaya,

Repeated irradiations (21-22 days) with centimetric micro-
waves, for 10-20 minutes on each day, amplified or maintained the
changes observed after a single dose of radiation. The deviatilons
in the nucleic-acid contents were different in different organs /56
and tissues (liver, spleen, skin) of the i1rradiated animal. This
is apparently related to wavelength and the degree of absorption
of the waves by these organs and tlssues. The fact that the
changes in the nucleic-acid contents elither persisted or were even
s8lightly greater on the day following irradiation suggests that
disturbances arising during irradiation persist for a certain time
after 1t 1s terminated.

More pronounced changes were observed in the lntact organism
after subjection to irradlation at higher intensities, and were
accompanied by an lncrease in rectal temperature. Wavelength 1s
also an ilmportant factor. N.I. Kerova's view that the changes in
nuclein metabollsm are the same under the thermal effects of micro-
waves and under ordinary infrared heating of the outer tissues
may be valld only for the speclflc conditions of thls experiment
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(A = 3 cm, PFD = 0.5 W/cm?, exposure 6 minutes). Comparison of
the effects of microwave 1lrradiation at other wavelengths that

do not railse temperature on the nucleic-acld contents in various
organs and tlissues indlicates that the microwaves have a nonthermal
action on nucleln metabolism.

The extent of the disturbances to the structure of RNA and
DNA and thelr heredltary properties was not discussed in the above
studies. The mechanlsm of the quantitatlive change 1n the nuclelc-
acld contents and thelir qualitative lnterrelationships 1is not
perfectly clear. Polynucleases (RNAase and DNAase) participate
1n thils process; their suppression and activatlion under the 1n-
fluence of the radiation tend either to promote the formation of
the nuclelc acids or thelr degradatlion or to suppress their
synthesis. It 1s possible that changes 1n neuroendocrine func-
tions play a certain role in the appearance of these changes.

CARBOHYDRATE METABOLISM /517

Schliephake (1960) observed a
rise 1n the blood sugar of rabblts
by 30-60% of the initlal level on
irradiation of the upper abdomen and
pltultary with radlo waves having
A =12.5 cm and 11 m. When only
the head of the rabblit was irradi-
ated, blood sugar rose by 90-100%.

Figure 9. Blood-Sugar Dy- The change 1n the character of
namics i1n Rabbilts After the sugar curves (hyper- and hypo-
Single Irradiation with glycemic coefflcients, shift of the
Microwaves (PFD = 1-3 curve to the right), hyperglycemia,
mW/cm?). I) Centimetric hypophosphoremia, and an increase in
band; II) declimetric; blood adrenallne were observed after
III) metric; IV) control. exposure of animals to microwaves at

both low (wlith no marked temperature

rise) and high (with a rise in rec-
tal temperature) intensities. The strength and nature of the dis-
turbance depended on the intensity of the radiation and on 1ts
wavelength (V.A. Syngayevskaya et al. 1962). The blood sugar
levels rose by 18, 36, and 22%, respectively (Fig. 9), within
15-20 mlnutes after termination of exposure of rabbits to centi-
metric, decimetric, and metric waves (PFD = 1-3 mW/cm?, exposure
20 or 30 minutes) with no resultant temperature rise.

When rabbits were irradiated with microwaves shorter than /58
1 em but at a PFD of 100 mW/cm?, no rise 1in rectal temperature
was observed, but the maximum rise 1ln blood sugar was to 17%
above the original level (before irradiation). A LU-5°C rectal-
temperature increase and a blood sugar lncrease of 4o-U45% were
noted in rabbits exposed to centimetric microwaves (PFD = 125
mW/cm?, exposure 20 minutes). Convulsions were observed 1n many
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Figure 10. Dynamlcs of Blood Sugar and Phos-
phorus 1n Rabbits after Slingle Irradlation
(PFD = 125 mW/cm?, exposure 20 minutes, centi-
metric band). A) Blood sugar; B) blood phos-
phorus.

of the rabblts. On 1njection of insulin or glucose, the response
reaction was distorted. Most of the rabbits perished in this
experiment.

It 1s known that microwaves exert a strong influence not
only on the functions of the pancreas and liver, but also on
other organs and systems. Repeated (20-25 20-minute treatments
daily) exposure to a thermal dose resulted in a blood-sugar-
content change, but 1t was not as pronounced as after a single
dose of radlation. Blood phosphorus was down 30 minutes after
the end of irradiation (in thermal doses) to 2.8-3 mg-%, reached
its initial level after 1.5-2 hours, and then remalned slightly
above the initial level (Fig. 10).

The content of lactic acld — an 1ntermediate product in carbo-
hydrate metabolism — had changed insignificantly from the initial
level immediately after termination of irradiation of the rabbits,
but within an hour it had dropped from the level of the control
(by U6% after irradiation with decimetric microwaves and by 20%
after exposure to waves in the metric band).

The glycogen-producing function of the liver was enhanced an
our after decimetric (PFD = 1 mW/cm?) and metric (PFD = 3 mW/cm?) /59
microwave irradiation of rabbits; liver glycogen content was up
67 and 56%, respectively, after administration of glucose (2
g/kg) to the experimental animals as compared with the content in
control animals gilven the same amocunt of glucose. Blood sugar in-
creased in anesthetized rabblts (subcutaneous injection of 200 mg/kg
of hexenal) when they were exposed to thermal microwave intensities,
but the dynamic picture differed from the curve obtained on ir-
radiation of nonanesthetlzed rabbits. A small blood-sugar increase
(10-18%) persisted as long as the anesthetic was acting. This
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permitted the hypothesis that the observed changes in carbohydrate
metabolism result from the influence of irradiation not only on
the endocrine system, but on the CNS (V.A. Syngayevskaya, G.F.
Sinenko, 1963).

Microwaves influence absorption in 1solated dog intestine
under either local or general irradiation. The experiments of
V.R. Faytel'berg-Blank (1964) established increased absorption
of glucose 1n 1soclated intestine when the epigastric region was
irradiated with centimetric microwaves from a 50-W generator for
10 minutes. In our own studies 1n which dogs were subjected to
centrimetric microwaves for one minute at a PFD of 50 mW/cm?, we
reported a 28-35% decrease in glucose absorption.

It may be assumed on the baslis of the above material that
microwaves, acting through the central nervous system and 1ts vege-
tatlve divislions on the secretory function of the pancreas and
hypophysis, cause a disturbance to the regulation of carbohydrate
metabolism in the first phase of phosphorylation (of glucose-6-
phosphate), which is manifested as hypophosphoremia at certain
stages. The modified oxidative processes under microwave expo-
sure (see below) in organs and tissues result either in intensi-
fied breakdown of glucose in the tissues or in accumulation of
glycogen in the liver and other tissues. As & result, a decrease
in blood lactic acid may be observed under these conditions owing
to faster resynthesis of the acid to glycogen.

Strong thermal irradiation intensities result in significant
pathological changes (convulsions, excitation with a transition
to inhibition); weak thermal and short-term exposures result in
minor metabollc shifts of reversible nature and in functional
changes that remain within the normal range (A.G. Subbota, 1958;
Z.P. Svetlova, 1963, and others).

The changes in carbohydrate metabollism that follow nonthermal
irradiation are of the nature of an adaptive reactlion, since the
increase in blood sugar with a simultaneous increase in the rates /60
of oxidative processes help step up metabolism and thus prevent
pathological changes.

OXIDATIVE PROCESSES

Study of the activities of oxidative enzymes in various tis-
sues of animals after irradiation with microwaves in the 3- and
10-centimeter bands established that microwaves influence the ac-
tivities of the enzymes succindehydrase and cytochrome oxidase
(A.I. Moskalyuk, 1957; V.A. Syngayevskaya, 1964). Irradiation of
animals (rats) with microwaves in the 3-centimeter band at a PFD
of 30-40 mW/cm? for 30 minutes (0.7-1.2°C rectal-temperature rise)
produced a slight suppression of the oxidative enzymes (succinde-
hydrase and cytochrome oxidase), while irradiation not accompanied
by a temperature rise increased the activities of these enzymes.
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TABLE 16. CONTENTS OF ATP, ADP, AND IP IN CERTAIN TISSUES OF RATS BEFORE
AND AFTER MICROWAVE IRRADIATION

. . Inorganic ATP | ATP |  ADPin Inorganic
Tissues and tudied ATP — ADP ‘ ATP — ADP
ssues and organs studi in umoles (M  m) ATP + ADP | ATP/ADP | Phosborus { in umoles (M £ m) App | ADP | lmolesig | Phompioms
Control animals 11 — 14—minute irradiation, PFD = 100 mW/cm?
Liver .« . . .+ o« . .| 1,43+0,12 | 0,492-0,07 1,92 2,9 i 8,9::0,67 { 1,19+0,10 1 0,85+0,08 | 2,04 | 1,4 | 0,230,01 | 17,9+1,63
Heart . . . . . . .+ « 2,12+0,14 | 0,51+0,05 2,63 4,1 11,2+0,2: 1 1,36+0,12 | 0,85-0,05 | 2,01 | 2,0 | 0,26=+0,02 | 18,0+0,58
Skeletal muscle .. .| 3,30+0,11 | 0,48+0,06 3,78 6,8 15,4+0,32 1 1,9:0,11 | 0,61=0,0¢ | 2,51 | 3,1 | 0,48+0,02 | 46,40,72
Brain . . . . . 1,65+0.09 | 0,54+0,04 2,19 3,0 10,6+0,35 { 0,8720,08 | 0,98=+0,07 | 1,85 | 0,88 | 0,48=+0,04 | 35,2+1,30
S~minute irradiation, PFD = 100 mW fem® 1-hour irradiation. PFD = 100 mW/cm®

Liver  « « « v o o o . 1,93+0,13 | 0,45+0,03 2,38 4,3 17,4=0,16 | 1,65+0,10 | 0,56=-0,07 | 2,21 | 2,9 — 14,0+0,33
Heart . . . . . ... 1,66=0,10 | 0,59-=0,04 2,25 2,8 25,6+0,9 1 2,22+0,09 | 0,69+0,08 | 2,91 | 3,2 — 10,8+0,15
Skeletal muscle .. .| 3,62=0,12 | 0,67+0,05 4,29 5,4 24,3+1,62 ! 3,35+0,13 | 0,91+0,06 | 4,26 | 3,7 —_ 28,3=+0,70
Brain .. ... 1,85+0,14 | 0,42+0,04 2,27 4,4 19,6+0,57 { 1,5+0,12 | 1,05=0,09 | 2,85 | 1,8 — 32,6x1,84
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Oxidative processes were sharply reduced after the animals
had been exposed to microwaves in the same band (A = 3 cm), but
at a PFD of 150-170 mW/cm?. Succindehydrase activity was reduced
almost by half in cardiac tissue, by 49-50% in the tissues of the
kidneys, liver, and braln; cytochrome-oxidase activity was down
40% in the heart, liver, and kidneys and down 24% in the brain.
In these experiments, the rectal temperatures of the rats were
raised by 4-5°C in 12 minutes of irradiation.

Almost no activity suppression of these enzymes was observed
on irradiation of anesthetized animals (PFD = 150-170 mW/cm?).
Thelr rectal temperatures rose only by 1.5-2.5°C, while it has /61
risen 4-5°C in unanesthetized animals irradiated under the same T
conditions. This may be due to inhibition of the CNS under the
anesthetic, which is accompanied by suppression of metabolic
processes {oxidative processes).

More profound changes in the activity of succindehydrase and
cytochrome oxldase were observed on irradiation of the animals
with 10-cm electromagnetic waves than for 3-cm waves at the same
PFD's and exposure times.

In rabbits irradiated with high-intensity microwaves, A.I.
Moskalyuk (1957) found increased ATPase activity in the kidneys,
heart, and skeletal muscles; irradiation at low intensitles pro-
duced no appreciable changes in the activity of this enzyme. The
suppression of the oxldative processes 1n the 1lrradiated animals
wlth an 1lncrease in rectal temperatures and a simultaneous in-
crease 1n adenosine triphosphatase activity could have been due
to slackenling of phosphorylation processes.

The studles of V.A. Syngayevskaya (1966) established a change
in the contents of ATP, ADP, and 1norganlic phosphorus in the liver,
heart, skeletal muscles, and braln (Table 16) of rats exposed to
microwave energy at various intensities (A = 10 em, PFD = 10
mW/cm?, exposure 1 hour and 5 minutes and exposure at PFD = 100
mW/cm?).

Under exposure to low-intensity microwave energy, when the
animals did not show increased rectal temperatures, marked de-
phosphorylation of ATP took place, along with an increase in
ADP and inorganic phosphorus. in the organs studied. The ATP/ADP /62
ratio definitely decreased, while the total content of ATP and
ADP increased by as much as 15% as compared with the control (see
Table 16). It appears that the processes in which ATP is degraded
to ADP were compensated by simultaneous processes in which ATP is
syntheslized. It had been reported previously (A.I. Moskalyuk,
1957; V.A. Syngayevskaya, 1964) that the dehydrase and cytochrome
oxldase activities increased in the same organs under similar ir-
radiation and that there was no appreciable increase 1n the activ-
ity of the enzyme adenosine triphosphatase.
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Thermal microwave intensitles that caused an increase 1n body
temperature (to 40-40.5°C) caused an increase in ATP, the total
content of ATP and ADP, and thelr ratio 1n the liver, skeletal
muscles, and brain. An increase 1in 1inorganic-phosphorus content
was observed simultaneously. In heart muscle, on the other hand,
the ATP content, the total of ATP and ADP, and the ATP:ADP ratio
all decreased, but the inorganlec-phosphorus content increased.
This can apparently be linked to changes not only in the adenyl
system, but also in the creatine-creatine-phosphate system.

Under exposure to thermal-intensity microwaves, when the
animals were on the brink of death (see Table 16), a substantial
decrease in ATP was observed, along with 1lncreases in ADP and
AMP in the tissues and organs studied. Inorganic phosphorus 1n-
creased, sometimes to a greater degree than would be possible as
a result of degredation of ATP to ADP and AMP; this may also in-
dicate intensive degradation of creatine phosphate at this time.
During this period, decay of adenosine phosphates took place with-
out compensation by synthesis. The total content of ATP and ADP
and their ratio showed a reliable decrease, while the studles of
A.I. Moskalyuk indicated that adenosine triphosphatase activity
rose under such 1rradiation with marked suppression of the activi-
ties of dehydrase and cytochrome oxidase.

The suppression of energy processes 1n the skeletal muscles
should result in accumulation of incompletely oxldized metabolie
processes in those muscles (hypoxla) and fatigue, and a longer
period of rest would be regquired under these conditions to restore
skeletal-muscular activity. Suppresslon of energy processes and
depression of phosphorylation processes 1n the liver would result
in a lowering of metabolic processes 1n the organism. Heart
muscle, unlike skeletal muscle, functlions contilnuously. It con-
tains much less ATP than the skeletal muscles, but its presence 1is
absolutely necessary for the contractile event. Under intense
irradiatlon, suppression of energy and phosphorylatlon processes
was observed 1n cardiac muscle. A slackening of cardlac activity, /63
a lower pulse rate (bradycardia), and suppression of metabolism
are therefore possible under these clrcumstances (S.Ye. Severin,
1961). It appears that these processes may be more or less mani-
fest depending on the intensity of 1lrradiation (PFD and exposure
time), wavelength, and the 1nitial functional state of the animal.

The metabollic-process shifts observed on mlicrowave irradla-
tion of animals are reflected to one degree or another in the func-
tional state of the internal organs, enzymatic activity, and the
functlons of the nervous and endocrine systems. The most profound
changes are noted under thermal microwave irradiation, when the
organlsm's adaptlve responses are not adequate. It appears that
the disturbed thermogenesls in the organlsm and the continulng
physical heating from the microwaves are additive under thermal
irradlatlion, while dissipation of heat i1s insufficlent. This re-
sults 1n a temperature rise and the death of the intact organism

-
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under 1rradiation with intense microwave fields.

Suppression of oxidative phosphorylation under thermal ir-
radiation lowers the rate of formation of macroerglic compounds.
This may cause an increase in the dissipation of energy directly
in the form of heat. Low (nonthermal) irradiation levels stimu-
late oxidative and metabolic processes in the animals, and phos-
phorylation and dephosphorylation processes offset one another to
a major degree. Brief stimulation of these processes may be help-
ful for the organism, and use is made of this fact in microwave
physiotherapy. However, systematic and long-term exposure of the
living organism to microwaves results in adaptive failure and the
appearance of neurasthenic vegetative, cardiovascular, and other
disturbances and a lowering of natural defenses (I.R. Petrov, 1966;
A.G. Subbota, 1966; Z.P. Svetlova, 1966; B.A. Chukhlovin, 1963,
and others).
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Chapter 4

COMBINED EFFECTS OF MICROWAVE ELECTROMAGNETIC
RADIATION AND OTHER FACTORS ON THE ORGANISM

It is known that under real conditions, people working with
microwave generators are subJected not only to the microwaves,
but also to other factors operating in the occupational environ-
ment. However, their importance 1in pathogenesis has not been ade-
quately studied. Simultaneously with the microwaves, the worker /64
may be affected by such facteors as soft x-rays, noilse, noxious
gases (CO, etc.), high and low temperatures, a thin atmosphere,
ete.

Establishment of the role of factors acting on the organism
simultaneously with the microwaves 1s important for the elabora-
tion of preventive measures on the one hand and, on the other,
proper understanding of the etiology of the pathological processes
that arise in people working with mlicrowave generators. According
to Michaelson's experimental results (1961), dogs that had sur-
vived x-irradiation were more sensitive to microwaves (PFD = 100-
165 mW/cm?, 2800 MHz) than dogs exposed only to microwaves.

Studies of the blood of animals l1rradiated with microwaves
and ionizing radiation showed more pronounced changes in the
erythrocytes and delayed recovery of the lymphocyte count as com-
pared with exposure to ionizing radiation (Thomson, 1966). Similar
changes in blood lymphocytes and a quicker return of the neutro-
phils to normal were reported by Michaelson (1961) under the in-
fluence of microwave (PFD = 100 mW/cm?, 2800 MHz) and ionizing
radiation,

The literature data cited above indicate more acute changes
under the influence of combined exposure to microwaves and ioniz-
ing radiation. Admittedly, the researchers used high, thermal
microwave powers, while the exposure sustained under real condi-
tions 1is usually to nonthermal intensitlies of the microwave fileld.
It 1s therefore necessary to study the effects of low microwave
intensities and soft x-rays.

Practical interest attaches to study of the comblned effects
of microwaves and climatic factors, i.e., establishment of the
cause and conditions of such affections. In a study of the state
of health of radar technicians in France and Algeria, Miro (1963)
found that they complained of headache, nausea, dizziness, etc.;
some of them required hospitalization, while no marked changes
were observed in the health of the technicians working in France.
These changes in the state of health of the specialists in Algeria
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were associated with features of the torrid climate. However, the
importance of microwaves when exposure to them 1s combined with
high temperatures cannot be established on the basis of Miro's ob-
servations.

The results of certain experimental studies suggest that the
changes occurring under combined exposure to microwaves and high
temperature are determlned by the electromagnetic energy to the
extent that they do not cause acute changes. These results indi- /6
cated that the decrease 1n arterial pressure (AP) that had been -
observed 1n the first i1rradiation does not occur as an effect of
the U4th or 5th irradiation with infrared rays (PFD = 350 mW/cm?).
Smoothing of the AP varlations is also observed under repeated
microwave irradiation (A = 12.6 cm, PFD = 50 mW/cm?), which causes
the same body-temperature decrease as occurs under exposure to IR,
but after the 9th to 10th treatment rather than the ith or 5th,

i.e., much later (A.G. Subbota, 1966).

It 1s important to note that 1n animals with acquired signs
of adaptation to infrared rays (absence of AP changes under ex-
posure to IR rays), a single exposure to microwaves (A = 12.6 cm,
PFD = 1 mW/cm?) broke it down. Subsequent infrared irradiation
was agaln accompanled by AP changes. Adaptlve failure was also
observed after microwave irradiation of animals with a developed
adaptation to high amblent temperatures.

Thus, the effects of microwaves on the organlsm are substan-
tlally different from the thermal actlion of infrared light. Micro-
waves have thermal and specific (nonthermal) effects.

On the basis. of the above, we have reason to assume that the
basic changes occurring under combined exposure to microwaves and
elevated ambient temperature are due to the microwaves to the ex-
tent that they cause no marked rise in body temperature. The dis-
turbance of an acqulired adaptatlion to IR under the influence of
irradiation at nonthermal microwave-field intensities (PFD = 1
mW/cm?) 1s especially convincing in this respect.

Another argument 1n favor of the proposition that microwaves
have thermal and nonthermal (specific) actlon is found 1n the need
for twice the number of microwave 1rradiation treatments to pro-
duce signs of adaptation of the organism to the microwaves.

The research results indicated inhibition of some of the or-
ganism's 1mportant adaptive reactions to oxygen insufficlency
under the influence of combined exposure to microwaves (A = 12.6
em, PFD = 10 mW/cm?) and a thin atmosphere (11.2% of oxygen in
the inspired air) (I.R. Petrov, N.Ya.Yarokhno, 1967); for example,
a decrease 1n erythrocyte count rather than erythrocytosis was
observed in the typical response to rarefied atmospheres (Table
17).
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Inhibition of the organism's adaptive reactions was also re-
ported on irradiation with microwaves at a PFD of 1 mW/cm? during
inspiration of a gas mixture with 11.2% oxygen, which corresponds
to the oxygen content in the ailr at an altitude of 5000 m. 1In
fact, an erythrocyte-count increase of 1,440,000 was observed
after the first combined treatment, a 1,820,000 increase after
five treatments, and an increase of only 390,000 erythrocytes per
cubic millimeter of blood after the 10th treatment, 1.e., this
important ddaptive reaction had been suppressed. In these ex-
periments, the absence of an increase in leucocyte count was also
noted after the 10th combined exposure, although 1t had occurred
after the 1lst and 5th treatments.

TABLE 17. COMPARISON OF THE EFFECTS ON RABBITS OF MICROWAVE RADIA-
TION, BREATHING A GAS MIXTURE WITH 11.2% OXYGEN AND BOTH TOGETHER

Arterial Erythracytes per mm? :‘.‘:: frclzrzytes
pressure
in mm Hg
& |
2 3 i
_ 142 - -
Experimental conditions E § . - 5 g E 5 g .
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Microwave irradiation
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Breathing mixture )
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Breathing gas mixture

al:gdli‘:th:;w.a‘fe ...... 4 | 102 111 | 5660000 | 4800000 | —86 000 | 7470 | 5010 | —1580

113 | 4910000 1850000 —60000 | 75610!7530| —80
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It is also important to note the fact that under repeated
treatments with a combination of microwaves and a thin atmosphere,
the degree of eosinopenla diminished in rabbits, and no changes in
the eosinophil count were observed after the 10th treatment; this
indicates a weakening of anterior pitultary and adrenal cortex
function, which was enhanced under exposure to the flrst radiation
treatments and, as we know, 1s a nonspecific adaptive reaction.

Under the combined disturbance, oxygen demand nearly doubled
by comparison with control experiments in which the animals only
inspired a gas mixture with an abnormally low oxygen content; this
indicates a manifest oxygen insufficiency when the two factors are
combined,.

The most pronounced lnhibition of this adaptive reaction was
observed under combined exposure to microwaves (A = 12.6 cm, PFD =
= 30 mW/cm?) and breathing of a gas mixture with 8.5% oxygen. 1In
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TABLE 18. COMPARISON OF THE EFFECTS ON RABBITS OF MICROWAVE RADIA-
TION, BREATHING A GAS MIXTURE WITH 8.5% OXYGEN AND BOTH TOGETHER
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this series of experiments, not only the absence of erythrocytosis, /67

but even a decrease in erythrocyte count by 1,410,000 per cubic
millimeter was observed 10 days after the start of the experiment.
Thus, the above results indicate that the microwaves have the domi-
nant influence in the development of pathologlcal changes.

However, this problem has been found to be considerably more
complex than might be supposed on the basls of study of the influ-
ence of microwaves on an organism that has been subjected to re-
peated infrared irradiation and the combined influence of micro-
waves and breathing of a gas mixture with 11.2% oxygen, when the
leading role of the microwaves came clearly into evidence.

Contrary to the above, microwaves (A = 12.6 cm, PFD = 10
mW/cm?) had no pronounced effect on rabbits that had first
breathed a gas mixture with a reduced oxygen content (11.2%) for
20 days; no appreciable differences were observed in these ani-
mals in the changes of erythrocyte count as compared with the
changes that occurred under the influence of the low-oxygen gas
mil xture alone. Eosinopenia was manifest to the same degree In
these animals as 1n rabbits that had been subJected only to the
rarefied atmosphere.

Consequently, the adaptive reactions that arise under the in-
fluence of repeated breathing of low-oxygen air are quite complete
and are not subjJect to inhibition on subsequent combined subjec-
tion to microwaves (A = 12.6 cm, PFD = 10 mW/cm?) and breathing of
a gas mixture whose oxygen content corresponds to that of the air
at 5000 meters altitude.

6
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It is important to note that when microwaves of moderate
power (PFD = 10 mW/cm?) were combined with a substantial decrease
in the oxygen content (8.5%) of the inspired air, there was again,
after 10 dally treatments each lasting 1 hour, no pronounced sup-
pression of the adaptive reactions that usually appear under the
influence of oxygen insufficiency (Table 18).

Under thils combined distrubance, therefore, the action of
oxygen insufficlency on the organism predominates, and the micro-
wave lrradiation cannot suppress the adaptive reactions character-
istic for oxygen insufficliency. It 1s important to note that 1n
order to prevent the detrimental effects of microwave radiation
that may be produced when microwaves are combined with thin air,
conditions should first be created for adaptation of the man to
hypoxia, since the stabllity of the organism that has been adapted
to the rarefied atmosphere 1s also accompanied by an increase in
the organism's stabillity to the effects of radio waves in the
microwave band.

1t was proposed on the baslis of the research results that
the crews assigned fo radar stations at elevations of 2500-3000 m
be allowed to work only after preliminary acclimatization to alti-
tude for 1-2 months, during which the necessary studies of the
blood, respiration, and cardiac activity would be made (I.R.
Petrov, N.Ya. Yarokhno, 1967).

Dogs kept at an elevatlion of 2500 m for one month were found
to be fully adapted to alplne hypoxia. These animals were also
found to have increased stability to loss of blood.

A proper physical-culture program 1s another requisite to
improving the organism's stabllity to mlcrowaves under the con-
ditions of resldence on high terrain, since regular muscular ac-
tivity Increases the organism's stabllity to the action of var-
ious environmental factors and, in particular, radio waves in the
microwave band.
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Part II

INFLUENCE OF LOW- (NONTHERMAL-) INTENSITY

MICROWAVE RADIATION ON THE ORGANISM

As we noted above, certain biological effects of exposure
to high-intensity microwave fields (above 10 mW/cm?) cannot be
explained solely in terms of thermal changes in organs and tis-
sues (development of cataracts, ulceration of the gastric mucosa,
etc.). It was supposed that these pathological changes arose
as a result of combined thermal and nonthermal effects of the
microwaves. However, to prove the nonthermal effects of micro-
waves, 1t was important to acquire data that singled out this
one (specific) effect. For this reason, the overwhelming majority
of studies devoted to this type of action have been carried out
at intensities at which the amount of heat formed in the tissues
was negligibly small.

The question as to the nonthermal influence of microwaves on
the organism is the principal one 1n the entire problem of the
biological effects of radio waves. Without resolving 1t, 1t will
not be possible to understand the pathology of persons who have
been microwave-irradiated over the long term, to determlne the
degree of the hazard posed to man by mlcrowave radlation, or to
evaluate theories of biological (including telepathic) radio com-
munication.

Under this heading, we shall present experimental material
on the changes in the functions of the basic systems and immunobio-
logical reactivity of the animal organism.

Chapter 5

CHANGES IN FUNCTIONS OF VARIOUS SYSTEMS
OF THE ORGANISM

The influence of microwaves in producing the functional
changes that arise in the central nervous and cardiovascular
systems, the digestive organs, excretory system, and blood when
the animal organism is exposed to low microwave intensities has
been studied basically at a PFD of 10 mW/cm?.
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Although the amount of excess heat does exceed the normal /71
heat emission (Déichmann, 1961), the observed shifts in the or- -
ganism are still difficult to explain in terms of temperature
changes 1n the organs and tissues. For this reason, these shifts
are regarded baslcally as nonthermal.

THE CENTRAL NERVOUS SYSTEM

The most distinct changes under exposure at low 1ntensitiles
are observed in the conditioned-reflex activity of animals. Thus,
undulating changes 1n motor conditioned reflexes were frequently
observed in rats 1rradiated with microwaves (A = 10 cm and PFD =
=10 mW/cm?). Here .the latent time of the reactions first became
shorter and then longer; after the 15th-17th treatment (treatments
were gilven once a day), still stronger suppression was noted, and
sometimes even dlsappearance of the reflexes. This is interpreted
as indicating the development of trans-limit inhibition (Ye.A.
Lobanova, 1963).

Under almost 1dentical experimental conditions (A = 12.6 cm,
PFD = 10 mW/cmz), extinction of conditioned reflexes took place
three times as fast in irradiated rats as 1n control animals. Re-
versal of an inhibitory stimulus to positive was also delayed in
these animals. With developing inhibition in the higher divisions
of the central nervous system as a background, 1t also became more
difficult to reproduce previously formed temporary connections (ves-.
tigial memory). R.I. Kruglikov (1968) concluded on the basis of
these experiments that the suppressive action of microwaves 1s due
not to trans-1imit inhibltion, but to changes 1in intercentral rela-
tionships, although this problem requires further study.

Under exposure to 3-cm waves, the changes occurred in two
phases: the picture that developed at first was one of an enhanced
excltation process and weakening of actlve inhibition, and then
gave way to one of trans-limit inhibition (Ye.A. Lobanova, 1963).

The first phase, that of stimulation, was seldom observed
under exposure to decimetric waves (wavelength of a few decil-
meters). Suppression of posiltive conditioned reflexes was usually
observed immediately after the first few treatments. Recovery of
normal cerebral-cortex activity was observed 1n rats only 2 months
after the exposures had been discontinued.

Histological examination of the brain in such irradiated rats
(PFD = 10 mW/cm?) showed distinct changes in the interneuron axo-
dendral and axosomatic connections in the cortex. In particular,
there were changes in the synaptlic apparatus of the cortical pyra-
midal cells (M.S. Tolgskaya et al., 1959, 1960, 1964; z.V. Gor- /72
don, 1966; Ye.A. Lobanova, M.S. Tolgskaya, 1960).

However, M.M. Aleksandrovskaya and R.I. Kruglikov (1968)
found no significant changes in the nerve cells of rats and mice
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that had been irradiated with microwaves of the same intensity
(10 mW/cm?), although there were distinet shifts in the neuro-
glia: the number of astrocytes had increased, their reactivity

to gamma radiation had changed, etc. These phenomena were inter-
preted as a morphological expression of the inhibited state of
the CNS.

Electrophysiological studies of the influence of microwaves
on the CNS were also performed initially at a PFD of 10 mW/cm?.
Suppression of the basic rhythm of cortical-cell electrical ac-
tivlity was reported. Under chronic irradiation, signs of astheni-
zatlon of the CNS were also observed. Anelectrotonic shifts at
a high level of lability were registered very often in rabblts.
This led the author to assume that the nonthermal effects result
from hyperpolarization of brain cells (M.S. Bychkov, 1962, 1963).

Under similar experimental conditions (PFD from 0.02 mW/cm?
to 10-30 mW/cm?®), I.N. Zenina (1963, 1964) noted a shortening of
the average latent period of braln-cortex reactions for the most
part only under exposure to decimetric waves (wavelength of
several decimeters).

Comparative electrophysicloglical research showed that under
intermittent (rotating antenna) and continuous (fixed antenna)
exposures, an electrical-activity suppression of the anelectro-
tonic type is observed, but the lability variations were irregu-
lar when the antenna was used for circular scanning.

In most experiments, subordination chronaxia was shorter
under constant irradiation and also decreased, though less often,
unger intermittent exposure (M.S. Bychkov and V.A. Syngayevskaya,
1962).

At a PFD of about 1-10 mW/cm?®, Yu.A. Kholodov (1966) observed
changes similar to those that he had observed previously under the
influence of microwaves with PFD's above 40 mW/cm?: an increase in
the number of '"spindles"™ and slow waves. This generalized synchro-
nization reaction occurred 20-40 seconds after the generator was
switched on. A neuronally isolated strip of cortex also responded
to a microwave field of this 1ntensity with a shorter latent perilod
than did the intact cortex. The EEG was also studled in rabbits
with brain intact and isolated (section made at midbrain level)
and after administration of caffeline under exposure to long micro-
waves (A = several decimeters). Again in these experiments, the
isolated brain reacted more frequently and more rapidly than the
intact brain.

On the basis of these and certain other data, the author /73
advanced the hypothesis that the brain, and its glial cells 1in
particular, have a receptor function with respect to electro-
magnetic fields (Yu.A. Kholodov, 1967).
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Promotion of primary and secondary responses to light flashes
was observed when the heads of rabblts were exposed to microwaves
in the 12.6-cm band with a PFD of about 3-4 mW/cm?; this was also
interpreted as indicating the development of an inhibited CNS state
(R.I. Kruglikov, 1967).

Under somewhat different experimental conditions, I.A. Kitsov-
skaya (1960, 1964) registered motor reactions in rats preselected
for sensitivity to a strong acoustic stimulus (a bell) under daily
irradiation with microwaves at a PFD of 10 mW/cm?. A sharp de-
crease 1n the reactivity of the rats to the bell was noted, amount-
ing 1n some cases to disappearance of the spasm (after 25-30
treatments). The reactions to the bell reappeared when the radia-
tion treatments were discontinued. The most distinct shifts were
observed under exposure to decimetric waves. The suppression was
less distinct after treatment with 3-centimeter and millimetric
waves.

Studies of the influence of low-intensity mlcrowaves on cen-
tral nervous system function were also made on dogs (A.G. Subbota,
1957, 1958, 1962, 1963, 1966; Z.P. Svetlova, 1962, 1963, 1964,
1966). The advantages of experiments on these animals are ob-
vious, since the bralin is at practically the same distance from
the surface of the skin as it is in man. This 1s, as we know, of
substantial importance in view of the limited depth of penetra-
tion of the microwave fleld.

The intensity of the radiation used on dogs was set at a
much lower level — usually 1 mW/cm?. Here 1t was established that
higher nervous activity also changes gulte conspicuously 1n these
animals, and that functional disturbances appear in the cerebral
cortex under certaln condlitions. Thus, under unilateral exposure
to a pulsed microwave field in the 10-cm band with a PFD = 1-5
mW/cm?® (exposure 2 hours), the strength of food conditioned re-
flexes 1ncreased on the opposite slide and the latent periods be-
came shorter. The reactlons to differential stimull showed almost
no change.

Under repeated irradiation (one treatment each day), thils
stimulating effect of the microwaves was even more clearly manl-
fested, and compensatory and paradoxal phases of the reflexes
were observed (Table 19). These are obviously signs of experi-
mental neurosis caused by overstressing of the excitation process.
Later, however, 1n splte of the continuing exposures, the condl-
tioned-reflex-activity shifts may subside to a major degree and
even practically disappear (Fig. 11). This 1s interpreted as a
sign of adaptation of the animal to microwave irradiation.

In animals in which the excitation process predominates, and
in dogs with artificlally modified cortical excitability, identi-
cal microwave exposures suppressed positive conditioned reflexes.
There was almost no attendant change 1n the differentiations (A&.G.
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Figure 11. Total Strengths of Condltioned Re-
flexes to Positive Signals (Upper Curve) and
Differential Stimull (Lower Curve) During Re-
peated Irradiation of the Dog Dzhek with Micro-
waves at PFD = 1-5 mW/cm?.

Subbota, 1957, 1958).

The previously obtained data were basically confirmed when
conditioned and unconditioned salivary reflexes were registered
biiaterally, but new facts were also noted (A.G. Subbota, Z.P.
Svetlova, 19663 Z.P. Svetlova, 1966). Thus, in dogs with uniform
symmetrical conditioned and unconditioned salivary reflexes, uni-
lateral irradiation caused more pronounced shifts on the opposite
side, usually immediately after the end of the microwave treat-
ment. Cortex function had returned on the next day, and sometimes
the vestigial effect was more persistent on the irradiated side
(Table 20). Such asymmetry phenomena are evidently due to the
fact that the functional changes occurred chiefly in the surface
tissues on the irradiated side of the body under treatment with
the pulsed 10-cm microwave field, owing to the limited depth of
penetration. The metabolism in the irradiated tissues was prob-
ably affected. Since stimulation of chemoreceptors, whose presence
has been demonstrated (V.N. Chernigovskiy, 1961; V.A. Lebedeva, /76
1965), was possible, the pulses should go to the opposite hemi-
sphere by crossing of afferent pathways. Nor can we exclude a
direct influence of the microwave field on receptors and peri-
pheral nerves (McAfee et al., 1961, 1962) on the irradiated side
of the body. In these cases, however, the impulses should go to
the opposite hemlsphere; it 1s therefore also probable that the
excitability of the unirradiated hemisphere was affected. Since
the afferent impulses golng to the higher divisions of the CNS
also go to the reticular formation, an activating role of this cen-
ter must probably also be taken into account. Such 1s the possible
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TABLE 19. CHANGES IN CONDITIONEDEREFLEX SALIVATION UNDER REPEATED IRRADIATION
Dog Dzhek)
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Background (PFD = 1-5 mW/cm?) : discontinued tion exposure
U OO . .. (total 70 houxs)
3V 1st treatment | 5th treatment !10th treatment i 17th treatment 2Vl v
4Vt 9V ‘ 15 V1 { IR ; “ i VI
Conditioned stimuli ; i ! ( ‘ o i
: b Amount ] Amount | ! Amount l ] Amount | ¥ | Amount , ¥ " Amount 3 Amount
.E ” in drops |. . indrops |.2 ' in drops E - in drops -E n | indrops . > in drops in drops
; 13 EE 3 i §g P
B -] By g SO ok - I P ag._ __.af .
-» & » g po ) » & 20 i - - .
g g g0 a0 s o § ] ! : E ) ‘g9
2% |cr |vr [33/crR|UR 28 /cRiur 2% cR | Ur|%%/cr|URi28;crR UR 28 CR um
KL =5 35 |38 P booias; a8 :
MI20 ... 5| 8| 20| 4 | 12] 3|2 |17} 46| 4 | 4] 4 8| 46! 51 835 3 @ 13, 3
Light . . . ., ....,. 3 5 30 3 8 35 2 14 33 3 10 43 3 9 41 3 9 3! 2 f 5 i 350
Balloon + . ..... a4 8| 27| 3| o]a|3 | 14| i 12 | 45 8| 48 5 8 29] 4 ' BT
Balloon— - ..., ... — Ll =] = N 1V —| = Ll —1 - N e Ll il i z -
M60 . ... ..., - 0| = = o] = =) o] = = o] = =] 0| -1 =1 0] — —i 0| —
M2 ... ..., 1 5 27 8 6 35 4 7 30 7 7 43 11 4 44 13 4 33 _ 0 40
Light. ... ....... 3 6 28 3 7 34 3 6 29 3 7 45 4 8 46 6 7 38 3 l 4 45
Bell 2k ., .. ..... 4 10 3 2 11 34 3 15 29 3 13 47 3 13 47 3 12 39 4 ; 19 | 43
l ‘ !
Total e 42:1 1 174 5311} 213 7311220 63/1) 270 502 273 48_2{ o1 $1.2 {’ 283
| |

Note. M-120 (positive stimulus) beating of a metronome at 120 beats per
minute; M-60 (differentiation) 60 beats per minute. Light: lighting of a lamp
in front of the dog's muzzle. Balloon + (positive interoceptive stimulus): infla-
tion of a balloon in the colon at a frequency of 1 Hz; balloon - (differentlation):
inflation at frequency of 0.2 Hz. Bell: ringing of an electric bell at 80 dB. CR:
conditioned reflex; UR: uncondltioned reflex. ~
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TABLE 20. CHANGES IN SYMMETRICAL CONDITIONED AND UNCONDITIONED SALIVATION REFLEXES
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pattern of the conditioned-reflex changes on the opposite side.

Under exposure to decimetric waves (wavelengths of several
decimeters), the conditioned-reflex shifts were probably greater
on the irradiated side owlng to thelr greater depth of penetra-
tion. PFunctlonal changes due to direct action on the hemisphere
of the brain closer to the radiator may dominate here. Cases of
experimental neurosis were also reported much more frequently 1n
such cases (A.G. Subbota, 1962, 1966; Z.P. Svetlova, 1962, 1966;
Z.P. Svetlova and A.G. Subbota, 1966).

~
-3

However, even under exposure to these longer radio waves, the
direct effect on the peripheral tissues 1is still of importance.
Thlis has been established on dogs that were lrradiated with thelr
heads shielded with fine-mesh brass screening (lrradiation of the
brain was excluded) 1n some cases and with their torsos shielded
in others (while the head region was irradiated). The shifts were
more distinct in the former case.

Finally, under exposure to metric waves with PFD's of about
1 mW/cm?®, waves for which the animal organism is to a certalin de-
gree even "transparent," the changes in the food conditioned re-
flexes were usually identical on the right and left sides (see
Fig. 13). This effect may have been due to the simultaneous ir-
radiation of both hemispheres. On the other hand, when asymmetry élﬁ
was observed, 1t was usually independent of the dlirection of ir-
radiation (latent asymmetries were apparently brought out).

A.G. Subbota and Z.P. Svetlova also studied the influence of
microwaves (A = 10 cm, PFD = 1 mW/cm?) on the stability of dogs
to high ambient temperature. In these experiments, the animals
were first accustomed to the temperature procedures in an ordinary
hot box (alr temperature 35°C) until their conditioned reflexes
showed no further changes.

Agalnst the background of this acquired stability to ordilnary
heat, which was flrst established by the conditioned-reflex method
by Ye.B. Babskiy et al. back 1n 1934, the animals were subjected to
a single microwave exposure at a PFD of 1 mW/cm?. It was found
that after fthis f{reatment, returning the dog to the hot box would
again initiate a change in the conditioned reflexes, in almost the
same way as at the very start of acclimatization of the dogs to
heat (Fig. 12).

This is interpreted as a deadaptation effect of the mlcro-
waves. It could also be nrought out in dogs accustomed to a loud
noise stimulus. The vestigial effect that disturbs the adaptation
of the animal to these adequate stimuli (heat, noise) lasts 1-2
days.

When dogs were exposed to a microwave field 1n the 3-cm band
at a PFD around 1-10 mW/cm?® (whole-body and local irradiation of
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Figure 12. Variation of Total Strengths of
Conditioned Reactions to Positive Signals
(Dark Circles - Right Parotid Gland, Open
Circles - Left Parotid Gland) and to Differen-
tial Stimulus (Right Gland in Numerator, Left
Gland in Denominator). Straight arrows mark
exposure to high amblent temperature and paired
(stralght and wavy) arrows exposure first to
microwaves and then to heat (temperature in
hot box 34°C); paired (stralght and dashed)
arrows indicate subjection to noise (110 d4B)
and heat.

the head reglon), there was practically no change in conditioned- /79
reflex activity. Small shifts were observed only at low thermal
levels: 20-30 mW/cm?. Quite possibly, thilis was due to superficial
absorption of the electromagnetic energy (almost all of it 1s ab-
sorbed in the skin) and activation of natural adaptive mechanisms
(those developed for infrared rays).

The influence of a combinatlon of microwave bands (metric
and decimetric) was also investigated. Two successive treatments
were given, consisting of 1/2 and 1 hour with PFD's of 0.5 and 1
mW/cm*, The effect was strengthened by the decimetric waves (Fig.
13). The figure shows that the salivary conditioned reflexes
changed first on the side irradiated with the decimetric waves.
Later, since the exposure to radiation was made from alternating
sides, the shifts appeared on both sides. The typical picture of
experimental neurosis developed.

On comparing the effects of microwave flelds in different
bands on the higher nervous activity of dogs (at PFD's from 0.5
to 5 mW/cm?), we note that decimetric waves (wavelengths of a few
decimeters) must be rated highest, with metric waves next. The
3-cm waves are least active as regards the cerebral cortex. These
data may be used as a basls for arriving at maximum permlssible
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Figure 13. Varlations of Symmetrlical Condi-
tioned Salivary Reflexes in the Dog Boy.
Circles represent over-all strength of re-
sponses to positive signals (dark circles

for the right side anc open circles for the
left side). The dots represent differentia-
tion on the right and the crosses differen-
tiation on the left; m indicates exposure to
metric waves and dm + m exposure to a combina-
tion of decimetric and metric waves.

irradiation levels for humans (A.G. Subbota, 1966).

Biological effects of microwave radiation (at frequencies of
225-400 MHz) that remain mystifying to this day have also been
reported in the literature. Monkeys were placed in a resonator
and their heads irradiated. The intensity of the radiation was
such that no body-temperature rise occurred. At first, the ani-
mals sat quietly; they then became sluggish and sleepy. A few
minutes later, they were excited abruptly and showed signs of
brain-function disturbance: grimacing, vertical nystagmus, di-
lation of the pupils, intermittent breathing, convulsions. Half
of the animals perished, apparently because of "dislintegration"
of molecules in the brain as a result of resonance effects at
these frequeneies (Beily, 1959).

The vital-staining method was used to establish a definite
increase in the sorption capacity of the brain cortex, brainstem,
and cerebellum on irradiation of rats with decimetric waves having
a Eg? of about 70 uW/cm2 (L.N. Aleksandrov and M.I. Zolotashko,

19 .

THE CARDIOVASCULAR SYSTEM
This system has also been lnvestigated in some detail under

exposure of the organism to microwave fields of nonthermal inten-
slty. The first observations were made on dogs irradiated with
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microwaves in the 10-cm band at a PFD around 5 mW/cm?. Brady-
cardia, sinus arrhythmia, retardation of aurlcular and ventricu-
lar conduction, changes (usually a decrease) in the P- and T-de-
flections (the latter was sometimes inverted), and a broadening
of the QRS complex were observed.

Dogs with artificial heart damage showed more distinet ECG
changes. Local 1rradiation:-of the head, torso, and thigh pro-
duced closely similar ECG shifts in dogs (N.V. Tyagin, 1957).

Reliable changes 1n heart rate were reported in rabbits under
somewhat different exposure conditions; the animals were exposed
ventrally at PFD's around 10 mW/cm? (A = 12.6 cm). These shifts
were also linked to the effects of the microwave field on skin re-
ceptors (A.S. Presman and N.A. Levitina, 1960).

A hypotensive effect was reported on chronic lrradiation of
rats with millimetric, centimetric, and decimetric waves (PFD =
= 1-10 mW/cem?). Arterial pressure returned to normal only 8-10
weeks after termination of the exposure series. The hypotensive
effect appeared earliest under exposure to millimetric and three-
centimeter waves. Quite possibly, this was also due to super-
ficial absorption resulting in activation of the ordinary tem-
perature-regulation mechanisms 1n the analogy with infrared ex-
posure.

A two-phase reaction was observed under irradiation with
decimetric waves (PFD = 10 mW/cm?): arterial pressure rose after /81
the first radiation exposures but then decreased. Since decl-
metric waves (wavelength of a few decimeters) penetrate through
the entire body of a rat, the two-phase changes probably reflected
more serious disturbances to vitally important organs, which are
practically unprotected from microwave energy in these animals
(z.V. Gordon, 1960, 1966).

In larger animals (rabbits), similar irradiation (A = 12.6
cm, PFD = 10 mW/cm?) produced little change in arterlal pressure.
However, hemodynamic shifts were quite clearly in evidence even
at PFD = 1 mW/cm? on development of stability to certaln unfavor-
able factors. Thus, working with rabbits with a carotld artery
diverted into a skin flap, we found sharp changes in arterial
pressure (usually a decrease) only after the first few exposures
to infrared rays at intensities that produce a 1-1.5°C rectal-
temperature increase. No hemodynamic shifts were observed begin-
ning with the 4th or 5th treatment. When the same rabbits were
irradiated with a microwave field in the 12.6-cm band (PFD = 1
mW/cm?), the same infrared exposure given on the second and even
on the third day would again produce manifest arterial-pressure
shifts (Fig. 14). It was as though the microwaves had broken
down the stability that the cardiovascular system had developed /82
during the repeated exposures to the natural thermal stimulus.
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Figure 14. Influence of Microwave Field
in 12.6-cm Band with PFD = 1 mW/cm? on
Hemodynamic Stability to Infrared Rays in
5 Rabbits. Symbols same as in Fig. 5.

A similar deadaptation effect of low (nonthermal) microwave
levels has been establlished not only with respect to infrared
rays, but also to chlorpromazine and even microwaves of different
wavelengths. Thus, in one series of experiments, rabblts were
first accustomed to exposure to a 12.6-cm microwave field with a
PFD around 50 mW/cm?. When theilr arterial pressures had stopped
changing, they were irradiated with decimetric waves (wavelengths
of a few decimeters) with a PFD of 1 mW/cm?. The pressure did
not change at this intensity, but on subsequent irradiation with
12.6-cm microwaves there were conspicuous hemodynamic shifts (Fig.
15). A disadapting effect of a very-low-intensity microwave
field in a different band was observed Just as it was 1in experi-
ments in which conditioned reflexes were studied over two days
(vestiglal effect).

For comparison, it is appropriate to cite our own data
from experiments in which the same rabbits were given a 100-R dose
of x-rays. In these animals, disturbance to a previously developed
stability of arterial pressure to microwaves in the 12.6-cm band 83
was observed for two months after x-irradiation. o

Microwaves have not been found to deadapt with respect to
all stimuli. Thus, when rabbits developed cardiovascular sta-
bility to the vertical position of the body (head up), a microwave
field with a PFD of 1 mW/cm? had almost no destabilizing influ-
ence.
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Figure 15. Influence of Micro-
wave Fleld in Decimetric Band
(Wavelengths Several dm) on
Stabllity of Arterial Pressure
to Dlsturbance in 5 Rabbits.
Symbols: wavy arrows mark
radlatlion treatments; cm in-
dicates exposure to waves 1in
the 12.6-cm band with PFD =

= 50 mW/cm?; dm indicates
decimetric waves with PFD =

= 1 mW/cm?; dm/cm indicates
combined irradlation first
with declmetric waves at PFD =
= 1 mW/cm? and then with cen-
timetric waves with PFD = 50
mW/cmz; cm/cm indicates com-
bined exposure, first to cen-
timetric waves with PFD = 1
mW/cm? and then the same waves
at PFD = 50 mW/cm? (control
experiments).

Since hemodynamlc stabllity
1s not developed 1n rabblts with
denervated slnocarotid reflexo-
genlc zones, such stability ob-
viously arlses with participa-
tion of the CNS. We may assume
that the organism's acqulsition
of the abllity to maintaln a
constant arterial pressure under
repeated disturbances by var-
ious factors (heat, noilse,
microwaves, chlorpromazine,
etc.) 1s determined by the for-
matlon of a speclal adaptive
program 1In the CNS and that it
1s probably reinforced by the
conditioned-reflex mechanlsm.
Under exposure to microwaves
and x-rays, this program was
broken down for a more or less
extended time, as manifested
in the reappearance of the ar-
terial-pressure changes (A.G.
Subbota, 1968).

Since the organism of man
and animals is always adapted
to a varlety of environmental
factors, including unfavorable
ones (high temperatures in sum-
mer, low temperatures in winter,
etc.), the deadapting effects
of microwaves with respect to
stability that has been de-
veloped against other factors
may be of basic 1mportance for
understanding of the causes and
mechanisms of the disturbances

to cardlovascular system activity, and disturbances to arterial-

pressure regulation in particular.

A certain decrease in all pressures (final, lateral, mean,
and minimum) was observed in dogs (exposure to metric waves with
PFD of 2.5 mW/cm?) under chronic radiation exposure. The reac-
tions to Injection of adrenalin were also changed (Ye.V. Gem-—

bitskiy and 0.Ye. Gavrilova, 1968).

THE DIGESTIVE ORGANS

The motor function of the gastrolntestinal tract and the
secretory function of the stomach were studled under exposure to
low-intensity microwaves. Under the 1nfluence of the microwaves
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(PFD below 10 mW/cm?), the functions of these organs showed dils-
tinct changes. Thus, 1n dogs wlth the Basov chronliec fistula,
evacuation of water from the stomach slowed down lmmedlately after
the end of the mlcrowave exposure (A = 10 mm, exposure time 30
minutes, PFD about 1 mW/cm?). As the microwave irradlations were
repeated, the 1nhlbitlon of the evacuatory functlon became weaker
or was even totally absent; thus, in the dog Sil'va (Fig. 16), be-
ginning with the second radiatlion exposure with declmetrlc waves /85
(wavelength a few decimeters, PFD around 0.5 mW/cm?), there was a
substantlal reduction of the transfer of water from the stomach
into the 1ntestlne. This applles 1in particular to the aftereffect
periods (on the second and third days after the mlcrowave expo-
sures were discontlnued).

It is also clear from the flgure that the changes 1n the
evacuatory functlion subsided as the radlatlon treatments were
repeated. Thls may be another sign of adaptation of the organlsm
to the microwaves. However, when the animals were put on dally
irradliation, evacuation of water from the stomach was agaln re-
tarded, although the effect subsequently receded agaln.

Silmllar shlfts were observed in two other dogs: suppression
of the stomach's evacuatory function and weakening of the shifts
on repetition of the radiation exposures (signs of adaptation),
ete.

In a fourth dog, stlimulatlion of transfer of water from the
stomach to the 1ntestline was observed from the very beglnning.
This was probably due to the fact that the initilal evacuation
times were somewhat longer for this animal than for the others.
The shifts also died out under repeated irradiation, as in the
other dogs.

After partlial denervation of the stomach of one of the dogs
(all visible nerve trunks at the junction of the esophagus with
the stomach were cut), the plcture observed was the opposlte:
faster evacuation of water from the stomach (A.M. Grebeshechnl-
kova, 1962, 1966; A.G. Subbota, 1962, 19364).

Similar changes in the evacuatory function of the gastro-
intestlinal tract were establlshed in gulnea plgs by the x-ray
method. After these animals were 1rradlated with decimetric
microwaves (PFD of 0.5-1 mW/cm?), the barium mixture was dis-
charged from the stomach more slowly than in control anlmals for
which the barium evacuatlion tlme remained the same on repeated
Ingestion of the material into the stomach.

The mlicrowave field accelerated evacuatlion of the barlium
from the stomach in five guinea plgs out of 16. Characteristic-
ally, this stimulatling effect was observed in those animals in
whlch movement of the barium was slow before 1rradiation, 1l.e.,
the effect depended on the animal's inltial functlonal state.
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Comparison of the effects observed 1n dogs and guinea pigs
under irradiation with metric and decimetric waves confirmed the
previously established dependence of the sharpness of the shifts
on wavelength. Under exposure to declimetric waves, even though
the PFD was lower (0.5 mW/cm?), the changes were more pronounced
than under irradiation with metric waves at a PFD of 1 mW/cm?.
According to the results of A.M. Grebeshechnikova (1962, 1966) and
A.G. Subbota (1962, 1966), periodic hunger contractions of the /86
stomach were usually observed less frequently and were shorter in
duration (with correspondingly longer rest periods) immediately
after the end of a decimetric or metric-wave irradiation (PFD
about 1 mW/cm?). Thus, for the dog Laska, 2-3 periods of gastric
activity of normal duration (51-132 minutes, resting time 116-205
minutes) were observed before exposure (control) over four hours
of observation. After microwave irradiation with declimetric waves
(PED = 0.5 mW/cm?), there were sometimes no hunger contractions at
all over the same U4 hours, and where they were observed they lasted
no longer than 37 minutes in all.

Under repeated exposures, the degree of suppression of per-
iodic hunger activity also usually declined; this is interpreted
as a slign of adaptation to the microwave fleld. The tonic and
rhythmical contractions of isolated Intestine segments varied
little under the same irradiation conditions.

Thus, under exposure to microwaves of low (nonthermal) in-
tensity, the dominating picture is one of suppression of the
evacuatory motor function of the gastrointestinal tract. Since
the opposite picture appeared on partial denervation of the stom-
ach, it must be assumed that microwaves at nonthermal levels have
a dual effect on this function of the gastrolntestinal tract: a
mediated action (through changes in the function of the CNS) and
a direct effect on the organ or its local innervation. Nor is 1t
possible to exclude humoral-chemical changes capable of producing
the same shifts.

It was established 1n a study of stomach secretory function
that when dogs with Pavlov's stomach were irradiated with metric
or decimetric waves at PFD's around 1 mW/cm?, secretion of gastric
Julces in response to meat was suppressed significantly, especially
during the first (nervous-reflex) phase, and that its acidity was
lowered. Usually, the content of free hydrochloric acid was down
sharply in the first portions (after the first and second hours)
following ingestion of the meat. Sometimes there was none at all.
In the second (humoral-chemical) phase, there was even a slight
increase in the amount of juice. In some dogs, inhibition of
Juice secretion in response to meat was more distinct on repeated
%rradiat%ons. The latent periods were also greatly prolonged

Fig. 17).

Acidity (total and free) varied little during the second
phase. Recovery of normal gastric-juice secretion after
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Figure 17. Curves of Gastric-Juilce
Secretion for the Dog Irma (Pav-
lov's Stomach) under Irradiation
with Mlicrowaves Having a PFD of 1
mW/cm?. MW-1, MW-2, and MW-6 indi-
cate and number the radiation ex-
posures.

amount of gastric julce in particular.

individual microwave ex-
posures was drawn out to
as much as 1 or 2 months
in some of the dogs (Fig.
18). The digestive
strength of the gastric
julce either showed no
change or increased
slightly.

Similar changes 1in
the secretory function of
the stomach were reported
by the present author
jointly with A.M. Grebe-
shechnikova when metric
and decimetric waves were /88
combined in irradiation
(two successive treat-
ments of half an hour
each). The results 1ndi-
cated that the secretory
function changed less
and less as the radiation
exposures were repeated.
This pertalned to the

Thlis can also be regarded

as an indication of adaptation of the dogs to the microwave radia-

tion.

The amount of gastric julce was even observed to increase in
some cases 1n dogs with Heidenhaln stomachs. The acidity eilther
showed no change or also decreased. The distinctness of the
shifts remailned the same under repeated exposures.

Characteristically, there was no correlation between the
variations 1in the amount of julce secreted, its acidity, and its
digestive strength in the dogs with Pavlov's and Heldenhaln stom-

achs.

Since it is known (B.P. Babkin, 1960, and others) that gas-
tric juilce is the product of three groups of epithelial cells,
each with 1ts own innervation, the dissociated secretory-function
effect was apparently determined by selective action of the micro-

waves on these nerve systems.

Since changes were observed in the secretory activity of the
stomach even in dogs with Heidenhain stomachs, 1t must be assumed
that the microwave field also has a direct effect on glandular
cells or the local innervation of the stomach itself.
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THE EXCRETORY SYSTEM

Polyuria was ob-
served 1n a study of
kidney function 1in mice
exposed to a mlcrowave
electric field (X = 80
cm) (Denier, 1932).
Later, uropolesis was in-
vestigated in dogs with
ureters diverted to the
outer surface of the abdo-
men in L.A. Orbeli's
operation (A.G. Subbota,
1966). The nature of
uropoiesis from the right
and left kidneys was in-
vestigated after water-
milk loading (the dog was
given 500 ml of a mixture
of milk and water to
drink). It was estab-
lished that immediately
after termination of the

5 & l% 162123

i

=T, |
i

i l

b2 ,

/ur'?f\ i

1ARIISTININT
el

NV
v

0 I I3IBANIGE 6T NRIIKITBI20224252T12 8 111822
Apndl May June

Figure 18. Free (Open Circles) and
Total (Dark Circles) Gastric-Julce
Acidity for the Dog Irma under
Microwave Irradiation at PFD of 1
mW/cm?. The bars indicate amounts
of juice during the first hour;
T.U. stands for titration units.

microwave exposure (wavelength 10 cm, PFD 1-5 mW/cm?, exposure
30 minutes), the excretion of urine by the kidney on the irradi-

ated side was reduced and that on the opposlte side was increased.

The nature of the uropolesis also changed.
irradiated side, the uropoiesis curve was flatter and lower, while
‘considerably larger amounts of urine were excreted on the opposite
side during the first 30 minutes (Fig. 19).

Thus, on the

Similar changes 1in

diuresis were obtained on irradiation with decimetric waves (A =
= several decimeters) with a PFD of 0.5 mW/cm?.

This functional asymmetry in

the work of two palred organs

was observed not only just after termination of a radiation ex-

posure, but also on the next day (vestigial effect).

Usually,

the uropolesis plcture on the following day was a perfect mirror
image: more urine was excreted on the lrradiated side than on the

unirradiated side.

The amounts of urine collected on each day of

the experiment indicate the same type of variation of the func-

tional activity of these symmetrical organs (Fig.

20).

The shifts in the water-excretion function also became less

distinct as the treatments were repeated.

This may also indicate

adaptation of the organism to microwaves.

In the dog Maritsa, which had a suppurative pyelonephritis on
the left side, irradiation of this side of the body caused a sharp
The total amount of urine excreted on this

The same microwave exposure of a dog with a

rise in uropoiesis.
day was also larger.
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denervated kldney (decapsulation) at a PFD of 0.5-1 mW/cm? caused

practically no changes 1n uropolesis. At higher (PFD around 70
mW/cm?) radiation intensities, which resulted in a slight hyper-
thermia (the temperature in the colon rose 1°C and the animal

panted), bilateral suppression of uropolesls was observed in this

dog. It 1s qulte possible that the effect resulted from reten-

tion of water in the organlism owlng to water losses durlng irradia-

tion. This assumption would be conslistent with the observatlons

of other authors (Michaelson et al., 1961), who observed thirst in

dogs suffering from mlcrowave hyperthermia.

A study of speclalized forms of appetite in 300 rats (V.V.

Kulakova, 1964) showed that appetite increases for solutions con-

taining calclum beginning at the 5th or 6th exposure (PFD = 40
mW/cm?). The caleclum content in the urine had increased at this
point in the exposure program. The author assumes that an 1in-

crease 1n appetite for a solution of glucose with an admixture of

this preparatlion was also observed as a result of calclum excre-
tion.

THE BLOOD SYSTEM

Many authors have studled the blood of anlmals exposed to
microwaves with PFD = 10 mW/cm? and below. The shifts in the
morphological blood plcture were elther insignificant (N.V. Tya-
gin, 1957) or could be detected only after chronic irradiation.
Thus, I.A. Kitsovskaya (1964) observed leucopenia, an increase
of segment-nuclear nucleophlls, and a lower lymphocyte count in
white rats after they had been exposed to a mlcrowave field 1n
the 10-cm band with a PFD = 10 mW/cm? for 9 months. The blood
had not returned to 1ts normal state even 3 months after the
serles of irradliations was dlscontinued.

Different shlfts occurred in rabblts exposed to a mlcrowave
fleld with a PFD of 4-8 mW/cm?: lymphopenia was observed in some
rabbits and lymphocytosis 1n others. An 1ncrease in the number
of reticulocytes and mature normoblasts was also observed 1n 40%
of the rabbits (Gruszeckl, 1962).

Changes 1n the morphologlcal composition of the bone marrow
under exposure to microwaves have not been adequately studied.
Some 1nvestigators have been unable to detect any shifts (N.V.
Tyagin, 1957). TI.A. Kitsovskaya (1964) observed only a slight
decrease in the number of segment-nuclear neutrophils. Usilng
chronic exposure to metric-band microwaves with a PFD = 1 mW/cm?,
A.T. Ivanov reported distinct changes 1n the proportions of
white and red bone-marrow stem cells in rabbits: 1t was 1.7:1
instead of 1:1.3 (Table 21).

Thus, exposure to microwaves produced dlstlnet changes in
the functions of various systems not only at PFD's around 10
mW/cm?, the level below which it 1s the custom to assume that
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COMPOSITION OF BONE MARROW IN RABBITS IRRADIATED WITH MICROWAVES

TABLE 21.

(PFD 1 mW/cm?)
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there are no pronounced thermal changes, but also at lower levels:
1-0.5 mW/cm?.

The nature of these changes depended strongly on the number
of repeated exposures. Two types of phenomena have been ob-
served under repeated applications: 1) declining magnitude of
the observed shifts and, quite frequently, thelr dlsappearance
as the 1rradiations were continued (at one treatment daily for
1-6 days). This is interpreted as a sign of adaptation of the
organism to the microwaves; 2) aggravation of functional changes
in the organism, which, as the radiation treatments are con-
tinued, often culminates in the appearance of serlious signs of
disturbance to the activity of some of its systems (cumulative
effect). The most sensitive systems, as we saw from the data
presented, are the central nervous and cardlovascular systems.
This can be seen not only on the basls of the development of
the typical plcture of experimental neurosis and hypotonla, but
also 1n the appearance of persistent disturbances to gastric-
Juice secretion, especlally in the nervous-reflex phase, and in
reports of disturbance of stability acquired by animals to var-
ious)other adequate stimuli (high ambient temperature, noise,
etc.).

It may be assumed that a change in the normal activity of
the central nervous system 1s the primary link in the varlous
functional disturbances, and that endocrine-gland activity changes
are secondary. On the other hand, derangement of cardlovascular,
gastric, and other functions 1s a consequence of disturbed neuro-
endocrine regulation.

The cases 1n whlch the organism adapts to mlicrowaves are
testimony to 1ts extremely broad adaptive capabilities, which
maintaln stabillty even agalnst factors that the organism has
practically never encountered during the evolutionary process.
However, such adaptation i1s probably not highly relliable, since
serious functional dlisturbances intervene sooner or later in
many cases. Finally, although they occurred under high in-
tensities, the previously examined cases of damage to the mucosa
of the stomach, crystalline lens, testlicles, and bone marrow were
nevertheless due basically to the nonthermal effect and indicate
a direct actlon of the microwaves on the lrradiated tissues.
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Chapter 6

CHANGES IN THE IMMUNOLOGICAL REACTIVITY OF THE
ORGANISM AND IN THE PROPERTIES OF BACTERIA,
VIRUSES, AND SIMPLE ANIMALS

The nature of the organlism's interaction with agents of in-
fection changes sharply when humans and experimental animals are
irradiated with electromagnetic waves in the radio band; there
may be either an increase (A.V. Ponomarev, 1940, and others) or
a decrease in 1ts resistance to the microorganisms (K.V. Stroy-
kova, T.I. Belyayeva, 1958), or, in certain cases, even develop-
ment of secondary infections (N.A. Solov'yev, 1962; Fukul, 1959,
and others). Even an increase 1n the intensity of atmospheric
electromagnetic radiation may aggravate certain infectious proc-

esses, such as tuberculosis of the lungs (A.I. Konko et al.,
1966).

Suudy of the influence of electromagnetic radiatlion on the
infectious process was begun back in the 1930's, when most of
the effort was concentrated on establishing the therapeutic
value of this type of radiation and justifylng its use in the
treatment of infectious diseases (P. Libezin, 1936; N.A. Mukhina,
1940; @.L. Frenkel', 1940; Schliephake, 1960, and others).

At the present time, with the extensive 1ntroductlion of
radiocelectronic gear into various branches of the national
economy, investigators have turned most of thelr attention to the
ways in which the organism 1s affected by whole-body microwave
irradiation at low PFD's, but over the long term, and to whole-
body short-term irradlation by microwaves of thermal lntensity.

A distinct aggravation of infection and the associated toxic
process 1n an experiment with exposure to microwaves of thermal
intensity (PFD = 45 mW/cm?, 30 minutes dally for 15-30 days) was
reported by I.M. Ibragimov and G.S. Mironov (1966), S.A. Vartanov
(1966) and L.P. Sviridov (1967), who subjected cats innoculated
with a dysentery culture and white mice infected with Salmonella
breslau or exposed to botulismotoxin to whole-body microwave 1r-
radiation (A = 12.6 cm). On the other hand, low microwave 1n-
tensities (PFD = 5 mW/cm?) produced no substantial changes 1n the
course of the infection and toxicosis in these experiments.

At the same time, prolonged exposure to low microwave lnten-
sitles 1s accompanied, as we know, by asthenizatlon of the organ-
ism. The latter, and, specifically, a lowerlng of the organism's
resistance during the development of the asthenlic syndrome, may
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perhaps account for the more difficult course and higher frequency

of infectlous diseases that have been observed by certaln authors

in persons who have been exposed to mlcrowave 1rradlation over 135
the long term.

A considerable number of speclalized studies has now been
carried out with the object of ascertalning the nature and mecha-
nism of disturbances to the immunobiologlcal properties of the
organism under exposure to the microwave fleld. They can be
divided arbitrarily into two basic groups: study of nonspecific
factors in protection against infectlion and study of specific
antimlcrobic immunity and 1mmunological reactivity when the or-
ganism 1s exposed to microwaves. Studies of the effects of the
microwave field on the agents of 1nfection and on other micro-
organisms of bacterial or virus nature and simple animals form
a special group.

NONSPECIFIC RESISTANCE TO INFECTION

Thus far, the research done in this direction has been con-
cerned only with specific indices to the organism's nonspecific
protective functions, such as phagoecytlc activity of leucocytes,
the absorptive capacity of the RES, complement actlivity and the
bactericidal properties of blood serum, vascular permeability,
etc. Attempts have been made to generalize the acquired data
and determine thelr place in the over-all pathology that arises
when biological objects are i1rradiated with radio-band electro-
magnetic waves.

Phagocytlc activity of leucocytes. Ye.A. Koton and T.N.
Danilova (1963) observed a significant drop in leucocyte phago-
cytic activity in the blood of humans subject over the long term
to irradiation by electromagnetic waves 1n the metric band under
occupational conditions.

A.I. Ivanov (1962) also showed that single and repeated (7-
10 times) meter-band microwave irradlation of humans at inten-
sities of 1-3 mW/cm? for 30-40 minutes dally cause a lowering of
neutrophll phagocytic activity (with respect to staphylococcus)
in most subJects 1mmedliately after exposure, by amounts ranging
from 7 to 52%.

Various degrees of change in phagocytic activity were ob-

served in experimental studles (on cats) with exposure to centi-
metric waves of various intenslties. Reliable changes (usually
downward) occur at a PFD of 1 mW/cm? (exposure 30 minutes) and

above. It was also noted 1n these experiments that the observed
shifts are short-lived after a single microwave exposure, per-

sisting for only a few hours after l1rradiation. A.I. Ivanov and

B.A. Chukhlovin (1966, 1968) irradiated cats under similar con-
ditlions and observed distinct phasing of the changes in neutro- /95
phil phagocytic reaction: a stimulation phase lasting for the T
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first 10 minutes of irradiation was supplanted by suppression of
phagocytosis, with a subsequent return, over 3-24 hours, to the
initial level or even above 1it.

Ye.I. Smurova (1966) irradiated white rats with centimetric
waves at a PFD of 10 mW/cm? for 1 hour daily for 2% months and
observed an initial stimulation of neutrophll absorptive capa-
city with respect to B. colil, followed by a suppression that
persisted for 3% months after the end of the microwave-exposure
program. Phased changes in leucocyte phagocytic activity under
the 1nfluence of electromagnetic radiation were also observed by
Ye.G. Tkachenko and V.S. Padalka (1965). An increase in neutro-
phil absorptive. capacity was observed for the first 30 days in
white mice placed in the electromagnetic field of a 2000-MHz
radio-relay link, and was followed by suppression.

Thus, even on the basis of avallable material, we may con-
clude that the phagoceytic function of human and experimental-
animal blood neutrophils is subJect to substantial variations
under the influence of microwaves, and that the degree of the
changes 1s determined by intensity and the time of exposure.

_ Bactericidal properties of blood serum. Comparatively
little study has as yet been given the bactericidal properties of
blood serum under exposure of the organism to microwave elec-
tromagnetic radiation. When rabbits were exposed to a single
dose of centimetric microwaves at a PFD of 50-60 mW/cm? for 30
minutes, accompanied by a 2-3° body-temperature increase, a de-
crease in blood-serum bactericidal properties was observed in
most of the animals (B.A. Chukhlovin, 1963, 1965, 1966), but
these indicators had returned to their initial level within as
few as 1-5 days.

When rabbits are exposed to lower microwave energies (5-10
mW/cm?), but for a long time (1 hour per day for 1% months), there
is a slight increase in the bactericidal activity of their blood
serum. Single or repeated (once a day for 8-10 days) exposure
of humans to microwaves does not produce appreciable changes 1in
blood-serum bactericidal properties.

Microwave irradiation of rabbits at a PFD of 45 mW/cm? 30
minutes a day for 15 days (L.P. Sviridov, 1967) against the back-
ground of an infection caused by Salmonella breslau was accom-
panied by a substantial decrease in the bactericidal strength
of their blood. Low energy intensities (5 mW/cm?) had no marked
influence on this indicator under the same exposure condltions.

Phased changes were observed in the bactericidal properties
of the blood of white rats irradiated 60 minutes daily for 2%
months with centimetric microwaves having a PFD of 10 mW/cm?: a
period of stimulation gave way to suppression as early as the-
7th day of irradiation (Ye.I. Smurova, 1966). In another series
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of experiments (A.P. Volkova, Ye.I. Smurova, 1967) performed on
white rats, which were 1rradiated for 6 months under the same
conditions, an increase 1n the bacterlcldal property of the blood
serum was noted 1n some of the animals simultaneously with a de-
crease in neutrophil phagocytlc actlvity; the authors interpret
the latter as an adaptive reactlon of the organlsm that helps 1t
to maintaln resistance to 1nfectlion under long-term exposure to
electromagnetlc flelds.

Complement actlvity of blood serum. B.A. Chukhlovin (1966)
observed changes 1n blood-serum complement actlvity 1n humans
and anlmals under exposure to mlcrowave lrradiation. After a
single whole-body 1lrradlatlon of rabblts wlth centimetrlc waves
at PFD = U40-60 mW/ecm? with 30 minutes' duration, a decrease 1n
the tilter of the complement was observed in 28 out of 32 animals
immedlately after exposure to the microwave fleld; there were no
changes 1n one anlmal, whlle the titer lncreased 1n three. The
observed shifts in complement content were of short duration:
durlng the one or two days of rest that followed, the complement
level returned to or even exceeded 1ts original value. Dailly ir-
radlation of rabbilts for 10-30 days under the same condltlons
also caused a translent decrease 1n blood serum complement tilter
1n most of the experimental anlimals. Lower radlation intensilties
in the centimetric band (PFD = 5-10 mW/cm?), which do not railse
the body temperature of the rabblts, also tended to lncrease com-
plement tilter.

No changes were found 1n blood serum complement level on
examlnation of humans who had been subJected to a series of
whole-body irradlations wlth decimetric waves at a PFD of 1-2
mW/cm? (1 hour dailly) (B.A. Chukhlovin, 1966).

Thus far, other factors 1n the organism's nonspeciflc im-
munobiologlical defenses (RES absorptive capacity, barrler-fixing
propertles of tlssues, etc.) have not been adequately studled
under the 1nfluence of electromagnetlc radiation. We can refer
only to the data of N.P. Derevyagln (1939), who reported a two-
phased reactlon of the RES of rabhlts to exposure to electromag-
netic waves (X = 6-9 meters) at both high and "low" (with a 0.2-
0.3°C body-temperature rise) intensitles: brief stimulatlon was
supplanted by suppresslon of the absorptive function. Later,
similar data were obtained by Plurlen et al. (1966) in a study of
RES phagocytlic functlon in white mlce irradlated with radar waves.

Finally, observations 1ndicating lncreased vascular permea-
bllity and a decrease in tlssue barriler propertiles after whole-
body and local 1rradiatlion of the organlsm wilth electromagnetic
waves 1n various bands were reported (V.Ya. Batunlna and Ye.V.
Gegnit, 1938; A.P. Parfenov and Ye.V. Molchanov, 1960; Flandesilo,
1961),
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SPECIFIC IMMUNOLOGICAL REACTIONS

In experiments on gulnea plgs immunized with a culture of
Samonella breslau and irradiated with centimetric waves at a
PFD = 50 mW/cm® for 30 minutes daily for two weeks, 1t was es-
tablished (B.A. Chukhlovin, 1966) that the antibody levels lag
behind controls by a factor of about 2% under these irradiation
conditions. However, this decrease in agglutinin titer was of
short duration: within as few as 5-10 days after termlnation of
irradiation, the titer had approached the level in the control
animals.

Similar results were also obtained in experiments on rab-
bits that were immunized with intravenous typhus monovaccine
three times at one-week intervals and given l-hour-per-day ir-
radiations at a PFD of 50 mW/cm? (for a total of 30 treatments
over 40 days), both during and after the vacecination cycle.

Other irradiation conditions the same, the lower electromagnetic
energy intensities (10 mW/cm?) tended to stimulate antibody pro-
duction in the rabbits. An increased antibody level was observed

to persist for two weeks after the end of the radliation-treatment
cycle.

According to Sacchitelli and Lerza (1964), guinea pigs im-
munized with typhus vaccine showed the most distinct decrease
in agglutinin production after irradiation with microwaves during
vaccination, while previously irradiated animals showed a less
distinct decrease.

Thermal microwave intensities (45 mW/cm? in rabbits and 30
mW/cm? in white mice, for 30 minutes a day over 15 days) also
lowered agglutinin titer in animals innoculated with a culture
of S. typhi murium (L.P. Sviridov, 1967).

A change in immunogenesis when the organism is exposed to
low-energy electromagnetic radiation has also been observed with
respect to viruses (N.V. Vasil'yev et al., 1965) and protozoa
(Pautrizel, Riviere, 1966).

The nature of the changes in the organism's immunological
reactivity under the influence of electromagnetic radiation can
also be judged from the results of study ofallergic and anaphylac-
tic reactions under these conditions. F.M. Suponitskaya (1938)
found no changes in the anaphylactic reaction after multiple
irradiation (X = 3.6 m) of guinea pigs during sensitization with
normal horse serum. At the same time, irradiation of the animals
immediately after administration of the assaulting dose of the
antigen provided protection from the development of anaphylactic
shock in all cases.

However, it is difficult to evaluate these interesting data,
since the paper indicates neither the temperature reaction of the
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anlmals to the disturbance nor the lntenslty of irradiation. The
results obtalned by B.A. Chukhlovin (1966) gave reason to assume
that only microwave radiation intensitles above 10 mW/cm? can
prevent or mitlgate anaphylactlic shock 1n animals when the as-
saulting antigen dose is administered lmmediately after irradia-
tion.

Attempts have also been made in recent years to determine
fhe mechanism of the observed changes in the organism's immuno-
blological reactions under microwave exposure. In a study car-
ried out Jointly by B.A. Chukhlovin (1966), V.A. Syngayevskaya,
and 0.5. Ignat'yeva on the phagocytic activity of neutrophils
in dogs, with simultaneous investigation of blood-plasma gluco-
corticold content, a relation could be traced between changes 1n
the leucocyte functlon under study and adrenal-cortex function
under exposure to microwaves (PFD = 10 mW/cm? or 50 mW/cm?,
single dose). It was found that only a slight increase in blood
glucocorticold level under l1lrradiation is accompanied by stimu-
lation of phagocytosis. These results are conslstent with the
contemporary view that small glucocorticoid doses stimulate the
immunobiological functions of the organism, while large ones 1n-
hibit them (A.N. Meshalova, 1961, and others).

In our own experiments on dogs, which were 1rradiated long-
term (one hour per day over 1% months) with microwaves in the
centimetric band (PFD = 10 mW/cm?) or decimetric band (PFD =
= 1 mW/cm?), we observed a definlte correlation between changes
in neutrophil phagocytic activity and the dynamics of central
nervous activity shifts in the experimental animals. In dogs
with depressed CNS functlion 1n the initial state, the phago-
cytic function of the neutrophils was also sharply reduced. The
absorptlve capacity of the leucocytes showed a persilistent change
during the perliod of irradlation of the anlmals against a back-
ground of developing experimental neurosis. The nature of these
changes depended on the radiation band to which the anlmals were
exposed. Thus, while exposure to centimetric waves excited the
brain cortex of the dogs and the neutrophlil absorptive function
declined agalinst this background, the opposite effect was ob-
served under the influence of decimetric waves — excitation of
the CNS was accompanied by stimulation of phagocytosis, and in-
hibition of the cortex by 1ts suppression. This may 1ndicate
that the centimetrlic waves act primarily through reflex mecha-
nisms and that decimetric waves have a direct influence on the
brain.

In evaluatlng changes in the organism's 1mmunoblological /99
properties, 1t 1s also necessary to recognize the posslbility
of a direct effect of the electromagnetic energy on the organs
and tissues responslble for productlon of immunologlcally actilve
substances.
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The possibility of changes in protein structures and, conse-
quently, in the propertles of tissues under radiation exposure
can be judged on the basis of the appearance of Cx—reactive pro-

teln in the blood serum of animals irradliated with microwaves
(B.A. Chukhlovin et al., 1966) and on the basls of the experi-
mental results of Bach (1965), who exposed human gamma globulin
to radiation at various frequencies (from 40 to 200 MHz) and ob-
served a change in the antigen properties of the protein even at
low intensities (averagling 13.5 mW/cm?). This circumstance may
be of considerable importance in the over-all mechanism of the
pathological changes that arlise under microwave exposure, since
the organism's own tissues may, as we know, trigger the produc-
tion of cytotoxlc antibodies when antigenically modified, with
subsequent development of pathological processes.

There is no doubt that observed changes in protein meta-
bolism, and especially in that of the globulins (V.A. Syngayev-
skaya, 1964; S.V. Nikogosyan, 1964, and others) and metabolic
disturbances in the formed elements of the blood (phagocytes)
(A.I. Ivanov, 1966) also have a bearing on the mechanism of the
immunological shifts under exposure to microwave radiation.

INFLUENCE OF MICROWAVE RADIATION ON BACTERIA, VIRUSES, AND PRO-
TOZOA

Two basic and closely interrelated trends can be discerned
in study of the influence of electromagnetic radiation in the
radio band on bacteria and other single-celled organisms: inves-
tigation of the bactericidal properties of the electromagnetic
waves or, conversely, of thelr stimulating action on microorgan-
isms, and establishment of the mechanism of action of the elec-
tromagnetic energy using bacterla and protozoa as biological
models.

Even in the very early Soviet surveys of the llterature on
the blological action of centimetric and decimetric waves (N.A.
Mukhina, 1940; F.M. Suponitskaya, 1940), we find a considerable
amount of material — contradictory though it may be — on the ef-
fects of microwaves on microorganisms.

There is now no doubt that mlicrowaves exert an influence on
the vital activity of bacteria and other single-celled organisms.
Even in the simplest experiments, 1n which only cell growth and
multiplication are taken into account quantitatively, stimulation
or suppression of these processes under the influence of electro- /100
magnetic energy is noted under certain conditions. The experi-
ments of Denler (1937), the first investigator of the blologlcal
effects of mlcrowaves, who made his studies on bacteria in vitro
and in vivo (with reproduction of experimental infectlons), showed
that mlcrowaves in the decimetric band (A = 80 cm) have a sub-
stantial influence on the course of streptococcal, staphylococcal,
diphtherial, and other infections.
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Hasche and Loch (1937) observed a definlte injurlous effect
of declmetric waves (A = 52 cm) on staphylococcl even when the
authors attempted to exclude the possibillity of even "point"
heating by constant agitation of the culture. Uslng decimetric
waves (A = 40 cm) to irradlate diphtherla baclllus on a solid
nutrient medlum, Ye.N. Gorkin and K.I. Suchkova (1938) noted
a decrease 1n its toxicity. New data on bactericlidal effects of
electromagnetic waves with respect to varlous speciles of micro-
organisms were reported in the years that followed (Sequin, 1949;
Robert and Cook, 1952, and others), and research was even begun
on the possibility of practical utilization of this effect. D.V.
Semdomskaya (1956) obtained good results in the use of high-fre-
quency current to decontamlnate milk.

V.F. Gllbin (1952) studled the possibility of using elec-
tromagnetic waves to decontaminate water and found that the ef-
fect depends on the initial number of bacteria, the irradiation
time, and the layer thickness of the water irradlated. He es-
tablished that microwaves (A = 3 cm and A = 10 cm) are more bac-
tericidal than ultrashort waves (A = 6 mand X = 12 m).

A.N. Karaseva et al. (1956) used electromagnetic waves (X =
= b,5-6 m) to disinfect clothing and obtalned better results at
a lower temperature level and in a shorter time than when ordl-
nary thermal disinfection 1s used; it was also noted that the
bactericidal effect was more conspicuous when the clothes were
more densely packed. Millimetric waves were found to be bacterl-
cidal with respect to the microflora of the air (V.F. Kondrat'-
yeva and Ye.N. Chistyakova, 1967). A distinct bactericidal ef-
fect of radiation with a frequency of 9370 MHz on spores and vege-
tative forms of bacterla was reported by V.N. Lystsov et al.
(1965). However, thls effect was observed only when the tempera-
ture of the 1lrradiated object was railsed.

No less interesting are reports from certain authors of a
stimulating effect of electromagnetic waves on bacteria and proto-
zoa, as well as tissue cultures. Niffenegger (1962) observed
more rapid growth of microorganisms 1in flelds wlth frequenciles
from 30 to 270 MHz and relatively low power. Stimulatlon of the /101
growth of a chick-embryo tissue culture under 1rradiation wilth
microwaves (A = 3 em and A = 21 cm) was reported from the ex-
periments of Sequin et al.(1948).

According to Fleming (1944), almost all living cells and
microorganisms in particular grow more rapidly under exposure to
high-frequency fields. This effect increases progressively with
increasing radiatlon intensity up to a certain limit, at which
the reverse process sets 1n: delay of cell divislon and death of
cells as a result of excessive irritation.

In attempting to clarify the mechanlism by which electromag-
netlic energy acts on living organisms, certailn investigators
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(Brown, Morrison, 1954; Epstein, Cook, 1951; Tomberg, 1961) recog-

nlzed only the possibility of thermal effects of microwaves on
bacteria and viruses, arguing that when the culture is cooled
during irradiation, no injurious effects of the electromagnetic
energy are observed.

However, most reports, including some from the above-named

authors, emphasize an extremely interesting peculiarity of micro-

waves: when they are used to irradiate suspensions of bacteria
or viruses in a nutrient medium, physiological solution, or dis-
tilled water, the microorganisms may be observed to perish in
cases when the temperature of the medium has not exceeded 37-
38°C, 1.e., has remained in the optimum (thermostat) range of
conditions for growth and multiplication of the cultures studied.

Nyrop (1946) irradiated bacterial and virus cultures with a
pulsed field with the pauses between pulses modulated in such a
way that there was no marked increase in the temperature of the
medium during irradiation. Under these conditions, with a fleld
strength of 230 V/em, 99.5% of B. coli perished after 7 seconds
of irradiation, without the temperature of the medium having
risen above 12-40°C. 1In the case of simple heating, the same
effect is observed only at 60°C and an exposure time of 600 sec.
The virus of foot and mouth disease was inactivated within 10
seconds at a field strength of 260 V/cm, when the temperature of
the medium was no higher than 36°C. Similar heat inactivation
of the virus required 60 hours at 37°C.

Sequin (1949) observed inhibition or even cessation of
cell division in B. coli, the turbeculosis bacillus, and staphyl-
ococcus after microwave irradiation (X = 21 cm) at low energy
intensities with no biologically significant increase in the
temperature of the medium. The author regards this effect as
nonthermal. Boiteau (1960) also reported the death of B. coli
after five minutes of exposure to radiation at 12-30 MHz, again
without raising the temperature of the medium above 37°C.

Yu.G. Talayeva (1956) found a substantial bactericidal ef-
fect for pulsed electromagnetic waves (A = 10.7 cm) on water-
suspended B. coli. This effect was not attended by a rise in the
temperature of the water, and on this basis the author also con-
cludes that the electromagnetic waves acted nonthermally.

P.I. Schastnaya (1958) studled the effectiveness of centi-
metric and millimetric microwaves with various model microorgan-
isms (staphylococci, Friedl&nder's bacillus, B. coli, and others)
and reported that these radiations cause substantial disturbances
to the vital activity of the cells, lower thelr virulence, and
produce morphological changes and death under optimum environ-
mental-temperature conditions. However, the microwaves had no
injurious effect on the bacteria at medium temperatures below
the optimum. The author is 1inclined to explain the observed
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effects 1n terms of thermally selectlve heating of the bacterilia
to levels that are detrimental to cell function and structure.

Selective heatling of specliflic structures or microblc parti-
cles to temperature levels that are critical for them had been
examined even earller, before the blological effects of USW radia-
tion had come under study, as a primary mechanlsm in the actlion
of electromagnetic energy (D.Ya. Glezer, 1937). Recognition of
such an action appeared to be the most loglcal way of explaining
the observed effects.

However, disregarding the fact that thls selective heating
has not yet been demonstrated experlmentally, and the fact that
certain experiments and calculations tend to negate it (P.
Libeznl, 1936; Barber, 1962, and others), the hypothesis 1n it-
self gives rise to a number of questions. Indeed, if we take
the calculations of Schwan and Piersol (1954), selective heat-
ing by microwaves 1s possible only when the diameter of the sus-
pended particles 1s at least 1 mm. At the same time, we know
that most bacteria are no larger than a few microns in diameter.

It 1s also difficult to reconcile the notion of selective
heatin% of mlicrobic particles with the experimental results of
Esaux, ) which indicate that tissues and reglons rich in water
are most strongly heated. In thls case, we should expect heat-
ing of the water and the medium first, and only then heating of
particles or bacterla suspended 1in 1t, which, of course, contaln
less water. However, experliments 1n which bacteria were irradi-
ated produced the opposlte observation: microorganisms suspended
in water or physioclogical solution perish at the environmental
temperature that 1s optimum for them.

Finally, how 1s the theory to explain the thermal actlion of
electromagnetic waves on certaln viruses? In Nyrop's experiments
(1946), in which pulsed 20-MHz fields were directed at the virus
of foot and mouth disease, the virus was not only lnactivated,
but its antlgenic propertles also changed wlithout the temperature
of the medium having exceeded 36°. At the same time, known
methods of vacclne production are based precisely on the use of
heat, which usually causes only a lowering of the virulence of
the strain, while preserving its antigenicity.

Nor do other studlies support a purely thermal action of
microwaves on microorganisms. Thus, a calculation of the time
constant for heating of bacterial cells indicates (Barber, 1961)
that their temperature and the temperature of thelr medium re-
main practically the same, i.e., there 1s no selectlive heating
of the bacteria.

1)cited after P. Libezni (1936).
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The experiments of P. Libezni (1936), in which suspended
yeast cells were 1rradiated, also failed to indicate selective
heating of the microorganisms as against the medlum surrounding
them. At the same time, it is known that electromagnetic waves
are injurious to the mlcrobe cell at lower temperatures than
those required to produce similar disturbances with heat. On
this basis, the author states that the electromagnetic energy
has a speciflc and nonthermal effect on the microorganisms.

In the opinion of certain authors, the specific nature of
the action of microwaves is also evlident in experiments on proto-
zoa. Thus, 1f paramecium suspenslons are exposed 1n parallel
experiments to microwave radiation, infrared light, and convec-
tive heat of various intensities, but in such a way that the
times of exposure to the agent and the temperature rise in the
medium remain the same in all compared experiments, the change
in the phagocytic function of the cells under the influence of
microwaves differs from that observed under the conventional
thermal factors (Ye.T. Kulin and Ye.I. Morozov, 1965).

Convectlve heat and 1Infrared radiation usually cause the
same two-phased reaction in the phagocytic function of the cells:
stimulation at low intensities gives way to suppression, extend-
lng to the total absence of reactlon, at high intensities. Under
the influence of microwaves, however, we observe four phases in
the reaction: stimulation of phagocytosis occurs at temperatures
of 24-26° and 39-40°C, and suppression of the phagocytic function
is maximal between these phases. The last suppressive phase under
microwave exposure intervenes only at sublethal temperatures.

Obviously, some other imperfectly understood mechanism comes
into play here in addition to the thermal effect.

The experiments of A.S. Presman and S.M. Rappoport (1965)
indicate much the same thing. The authors observed a so-called
"electric-shock" reaction in paramecla exposed to microwaves when /104
the medium was heated only by 1.0-1.5°. TUnder exposure to heat,
the same reaction occurs only at very high, sublethal tempera-
tures.

Great interest also attaches to other studies in which the
behavior of bacteria and protozoa was observed in electromagnetic
fields. Heller (1959) showed in experiments with paramecia swim-
ming free in a medium that at certain freguencies (in the low
megacycle range) the animals move only parallel to the field. At
higher frequencies, they turn at right angles and swim perpendicu-
lar to the 1lines of force. The author reported that intensities
close to the maximum permissible levels are required to produce
the observed nonthermal effects.

Teixelire-Pinto (1960) also makes reference to an effect in
which individual cell structures in amoebas orient themselves
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differently in electric flelds at different frequencies. Hibner
(1960), Niffenegger (1962), and other authors also regard dif-
ferentlal orlentation of cellular structures and changes in the
positions of chromosomes under the actlon of electromagnetic
energy as one of the causes of dlsturbances to cell function and
structure, taking the view that electromagnetic oscillations
could be used as a potent mutagenic factor.

Heller (1959) and other authors also point to the possibility
of genetic changes in the cell under exposure to radlo waves.
Irradiating certaln specles of bacterla with electromagnetic waves
at frequencies frcm 5 to 30 MHz, Heller observed the appearance
of new generations of the microorganisms that differed from their
ancestors.

It appears that mechanisms of some sort more complex than
slmple or selectlve heating of particles in the medium partici-
pate in the action of mlcrowaves on bacterla, viruses, and simple
animals; their identification would aild in discovery of the pri-
mary mechanism of microwave actlon on highly organized bilological
objects as well.

99



Part III /105

INFLUENCE OF MICROWAVE IRRADIATION ON THE

HUMAN ORGANISM

Features of the influence of low (nonthermal) microwave in- /106

tensities on the human organism have been under serious investi-

gation for some time. Thils is because it is difficult and some-

times impossible to transfer data obtained on animals to man.

This applies in particular to the centimetric and decimetric

waves, which penetrate to 1limited depths, so that a given or-

gan 1s irradiated differently in animals (especially small ones)

and man. In addition, animals and man differ in regard to cer-

tain tissue parameters (e, 0, etc.) and in the degree of develop-
ment of their adaptive mechanisms.

Study of the effects of microwaves on the human organism is
necessary as a basis for establishing maximum permissible ir-
radiation levels, developling *herapeutic and preventive measures,
and for protection of technicians engaged in work with microwave
apparatus. Moreover, correct diagnosis and treatment of affected
individuals would be impossible without prior research on human
subjects.

Investigation of the effects of microwaves on man has taken
two trends: one involving exposure of volunteers and one which

studies the state of health of specialists servicing microwave
generators.

Chapter 7

FUNCTIONAL CHANGES IN HEALTHY HUMANS EXPOSED TO LOW-
INTENSITY MICROWAVE FIELDS

One of the first observations on the influence of centimetric
waves on the human organism was made by S.Ya. Turlygin and N.I.
Kobozev (1937). They studied the adaptation curves of the eyes
of subjects under irradiation directed at the occipital region
and established that the light sensitivity of the retina was dis-
tinctly increased. In addition, the subjects reported deeper and
longer sleep and a general nervous "relaxation." The author cal- /107
culated that these effects occurred at an energy density of about
5 lux, i.e., at nonthermal levels. However, 1t was not possible
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at that time to measure the radiant intensities instrumentally.

N.I. Matuzov (1959) was apparently the first to use measured
mlcrowave exposures. He reported that in himself and one other
subJect, a pulsed microwave fleld in the 10-cm band with a PFD
around 1-3 mW/cm? had narrowed the projection area of the blind
spot and reduced the optlcal rheobase and optilical adequate
chronaxy. When the 10-minute exposure was ended, these 1ndi-
cators usually returned to normal after a phase 1n which the
spot projection broadened beyond its inlitial level and the rheo-
base and chronaxy increased. There were no reported subjectlve
sensations under this exposure.

S.F. Libikh (1962) confirmed these data in the maln and re-
ported that the lowest PFD at which constriction of the scotoma
intervenes under exposure to decimetrlc waves 1s 100 pW/cm?.
M.A. Pivovarov (1962) supplemented these facts with studies of
the visual field in humans. Narrowing of these flelds was ob-
served at PFD's around 1 mW/cm? as early as the second day.
Further, in a study of wvisual after-images in 16 subjects,
the author noted an increase in theilr duration in only two.
Finally, among 33 subjects exposed to centimetric, decimetric,
and metric waves wilth a PFD around 1 mW/cm?, almost half showed
a decrease in the critical flicker-fuslion frequency.

It is known that the link of the visual analyzer that 1s
most sensitive to various disturbances 1s 1ts cortical terminus.
It is quite possible that the 1lncrease in the sensitivity of the
retina to light, the narrowlng of the blind-spot projection area,
and the decrease 1n optical adequate chronaxy and optlcal rheo-
base 1n the 1rradiated subjects indicate enhancement of excita-
tion, baslcally of the cerebral cortex. Thls hypothesls 1s also
supported by the fact that when the occipital region is irradi-
ated in the human, the eyes are either totally undlsturbed or a
sharply attenuated microwave field gets through to them. As for
the decrease in critical flilcker frequency, thls would tend to
reflect changes 1n the level of lablllity of the vlisual-analyzer
cortical terminus.

The speed of processing and loss of information in the visual
analyzer was also 1lnvestigated 1n 43 human subjects by means of
correction tables, tut no dlistlnct changes were noted. The times
of simple sensomotor reactlons to a light stimulus did changes,
but only sllghtly. These results were obtained under exposure to
metric, decimetric, and centimetric waves with PFD = 1 mW/cm?

(E.N. Goncharuk and M.A. Pivovarov, 1966).

Visual-analyzer functlon was also 1nvestigated under expo-
sure to a microwave fleld (A = from 50 ecm to 1 m). The subjects
were told to indicate the point in space at whilch something un-
usual would be observed when the microwave generator was switched
on; 1t was found that the subjects would almost always polnt at
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fhe same place at frequencies of 380-500 MHz. Some of them ex-
perlenced a pulsating sensation in the brain, ringing in the
ears, and "the desire to sink my teeth into the experimenter
next to me" (Jaski, 1960).

According to results of study of the human auditory analyzer
(Frey, 1961, 1963) under exposure to a pulsed microwave fleld with
a wavelength of 1.5 m (F = 200 MHz, f = 27-400 Hz, pulse dura-
tion 1 to 2000 usec, PFD around 0.3 mW/cm?), the subjects hear
buzzing or whistling, depending on the pulse repetition rate
("radio sound"). The sound was not percelved when thelr heads
were shielded.

As would be expected, insertion of plugs 1into the external
ear passage lowered the level of perception of ordinary sound
slgnals, but enhanced perceptlion of the "radio scund." Deaf per-
sons heard this sound almost as clearly as people with normal
hearing. On the basls of these experiments, Frey advanced the
hypothesls that perception of radio pulses by the audltory ana-
lyzer results from demodulation in the acoustic nerves or in
cells in the brain. Since the average PFD was far below the
thermal-intensity threshold, the radlo-sound phenomenon 1s also
of nonthermal nature.

D.V. Gusarov (1966) investigated the function of the kine-
sthetlic analyzer in persons exposed to a centimetric microwave
field with PFD of approximately 40 to 1000 pW/cm?, using a speclal
kinestheslometer that made it possible to meter the speed,
strength, and form of the stimulus. He noted a substantlal in-
crease 1n the latent periods of the kinesthetlc reactions, an in-
crease 1n the number of errors, and a disturbance to kinesthetlc
differentiation (the subjects confused an oval with a circle).

The author correctly associated the changes that he had ob-
served with weakening of the inhibltory process 1in the cerebral
cortex under the influence of the microwaves. These effects were
obtained in persons who had been exposed to microwaves for some
time and in some cases showed signs of an asthenovegetative syn-
drome; they therefore indicate more profound disturbances to CNS
function.

It was found 1in a study of the functional state of the ol-
factory analyzer in persons under occupational conditions (during
tuning and debugging of microwave apparatus) that this analyzer
responds to electromagnetlc radiation; the perception thresholds /109
for thymol, rosemary, and other olfactory stimuli were higher
after radlation exposure (Ye.A. Lobanova, Z.V. Gordon, 1960).

In addition to the functional states of various analyzers 1n
persons exposed to microwaves, the motor sphere has been studled
in some detail. Thus, of 25 subjects irradiated wlth metric and
centimetric waves with PFD = 1 mW/cm?, 18 showed somewhat
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TABLE 22.

CONTENTS OF AMINO ACIDS IN BLOOD SERUM OF IRRADIATED HUMANS
(PFD =

Average amino acid contents in mg—%

1000 uW/cmz, exposure 1 hour). CONSTANT EXPOSURE
(After V.A. Syngayevskaya and G.F. Sinenko, 1966)

Conditions —_———— . JRp— - =
of study . . N . ! Aspartic | Glutamic ‘ 3 1‘ . i N E Phenyl- |Leucine +
Cystine Lysine | Histidine | Arginine |Glutamine ‘ acid ' Serine Glycine @ gcid | Threonine ‘ Alanine | Tyrosine ! alanine | isoleucine
i : ; i i
) I | f :
Initial 3,57 1,63 1,12 0,66 661 | 078 a2 T R SO SO N VU ST 1,22
After 2nd imadiation| 2,62 3,32 225 0.58 g0 | 105 ar N T R S R N1 ‘ 0.5 | 2w 1130
3 cogs . i ! i ; |
After 5th irradiation 2,41 3.77 2,47 0,63 4,22 ! 1,24 1 0o n ‘ 1,07 ; R | 226 i 0,76 K 2.03 1,25
' ' ' i
On 3rd day after Sth | 4,92 2,9 2,04 0,68 6.80 ‘ 1,19 i e 2 Ler 2w Lo : 1,86 1,10
Normal (according to 1,5~3,8 | 0,8-3,0 | 1,0-3,0 | 0,8-2,5 | 58-9,7 | 0614 L LT LT ES | 06 | 06 30 | 1,8—4,2 i 1,0--1.5 i 0,8-2.0 | 1,2-3,2
] '

Meister, Bloch, and Braun)
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increased tremor in performing movements with thelr arms. Simul-
taneously, the precision of fine movements of the hand decreased.
These changes were most distinct when the intensity of the radia-
tion was increased to 3 mW/cm?. Motor activity also increased
during sleep in 3 men out of 4 who were irradiated with metric
waves having a PFD = 3 mW/cm? for 7 days (one hour per day).

When the 1rradiations were discontinued, motor activity re-
turned to normal only after 2-3 days (E.N. Goncharuk and M.A.
Pivovarov, 1966). The changes described above, which attest
basically to increased excitation of the cerebral cortex and
perhaps also of the subcortex, have been confirmed in research
done by other methods. Thus, oxygen demand was up in 6 persons
after the end of a microwave treatment (PFD = 1-3 mW/cm?). How-
ever, thls stimulating effect of the mlicrowaves diminished on
repeated exposures, and a suppression of 0; demand was even ob-
served (N.M. Listova, 1962, 1963).

The stroke and minute heart volumes 1n subjects exposed to
microwaves increased at PFD = 1 mW/cm? but decreased at PFD = 3
mW/cm?. Peripheral resistance, on the other hand, decreased at

the lower powers and increased at the higher ones (P.N. Fofanov,
1966).

Data obtalned by biochemical methods also support the stimu-
lating action of microwaves on the human organism (V.A. Syngayev-
skaya et al., 1962, 1966). In particular, 36 subjects showed
some increase in total blood protein, basically 1n the gamma
globulins, and an increase in total urine nitrogen after five
exposures to microwaves 1n the metric, decimetrici or centimet-
ric bands (exposure 1 hour daily, PFD = 1-3 mW/cm*). As a rule,
these shifts appeared after 3-5 exposures and persisted for 2-3
days after termination of the exposures.

Combined irradiation with centimetric and metric waves (ex-
posure 30 minutes, PFD = 1-3 mW/cm?) in the studies of the same
authors produced similar changes in the total blood protein con-
tent; by the 9th treatment, there was an increase in gamma-
globulins. The total nitrogen content of the urine was increased
in these subjects, but there was no change in the daily urine
volume. At the end of the series of treatments, however, diuresils
was slightly lower, although the specific gravity of the urine re-
mained unchanged and its pH was also in the normal range. No
albumin was found in the urine.

Studies of free blood-serum amino acids in humans exposed to
a microwave field with PFD = 1 mW/cm? (one treatment per day,
total of 6 treatments) showed distinet changes. Thus, of the 14
amino aclds determined in the blood, the contents of lysine, his-
tidine, glutamine, aspartic acid, glutamic acid, glycine, and
phenylalanine had increased after the second and fifth treatments;
the contents of the remaining amino acids were practically
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unchanged (Table 22). Three days after the five radiation treat-
ments, the shifts 1n amlno-acid composition were slightly more
pronounced.

F.I. Komarov, L.V. Zakharov, I.P. Smirnov, and V.S. Nivi-
kov found increased amino nitrogen contents in the blood and in-
creased excretion of uropepsinogen with the urine.

The same subjects showed a decrease in blood potassium on
irradiation with microwaves having a PFD = 1-3 mW/cm?; blood
sodium content increased, as did the urine content of 17-keto-
steroids (V.A. Syngayevskaya et al., 1962).

The results of bilochemical research have made it possible
to suggest a link between the observed changes and an enhance-
ment of pitultary and adrenal cortex function. This is consis-
tent with the previously described changes in the functions of
certaln analyzers (lncreased excitability), higher gas metabolism,
increased motor activity of subjects during sleep, etc.

Studies of bicelectric activity in the human cerebral cor-
tex also supplement the stimulating role brought out for low-
(nonthermal-)intensity microwave fields. M.3. Bychkov (1962)
reported that he observed a decrease 1n the excitability of
cortical cells agalnst a background of increased lability in
humans repeatedly irradiated with microwaves at PFD's of 1-3
mW/cm?.

It was also established that at very low intensities (10-
20 uW/cm?), 1rradiation of a man's hand increases 1ts skin tem-
perature by as much as 1°C. This effect was observed not only
on the irradiated extremity, but also 1n the opposite one and
on the skin of the forehead (Yu.A. Osipov and T.V. Kalyada,
1962; Yu.A. Osipov, 1965). However, E.N. Goncharuk and M.A.
Pivovarov (1966) reported that even at PFD of 1-3 mW/cm?, they
had observed similar shifts among 18 subjects even when the
radiatlion exposure was imaginary.

It may be assumed that the various reactions described above
as occurrling in humans irradiated with microwaves are for the
most part adaptive. The primary changes apparently begin in the
central nervous system, and inclusion of the hypophyseal-adrenal
system is probably secondary. I.R. Petrov (1958) was among the
first to suggest that 1t 1s not stimulation of hypophyseal and
adrenal-cortex functlion that occurs flrst, but a generallzed ex-
ciltation of the CNS, which results in intensified functioning of
these glands, 1n the development of the general adaptation syn-
drome described by G. Sel'ye (1960). The facts examined above
can be reconciled satisfactorily with one another on the basis
of the above concept of the action of the extremal factors.
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Chapter 8

CHANGES IN THE FUNCTIONS OF THE INTERNAL ORGANS
OF PERSONNEL OPERATING MICROWAVE GENERATORS

Visceral disorders developing 1n humans as a result of ex-
posure to microwave electromagnetlc fields have not been ade-
quately studled, although disturbances of this kind were first
described back in the 1940's (A.A. Kevork'yan, 1948; Deily, 1943,
and others). Almost to this day, this fact has been reflected in
the differing and often contradictory descriptions of the states
of internal organs that have been glven by different authors.
Thus, scme of them deny the exlstence of any vlisceral changes
that are functlions of microwave exposure under occupational con-
ditions (G.S. Korsun, G.V. Mikhaylova, 1956).

During the same time, however, other authors (E.A. Kevor-
k'yan, 1948, and others) described cases of severe myocardial
damage and manifest forms of anemia and leucopenia in individuals
exposed over the long term to mlcrowave fields 1n the course of
their work. Finally, a majority of authors (E.A. Drogichina et
al., 1960, 1962; N.V. Uspenskaya, 1961; N.V. Tyagin, 1960, and
others) described various moderately severe functional changes
in the circulatory and blood systems and in certaln other organs.

These varyling evaluatlons of the state of the internal organs
in persons exposed to microwave flelds are due 1n large part to
the fact that the different authors studied groups of people that
differed substantlally both in age and sex composition and 1in the
industrial-hygiene conditions to which they were exposed, especi-
ally in respect to the 1ntensity and duration of microwave expo-
sure. Further, general hyglenlc and, specifically, dosimetric
data were given inadequate attention or disregarded altogether in
many of the early studies. The fact that the authors of some of
the papers were limited in large part to polyclinic examinations
also exerted a certain influence.

Over the past 10-12 years, there has been a marked increase
in the amount of attention given to the state of the internal or-
gans 1in persons engaged full-time in the operation of microwave
generators. A number of agencles have made systematic multi-year
studies of problems with a bearing on the clinical medicine of
visceral disorders (Ye.V. Gembitskiy, 1966; Z.V. Gordon, 1966;
L.V. Zakharov, 1962; F.I. Komarov, 1963; F.A. Kolesnik, V.M. Maly-
shev, 1967; A.A. Orlova, 1960; P.N. Fofanov, 1966, and others)
that arise as a result of prolonged microwave exposure. Experl-
mental research in the same aspect of the problem has contributed
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substantially to understanding of the clinical picture and especi-
ally the pathogenesis of the disturbances that develop.

GENERAL CHARACTERIZATION OF SUBJECTS EXAMINED

Despite a certain amount of progress in study of the vis-
ceral disturbances that result from electromagnetic exposure,
many aspects of thils problem remain unclear and in dispute. 1In
view of thls, Ye.V. Gembltskly generalized and compared with
literature data material acquired over many years of observations
of a group of individuals (numbering 150) whose work brought them
under regular exposure to microwave electromagnetic fields (scien-
tific research institute staff, persons employed in radioelec-
tronics manufacturing plants and radio-engineering workshops,
radar workers, etec.).

The selection criterion for special examination was submis-
sion of a complalnt regarding the subJect's health 1n the absence
of any internal or nervous-system dlsorders of nonoccupational
nature. As a rule, clinical observation was combined with ex-
tended follow-up obserwation.

The subjJects were for the most part men ranging in age from
25 to 35 years. The overwhelming majority of the subjects had
worked for a long time (3-10 years) under conditions that exposed
them to radio waves in the microwave band; for the most part,
they had been subJect to different lrradiation intensities at a
variety of microwave frequencies and other conditions, and the
exposure conditions had also varied widely over the years. How-
ever, the available dosimetric material and the corresponding
calculations indicate that owing to failure to observe safety
rules, the subjects had periodically been subject to irradiation
intensities above the maximum permissible levels.

Although the complaints registered by the subJects varied
substantially, they were, nevertheless, characteristic. Com-
plaints indicating functional disturbance to the nervous system
and circulatory apparatus were most frequent; less often, there
were complalnts reflecting changes in the functions of the di-
gestive system and sex glands. A combination of complaints
pointing to changes in the functions of the nervous and circula-
tory systems was characteristic to a high degree.

In most of the subjects, the disorders were of 2-4 years!
standlng. Complaints of deteriorating health appeared after var-
ious periods of time had elapsed slnce the subJects began their
work with microwave generators. These differences are obviously
due to the nature and intensity of radiation exposure and in some
cases to the combined influence of other occupational-activity
conditions (high or low temperature, vibration, psychoemotional
stress, etec.) and the individual reactivity of the organism. Con-
sistent with observations made by other authors, the complaints
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of most of the subjects originated 2-5 years after the start of
work with the occupational hazard. The earliest complalnts to be
registered belonged to the aesthenic complex of symptoms (weak-
ness, lrritability, headache, uneasy sleep), and these were fol-
lowed by complaints reflecting changes in circulatory-system
function.

TABLE 23. FREQUENCY OF CERTAIN OBJECTIVE SYMPTOMS (IN
%) AMONG PERSONNEL WORKING WITH MICROWAVE GENERATORS

Symptoms %
Tremor of eyelids and fingers of extended hands 63
Hyperhidrosis 69
Acrocyanosis 52
Hypotonia 37
Deadening of first heart sound 62
Systolic murmur over apex of heart 20
Enlargement of liver 8
Enlargement of thyroid gland 6

The objectlve signs brought out by ordinary methods of physi-
cal examinatlion were not acute and not specific in nature. The
overwhelming majority of the subjects were individuals of normo-
sthenic physique and well nourished. The symptoms that they dis-
played most consistently indicated functional changes of the
nervous system and circulatory organs (Table 23).

VISCERAL SYMPTOMATICS UNDER ACUTE MICROWAVE EXPOSURE

F.A. Kolesnik and V.M. Malyshev (1967) submitted a clinical
description of acute reactions to microwave exposure in 6 persons.
Diencephalic disturbances (attacks of tachycardia, shaking of the
entire body, selzures of headache, vomiting) were observed in one
of the patients suffering from acute exposure of medium severity;
the reaction was manifested only in asthenia 1n the remaining
five,

The observations made by Ye.V. Gembitskly extended over a
comparatively short span of time after acute reactions that had
appeared as a result of exposure to intense microwave fields.

The subjects often reported a distinct general malaise durling
work and immediately after work with microwave generators; this
subjective deterioratlon was usually transient in nature and dis-
appeared completely after a few hours of rest or a night's sleep.

It may be that some of these patients were sufferlng mild
acute reactions to microwave exposure. However, with only anam-
nestic data available, it is always difficult to determine the
etiological role of the microwave field in the development of
such cases of "feeling poorly," since an 1ndlvidual may be
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subjected simultaneously to several unfavorable factors under his
real occupatlonal conditions. Only in five (out of the 150)
patients did acute functional disturbances resulting from micro-
wave exposure emerge distinctly. We clte one example.

L-kiy, 37 years of age, reported to the clinic on June 2,
1962, with complaints of headaches (in the frontal region),
dizziness, the sensation that the blood vessels in his temples
were pulsating, pronounced general debility, and disturbed sleep
(inability to sleep).

These disturbances had appeared on May 28, 13962, and the
patient assoclates their onset with his having worked for three
days (May 26, 27, and 28) for 20 minutes each day on a new type
of microwave generator. In addition to the above disturbances,
he had been troubled on the first two or three days by a burning
sensation on his face and neck; according to the patient, this
was accompanied by pronounced reddening of the skin in these areas.
After he left work (beginning on May 29, and especially on May
30), all of these disturbances began to subside, and he had 1im-
proved markedly by the time he arrived at the clinic.

He is in his fifth year of work with microwave equipment.
He feels good, although he suffers occasionally from headache,
nausea, and lassitude, which vanish overnight and which he as-
soclates with his work.

He does not remember ever having been sick. He does not
smoke. He 1s a moderate user of alcohol.

Objective notes: large, regular physique, slightly under-
welght (height 173 cm, welght 65 kg); somewhat pallid, palms
cold and moist; emotlonally labile, distinct "vasomotor slack."
Pulse 80, rhythmical (on subsequent days 74 and 72); arterial
pressure 150/100 mm Hg (on subsequent days 130/80, 125/75,
125/80). Heart of normal size; first sound slightly muffled
over apex. Lungs and abdominal organs show no changes. Cranial
nerves, tendon reflexes, senslitivity, coordination all normal.
Body temperature normal.

X~rays show a slight enlargement of the heart involving the
left ventricle. Analysis of the blood and urine showed no changes;
leucocyte formula normal. Blood bilirubin 0.55 mg#, reaction

indirect. On the ECG (June 3), high T _ deflections with a

slight elevation of the ST interval in the same leads; this may
indicate mild myocardial hypoxia.

Capillaroscopy (June 3): turbid pink background. Six to
eight drops 0.25-0.4 mm in length in a row, many of them convo-
luted. Arterial and venous inflections dilated. Blood flow
granular.
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EEG (June 3): the EEG was recorded in 12 unipolar leads.
Lowered amplitude of a waves in all leads. Ten alpha waves per
second. Unstable. Responses to light and sound strong but sub-
siding on repetitions. Rhythm maintailned only at a frequency of
10 per second. Conclusion: lowered amplitude of alpha waves.

Valerian drops with bromine and multiple vitamins were pre-
scribed. Recovery was rapild.

From June 5-6: No complaints. No changes in internal organs.
Discharged June 11 1n good conditilon.

Observations made on individuals subJect to measured ir-
radiation are of great value for understanding the effects of
microwaves on man. L.V. Zakharov (1967) made a coordinated study
of arterial hemodynamics in a small group of persons who were /116-
given a series of slix microwave 1rradilations of 30 minutes' dura-
tion each at .a PFD of about 1000 uW/cm?. After this series of
irradiations, the maximum and minimum pressures were down and the
pulse amplitude had increased. Increases in the stroke and
minute heart volumes and a basically adequate decrease in the
specific peripheral resistance were observed. The speed of propa-
gation of the pulse wave along arteries of the elastic (Se) and
muscular (Sm) types decreased under exposure to radiation and
the coefficlient Sm/Se decreased, indicating a preferential lower-
ing of tone 1n arterles of the muscular type. The subJects felt
very little worse for the experlence.

INFLUENCE OF PROLONGED MICROWAVE EXPOSURE ON THE INTERNAL ORGANS
Under this heading, we present certain results of research

on the functions of internal organs (by systems) in individuals
coming into contact with microwave generators over the long term.

Changes in circulatory system. The subJects frequently com-
plained of various types of pain in the region of the heart and
palpltations. The variety of unpleasant sensations in the heart
reglon that were reported by the subjects were seldom of the na-
ture of angina; they usually complained of persistent aching pains
in the region of the apex of the heart, without irradiation and
without aggravation due to physical exertlon.

Objective symptoms in the form of lability of the pulse with
a tendency to bradycardia, arterial hypotonia, slight enlargement
of the heart on the left side, deadening of the filrst sound, and
the presence of faint systolic nolse over the apex of the heart
must be recognized as quite consistent, since they were encount-
ered in 1/3-1/2 of all of the subJects.

A few papers describe various electrocardlogram changes.
Thus, E.A. Drogichina et al., (1962), A.A. Orlova (1960), A.S.
Treskunova and G.N. Slizskiy (1962), V.A. Shchipkova (1959), and
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others observed retardatlon of intraatrial and lntraventricular
conductlion 1n a number of subjects. Dlffuse muscular changes
(according to ECG data) were described by Yu.A. Osipov, N.V.
Uspenskaya, P.N. Fofanov and others. The so-called "coronary
changes" were seldom reglstered on the ECG's.

The ECG's were recorded in 12 leads on the Intestlgated
group of patients. For almost half of them, ECG's were recorded
not only at rest, but also under standard exertion. A test with
glucose was also used. If we disregard bradycardla, deviations
from the normal range were registered relatively rarely. Arrhyth-
mia was reported in eleven subJects (respiratory arrhythmia in
6, extrasystole in 5); a moderate retardation of intraatrial /117
and intraventricular conduction was observed in U4 subjects; five
showed electrocardiographic signs of coronary insufficiency.
Moderate diffuse muscular changes (according to ECG data) were
found 1n 11 of the subJects. Thus, various mild ECG changes
were observed in 19 out of 120 subjects.

Vector cardiograms recorded by Ye.V. Gembitskly and A.D.
Pushkarev on 29 individuals made it possible to bring out mus-
cular and coronary changes with slightly greater frequency than
permitted by electrocardiographic data. On phonocardliography in
accordance with auscultation data, almost half of the subjects
registered a short systolic murmur with small oscillations pre-
ferentially at the apex (functional murmur according to the phono-
cardlographic description).

Ballistocardiograms were recorded on 43 subjects to evaluate
myocardlal contractile function; seven subjects showed a Brown's
insufficliency of the first degree, and three a second-degree in-
sufficiency. Phase analysis of the cardiac cycle showed a slight
increase in the transformation phase and the stress period.

Although the individual variations were considerable, the
systolic (SV) and minute (MV) volumes are found to be markedly
increased (on the average by almost 40%), wlth the MV increase
most distinct in persons with lower arterial pressure (AP).

As we see from the data given in Table 24, the subjects show
a certaln tendency to increased tone in arteries of the muscular
type, in what 1s perhaps an adaptive reactlon related to dilation
of the precapillary (arteriole) bed. To evaluate the tonlc state
of the major arteries, Ye.V. Gembitskiy also used the so-called
standard cold-pressor test, which brought out deviations (usually
suppressive) in a number of subjects from the normal response to
application of a cold stimulus (see the following two examples).

N.I. I-v, 39 years of age; a) background: pulse 52, AP 55,
70-90, 102" mm Hg, S, 657 cm per second; Sm 177 cm per second;

'The minimum, lateral, mean, and final arterlal pressures are
listed in that order.
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TABLE 24. PROPAGATION SPEED OF PULSE WAVE AND ELASTIC MODULUS OF
ARTERIES IN INDIVIDUALS EXPOSED TO MICROWAVE FIELDS OVER THE

LONG TERM
o ‘] “Average Sq and Eq
Sm and Ep, in
Our own observations | healthy individuals
according to Ye, A.
Indicator a . Moshkin (31958)
g g T & 21--30 31—10
§ E E | years years
g B I |
|
Propagation speed of pulse wave along . i .
arteries of elastic type (Sg), em/sec, . .| 800 | 440 | 607 545 600
Elastic modulus of elastic arteries
(Eg), dynfem® L, ., 8649 | 2917 | 5093 4000 4800
Propagation speed of pulse wave along
arteries of muscular type (Sy,). cm/sec | 1300 | GOO 811 680 740
Elastic modulus of muscular
arteries (Epy), dynfem? ... | 12857 3214 | 7226 —_ —_
Coefficient Sy/Se ~ « + . . . . . 1,72 | 1,02 | 1,38 1,26 1,24

Sm/Se = 1.7; b) immediately after application of cold (i.e., one
. minute later): pulse 56, AP 82, 100, 120, 130; Se 767 cm per
second, Sm 1370 cm per second; Sm/Se 1.75; c¢) after 5 minutes:
pulse, 52, AP 68, 78, 90, 112; S 657 cm per second, S, 1117 cm
per second, Sm/Se = 1.7.

N.F. K-v, 28 years of age. a) Background: pulse 66, AP 68,
78, 104, 122 mm Hg, S, 506 cm per second, Sp, 800 em per second,
Sm/Se 1.58; b) immediately after application of cold: pulse 64,
AP 66, B84, 108, 128 mm Hg; Se 538 cm per second, S, 753 cm per
second, Sm/Se = 1.4; ¢) after 5 minutes, pulse 62, AP 68, 78, 102,
118 mm Hg; Se 538 cm per second, S, 914 cm per second, Sm/Se =
= 1.7 (delayed reaction).

Suppression of the vascular response to cold has been regis-
tered on plethysmograms of a number of patients; this merits at-
tention, since it indicates changes in the regulation of circula-
tory-system functions. Additional facts should be accumulated in
this context, and the question as to the mechanlsm of the devia-
tions established requires special study. As for the peripheral-

resistance value, 1t was consistently low (by an average of 42%)
desplte substantial individual variations.
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TABLE 25.° FREQUENCY OF ARTERIAL HYPOTONIA IN PERSONS EXPOSED TO MICROWAVES

OVER THE LONG TERM (ACCORDING TO VARIOUS AUTHORS)

f
I

SUBJECTS NUMBER OF FREQUENCY

AUTHORS . STUDIED ' SUBJECTS OF HYPOTONTA | REMARKS
? iAn 2)

A.A. Kevork'yan | Workers, 87 38
et al. (1948) aged 20-U40

years
Yu.A. Osipov Same 108 34 Hypotonia in
(1952) 749 of control

group
V.A. Shipkova Radlometry 110 About 20
(1959) specialists
A.A. Orlova Workers 525 26-33 Hypotonia in
(1960) 14% of control
group
N.V. Uspenskaya Young 100 30
(1961) | workers
R.N. Vol'fov-  Workers 101 27-45
skaya et al. i
(1961) §
Ye.I. Smurova . Same 54 53.7
et al. (1962) g
L.T. Frolova oo 172 25.6
(1963) §
F.I. Komarov, " h 53 22.6 AP determined
L.V. Zakharov, H osclllographic-
F.A. Kolesnik : ally: low mini-
(1963) mum and lateral
J pressures

Ye.V. Gembitskily Radiometry i 210 14 6% in control

(1966)

speclalists |




In conclusion, we note that the subjects exhibited increased
systolic and minute volumes, a decrease in peripheral resistance,
and some disturbance to coordination between the circulation
minute volume and the peripheral resistance. Data indicating a
change in the tone of muscular elements 1n major arteries were
also obtained; they were registered by a tendency to increased
speed of pulse-wave propagation along arteries of the muscular
type and by the absence, in most cases, of an adequate reaction
of the major arteries to the cold pressor stimulus.

ECG, VCG, BCG, PCG, and cardlac-activity phase-analysis /119
data indicate mild dystrophic myocardial changes in a number of
subjects, accompanied by a disturbance to 1ts contractile func-
tion. Disturbances to the heart rhythm (not counting brady-
cardia) and coronary insufficiency were seldom encountered.

According to observations of a number of authors, the
hypotonic syndrome is one of the reactions of the circulatory
system consistently observed in individuals who have been sub-
Jject to prolonged microwave exposure (Table 25).

To the data of this table, we should add that the papers of
N.V. Tyagin (1963, 1965), A.S. Treskunova and G.N. Slizkiy (1962),
A.V. Zelenskiy (1963), N.V. Uspenskaya (1963) and other authors
also report a significant frequency of arterial hypotonia 1n
persons subject to long-term microwave exposure. It must be
stressed that the incldence of arterial hypotonia among the sub-
Jects must be recognized as quite high. For comparison, we note
that according to N.S. Molchanov et al. (1962), hypotonia is
registered in 5-7% of healthy individuals between 20 and 29 years
of age and in an average of 2.4% of individuals aged 30-U45.

According to the observations of Ye.V. Gembitskly, persons {120
with the hypotonic syndrome complain of dizziness and pains in
the heart region more frequently (by a factor of 2-3) than per-
sons in the same occupation who have normal arterial pressure. In
persons with lower arterial pressure, other conditions the same,
other objJectlive symptoms of disturbance to circulatory-system
function are encountered somewhat more often. Regular arterial-
pressure measurements made on crews exposed periodically to micro-
wave lrradiation in excess of the maximum permissible level showed
that lower arterlal pressure occurred two to three times more of-
ten than 1n the corresponding control groups.

Ye.V. Gembitskly (1966) used a mechanocardlograph to in-
vestigate the baslc hemodynamic indicators in 50 "hypotonics”
engaged in work with microwave generators. Table 26 shows that
despite considerable individual varlations, the SV and MV had a
tendency to increase.

The author noted a certain increase 1in the tone of muscular-
type arteries (a rise in the average Sm and Sm/Se), a possible
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TABLE 26. SYSTOLIC AND MINUTE HEART VOLUMES IN MICRO-
WAVE GENERATOR WORKERS WITH LOW ARTERIAL PRESSURE (Ye.
V. Gembltskily, 1966)

© Maximum Minimum Average
© @
Indfcator 5 s

2 o | B% 0L in absolute| in % of & in % of
2 ﬁ nominal |units nominal 42 | nominal
i3 .Eg

Systolic volume (8V) 118,3 — 42,7 -- 78,7 —

SV (body surface) 66,1 - 33,8 —_ 46,1 -

Minute volume, nominal
(MVN) . ... ....... 4,35 100 2,74 100
Minute volume, actual
(MOA) . ....... 7,79 | 206 (-+106) 3,79 88 (—12) 1,94 | 133(+33)
Cardiac index, nominal
(CIN) .« . v v v v a v 2,35 100 . i, a9 100 2,14 iod

Cardiac index, actual
(Cl1A) .. .. 4,37 - 1,83 - 2,81 —_

[ 5
~
=

100

adaptive reaction. The actual speciflc peripheral resistance
averaged 31% below normal. Basically similar data were recently
obtained by L.V. Zakharov (1967), who reported an increase in
heart mechanical activlity and a slackening of its rhythm 1ln a
group of young males subject to chronlec microwave exposure.

Blood changes. Blood changes in persons systematically /121
exposed to microwaves over the long term have not been ade-
quately studied. The results that have been obtained vary. Thus,
A.A. Kevork'yan (1948), who examined 87 mlcrowave-generator
workers, establlshed anemia (hemoglobin below 60%) in 8 and leu-
copenia in 9 (leucocyte counts below 4500). On the other hand,
Yu.A. Osipov (1965) reported a tendency to leucocytosis.

Barron and Baraff (1958) found no deviations from normal in
a study of the blood of 335 men 1in work related to the operatlon
of radar stations. At the same time, most investigators describe
various mild quantltative and quallitatlive changes 1n the formed
elements of the blood, for the most part 1n the leucocytes.

The above differences in the nature of the reported blood
changes are apparently due to tralts of the groups studied. The
varlety of results obtained was due in part to the fact that most
of the blood studles were carried out 1ln the course of ambulatory
or dlspensary examinations.

The results obtalned by Ye.V. Gembitskly (1966) indicate
that the hemoglobln content and erythrocyte count were subject
to no substantial devlations from normal, ln agreement with most
other authors (Table 27). Study of the numbers and quality of
the leucocytes 1s of greater dlagnosiic value. A.A. Kevork'yan
(1948) found leucopenia (3200-4500) in 15 of 87 persons examlned.
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TABLE 27. CERTAIN PERIPHERAL-BLOOD INDICATORS IN
PERSONS WORKING WITH MICROWAVE GENERATORS

|
Hemoglobin content

1
! (in Sahli units) Leucocyte count Thrombocyte count
I

Total number| o o

of patients ! ‘ - 8 8 2 g §
AV — R 4 L3S S e
P 80--85 52 S‘ é £3 22 | 42 EP=
: ! g2 3 s r-3=1 ¢ B wd | 8
: ; S'a % o) L] F-] - A -
| a |

120 i 20 | 45 55 36 } 72 ‘ 12 7 \ 63 ‘ 21
| i

M.L. Gershanovich (1959) also reported frequent decreases in
leucocyte count to 3000-5000 owing to a decrease in the number
of neutrophils. Yu.A. Osipov et al. (1961), on the other hand,
reported a slight tendency to leucocytosis. Most authors re-
port instability of leucocyte regulation and, in the most
severe cases, leucopenia.

In a group of patients examined by Ye.V. Gembitskiy (1966), /122
the total leucocyte count was normal in most cases, averaging
5342. Attention was drawn to the lability and unusually high
variability of the leucocyte count. Thus, 36 ocut of 120 sub-
jects had leucocyte counts below 5000, and 12 registered counts
above 8000. Considerable variationsin leucocyte count were
registered 1n a number of patients whose blood was examined re-
peatedly. In these patients, therefore, there was a certaln
polymorphism in the leucocyte count, characterized by some in-
stability of the count and a tendency in some cases to leucopenia
and in others to moderate lycocytosis; the average leucocyte
counts remained within the normal range.

The leucocyte formula showed a tendency to relative lympho-
cytosis and monocytosis, as well as variable absolute and per-
centage lymphocyte, monocyte, and neutrophil contents. The neu-
trophil count averaged 3371 (norm 2700-5800), although a distinct
(absolute and relative) neutropenia was registered for 22 sub-
Jects. Qualitative changes in the neutrophils were registered
rarely, in agreement with the findings of most authors. M.L.
Gershanovich (1959) found 1-3% of plasmatic cells in the blocod of
25% of his subjects.

To study the functional state of the bone marrow, a test was
run on 25 patients with intramuscular injection of 5 ml of a 1%
solution of sodium nucleate and subsequent plotting of the so-
called "leucocyte curve." In healthy individuals, leucocyte
count usually doubles from the initial level within 6-8 hours
after administration of this leucostimulator.

The "leucocyte curve" was normal in 18 out of the 25 sub-
jects, sluggish and "asthenic" in 7, and showed no increase 1in
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leucocyte count at all in 2, and a paradoxical decrease in the
number of white blood bodles was observed in one of the latter.

In most patients, thrombocyte count was at the lower limit
of the normal range. The average number of thrombocytes was
183,500. Some of the patients showed a slight tendency to throm-
bocytopenla. No consistent changes in the thrombocyte formula
were detected.

In a sternal-puncture study, Ye.V. Gembitskiy, F.A. Kolesnik,
and V.M. Malyshev found the bone marrow to appear somewhat
hyperplastic in the granulocytic stem in only five of 23 subjects
with unstable leucopenla or transitory leucocytosis.

Thus, mlld functional shifts characterlized by instability
of the leucocyte count, a tendency to leucopenia, neutropenia,
and relative lymphocytosis, and a trend toward thrombocytopenia
have been brought out in study of the blood system. The change
in the functional state of the blood system, baslcally in the
direction of suppression, is also confirmed in a number of cases
by a change in the reaction to intramuscular injection of 5 ml
of 1% sodium nucleate solution. ‘

Changes in digestive system. Few authors have studied the
state of the digestive system in persons who have worked for
extended periods with microwave generators. Most of this atten-
tion was devoted to liver functions. 1In a study of liver func-
tion in 57 men subject regularly to microwave exposure at low
intensity, I.A. Gel'von and M.N. Sadchikova (1960) found no de-
partures from normal in the thymol, formol, and Quick tests.
Minor changes were detected in the mercuric-chlaoride test when
the so-called glycemlc curves were plotted. The latter were char-
acterized by a steep rise and slow descent. The authors also
noted a tendency to increased protein content in the blood serum
due to an increase in the globulin fraction (o= and B-globulin
fractions).

In a multi-objective clinical study of 100 young women, N.V,
Uspenskaya (1963) failed to find any significant changes in the
blood prothrombin, bilirubin, and cholesterol contents. The
glycemic curves of 19 [of] 23 subJects studled were characterized
by a double-peaked rise.

According to Ye.V. Gembitskly's observations, subjects fre-
guently complained of indigestion: of 150, almost half had suf-
fered loss of appetite and 25 nausea. The patients complained
much more infrequently of unpleasant sensations in the substernal
region and irregularity. The objective symptomatics were spotty;
a slight enlargement of the liver was registered in 12 subjects.

With the purpose of studying the functional state of the
liver, the blood contents of bilirubin, cholesterol, lecithin, and
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prothrombin were determined; the Quick and sugar-load tests were
performed and the excretion of urobilin with the urine was deter-
mined ("urobilin curve"); in some cases, the composition of the
protein fractlons was determined electrophoretically.

This study led to the establishment of certain disturbances
of liver function in several of the patients. Thus, a mild
transient hyperbilirubinemia (0.9-1.3 mg%) was found in 11 of
T3 subjects, and the sodium benzoate test was moderately ab-
normal in 7 of 45, The total blood protein content showed in-
dividual variations from 6.55 to 8.U4%, averaging 7.63%.

Thus, the total amount of protein in the blood was normal.
The albumin content varied from 44 to 63% in different indi-
viduals. A moderate dysproteinemia due to a slight rise in the
content of coarse-dispersed proteins was registered in 9 of 35
subjects (inecrease in a- and B-globulins). In this respect, the
data of Ye.V. Gembltskily agree with the previously cited results
of I.A. Gel'fon and M.N. Sadchikova.

In a number of patients, the "sugar curve" was "flat" and
hyporeactive. By way of 1llustration, we might citfe the glycemic
curve of patient N., for which the following blood-sugar contents
were found before breakfast and after the standard glucose load:
83, 115, 101, 97, and 85 mg%. No changes incholesterol, lecithin,
and prothrombin contents were detected. It can be stated in con-
clusion that changes in specific partial functions of the liver
were observed in some of the patlents and were reversible in
nature.

The usual investigation of gastric julce and stomach-con-
tent acldity was performed for a small group of subjJects; the
stomach was also x-rayed. No regular changes were noted.

Changes in functions of certaln endocrine glands. The liter-
ature offers only a few references, mostly to studies that have
been made of the thyrold function and some pertalning to adrenal
function. M.I. Smirnova and M.N. Sadchikova (1960) found thyroid
enlargement (of first and second degree) in 1l of 50 subJects who
had been 1n long-term contact with microwave generators; this is
considerably above the incldence of enlargement of thls organ ob-
served 1in practically healthy people. In only one subjJect, how-
ever, was the thyroid enlargement accompanied by symptoms of
hyperthyroidism.

In a radioiodine study of thyroid function in these 50 per-
sons, the authors reported that 19 showed increased iodine absorp-
tion 24 hours after administration. In a more extensive serles
of observations, E.A. Drogichina et al. (1962) confirmed that an
increase in thyroid activity 1s often observed, despite the fact
that signs of thyrotoxicosis were infrequent and low-level.
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Among the 150 subjects studied by Ye.V. Gembitskliy, only
9 were found to have a moderate thyroid enlargement. The basal
metabolism, which was determined for 33 subjects, had individual
variations from -8 to +15%, i.e., remained within the normal
range. On the average, basal metabollsm exceeded the correspond-
ing norm in only 7% of cases. The radioiodine study of thyroid
function was made in only 23 subjects, 9 of whom showed a moder-
ate acceleration of absorption of the iodine (I!3?!) introduced.

Study of adrenal functional state (excretion of neutral 17- /125
ketosteroids with the urine, Thorn test, and determination of
17-hydroxycorticosteroldsiin twenty-four-hour urine) falled to
detect any distinct deviations from normal among the patients.

Changes in certain metabolic indicators. The state of the
various forms of metabollism 1n persons working with microwave
generators over the long term has been rather neglected. The
exlsting literature data and our own observations have not yet
brought out any distinet shifts of basal metabolism in persons
of this occupation. Nor, to Judge from general clinical examina-
tions and the results of blood cholesterol and lecithin determina-
tions, have any changes been detected in lipoid metabolism.

- Study of carbohydrate metabolism by the glycemic-curve method,
according to literature data and our own observations, frequently
indicates mild shifts, both enhancement and suppression, in the
reaction to the standard sugar load. The changes in protein
metabolism are more consistent; they are reflected in moderate
dysprotelnemlia owing to an increase in the y- and B-globulin
fractions. I.A. Gel'fon and M.N. Sadchikova (1960) found elevated
blood histamine levels in their subjects. N.V. Uspenskaya (1963)
determined blood-serum K and Ca in 36 young women and reported
that in 10 of them, the K/Ca coefficlent had decreased below 1.7
to 1.2-1.3 (the K/Ca ratio is 1.7-2.2 in healthy individuals).

Such indicators of mineral metabolism as the sodium and po-
tassium contents in the serum, erythrocytes, urine, and saliva
remained for the most part within the normal range (Ye.V. Gem-
bitskiy, 1966). At the same time, a trend to high blood potassium
and reduced excretion of sodium with the urine can be noted.

TREATMENT

Very little has been published concerning treatment of the
disorders produced by microwave irradiation. The therapeutic
methods used by the authors have been symptomatic in nature,
directed at the major symptoms and syndromes observed in the
patients. As we noted above, either the asthenic (neurasthenic)
or the neurocirculatory {(more frequently, hypotonic) syndrome
predominates in the c¢linical picture; in some individuals, both
of these symptom complexes have been clearly 1n evidence.
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Treatment is deslgned wlth conslderation of features of the
clinical course, 1.e., wlth observance of the 1ndividualization
principle. The authors have devoted most of thelr attentilon,
with justiflcation, to the use of measures almed at normalizing /126
central nervous system functions. Sedatives and soporlfilcs:
Valerian and bromlne preparatlons and various sleeping alds (Bar-
bamyl, Bromural, phenobarbital, Veronal, Noxlron, sodlum barbi-
tal, and others), antihistamines (Dimedrol, Dlprazlne, Suprastin,
Pipalphene and others), Bellaspon, Apilac, etc. have been tested
for this purpose with good results. Encouraglng experlence has
been accumulated 1n the use of the so-called minor tranqulllzers
(trioxazine, Elenium, and others). The question as to therapeu-
tic use of certaln preparations that stimulate CNS function is
considered below in connection with the therapy of the neuro-
clrculatory (or neurohypotonic) syndrome.

To our knowledge, there have been no speclal studies devoted
to treatment of hypotonic states 1n such patients. However, to
Judge from the available material, the authors have tried drugs
that have come into use 1n recent years for the treatment of both
primary and secondary hypotonlas. It will therefore be appropri-
ate to dwell brlefly on the present state of the treatment of
hypotonic states. 1In the oplnion of most authors, these patients
should receive a well-balanced high-calorie high-vlitamin diet.
Various methods of psychotherapy are, with Justiflcation, re-
garded as important 1n general complex treatment (M.S. Molchanov,
1962). Ye.V. Gembitskly gave conslderable time to psychothera-
peutic consultation, since this patients 1ncluded many who were
alarmed by their i1llnesses and exaggerated the danger presented
by the occupational facter. In such cases, a qulet conversation
or serles of conversations durlng whlch the nature of the 1illness
was patlently explalned dissipates unjustifled anxiety and in-
stills confldence 1n the outcome of treatment.

Among the medications used to treat hypotonic states, first
mention should be made of vegetable stimulators of the nervous
system: ginseng-root tincture, etec.

Therapeutic use of amphetamine 1n hypotonic conditions has
been reported. V.P. Sil'vestrov (1956) does not recommend ad-
ministration of amphetamine to these patlents, since it over-
excltes some of them. A.P. Aleksandrova and V.S. Luk'yanov (1960)
observed positive effects from the use of thls preparation. Good
results have been reported for Fetanol (0.005x 3 internally).

Certaln authors have also described good results from the
use of synthetic preparations of the adrenalin series (Veritol-
Prometin, Effortil), ephedrlne, atropine, theobromline, and euphyl-
1lin, but these preparations have not been put to general use.

Nor is adrenalln used on a routine basis, because of the /127
short duration of its effect. In this context, prescription of
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noradrenaline (Pierach, Heynemann, 1959) appears somewhat more
promising. Among the hormone preparations, cortin and desoxy-
corticosterone have been used much more widely (V.P. Sil'vestrov,
1956; Yu.D. Romanov, 1957; N.S. Molchanov, 1962).

The literature on the therapeutic use of vitamin B; in
hypotonic states 1s somewhat contradictory, but on the whole a
positive therapeutic effect of this preparation is acknowledged
(N.S. Molchanov). Some authors have used a series of hypertonic
glucose solution injections with good results.

In addition to his psychotherapeutic consultations, Ye.V.
Gembitskly prescribed sedatives to some of his patients and
stimulants to others, depending on the specific clinical mani-
festations. Prime importance 1s attached to normalization of
sleep and to control and elimination of the irritability and
anxlety that are so regularly encountered 1n the group of pat-
ients considered. Thus, soporifics and sedatives (see above) are
included in the prescribed medication complex.

As a rule, one of the vegetable nervous-system stimulants
(ginseng-root tincture, aralin, leuzea, teaplant, schizandra;
tincture of strychnine, securinine). In long-term therapy, one
of the preparations is replaced by another after three or four
weeks of use if no distinct improvement 1s obtalned. No appre-
ciable differences in the degree of effectiveness of these prepara-
tions has been observed. In more severe cases, caffeine prepara-
tions have been prescribed for 10-15 days simultaneously with one
of the drugs indlcated above. Patlents with pronounced emotional
excltability have frequently been put on strychnline together with
valerian.

Under hospital conditlons, vitamin B; injections (usually in
hypertonic glucose solution) have often been combined with pre-
scription of a stimulant. 1In addition to these agents, cortin or
desoxycorticosterone injectlions have been glven in the most
severe cases.

Physical therapy and physical treatment methods (ionophoresis
with calcium, sunlamp treatments, cool showers, etc.) have been
used as a part of the general treatment given most of the patients.

In the opinion of Ye.V. Gembitskly, treatment of persons in
thls occupation must be started under the conditions of an ac-
credited hospital. This requirement 1s justified by the novelty
and our inadequate understanding of this form of pathology. Sub-
sequently, the patients should be kept under out-patient observa-
tion for a long time; here, there 1s every Jjustification for
prescribing a stay at a health resort as part of the general plan
of therapeutlicec and preventive measures.
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TABLE 28. OUTCOME OF TREATMENT IN PATIENTS OF VAR-
IOUS AGE GROUPS

Age groups
OQutcome 20—-29 | 30-39 | above Total
years years 40 years
Cure . v e e e e s e 20 11 2 33
Improvement « « » - « + + o « + + - a5 27 5 67
Insignificant improvement or no effect « - 2 3 1 6
! .
Total . . . . . . 57 41 8 106 .

For more preclse evaluation of the data that we have col-
lected, we analyze below the results of treatment of only 106
persons under hospltal-clinilc treatment. Since the treatment
was, as we noted, standardlzed, the outcome depended 1n large
measure on the vital statistlics of the patlients. We distin-
guished: 1) "cures," 1in which the patient was discharged with
no complaints and normal arterial pressure; 2) "improvement,"
when there was a marked improvement in the way the patient felt
and his objective data; finally, 3) "insignificant improvement
or no therapeutic effect" (cases 1in which the subjective or ob-
Jective lmprovement was negligible or none was observed at all).

In analyzing the possible 1nfluence of differing conditions
on the outcome of treatment, we naturally evaluated the age fac-
tor first (Table 28).

Table 28 shows that positlve therapeutic results ("cures" +
"Iimprovements") were distributed rather uniformly among the age
groups. At the same time, cures were reglstered more frequently
from ages 20-29. To 1llustrate the favorable results of treat-
ment in younger patlents with the hypotonlc syndrome resulting
from prolonged exposure to microwaves, we shall present only a
brief extract from one case hilstory.

Khv-v, 22 years old, radar technlclan, 2 years' experience.
Treated in therapeutic division from April 22 through May 18,
1962. Reported with complalnts of rapld fatigulng, headache,
dizziness, stabbing pains 1n the heart reglon, shortness of
breath and heart palpltations durling physlcal exertlion, restless
sleep, forgetfulness.

Anamnesis: feels that he took sick about a year ago, when he
first began to notlce general weakness, rapld fatligulng, 1lnef-
ficlency at work, irritabillity, and then disturblng perlodic palns
in the region of the heart and headache. He was treated as an
ambulatory patient without due effect. Arterlal pressure 1n the
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range 104/62-90/56 mm Hg. He 1links his 1llness with the nature /129
of his work. No past history of sickness.

ObJective: condition satisfactory. Asthenic physique, some-
what underweight. Hands and feet clammy and cyanotic. Pulse 62,
rhythmical, satisfactory filling. Heart dimensions normal. PFirst
sound at apex muffled; soft, inconstant systolilc murmur over pulmo-
nary artery. Arterial pressure 86/54 mm Hg.

No pathological symptoms of lungs and abdominal organs
noted. Emotionally lablle, persistent red dermographism, tendon
reflexes somewhat lively, fine tremor of fingers of extended
hands and closed eyelids. Eyes, ears, nose, and throat normal.
"Heart" test with exertion (10 squats) and Stange test in normal

range. JSlightly lowered voltage of deflections 1n standard leads
of ECG.

No pathology of heart or lungs evident on x-rays.

Ho 84%, erythrocytes 4,600,000, erythrocyte sedimentation
reactiog 3 mm per hour, 1. 4200, p. 1%, s. 67%, lymph. 21%, mon.
7%, e. U3,

After treatment (intravenous administration of glucose, vita-
mins, caffeine, phytin, showering, etc.), his condition improved.
Discharged with no complaints for 15-day furlough. AP 110/68 mm
Hg, pulse 78. Leucocytes 5100. Formula: p. 2%, s. 66%, lymph.
24%, mon. 7%, e. 1%.

TABLE 29; OUTCOME OF TREATMENT OF NEUROCIRCULATORY
DYSTONTA PATIENTS IN VARIOUS OCCUPATIONAL SENIORITY

GROUPS
Years on job
Qutcome s than 3| as ‘ eer0 | mO Total
‘ i
?
Smmovemene L1l 8 2 el 31 8
Insignificant improvement l _ | - l s | 2 6
Total : 11 * 19 \ 59 17 106

There 1s a definite relation between the outcome of treat-
ment and the number of years spent in the occupation (Table 29).

It follows from Table 29 that favorable therapeutlc outcomes

{("cures" and "improvements"™) are distributed almost uniformly
among the occupational-seniority groups into which the patients
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were broken down. However, cures are registered more frequently
among individuals with less seniority. We present an example of
favorable outcome in a patient with many years in his occupation.

L-chev, Ya.K., 32 years of age, technician working on radar
since 1951. Reported to clinic in May 1962 complaining of per-
sistent headache, rapid fatiguing, sleepiness (had to rest during
the day), poor appetite, hyperhidrosis.

Anamnesis: mild headaches began to appear after work in the
summer of 1960.

They became more severe and more frequent late in 1961; at
the same time, he began to tire quickly. During the last 0.5 to
1l year, he began to show a certain indifference to his surround-
ings. He had seldom been sick (he remembers some sort of child-
hood infection and, in later years, grippe and anglna). Smokes;
uses alcohol rarely.

Objective: regular physique, weight normal. Emotional
lability. Faclally, pronounced "vasomotor play." Clammy palms,
regional hyperhidrosis of armpits. Dermographism red and per-
sistent. Pulse 54-58, rhythmical. Heart dimensions normal,
sounds pure, AP 105/60-102/65 mm Hg. Other internal organs also
unchanged. Cranial nerves normal. Tendon reflexes lively, uni-
form. Lowered surface abdomlnal reflexes. Sensltivity and coor-
dination unaffected. Urine: no changes, but positive urobilin
reaction.

Blood: Hb 98/16.3 g%, erythroecytes 5,100,000, 1. L4850, 4600,
7550; leucocyte formula: p. 0.5%, s. 60%, lymph. 31.5%, mon. 6%,
e. 2%, ESR 3 mm per hour. Reticulocytes 0.5%, thrombocytes
150,000, 160,000. Blood coagulation time and circulation time
normal. Chest x-ray: heart and lungs unaffected, ECG normal.
Prothrombln index 75%. Blood bllirubin: 1.2 mg-% to 0.8 mg-%;
reactlon indirect.

In blood plasma: sodium 334 mg-%, calcium 9.6 mg-%, potas-
sium 19.5 mg-%. Blood proteins: total 8.17 g-%, albumins 64.8%,
globulins 35.2%; alpha; 3.5%, alpha, 6.6%, beta 9.0%, gamma 16.1%.

The patient reglistered the characteristic hemodynamic changes,
which were manifest 1n an increase 1n heart systollc volume and
the Grol'man index by about 50% above the corresponding individu-
alized normal values.

EEG (May 17, 1962): diffusely lowered braln-cortex activity,
slow waves preferentially in the right frontal region. Predoml-
nance of inhibitory processes.

Treatment included psychlatric sessions. Schizandra, vita-
min B;, and physical therapy were prescribed. Patient discharged
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with improvement.

In summarizing the applied therapy, we might note that the
outcome 1s 1nfluenced by the age of the patient, the number of
years on the Job, and especially the time of standing and severity
of the disorders presented. No appreciable differences could be
discerned in the therapeutic effectiveness of the drugs prescribed.

A basic prerequisite to successful treatment is combined use
of appropriate methods with consideration of the individual pecul-
larities of the patient. By designing therapy on this basis, we
obtained clear therapeutic results in 100 out of 106 patients (who
were, as a rule, selected for hospltalization because of the mani-
fest nature of thelr complaints).
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Chapter 9
DIAGNOSIS AND TREATMENT OF NEUROPSYCHIC DISTURBANCES

Exposure to microwave electromagnetic radlation causes
vegetative, vegetative-vascular, endocrine, and sometimes neuro-
psychic and other changes in man. They are not strictly specific.
It must be noted that there are qualitative similarities in the
effects of mlcrowaves, UHF, and VHF radio waves on the human
nervous system (M.N. Sadchikova, 1960; E.A. Drogichina and M.N.
Sadchikova, 1963, 1965; T.P. Asanova, 1964; Yu.A. Osipov, 19614,
1965). Various other occupational factors may also produce
psychoneurological disturbances of similar nature (Yu.A. Osipov,
1965; E.A. Drogichina, 1960).

Although the first studies of the bioclogical action of micro-
wave radiation in the decimetric and centimetric bands appeared
in the 1930's, there was still no information at that time on dis-
turbances to the functions of the human nervous system. It is
probable that none were observed because of the low powers of the
microwave generators in use at that time.

The first observations of effects of pulsed microwave expo-
sure 1n radar technlcians date from 1943-1948. Thus, during a
12-month period, Daily (1943) observed the state of health of
45 specialists who had been working with centimetric-band pulse
generators for 2 months to 9 years. The author reported only
complaints of periodic headaches, sometimes periodic rushes of
blood to the face, and a burning sensation in the hands. 1In
Daily's oplnion, the microwave radiation had no marked detrimental
effect on these workers. Similar conclusions were reached by
Lidman and Cohn (1945).

Soviet authors were the first to describe changes in nervous-
system function that arise in man under exposure to microwave
radiation. A.A. Kevork'yan (1948) cited results from observation
of 87 specialists engaged in work with 3-5-cm pulse generators on
a dally basis or with 1-3-day interruptions. Many of them com-
plained of headache, fatiguability, disturbed sleep, irritability,
forgetfulness, and inability to concentrate. Paresthesia in the
distal divisions of the arms and legs was reported in 12 cases and
a loss of welght in another 12.

Observation showed dilation of the puplls in 7 subjects,
tremor of the fingers in 16, pallor in 13 or acrocyanosils and de-
creased sensitivity in the distal divisions of the extremities 1n
9, stable diffuse dermographism in 24, a tendency to bradycardia
in 24, and to arterial hypotonia in 31. All of these phenomena
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disappeared within 10 days to 2-3 and 5-6 weeks after the sub-
jects were taken off work wlth mlcrowave radiation. The head-
aches were first to dlsappear, then the parasthesla, and, last
of all, the phenomena of asthenia and vegetodystonla.

A.G. Panov, A.I. Moskalyuk, and V.B. Barsov (1957)! studied
acute mlcrowave exposure in humans. Neurologlcal tests were per-
formed and EEG's recorded. No significant neurologlcal shifts /132
were detected under these condltions. Various types of nervous-
system responses to equal microwave intensities were noted among
the subjects on the basis of reported subjective changes and the
EEG's; thls was later confirmed by D.A. Ginzburg, M.N. Sadchikova
(1963) and Z.V. Gordon (1966). Observations of the effects of
pulsed mlcrowaves on radar techniclans were subsequently published
in the foreign literature (Hines, Randall, 1952; Brody, 1953,
1956; Barron et al., 1956; Barron, Baraff, 1958).

In these reports, 1n contrast to Daily's studies (1943, 1945),
certaln functional disturbances to the nervous system began to
turn up among the radar technlclans. These papers also presented
data on the effects of thermal and subthermal microwave lntensi-
ties on the radar speclallsts.

The most detalled investlgation was carried out by Barron
et al. (1956), who examined 226 specilalists working with 3-cm-
band radars and a 88-man control group. According to these
authors, the radar speclallsts were exposed to microwaves of
thermal intensity (PFD from 3.9 to 13.1 mW/cm?) periodically or
systematlically for up to U4 hours per day. Overheatling effects
from proximity to radar antennas, clouding of the crystalline
lens, and minor functional disturbances to the nervous system
were noted 1n these individuals. The same informatlion was glven
in a later report (Barron, Baraff, 1958).

A number of papers on the 1nfluence of pulsed mlcrowaves on
radar speclallists have appeared 1n the Soviet literature (V.A.
Spasskiy, 1956; N.F. Galanin et al., 1956; G.S. Korsun and G.V.
Mikhaylova, 1956). Working independently of one another, these
authors arrived at the conclusion that funetlonal shifts do oe-
cur in radar specialists 1n some cases, but are governed chiefly
by overwork as a result of fallure to observe hyglenlc work and
rest norms, and to a lesser degree by microwave exposure.

In contradiction to the above, S.I. Shemyakov (1955) reported
that more than half of the 24 radar technicians that he examined
had shown various abnormalltiles, including asthenlc phenomena, a
tendency to bradycardla and arterlial hypotonlia, a rise in basal
metabolism, and a decrease 1n blood sugar, baslcally because of
microwave exposure. N.V. Tyagln (1959), who gave physicals to
radio speclallists engaged 1in the repair and adJustment of radar

1c1ited after M.S. Bychkov, Vol. 73, Leningrad, 1957, p. 58.
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apparatus, also noted an enhanced reaction to measured physical
exertion, deterioration of sensomotor-reaction indicators, ten-

dencies to bradycardia and low arterial pressure, and other vege-
tative disturbances conslstent with the asthenlie syndrome. He /133
also reported a certain lnstability of clear vision and lowered
discrimination sensitivity of the eye, flicker frequency, and

dark adaptation. In his later papers (1965, 1966), N.V. Tyagin
reported deterioration of the state of the nervous system and an
increase in the number of complaints as functions of the length

of time spent working with microwave generators.

Klimkova-Deutschova (1957, 1963) examined 73 specilalists
who had worked with microwave generators for one month to §
vears, and reported complaints of headache (in 43 cases), rapid
tiring (39), and uneasy sleep (35). Observations frequently
made among the speclialists examined included hyperhidrosis (in
1/3), acrocyanosis (in 1/L), and, in some, lowered sensitivity in
the distal divisions of the arms. The EEG's showed a varlety of
changes.

Z.V. Gordon's monograph (1966) makes reference to a study
by Klimkova-Deutschova and Roth (1963)!, which proposes a highly
original "three-stage" classification of the neurological changes
that occur under chronic exposure to centimetric waves, namely:

Stage I — neurasthenic syndrome with functional symptoms and
predomlinantly vegetatlve disturbances;

Stage IT — "mild organic disturbances" of the nervous system;

Stage III — "organic affections of the nervous system" of
the nature of transitory to pronounced "encephalopathias."

Sercle et al. (1961) made physical examinations of special-
ists who had worked with pulsed centimetric-wave generators.
Some of them had been exposed to chronic low-intensity irradia-
tion from radars under field conditions, and others had been
periodically microwave-irradiated at high intensities (PFD of the
order of 1 mW/cm? and higher). 1In both groups, the authors re-
ported complaints of fatiguabllity, drowsiness, and headaches
and detected EEG changes. These changes were encountered more
frequently in those persons who had been exposed periodically to
high microwave intensitles. The authors did not observe organic
affections of the nervous system.

Iranyi (1960) examined 73 men engaged in the operation of
microwave generators; more than half of his subjects complained
of headaches, quick fatiguing, disturbed sleep, and excessive
perspiration. Examlnation showed tremor of the fingers (in 54
cases), exaggeration of reflexes (in 38), changes in dermographism

1cited from Z.V. Gordon, Moscow, 1966, p. 35.
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(in 42), and changes in pupil size (in 33), usually dilation. No
organic affectlions of the nervous system were observed.
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It 1s characteristic for microwave exposure that the com-
plaints appear earlier if the industrial-safety rules are dis-~
regarded. For example, the sub]Jectlve symptoms may arise during
the first few weeks or even days of work, and objectively observ-
able sligns during the flrst few months of work with microwave
generators. It must be stressed that only some mlicrowave-genera-
tor workers complalin of deteriorating health when the safety rules
are periodically violated.

As a rule, reverslble shifts are observed in the functions
of the nervous system and other organs; when work with the micro-
wave generators 1s discontinued, these changes gradually dis-
appear over a perlod of weeks or months. However, 1f a sub]Ject
returns to hils previous work with microwave generators, his
symptoms frequently reappear (E.A. Drogichina, 1960; V.N. Gur'yev,
1962; Yu.A. Osipov, 1965).

Strongly manlfest changes with the neurasthenic syndrome and
neurocirculatory dystonlia appear in approximately 3% of cases
during the first few months of work with microwave generators (in
16 of 533 assigned to such work). In all cases, severe reaction
to microwave irradiation was associated with prior overwork or
functional weakening of the nervous system and other causes (V.N.
Gur'yev, 1962). Dispensary observation of the workers 1s there-
fore important, with reassignment of persons with asthenovegeta-
tive disturbances, who are obviously most susceptible to micro-
wave-exposure effects (E.A. Drogichina, 1960; Ye.B. Zakrzhevskiy
and V.M. Malyshev, 1964).

The frequency and gravity of the pathologlical manifestations
and the sensitivity to further microwave exposure increase wilth
increasing time spent in work with microwave generators and with
increasing irradlation intensity. The clinical picture of the
nervous-system-function disturbances also changes to some degree.
However, even under systematic microwave exposure, the symptoms
are stubborn only in a few persons, usually among those who have
been exposed to mlcrowaves over the long term and have weakened
nervous systems or have had an infectious disease (E.A. Drogichina,
1960; M.N. Sadchikova, 1960, 1963; V.N. Gur'yev, 1962, 1963; N.V.
Uspenskaya, 1963; Yu.A. Osipov, 1965).

Chronic exposure to low microwave intensities usually pro-
duces asthenlic conditions and causes vegetative disturbances 1less
frequently. Periodic exposure to higher microwave intensities,
on the other hand, 1s more llikely to produce vegetative changes
with a tendency to bradycardia and lowered arterial pressure and,
less often, asthenic states. These disturbances take a protracted
course in only some of the subjects, usually those with weakened /135
systems. Contracted iInfections are highly unfavorable. Vascular
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vegetative 1lnstabllity appears 1n such cases, taking the course
of the dlencephalic syndrome in some individuals (E.A. Drogichina,
1960).

Under prolonged exposure to moderate microwave intensitiles,
the asthenlc phenomena may dimlnish, but the frequency and grav-
1ty of the vegetative disturbances increase, sometimes with di-
encephalic crises. All of these disturbances depend on 1ndi-
vidual peculilarities. Diencephallc crises are noted in about 5%
of persons (16 out of 300 examined) who have worked with micro-
waves over the long term (V.N. Gur'yev, 1963).

In 1953—1960 and thereafter, the USSR Academy of Medlcilne
Institute of Industrial Hygiene and Occupational Diseases studled
the working conditions and health of 525 persons working with
centimetric waves of varylng intensity and under varlous 1rradia-
tion conditions. The subjJects had been engaged in theilr work for
times ranging from a few months to 5-10 years and more, but
basically for 4 years (66%); most were between 20 and U0 years
of age.

Many of these persons were under observatlion over a number
of years; 51 of them were examined in the hospital. M.N. Sadchi-
kova (1960) and A.A. Orlova (1960) published summarized results
of these studies.

Group I consisted of 184 persons who had been irradlated
periodically (PFD's up to 3-4 mW/em?) and complained of head-
aches (12% of the subjJects of this group), increased fatigue-
ability (20%), irritability (8%), palns in the region of the
heart or palpltations or shortness of breath (36%); obJective
examlnation showed weakened dermographism (16%), hyperhidrosis
of the hands (6%), arterial hypotonia (27%), bradycardia (74%),
sinus arrhythmia (21%), and moderate electrocardlogram shifts.

Group II, which consisted of 263 individuals who were also
irradiated periodically but at higher PFD's (up to several hun-
dred uW/cm?), complained of headaches (39% of cases), lncreased
fatiguability (35%), irritability (27%), drowsiness during the
day (12%), and complaints of cardiovascular nature (37%); on
examination, weakened dermographism was found in 40% of cases,
hyperhidrosis of the hands in 28%, arterial hypotonia in 28%,
bradycardia in 48%, sinus arrhythmia in 10%, and minor deviations
from normal on the electrocardiograms (lengthening of the P-
deflection to 0.1 second, lengthening of the QRS complex to 0.1
and more than 0.1 second).

Group III, 78 individuals systematically irradiated at PFD's
of 100-10 uW/cm?, submitted complaints the percentages of which
were similar to those of group II.

Thus, the authors falled to bring out any conclusive dif-
ferences in the state of health of individuals working under

130

/136


http:intel.si
magdahavas
Highlight

magdahavas
Highlight


systematic and perlodic microwave exposure.

Exposure to high-intensity microwaves, even periodically,
tends to produce vegetative reactions, principally functional
changes 1n the cardiovascular system as a result of increased
tonus of the parasympathetlc system. With decreasing intensity
of the radiation, these reactions become less distinct and less
frequent. Systematic 1rradiation at low intensities 1is more
likely to produce nonspecific astheniec and asthenlec-neurotic re
actions and less likely to cause vegetative shifts (E.A. Droglch-
ina, 1960; Z.V. Gordon, 1960). These observations are justifiled
in greater detall 1in the work of A.A. Orlova (1960) and M.N.
Sadchikova (1960). M.N. Sadchikova (1960) reports that func-
tional disturbances to the nervous system appeared in only 15%
of subjects after 3 years of work with microwave generators; they
were observed more frequently with lncreasing seniority, but
usually had a favorable outcome. Only some subjects (51 out of
525) required treatment. After hospital treatment, most of them
returned to work; 11 were taken off work with microwave generators
for times ranging from several months to a year.

A.S. Treskunova and G.N. Slizskiy (1962) reported results of
out-patient examination of 376 persons, and A.S. Treskunova (1962)
submitted data from clinical examinatlons of 37 men who had worked
with microwave generators for 3-10 years and more. The conclu-
sions of these authors agree with those of A.A. Orlova and M.N.
Sadechikova (1960).

V.N. Gur'yev (1962) examined 533 microwave-generator workers.
During the first few months, 70% of them presented a neurasthenlc:
syndrome, sometimes with vegetative and mild trophic disturbances.
The author distingulshed three stages in these changes. V.N.
Gur'yev arrives at the concluslon that the degree of the disturb-
ances 1n persons assignhed to work with mlcrowave radiatlon depends
in many respects on thelr individual peculiarities and, in par-
tlcular, on the typological peculiarities of the nervous system,
as well as prior overwork and functional weakening of the nervous
system. At the same time, the author stresses that the functional
disturbances of the nervous and cardlovascular systems increased
in severity even in stage II unless the time and intensity of ir-
radlation were reduced. Under favorable working conditions, all
of these disturbances gradually abated during subsequent months;
the author regards this as a kind of adaptation to exposure to
the microwave fileld.

Most authors who have observed mlcrowave-generator workers
have remarked on the variety and frequency of neurological com-
plaints among these persons (Table 30).

The changes‘in nervous—systém function are characterized by /137

the variety of their manifestations, while thelr polymorphism and
dynamics depend on the phase and severity of the disorder, the
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TABLE 30. CHARACTERISTICS OF COMPLAINTS SUBMITTED
BY MICROWAVE-GENERATOR PERSONNEL ACCORDING TO
VARIOUS AUTHORS (IN % OF NUMBER OF SUBJECTS)
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microwave-intensity levels to which the subject was exposed, and
many other factors. This explalns, in particular, the varlety of
complaints (see Table 30). This 1is why many authors who have ob-
served various symptoms and syndromes have been unable to give

an exhaustive classification of these shifts.

The first attempts at clinical description of the dynamics
of development of the symptom complex were undertaken by E.A.
Drogichina (1960) and E.A. Drogichina, M.N. Sadchikova (1963),
V.I. Gurtyev (1963), N.V. Tyagin (1962), A.G. Panov and N.V.
Tyagin (1966) and others. For the most part, the data that they

presented correctly reflect the essence of the disturbances in
question.

E.A. Drogichina and M.N. Sadchikova (1964) proposed that
five syndromes be distinguished in the diagnosis and treatment
of microwave sickness:

1. The vegetative syndrome, which was characterized by a

vagotonic tendency in the cardiovascular reactions and metabolic
shifts.

2. The asthenic syndrome, which they classify among the '"non- /138
specific reactions."
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3. The asthenic-vegetative syndrome, which, in the opinion
of the authors, unfolds wlth neurotic manifestations and is ac-
companied by angiospastic phenomena with arterial hypotonia and
bradycardia, contraction of the retinal vessels, changes 1n heart
function discernible on the ECG, changes in braln blopotentials,
functional shifts of the endocrine organs, a decrease in sexual
potency and abllity to perform work.

4, An angiodystonic syndrome at advanced stages in chronic
exposure with emotional instability, forgetfulness, inability to
concentrate, weakened cardiovascular re