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FOREWORD

Moscow O BIOLOGICHESKCOM DEYSTVII ELEKTROMAGNITNYKH POLEY RADIOCHASTOT in
Russian 1973 p 5 :

/Article by Academician A.I. Berg/

[Text/ The problem pertaining to the influence exerted on the human organism
by radiofrequency electromagnetic fields,which are a factor of the indus-
trial environment and of every-day living conditions, continues not only

to be important but alsoc acquires special significanee in view of developments
in science and technology. This applies, first of all, te very low intensity
radiofrequencies, particularly the superhigh frequencies.

During the last 20 years numerous studies have been published in the Soviet
Union and abroad dealing with this problem. Among these studies a significant
place is held by the work conducted at the Laboratory of Radiofrequency
Electromagnetic Waves of the Order of the Red Banner of Labor Institute of
Labor Hygiene and Dccupational Diseases of the Academy of Medical Sciences

USSR,

This, the fourth, collection describing the work of this laboratory covers
results ohtained during the 1968-1972 period and undoubtedly represents

a fundamentally new outlook. Contained are results of studies and investi-
gations on hygienic standards during a period of extensive application of
safety measures developed by Soviet scientists for improvipg the sanitary
level of industrial sites. Results are also presented on in-depth studies

on the mechanism of action of electromagnetic fields, including those at the
level of fine physiological regulation, which are of interest not anly in
hinlogy and medicine, but also in the sense of bionies.

It cannot be doubted that the publication of the present compendium will
have a profound effect on a wide circle of scientific and practical workers
in the biomedical , enginzering and techniecal fields.




K.V. Nikonova and I.P. Sokolova have shown convincingly in
animal experimentation that at high intensities of combined
radiation synergism prevails, while in the case of long-term
experiments with low intensities of the combined factors, the
changes that resulted were no greater than when the factors
were employed alone, It should be noted that at low levels

of radiation the importance of the SHF factor is more pro-
nounced in the combination. These findings guided our approach
in setting the hygienic standards for combined effects of SHF
and soft x-rays.

A combination of SHF and elevated air temperature is frequently
encountered in the industrial situation, or it is related to
climatic conditions, and appears as an important hygienic fac-
tor which required special studies for its resolution.

At the present time, on the basis of the experimental studies
of K.V. Nikonova, as well as on the basis of the data of V.A.
Zhuravleva /1972/, there are reasons for believing that syner-
gism prevails when the effects of SHF and heat are combined,
and that furthermore, only heat alone induces lesser changes

in terms of a number of indices than the combination of heat
and SHF of athermal intensity. This emphasizes the significant
changes that occur within the organism,and which apparently are
due to the important role of microwave irradiation. These
investigations require further expansion particularly when
dealing with low intensity levels of irradiation, since they
will be highly significant in setting hygienic standards for
cases in which combination of SHF and heat exist.

The fact that due consideration was given to sanitary regula-
tions in planning and scientific organization of work, resulted
in effective hygienic protection of the personnel of radio

and television stations from irradiation, maintained their
work capability, created favorable conditions for work at the
industrial sites, and so forth. This entire set of measures
significantly improved working conditions, and was largely due
to the efforts of a group of scientific workers under the
leadership of P.P. Fukalova.

A new trend in our investigations deals with determining the
significance of conditions of irradiation to which personnel
working with emitters of electromagnetlc waves (EMW? includ-
ing microwaves, are exposed. It is generally recognized that
until recent years hygienic studies did not take into account
the dynamics of 1rrad1at10n of workers employed in handling
microwave emitters.




The second group consisted of subjects who commenced work at
the installation after 1960, when the hygienic standards which
we had formulated (1957) were already largely in force.

Finally, the third group consisted of individuals who first
started work at that enterprise during the last five or more
years, and were not subjected to irradiation exceeding 10 mW/
sq cm. '

The clinical picture of the first two groups has been des-
cribed by specialists at our clinic and at other clinics
(E.A. Drogochina, M.N. Sadchikova, et al., N.V. Tyagin, N.V.
Uspenskaya); they are characterized by the degree of clinical
manifestations and the presence or absence of restorative
processes. :

With respect to the third group, it can only be pointed out
that some of these individuals showed limited changes which
became evident during the clinical observation, but that they
differed 1little from changes in the control group, and conse-
quently, they cannot be related to the effects of SHF radiation.

On the basis of this we feel that our closest attention must
be accorded to the second group. The clinical picture of this
group continues to remain unfavorable despite the relatively
favorable working conditions. This may either be due to
inadequacies in the hygienic standards, or to intermittent
radiation.

In order to understand the mechanism of action of radiofre-
quency electromagnetic fields (EMF) on the entire organism,
it is necessary to investigate every level of its vital
activities. In connection with this it is necessary to con-
duct in-depth experimental and theoretical studies on the
mechanism of the athermal action of microwave radiation on
the molecules, elucidate the direct effects of microwaves on
the excitability of isolated cells, and in connection with
this, study its effects on ion transport across cell mem-
branes, and so forth.

Already at the present time, in some cases, we may speak of
a correlation of results of biophysical investigations with
clinical findings. Thus, the data of V.M. Shtemler on
the direct effects of microwave irradiation on the membranes
of isolated erythrocytes, which results in changes in the
transmembrane transport of Na+ and K+, and consequently a
change in the transmembrane gradient, are in agreement with
the results of clinical investigations (G.G. Lysina, et al.)




is involved in the genesis of the primary syndromes in sub-
jects exposed to irradiation under commercial conditions have
been confirmed in both acute and chronic experiments on animals.

In the view of M.S. Bychkov, the data which have been obtained
on cortical and subcortical relationships in the mechanism of
action of the microwaves, point to the rationale of attempting
to strike a regulatory balance between stimulants and tran-
quilizers as part of the therapeutic measures taken to combat
the pathogenetic effects. At the present time this aspect
still remains a point of discussion. However, in view of its
practical significance, it obviously deserves special experi-
mental studies, as well as further clinical observations.

V.N. Dumkin and S.P. Korenevskaya have observed alterations

in glucocorticoid function of the adrenal glands in patients
with manifested forms of radiowave disease, and interpreted
this as resulting from primary lesions in the deep structures
of the brain which regulate the metabolism and synthesis of
corticosteroids; dysfunction in the hypothalamus-hypophysis-
adrenal cortex system is obviously responsible for the clinical
syndromes of the disease.

According to experimental data, changes which arise in organ-
isms under the influence of intermittent and constant low
intensity radiation also clearly point to the susceptibility
of the hypothalamus-hypophysis-adrenal cortex system to micro-
waves. This is supported by data on pathomorphological in-
vestigations of the hypothalamus which indicate changes in
secretory activity of the supraoptic and paraventricular
nuclei (M.S. Tolgskaya, et al.).

This is also indicated by eosinopenia in irradiated animals
in response to a strong sound stimulus, and the absence of
such a reaction in control animals (I.A. Kitsovskaya, E.I.
Polukhina). Changes in the weight of endocrine glands (hypo-
physis, adrenal glands), also may indicate their altered
functions (N.K. Demokidova). 1In addition, changes were also
noted in the degree of diuresis and the excretion of Na and K
in the urine (N.K. Demokidova). A tendency -- which frequently
bordered on significance -- was seen in the increase of
epinephrine in the adrenal glands in animals during exposure
to low intensity irradiation (I.A. Kitsovskaya).

The problem of the effects of radiofrequency EMW on the
reproductive function is quite timely. Experimental studies
conducted on animals by A.N. Bereznitskaya and her colla-
borators, have shown quite convincingly that nonthermogenic




Both clinical and experimental studies support the contention
which we expressed earlier that to a large extent the biologi-
cal effect of radiofrequencies is due to disturbances in
regulatory processes.,.

Particularly pertinent data on the biological effects of micro-
waves have been obtained 1n recent years on the effects of
very low intensity irradiation (up to 150 uW/sq cm ; Table 1).

Studies on the problems of biological effects of radiofrequency
EMW were designed to provide hygienic standards for this
factor. However, the problem of standardization still requires
further detailed and complex investigations. ‘

The criteria which are utilized by institutes of work hygiene
and occupational diseases for setting standards represent
complex investigations consisting of three major components;

1. Hygienic evaluation of the working conditions of per-
sons working with sources of radiofrequency EMW, 1.e.
determination of the actual intensities of radiation.

2. Dynamic clinical observations on the state of health of
people working with sources of radiofrequency EMW rad-
iation over a’period of several years (5 and more).

Comparison of clinical and hygienic data permit more
accurate determination of the work conditions and state
of health of the individual.

3. Experimental studies on animals designed to yield

threshold values for functional changes which appear
largely during chronic exposure (from 4 - 10 months for
the different biological indices).

It is of advantage to discuss this problem in somewhat more
detail without, however, any pretention at complete coverage.

The problem lies in the fact that, unfortunately, the concept
of "threshold reaction" from the point of view of medical
evaluation of a biological effect and, all the more so, the
setting of standards up to the present time remains indefinite
due to the fact that there are as yet no clear-cut and widely
applicable pathophysiological criteria for distinguishing
between, for example, protective adaptive reactions and com-
Pensatory reactions, as well as between regulatory reactions
1ln an emergency situation, and pathological reactions at the
level of various systems, including the central nervous
system, as well as the regulatory processes at other levels.




Table 2. Soviet Hygienic Standards for Radiofrequency Electromagnetic Fields
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Table 1. Some Results of Experimental Studies on the Biological Effects of
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MAJOR TRENDS IN THE SCIENTIFIC ORGANIZATION OF WORK AT RADIO
AND TELEVISION STATIONS

Moscow O BIOLOGICHESTKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 15-20

/Article by P.P. Fukalova/

/Text/ Studies have been conducted which have demonstrated
that the creation of an effective protection and rational
organization of labor at radio and television stations can be
achieved by adherence to the fundamental principles and stan-
dards dealing with radiation protection in combination with
the regulations of NOT /scientific organization of labor/,

as well as organizational, technical, esthetic, ergonomic, and
hygienic measures.

Hygienic investigations designed to test the effectiveness of
the protective methods which we have proposed have shown that
the fundamental principles and the standard decisions which
we have recommended (1964, 1966, 1968), could not be imme-
diately be put into effect at those enterprises where, from
the hygienic point of view, defective equipment is still
utilized, as well as out-of-date forms of labor organization.

Significant levels of electromagnetic radiation prevail in
situations where use is made of multistage unshielded cascades
and circuits, exposed high-frequency energy transmission lines,
antennae commutators and switches, as well as cable networks
connected to powerful high-frequency cascades.

Cumbersome and irrationally constructed long wave (LW) and
medium wave (MW) transmitters, as well as short wave (SW) and
ultra-short wave (UW) transmitters with manual commutation of
energy to the antenna from each transmitter, are employed
without adequate protection against radiation, not to mention
the ergonomic shortcomings of this equipment with respect to
working conditions.

15




Thus, when old systems of LW and MW transmitters are used, the
most radical method which can be instituted for protecting the
personnel from radiation consists of installing new trans-
mitters, and locating them in a manner which is in accordance
with the principles of the scientific organization of labor.

The results of our measurements of field intensities at the
work locations involved in servicing the old and the new trans-
mitters are presented in Table 1.

Table 1 indicates that as a result of the replacement of the
0ld transmitters with the new transmitters, field intensities
in the work rooms decreased on the order of 10 to 100-fold.

In situations in which old systems of SW transmitters are
employed, the personnel may be protected from irradiation
either by replacement of these transmitters, or by improved
shielding of the old transmitters, as well as by replacement
of manual commutation by automatic commutation, and a more
rational layout of the instrumentation.

It should be pointed out that the rational disposition of the
transmitters in the presence of manual commutation can be
achieved primarily through its reconstruction and replacement
by automatic commutation.

A scheme for replacing multi-row disposition of the trans-
mitters by single- and double-row dispositions are given in
Figures 2 and 3 (a, b). Indistinctionto multi-row disposition
of the transmitters (Fig. 2) with a manual method of commuta-
tion of the energy, and a large number of feeder lines which
in the working regions create tens and more electric fields
with intensities of 100 V/m, single- and double-row disposi-
tion of the transmitters (Fig. 3, a and b) with replacement
of manual commutation by automatic commutation, and displace-
ment of the commutators into a different room, decreases or
completely eliminates the passage of feeders to the working
rooms.

Furthermore, disposition of the control panel in. front of the
transmitters, located in a single row, assures convenient
working conditions for the personnel on duty who are respon-
sible for the proper function of these transmitters.

Implementation of the measures which included shielding and

rational layout for the equipment decreased the radiation to
the maximum permissible level, and even lower.

17




The light tones of the color schemes in the interior of the
installation fit in well with the gray color of the trans-
mitters, as well as with the rational utilization of natural
light and illumination provided by daylight lamps which are
located in the panels of the white ceiling.

Comfortable surroundings have been created for the service
personnel by the complete isolation of the control and trans-
mitter operating room, air-conditioning, and the decorative
layout.

Physiological studies conducted under the conditions in which
the new organization of labor prevails, have shown that the
workers retain their work capacity as indicated by the sta-
bility of the parameters which were under study -- without
significant differences -- during the course of the day (static
force of the muscles of the right hand, correctional test,
visual motor reaction; Fig. 1).

Therefore, the extensive technical reorganization at the radio
transmission centers, which implemented protective measures
based on the principles of NOT, have created favorable sanitary
and hygienic conditions, as well as rational forms of labor
organization which assure a high level of work capacity on the
part of the personnel

19
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HYGIENIC EVALUATION OF WORKING CONDITIONS INVOLVING RADIOWAVE
EMITTERS ON THE BASIS OF DYNAMIC STUDIES ON THE NATURE OF
RADIATION DURING A WORK SHIFT

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNiTNXKH POLEY
RADIOCHASTOT in Russian 1973 pp 21-25

[Article by V. V. Markov]
- [Text] |

The present article deals with material on hygienic evaluation
of the working conditions of operators of SHF equipment which
was obtained on the basis of dynamic investigations of the
nature of irradiation during the period of a work shift .

The results showed that this occupational group is usually
exposed to intermittent radiation which is characterized by
alternating periods of radiation and intervals without radia-
tion, and a random variation in the forces and temporal para-
meters. The resultant data were treated by the mathemati-
" cal theory for random processes.

Until recently, studies dealing with the working conditions of
the various industrial enterprises of individuals handling
emitters of microwave radiation regarded the process of radi-
ation as uniform and continuous. Such assumptions were used

in the formulation of hygienic standards for this industrial
factor. However, this approach does not correspond to actual
industrial conditions; it has come to be appreciated that
people working with emitters of microwaves in many instances
are exposed to intermittent and non-uniform radiation.
Consequently, it is obvious that evaluations of working condi-
tions which are based on the assumption that these occupational
groups are exposed to continuous radiation do not correspond to
the actual conditions of microwave radiation. ‘
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instrument PO-1, model "Medik". PFD gave us the time an opera-
tor performed his work which was accompanied by emission of EMF
energy. During every measurement the data were copied on
several occasions from the instrument and as a final result we
ook the maximum intensity of EMF. Time studies were performed
with an ordinary stopwatch during the course of an entire shift.
During that time we noted whether the operator was or was not
exposed to irradiation with EMF energy.

On the basis of the instrumental and the time course studies

we constructed individual curves for irradiation of each opera-
tor alone, and then on the basis of these curves we constructed
generalized curves for the entire group of workers who were
involved in maintaining the same piece of equipment.

The working place of the operators was a transceiver booth of
the radar station. Depending on the type of equipment that was
being produced, several generators were located in the booth
with different modes of microwave generation. The process of
adjusting, regqgulating and testing the SHF radar equipment
required frequent turning on and off of high voltage (the
correction of malfunctions required that the high voltage be
turned off). ‘

During work the operator moves in the booth and adjusts
successively one after another of the generators; during that
time he may be subjected to intermittent microwave irradiation
with different intensities and of different durations and
different periods without radiation. PFD may vary significantly
during the shift when several generators are functioning.

Several locations may be designated in the booth in which the
operator does most of his work on adjusting the transmitting
radar equipment. Preliminary measurements show that all types
of equipment have in common a narrowly directed type of radi-
ation which is directed at the place of work through slits in
the casings, slits between the doors and the body of the
cabinet as well as slits in the flanges and so forth. This
results primarily in the irradiation of the upper part of the
body.

Instrumental measurements of the EMF intensities involved in
adjusting type A equipment at six points in the working zone
of 13 operators showed that there was significant differences
in the PFD values depending on the piece of equipment that was
being serviced. 1In this situation maximum intensity did not
exceed 100 mW/sq cm and the minimum intensity did not fall
below 6 uW/sqg cm.
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minutes and not more than 83 minutes with an average value of
57 minutes or 16% of the time of the entire shift.

The results of the instrumental and the time studies showed
that the working conditions of the operators handling type V
radar equipment are completely satisfactory.

Obviously, individual irradiation data may not give an adequately
satisfactory representation of the possible variations in
radiation under actual industrial conditions and for that reason
we shall discuss general graphical analysis of the material.
This analysis revealed that the maintenance, operation and
testing of the full line of radar equipment, irregardless of

the type of equipment that was involved, is accompanied by
irradiation with microwave EMF which has a pronounced inter-
mittent character. The fundamental parameters of intermittent
radiation are as follows: EMF intensity, the duration of
exposure of a biological object to EMF, and the interval
(absence of radiation). On the basis of the nature of the
intermittence of the individual parameters we found it possible
to isolate two fundamental types of intermittent radiation
within which we may place every type of radiation encountered
by us,with due allowances. In the first type (Fig. 1) inter-
mittency 1is evident in every major parameter; in the second
type only the duration of radiation and the interval between
exposures showed intermittency. In addition the intensity of
radiation remains constant during the entire period of study

or variefi within narrow limits (from 10-15%, Fig. 2).

Different operators, including the same operator during differ-
ent shifts, are exposed to radiation which differs in its
characteristics.

All of the above considerations point to the fact that irradi-
ation of the radar equipment operators is a chance process:
this process describes the different PFD values which vary
with time and which cannot be foreseen. Identification of
intermittent radiation under industrial conditions as a random
process requires adequate mathematical means for treating the
data. For that reason it was necessary to use the mathematical
theory applicable to random process according to which the
fundamental characteristics of the random process are repre-
sented by its mathematical expectancy (m,) dispersion (Dj)

and the correlation function of the ranggm process (Ky).'

Results of individual mathematical treatment of each type of

product demonstrated that,although different in their details,
the characterlstlcs of a random process have common features.
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At the same time the territory of the airports and the adja-
cent rayons are continuously being developed by the construc-
tion of technical, administrative and residential buildings
of various heights.

The significant increase in RS power and increased directional
effect of the antennae points to the obvious need for the
proper type of mutual distribution of RS in various industrial
and civil buildings.

An important problem in the planning, installation and utiliza-
tion of powerful SHF emitting objects at CA airports is the
problem of sanitary and protective zones between RS and other
objects at the airport (buildings, waiting platforms, terminals
and so on).

The correct solution of these problems requires accurate know-
ledge of the PFD of the SHF which is created by RS antennas at
different distances from the objects being irradiated. 1In
view of this we conducted a series of experiments on the deter-
mination of the levels of irradiation of the territory at a
number of large airports in the USSR that are equipped with
scanning RS.

The topography of the locality, the height at which the radio-
antenna 1is located as well as the working angle of inclina-
tion of the antenna dish differ in each airport. This makes
it very difficult to compare and evaluate the results of
measurements conducted at the individual airports.

As a result of this we developed a method for conducting the
measurements and for the treatment of the results of the data
which would permit standardization of the conditions and
generalization.

By representing the results in this form it would make it
possible to utilize them in planning new airports and in
determining the proper place for 1ocat1ng the scanning RS on
their territory.

Studies on the existing PFD levels were conducted oVer a
period of 3 years--from 1968-1970.

Our course of studies consisted of 3 stages: preparation,

measurements, and treatment of the results and their classifi-
cation.
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to the source of radiation. Correction in the angle of
measurement can easily be achieved by simple geometrical means.

4. Communications were maintained by means of radio. To that
end we employed short wave and ultrashort wave portable radio
transmitters which made it possible to maintain radio communica-
tion over the entire distance which we covered in our studies.

PFD measurements:

1. The measurements were conducted with a PO-1 instrument.

The antenna of the measuring instrument was oriented toward the
center of the lower RS antenna dish. When measurements were
conducted above ground the instrument was mounted on a tripod
which was fixed into a receptacle of the automatic lift. The
radio transmitter was also located there.

2. The RS antenna system was directed toward the selected
route of measurement. The upper and lower antenna dishes of
the radar station were set in a position which corresponded to
the most negative angle of inclination.

3. Once the antennas of the measuring instrument and the RS
were oriented in the proper direction,the radar was turned on
and put into operation. Once the RS antenna and the measuring
instrument antenna were properly aligned, adjustments were
made for maximum emission. Then the RS antenna was fixed and
a series of measurements were conducted at one selected dis-
tance and at one height with the angle of inclination of the
lower antenna dish being varied from its most negative value
to its most positive value at intervals of 0.50.

4. After a series of measurements had been made the emitter
was turned off, but the position of the radar antenna was not
changed since the measurements were repeated at other heights
at the same distance.

5. PFD measurements were conducted in a similar manner at the
different distance markers. Every result of the measurements
was recorded in a table. The following data were recorded in
tabular form: distance between the point of emission and
measurement, the height of the point of measurement, the angle
of measurement, the angle of incline of the antenna, and
the measured PFD values.

In view of the fact that at each airport the topography of the
locality, the height of the RS antenna, the working angle of

inclination of the antenna dish are different, it is extremely
difficult to compare the results of measurements conducted at
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In order to apply the resulting PFD values in these coordinates
to all airports, we employed the greatest and the smallest PFD
values of all the measurements, since they reflected the possi-
ble range of irradiation of the territory of the airports.

The results of our measurements make it possible to determine
possible PFD levels for SHF fields at various distances from
. the source of emission and at different heights, taking into
consideration the topography of the region.

On the basis of these measurements it will be possible in the
future to plan zones of discontinuity between RS and various
objects with a satisfactory degree of certainty, for practical
purposes,without conducting actual instrumentation studies.

Formulation of concrete methods for this type of planning is
presently under study.
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Key: 1. Point of emission
2. Point of measurement
3. Measurement line (for given measurement p01nt)
L. Axis of the first lobe
5. Horizon line
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The distribution of MRS with respect to other buildings and
constructions at the airport as well as residential, community,
and industrial buildings is dictated by the technical require-
ments of MRS equipment for its proper operation and the maxi-
mum permissible level of power flux density (PFD) of SHF.

Care, protection and prevention must be utilized in order to
prevent adverse effects of SHF irradiation and the SHF equip-
ment must be located in such a manner that its radiation remains
within acceptable standards.

We conducted instrumental measurements in a locality to obtain
quantitative information on the intensity of SHF radiation
emitted by MRS antennae. The measurements were performed with
a PO-1 instrument according to a strictly adhered to system:

1. From the point at which MRS was located we selected a
direction which was characteristic of that region and designated
points of measurement at every 50-100 m.

2. Measurements at every point were conducted at several
heights ranging from 1.5-15 m (at 3 m intervals).

3. The MRS antenna is oriented in a chosen direction and the
antenna of the measuring instrument from the point of measure-
ment is oriented toward the center of the MRS antenna. When
the antennae have been mutually aligned the radar station is
adjusted for maximum emission.

4. The MRS antenna is fixed and a series of measurements are
conducted at different angles of inclination of the antenna at
intervals of 0.25°.

5. Analogous measurements are conducted along several differ-
ent directions.

Every measurement was performed 3 times and the arithmetic
mean for the 3 values was recorded. Communication was main-
tained by means of portable radio stations; the necessary
height was achieved by an automatic lift SP0-19. PFD values
were obtained under conditions of visual range between the
source of radiation and the point of measurement during differ-
ent times of the year (winter, spring, summer) under different
metereological conditions.

The results of the measurements indicated that during opera-

tions of MRS stations great care must be exercised when work
is conducted in the zone of radiation as well as in the
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Table 1.

. / Paidyc 20HH, M, AIS BUCOT
PaCouna nnmMm, ( 3 ) Max MecTHOCTLI
AHEMAIOH uxBr/cm?
(1) (2) A=l5 hed5u | A=75
CanryMerponsi 1 2850 3800 3700
QTS | 10 i 1550 | 1500 1200
Muanumerpop 1 3300 3500 3800
{5) 10 1300 1350 1450

Key: 1. Working bapd
2. PFD, pW/cm
3. Zone radium, m, for heigths above the locality
4. Centimeter ‘
5. Millimeter
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Key: 1. measurement height h = 1.5 m
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DISTRIBUTION OF ULTRASHORT WAVE FIELDS IN THE VICINITIES OF
URBAN TELEVISION CENTERS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 37-42

[Article by N. D. Khramova, V. A. Miroyedov, and V. V.
Yur 'yev]

[Text]

Instrumental measurements were made of the electromagnetic
field intensities around television centers. Good agreement
was obtained between calculated and measured data. At a dis-
tance of 250-750 m from a television center the intensity of-
the electromagnetic field noes not exceed 1 V/m.

The distances which are covered by radio and television have
been greatly expanded by the large network of radio stations
designed for broadcasting and communication, the increase in
the number of television centers and relays, the tendency to
use superhigh frequency as well as the increase in the power
of the transmitters and improvements in the antenna systems.

At the same time the rapid rate of civilian and industrial
construction has resulted in the fact that radio and televi-
sion stations find themselves surrounded by residential homes.

Consequently, people are exposed to the potential hazard
of irradiation by radio waves.

We've studied the distribution of electromagnetic fields
around large television stations in the USSR.

Television communication in the USSR is conducted at frequen-

cies ranging from 48.5-230 MHz with corresponding wavelengths
of 6.25-1.3 m. Cmnidirectional multi-storied turnstile
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antennas are employed with a gain factor of about 4. The
antennas are located on supports at a height of 140-160 m and
higher, up to 190-230 m.

Generally, 3 characteristic zones are considered in a high
frequency field of radiation: the adjacent zone, the inter-
mediate zone, and the distant (wave) zone.

In considering field distribution in populated areas around
television centers we are concerned only with the wave zone.

However,the conditions for the dissemination of electromagnetic
energy in the city represents a very complex problem since,
from the point of view of dissemination of the radio waves, the
city can be regarded as a highly rugged terrain. For all
practical purposes, it is extremely difficult to determine
field intensity by means of calculations in such a situation.

We elected to employ instrumental evaluation of electromagne-
tic field intensity. Furthermore, in hygienic practice it
has come to be accepted to express the intensity of radiation
in distant zones in units of power flux density. We chose to
evaluate this factor in terms of the intensity of its elec-
trical component, i.e., in volts per meter (V/m). This was
advantageous because in determining the levels of radiation
in residential areas we had to conduct measurements both
outside of buildings and within buildings (on staircases, in
apartments, and so forth).

Under these conditions we have to deal with limited spaces and
a large number of secondary emitters. Consequently measure-
ments that were conducted within buildings—--irregardless of
their distance from the antenna of the television center—--are
related to measurements conducted in the adjacent 2cne where
the intensity of radiation is commonly evaluated in terms of
the intensity of the components of the field, in part in

terms of the electrical component, i.e., in volts per meter.

During the period 1970-1971 we investigated 9 television cen-
ters and relay stations. Studies on the distribution of
field intensity were conducted in the greatest detail in the
cities of Tartu, Tallin and Riga.

The measurements were conducted with instrument PZ-2. 1In
order to increase the sensitivity of the instrument we
employed an additional removable antenna, in addition to the
standard antenna which came with the instrument. The instru-
ment was calibrated in a field of plane-parallel capacitor at
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the Leningrad Tekhnikum of Instrument Construction and Automa-
tion., Calibration was conducted with both a standard antenna
and the accessory removable antenna.

A detailed plan for carrying out the measurement was devised.
To that end, we laid out 3 routes along which we conducted our
measurements which were most representative of the residential
area; the measurements were conducted in 3 to 4 different
directions for a distance of up to 3 km. Along the selected
routes measurements were conducted at intervals of 50 m up to
a distance of 1.5 km and then at intervals of 100 m. At each
point 3 measurements were made and the arithmetical mean

was determined. The measurements were largely conducted at
the height of a human being--1.5 m above the ground level.

Now, let us consider the intensity distributions of electro-
magnetic fields in some cities. A composite plot is pre-
sented in Fig. 1 which delineates the relationship between
the field intensity at a distance from several television
stations in the USSR on the basis of the measurement conducted
from 1969-1970.

In 1971 we repeated in greater detail our measurements in the
residential zones around the television centers in Tartu and
Tallin. '

The vicinity around the Tartu television center is character-
ized by a virtually flat region which consists of one and

two storied cottages and gardens; the street plan in that
area is straightforward and uncomplicated (Fig. 2).

In Fig. 2 we have indicated the routes of measurements which
radiate from the television station. In addition, we made
measurements along 2 circular routes around the television
station (one larger and one smaller).

Measurements of field intensity conducted in areas close to
this television center have given us a very clear picture of
field distribution (Fig. 3).

Comparison of the field characteristics for the Tartu televi-
sion center which were conducted in 1971 and 1970 (Fig. 1
curve 3), we can see that up to a distance of 1 km from the
television center the field intensity was greater in 1970.
This difference can easily be explained on the basis of the
fact that in 1970 a shortwave radio center was located at the
territory of the television center. 1In 1971 this radio
center was moved outside the center by a distance of
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approximately 8 km and, consequently, the field intensity
around the television center decreased.

A different type of residential construction is found in Tallin.
In Tallin the television center is located in a residential
area consisting of 5 to 7 storied buildings. This signifi-
cantly alters the distribution of the ultrashort wave field

and decreases the average level of intensity (Fig. 4).

In Tallin, in addition to the measurements conducted at 1.5 m,
we also conducted measurements at heights of 4, 8, and 12 m
with the assistance of an automatic lift. Measurements at the
various heights were conducted on the same streets and at the
same points as were the measurements which were conducted with-
out the assistance of an automatic lift. In addition, measure-
ments were also conducted at the same height and at the same
distances from the television center on staircases in buildings
which were next to windows which were facing the television
station.

The results of these measurements are given in Fig. 5(a,b).

Inside the buildings the field intensities were 2.5-7 times
lower than they were at the equivalent point out on the street.
Furthermore, the closer we came to the television center the
more significant the differences became.

Within the conditions prevalent in a city an accurate mathema-
tical calculation of the distribution of the field intensity
which was generated by the antennas of the television center
could not be made in view of the non-uniformity of the city
building constructions, the frequent irregular street plans,
the fact that various materials were used in the constructions
as well as the presence of a large number of reflecting sur-
faces. '

Therefore, our approach to this problem was largely utilitar-
ian.

On the basis of our experimental investigations we attempted to
calculate the expected field intensities by using the inter-
ference formula of B. A. Vvedenskiy which characterizes the
dependence of the intensity of an electric field on the dis-
tance, wavelength, and the height of the antenna.

‘ 2,18V PD

D pon,,

£= rax

where E is the expected field intensity,
P is the power of the transmitter,
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D is the antenna gain
r is the distance from the antenna to the point at which
E was determined
A is the wavelength
h; is the height of the phase center of emitting antenna,
hs is the height of the point of measurement.

However, the applicability of this formula is limited by the
following consideration

P rx
hlhgi\\—l'g .

This condition may be met in the region of meter waves when
the heights h; and h; are comparable.

In our case, since the height of the emitting antenna was more
than 100 m,as a rule,and the height at the point of measure-
ment was 1.5 m, determination of the effective (actual) value
for the field intensity can be determined more readily by using
the following formula :
173V P[kW | D v
Ep= =V v,

We introduced the coefficient V which represents the attenua-
tion factor which takes into consideration the attenuation of
the field due to its distribution over a highly rugged terrain
(this term may be used to describe large cities). The value
of the attenuation factor may be determined from the following
expression

=17k i (u) <fin (M)
r (M)

In Figs. 3 and 4 the thick line indicates the calculated
relationship between field intensity and distance.

The calculated relationship between field intensity and the
distance conforms with the rounded curve for the maximum values
of intensity of the electric field which were obtained on the
basis of experimental measurements in these localities. The
agreement between calculated and experimental values is fairly
good. On the basis of the comparative results presented in
Figs. 3 and 4 we may conclude that the attenuation factor

could be decreased somewhat.

The fact, that a certain relationship prevails in the agree-
ment between the calculated and experimental values, is
supported by the fact that the agreement in the results was
better in Tartu. In Tartu the field is distributed more
evenly since in the vicinity of the Tartu television center
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the residential area consists of buildings of approximately the-
same height (1-2 stories and the topography of the region is
relatively flat).

Analysis of the experimental data obtained in the vicinity of
various television centers in the USSR has shown that at a
distance of 250-750 m the local population is exposed to radi-
ation which is equal to 1 V/m; these distances are indicated

in Figs. 1, 3 and 4 and the value for the level of intensity is
in accord with the maximum permissible level for ultrashort wave
radiation. :

This work requires further study in order to obtain unequivocal
agreement between experimental and calculated values, the
introduction of correctional coefficients, and the determina-
tion of the applicability of the formulas to various environ-
mental conditions (the type of construction, the height of the
building, the design, the constructional materials, as well as
the distance from the point of emission, the parameters of the
emitting antenna, and so on).
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Figure 1. Distribution of USW Fields in Cities Around Television Centers
According to 1969-1970 Measurements. 1) Saratov. 2) Vinnitsa,
3) Donetsk. 4) Tallin. 5) Tartu. 6) Vilnyus
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Figure 2. Build-Up Area in the Vicinity of the Tartu Relevision Center
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THE CLINIC, PATHOGENESIS, TREATMENT, AND OUTCOME  OF RADIOWAVE
SICKNESS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 43-48 '

/Article by M.N. Sadchikova and K.V. Glotova/

/Text/ The results of long years of clinical observations have

demonstrated that prolonged work under conditions of exposure
to SHF electromagnetic waves of significant intensities (up to
several mW/sq cm), may result in the development of an occupa-
tional disease -- the radiowave sickness. Three essential
syndromes of this disease have been identified: the asthenic
syndrome, the astheno-vegetative syndrome with wvascular dys-
function, and the hypothalamic syndrome. Studies on the mech-
anism of the neurovascular impairment have revealed the signi-
ficant role of the deep structures of brain, including the
hypothalamic regions. Essential principles have been formu-
lated to cover drug therapy, and late results of treatment.

Many studies are available in the literature which deal with
the biological effects of superhigh frequency electromagnetic
fields on the human and animal organisms.

The results of clinical studies conducted by a number of
authors /N.V. Tyagin, 1960, 1962, 1963, 1965, 1971; A.G. Panov
and N.V. Tyagin, 1966; N.V. Uspenskaya, 1961, 1963; Ye. V.
Gembitskiy, 1962, 1970; V.N. Gur'yev, 1962, 1963; I.R. Ramzen-
Evdokimov and V.A. Sorokin, 1970; E. Klimkova-Deutschova, 1957
1963; and others/, as well as our own observations, indicate
that prolonged work under conditions in which the individual
is exposed to SHF electromagnetic fields may lead to the
development of a disease entity, the clinical picture of which
is characterized by changes in the functional state of the
nervous and the cardiovascular systems.
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However, up to the present time, a number of questions dealipg
with the clinical aspects, pathogenesis, and treatment of this
disease have not been adegquately studied.

Studies which have been conducted over a period of many years
at the clinic of the Institute of Labor Hygiene and Occupa-
tional Diseases of the Academy of Medical Sciences USSR on a
large group of people who were employed in the radio industry,
have made it possible to elucidate the nature of the effects
of SHF electromagnetic fields of different intensities on the
states of the nervous, cardiovascular, neurohumoral, endocrine-
metabolic, and other systems, and have also made it possible
to investigate the sequence of clinical manifestations of this
disease, as well as to classify it and isolate an independent
nosologic disease entity -- the radiowave sickness.

These investigations have convinced us that a profound profess-
ional pathology arises frequently in people who have, for long
periods of time, been employed under conditions where they came
into contact with sources of SHF electromagnetic energy and
where the intensity of irradiation may attain several milli-
watts per square centimeter.

A decrease 1n the incidence of occupational pathology is
observed under. the effects of SHF electromagnetic fields of
low intensity which do not exceed a hundredth of a milliwatt
per square centimeter, and during exposure to more intense
radiation for short periods of time.

Simultaneously, vegetative vascular dysfunctions continue to
be detected which are related primarily to the increased
excitability of the sympathetic branch of the vegetative
nervous system.

Exposure to SHF electromagnetic fields of even smaller inten-
sity (from fractions to units of microwatt/square centimeter)
do not evoke changes in the state of health of the workers,
which could be connected to the exposure.

We have determined that in this professional pathology changes
in the central nervous system are of primary importance,
particularly in its vegetative branches, and in the cardio-
vascular system, which are characterized by a unique clinical
symptomatology with two forms of vegetative reactions which
are determined by dysfunction in the interaction between the
excitability of the sympathetic and the parasympathetic
branches of the central autonomic formations in the brain, and
the state of the cortical processes.
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On the basis of our own observations, and the data in the
literature, the clinical picture of radiowave sickness may
be represented by the following three syndromes.

The asthenic syndrome is encountered in the initial stages of
the disease. It seems to be largely based on "exhaustion” of
the central nervous system. The vegetative changes are totally
defined with dominance of vagotonia, arterial hypotension, and
bradycardia. On the whole, the syndrome has a favorable out-
come, and does not decrease the work capacity of the patients
for long periods of time.

The astheno-vegetative syndrome with vascular dysfunction is
the most frequently encountered entity, and is usually seen in
moderate and severe stages of the disease. The clinical pic-
ture of this syndrome is marked by more pronounced asthenic
phenomena and primary features attributed to vegetative dys-
functions which are related to elevated excitability of the
sympathetic branch of the vegetative nervous system, vascular
instability with hypertension, and vasospasms. The latter
factors frequently determine the severity of the disease.

At a given stage of the increasing pathological phenomena, the
hypothalamic syndrome (vegetative vascular form) arises, which
is characterized by the development of paroxysmal states in
the form of sympathoadrenal crises. The course of the astheno-
vegetative and the hypothalamic syndromes are protracted, and
frequently lead to decreased work capability.

In advance stages of the disease, with increasing asthenic
phenomena, emotional and vegetative vascular instability, and
particularly in cases characterized by paroxysmal states, a
clinical picture of ischemic heart disease develops, along with
hypertension, and sometimes changes in the dynamics of brain
circulation which sharply decrease the work capability of the
patients.

The fact that vasospastic phenomena are encountered in
moderate and advanced stages of the radiowave sickness has
been supported by instrumental investigations. Thus, the
results of rheographic investigations of cerebral hemodynamics
have demonstrated a decrease in pulse volume, and increased
tone of intra- and extracranial blood vessels which are
returned to the normal state by the nitroglycerin test. Mech-
anocardiographic data have indicated increased tone of muscular
vessels, and an increase in peripheral resistance.
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Electroencephalographic and certain biochemical studies are in
agreement with the clinical features of the radiowave disease
and its course. During initial stages of the disease the
patients may evidence desynchronization of the alpha activity,
a stability in the alpha rhythm, or desynchronization of the
alpha rhythm; in moderate and advanced stages of the disease,
bilateral synchronous discharges of the theta and delta waves
are evident, and sometimes diffuse slow waves are detected,
particularly under the influence of hyperventilation which
indicates that the subcortical structures are involved in the
pathological process.

Changes in the carbohydrate metabolism correlate well with the
tendencies in the vegetative reactions, particularly in the
changes of the sugar curves following glucose loading. Thus,
in the vegetative vascular changes resulting in vagotonia, we
encounter depressed curves, while in vegetative vascular dys-
functions which result in sympathetic tone along with sympa-
thoadrenal crises, we encounter so-called diabetic or double-
peaked sugar curves. Changes in the sugar curves may be re-
lated to impairment of the mechanisms responsible for the
regulation of homeostasis, and primarily this would involve
deficiencies in the hypothalamus - hypophysis-adrenal cortex
system. In order to evaluate the functional state of this
change we investigated the levels of certain mediators of
the nervous system, such as blood levels of histamine and
acetylcholine, urinary levels of epinephrine and norepine-
phrine, as well as the glucocorticoid function of the adrenal
glands.,

Blood levels of histamine in patients with radiowave

sickness are elevated. Changes in the concentration of acetyl-
choline are less pronounced; however, they are accompanied by
changes in the activity of cholinesterase,

In moderate and pronounced stages of the disease the ratio of
epinephrine and norepinephrine is decreased along with normal
parameters -- actual variations and mean values --for the
levels of catecholamines in 24 hour urine samples. In paroxy-
smal states a sharp variation is evident in the secretion of
adrenalin, and a definite rhythm in the excretion of norepine-
phrine characterized by increased secretion of norepinephrine
in the evening and at night, which points to dysfunction in
the mechanisms responsible for the regulation of the activity
of the sympathoadrenal system.

Results of investigations on the glucocorticoid function of
the adrenal glands -- conducted by S.P. Korenevskaya -- have
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pointed to definite changes in the levels and relationships

of cortisol, cortisone, and their tetrahydro derivatives.
Changes in the relationships between the levels of tetrahydro
derivatives of cortisol and cortisone, as well as between
cortisol and cortisone, indicate dysfunctions in the mechanisms
responsible for the transformation of cortisol into cortisone.

Subcutaneous administration of small doses of epinephrine (0.3
ml of 0.1% solution) elicits marked autonomic vascular reac-
tions in the patients, as well as more distinct changes in

the daily dynamics of catecholamine excretion, and impairment
in the glucocorticoid function of the adrenal glands.

Development of pronounced vegetative vascular reactions in
patients with radiowave sickness in response to the administra-
tion of small doses of epinephrine suggests significant
impairment in the vegetative formations of the brain. These
findings make it seem likely that the dysfunctions of the
functional state of the sympathoadrenal system and the gluco-
corticoid function of the adrenal glands in patients with
radiowave disease are the sequelae of primary lesions in the
deep structures of the brain which are responsible for the
central regulation of the neurohumoral and the neurohormonal
processes in the organism. The investigations which have been
conducted are in agreement with the clinical and electroenceph-
alographic findings on the involvement of the deep structures:
of the brain, including in part the hypothalamic structures.
Furthermore, dysfunction of the hypothalamic-hypophyseal-
adrenal cortical system which arises on the basis of neuras-
thenia may be highly important in the pathogenic mechanisms
responsible for the development of the clinical symptoms of the
radiowave sickness.

On the basis of the pathogenic mechanisms of radiowave disease,
treatment of the neurovascular dysfunctions should be conducted
with consideration of the etiology of the disease, the state

of the cortical function, and the predominant type of vegeta-
tive reaction which is involved in the development of a given
syndrome, as well as the general state of the patient, and
individual peculiarities., This has been covered in the publi-
cations of Ye. V. Gembitskiy /1970/.

Analysis of the results obtained with hospital treatment of
152 patients (129 men, 23 women, of relatively young age -
80% up to 40 years of age) helped elucidate the principles of
drug therapy of patients with various clinical syndromes of
the radiowave disease.
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Patients with asthenic syndrome should be treated with analep-
tic and sedative therapy (bromine preparations, leonorus,
valerian, hawthorn, korvalol /transliteration/) in combination
with stimulants (sodium arsenate, strychnine nitrate, securenin,
tincture of ginsen root, pankrotin /transliteration/, and
others). When vagotonia predominates the vegetative vascular
dysfunction, treatment should be instituted with cholinolytic
drugs (atropine, amizil /transliteration/) as well as prepara-
tions with combined effects (belloyd, bellaspon /both trans-
literations/), and small doses of subcutaneous insulin followed
by intravenous glucose infusion.

Therapy should include therapeutic gymnastics, massage, hydro-
therapy (cold baths, circulating shower baths) as well as
psychotherapeutic talks.

In the case of patients with astheno-vegetative syndrome and
hypothalamic syndrome, and which also evidence marked vegeta-
tive vascular dysfunction and sympathoadrenal crises, they
should, in addition to analeptic and sedative therapy, receive
weak tranquilizers (seduksen, elenium, trioksazin /all trans-
literations/) and antihistamines (dimedrol, pipol'fen, supra-
stin /all transliterations/) which potentiate their actions as
well as vasodilators. O0f the large arsenal of modern vasodi-
lators, preference should be given to magnesium sulfate which
also possesses sedative qualities in combination with reserpine
which is a weak tranquilizer, and hypotensive ganglionic block-
ing agent. In the presence of persistent hypertension, agents
must be included which act directly on the vascular wall
(papaverine, eufillin /transliterated/, no-shpa /translitera-
tion]). Patients with coronary insufficiency should receive
preparations which improve coronary circulation and myocardial
metabolism (validol, nitroglycerin, intensain, panangin,
izoptin /all transliterations/) as well as analgesics (inject-
ions of anal'gin /transliteration/).

Excellent therapeutic effects are obtained by injections of
ATP, vitamins of group B, glutamic acid, oxygen therapy which
improve the metabolism of amines and oxidative processes in
the organism,

In view of the elevated reactivity of the patients, the
selection of the appropriate therapeutic agents and doses
requires a highly individualized approach. Particular care
must be exercised in assigning drugs with narcotic action.

In cases of sympathoadrenal crises, sympatholytic drugs
(small doses of chlorpromazine or propazin /%ransliteration/)
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are recommended in combination with injections of vasodilators
and analgesics.

The effectiveness of treatment is determined not only by the
use of the proper drugs but also by the duration of the course
of treatment, and the appropriate type of job placement.

Superior therapeutic results are obtained in patients with
the asthenic syndrome in whom clinical improvement appears in
two to three weeks. Following discharge from the hospital,
54 patients (out of 61) with the asthenic syndrome returned to
‘their previous work; 7 were assigned to other types of jobs.

It was more difficult to achieve therapeutic effects in patients
with astheno-vegetative and hypothalamic syndromes. Following
a three- to six-week period of treatment, 35 of the 80 patients
with the astheno-vegetative syndrome returned for their pre-
vious work and 7 were assigned to different types of work. 1In
the case of 28 patients with the astheno-vegetative syndrome,
and 2 patients with the hypothalamic syndromes, temporary
releasefrom work had to be obtained for occupational reasons for
periods of 1 to 2 months; simultaneously, these
patients underwent further treatment under ambulatory condi-
tions or at sanitoria or health resorts. Eleven patients with
the astheno-vegetative syndrome, and eight patients with the
hypothalamic syndrome, were classified as Group III occupa-
tional invalids.

Further studies were conducted on a group of 100 patients.

The periods of observation lasted from one to ten years, but
in the majority of cases the observations were conducted for
three to six years. At the time of the last examination most
of the patients were between from 40 to 45 years of age.

The results of the investigations showed that despite repeated
courses of treatment, temporary relief from irradiation, the
course of the disease became progressively more severe as the
patients returned to their previous conditions of work, and
this was particularly evident in patients with astheno-vegeta-
tive and hypothalamic syndromes (Table 1, group A). Paroxy-
smal states are frequently noted in such patients, and in
advance cases hypertension and ischemic heart disease appear.
The work capacity of such individuals becomes limited, and in
consequence, they were either classified as Group III, or even
Group II occupational invalids, or else they were assigned to
different tasks without an adverse change in their classifi-
cation rating.
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At the same time, cessation of work under conditions of irra-
diation, results essentially in the stabilization of the
process (Table 1, group B).

Therefore, the results of our long-term followup indicate that
in moderate and severe forms of the disease, which are char-
acterized by the development of the astheno-vegetative and the
hypothalamic syndromes, work under conditions of exposure to
irradiation should be terminated.

Individuals with initial forms of the disease may return to
previous condtions of work under the condition that they be
carefully followed and periodically undergo repeated courses
of treatment.

Timely job placement of the patients, along with therapeutic
and prophylactic measures, create conditions which lead to
improvement in the state of health and prolong the work acti-
vity of patients with radiowave sickness. =
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Table 1.

Results of Dynamic Studies on Radiowave Sickness Patients With

Continuous Exposure to Radiation at Work (Group A) and after
Termination of Exposure (Group B)
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STATE OF THE BLOOD SYSTEM UNDER THE INFLUENCE OF SHF FIELDS OF
VARTOUS INTENSITIES AND TN RADIOWAVE SICKNESS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADTOCHASTOT in Russian 1973 pp 49-54

/Article by V.V. Sokolov, I.A. Gribova, N.A. Chulina, M.N.
Gorizontova, and M.N. Sadchikova/ ' y

/Text/ A sequence of changes was noted in the blood system
under the influence of high intensity SHF electromagnetic
fields which initially consisted of stimulation and subsequent
- prolonged cytopenia which was directly related to the intensity
of radiation. Changes in bone marrow hemopoiesis had the
distinct character of intense compensatory regeneration.

At the present time a significant number of experimental and
clinical investigations have accumulated which show that the
blood system does not remain indifferent to the effects of SHF
electromagnetic fields. Studies of professional groups demon-
strated a variety of changes in the blood picture: stimulation
of hemopoiesis with leukocytosis /L.M. Kapitanenko, 1964; V.N.
Gur'yev, 1967, and otherq/, increased levels of erythrocytes,
hemoglobin, and reticulocytes /N.V. Uspenskaya, 195%/, as well
as cytopenic reactions which frequently consisted of leuko-
penia /F.A. Gromov, 1966; M.P. Troyanskiy, et al., 1967; V.D.
Maslennikov, 1969; and others/, and less frequently, of throm-
bocytopenia /N.V. Tyagin, 1968; S.S. Rogusskiy, 0.A. Ulitskiy,
and B.N. Bartsevich, 1970; and others/, and erythrocytopenka
/V.V. Sokolov, and N.A. Chulina, 1964/. The development of
relative lymphocytosis, monocytosis, and eosinophilia, have
also been described /F.A. Gromov, 1966; Ye. V. Gembitskiy,
1966; P.N. Fafanov, 1968; Hines and Randall, 1952; Barron,
Love, and Barraff, 1956; Haduch, 1960; Jranyi, 1960; and oth-
ers/. Qualitative changes in the blood cells were evident in
metabolic impairment /I.V. Zakharov, 1967, 1968; A. Ya.
Kholodnyy, et al., 1968; I.S. Dronov, 1968; and otherg/, and
in the phagocytic activity of leukocytes /A.I. Ivanov, and
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B.A. Chukhlovin, 1968; Ye. I. Smurova, 1967; and others/, as
well as in the decrease of osmotic and acid resistance of
erythrocytes [S.V. Balakireva, et al., 1969; and otherg].
Bone marrow samples obtained by puncture revealed moderate
activation of the erythroid [F.D. Zhuk, 19627, granulocytic
/Ye. V. Gembitskiy, et al., 1968, 1969/, or both series /N.V.
Uspenskaya, 1963/, along with a more limited response on the
part of the reticular plasmacytic series.

The variety of hematologic reactions in persons who are exposed
to the same factor, and the tendencies evident in these reac-
tions which in one case may reflect stimulation of hemopoiesis,
and in another case lead to the development of a cytopenic reac-
tion, lead to the conclusion that certain phases exist in the
changes of the blood, and that the data must be analyzed in
terms of the intensity of the radiowaves, as well as the dura-
tion os exposure, and the nature of the general clinical mani-
festations.

Investigations were conducted on 131 persons (115 men, 16
females) with various forms of the radiowave sickness. The
asthenic syndrome and manifestations of vegetative vascular
dysfunction with predominance of vagotonia, was evident in 47
patients. 1In 84 cases, the astheno-vegetative syndrome was
diagnosed with the sympathetic tone type of vegetative vascu-
lar dysfunction. In eight of these patients the vegetative
vascular form of the hypothalamic syndrome was evident with
sympathoadrenal crises. Most of the patients were 40 years
old or less. The duration of employment ranged from five to
ten years or more. In past years the intensity of the electro-
magnetic fields was significant and reached several mW/sq cm,
Blood studies on patients with radiowave sickness shoved a
significant decrease in the concentration of thrombocytes and
leukocytes (due to neutropenia with relative lymphocytosis;
Table 1). Thus, the number of leukocytes in the patients
under investigation was, on the average, 5599 + 89 and 6600 ¢
73 in the controls which consisted of 800 clinically healthy
people, and the mean number of thrombocytes was decreased to
221700 £+ 4120 (248000 + 1920 in the controls). However, in
the presence of the general tendency for a decrease in the
number of leukocytes and thrombocytes, cases with marked
leukopenia and thrombocytopenia were not encountered among
the patients with the radiowave disease. In only individual
cases was the leukocyte count less than 4000 per mliter, while
the level of thrombocytes did not fall lower than 150000 per
pliter. The erythrocyte counts and hemoglobin levels were
normal. In addition, there was a tendency toward reticulo-
cytosis (up to 16 to 17%). Cytometric studies on erythrocytes
conducted on 35 patients with radiowave disease, showed a
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decrease in the average diameter of the erythrocytes, and an
increase in their thickness, while the volume of the cells
remained unchanged; this indicated a tendency toward sphero-
cytosis on the part of the erythrocytes. It is known that an
increase in the spherical nature of erythrocytes decreases
their osmotic stablility. Acid erythrograms were employed to
obtain the distribution of the erythrocytes in terms of their
age and stability. Investigations conducted on 41 patients
showed shifts both toward a decrease, as well as an increase,
in the acid stability of erythrocytes. The latter indicated
that there was an increased input of young, more stable, ery-
throcytes into the blood stream, and this was in good agree-
ment with the presence of reticulocytosis.

Cytochemical investigations on leukocytes obtained from 20
patients showed metabolic changes which were reflected in
their relationships between neutrophils which contained alka-
line and acid phosphatases, toward a predominance of the
latter type of neutrophils. There was also an increase in the
number of lymphocytes which reacted positively in the acid
phosphatase test. '

Studies were conducted on bone marrow hemopoiesis in patients
with radiowave disease; the changes which were observed were
characterized by an increase in the number of erythronormo-
blasts primarily on account of the polychromatophilic cells.
While the normal value for the number of erythroid elements
was 20.53 t 0.378 in the investigated patients, this value
approached a mean of 24,7 + 1.59 (P < 0.05), and in individual
subjects, it had even increased to 35.41%.

On the other hand, the number of neutrophilic cells was
decreased (52.92 + 1.96 with 60.82 + 0.51 for the normal
value) due to the number of mature segmentonuclear forms, the
number of which, in a number of cases, decreased to 9-11%.
Lymphocyte counts were frequently elevated. Determination of
cells which were in a state of mitosis showed that in patients
with radiowave disease, there was a tendency for cells in a
state of division to increase., While in the controls 5.42 +
0.40 cells out of a thousand nucleated cells were dividing, in
the investigated individuals, the number of mitoses was
increased to 7.67 + 0.59 (P < 0.05). Furthermore, the increase
in proliferation occurred largely on account of the more
intense division of the cells of the erythroid series (24.5 +
2,86 with 21.25 + 1.34 for the controls), while division of
the granulocytes changes to only a small extent.
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Cytogenetic investigations of the dividing cells in the bone
marrow did not show an increase in the number of aberrant
mitoses in comparison with the controls. Only an increase in
the number of aneuploid cells was detected. They were
encountered two to three times as frequently as in the controls
and were largely represented by hypoploid forms.

The data Jjust presented support a contention that SHF fields
exert an effect on the blood system, and that both gquantitative
and qualitative changes are encountered in the blood cells.
However, even in the presence of clinical symptomatology of

the radiowave disease, these changes are not great and do not
appear in all cases of the disease. Once they arise they do
not show a tendency to progress. The blood pictures were
identical (Table 1) both in the light forms of the disease
(asthenic syndrome with vegetative vascular changes of the
vagotonia type -- subgroup I) as well as in the clinically

more severe forms of the radiowave sickness (astheno-vegetative
syndrome with sympathetic tone type of vegetative vascular
dysfunction, and the hypothalamic syndrome -- subgroup II).

Dynamic studies conducted on 40 patients which were first
studied at the time the diagnosis was made, and two to six
years after their work was terminated under conditions where
they were exposed to electromagnetic irradiation, demonstrated
that the hematologic changes in radiowave sickness are rever-
sible. Cessation of exposure to SHF led, in the vast majority
of patients, to a progressive normalization of hemopoiesis.

In addition, the structure and chromosomal composition of
cultured lymphocytes obtained from the blood was conducted on
patients that had sustained radiowave disease, and had not
been working in conditions in which they were exposed to elec-
tromagnetic fields for two to four years (Table 2). Analysis
of the metaphasic plates did not reveal changes either in the
number of aberrant cells, nor in the number of chromosomal
aberrations per 100 cells. However, there was a difference

in the relationship between the number of chromatid aberrations,
and chromosomal aberrations. In the group which we investi-
gated, there was a relative increase in the number of aberra-
tions of the chromosomal type, i.e. paired fragments and
chromosomal exchanges and the relationshiﬁ.between the chro-
matoid and chromosomal aberrations was 0.4:1, with 1.1:1 in
the control.

As was the case in studies on the metaphasic plates, bone

marrow cells showed an increased number of aneuploid cells
which was primarily due to hypoploid cells with 44-45 chromo-
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somes and less. The average number of aneuploid cells in the
experimental group was 10.5%, and in the control group, it
was 5.8% (P < 0.05).

Cytogenetic changes which were detected in persons with radio-
wave sickness after a fairly long period of time after work
was terminated, are non-specific in nature, but still indicate
qualitative deficiencies in the blood cells at this period of
time.

Special attention must be accorded to the sequence of changes
which occur in the blood system under the influence of SHF
fields, and on the effects of duration and intensity of
radiation. It is self-evident that the primary reaction of
the blood system to exposure to relatively high intensities

of SHF electromagnetic fields, consists of stimulation of hemo-
poiesis with the development of moderate leukocytosis, ery-
throcytosis, and reticulocytosis. This type of reaction was
encountered in past years when the intensity of radiation at
the different locations was fairly high, and the duration of
exposure may have lasted for several years [N.V. Uspenskaya,
1659; and otherq]. We encountered the stimulatory effects
with leukocytosis in workers that had been exposed for short
periods of time to electromagnetic fields with intensities of
several mW/sq cm /V.V. Sokolova and M.N. Ariyevich, 1950/.

Ye. V. Gembitskiy /1969/ and others, also regard leukocytosis
as a primary response to SHF. Subsequently, with the increase
in duration of exposure and the developments of symptoms of
the radiowave sickness, the stimulatory response is replaced
by cytopenic reactions which most frequently consist of leuko-
penia and thrombocytopenia.

We investigated the effects of the intensity of the electro-
magnetic fields of the nature of the hematological changes at
one of the enterprises of the radio industry where, as a

result of the public health measures which were taken, a sharp
decrease in the intensity of radiation occurred beginning with
1960. The first group consisted of 60 subjects who worked
there until 1960 when the intensity of the electromagnetic
fields approached several mW/sq cm. The second group (65
subjects) consisted of individuals who commenced work after
1960 when the intensity of radiation as a rule did not exceed
hundredths of mW/sq cm, and short term exposures to more
intense radiation occurred only sporadically. The groups
differed little in terms of sex, age, and the type of work
they performed. The length of service of every individual

was approximately ten years. Results of our studies demon-
strated significant differences in the hematological indices of
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those two groups (Table 3). The subjects that had been
exposed to high iIntensity SHF for long periods of time, evi-
denced marked cytopenic reaction with a decrease in the levels
of leukocytes, thrombocytes, as well as erythrocytes. Pro-
longed exposure to low intensity radio waves elicited only a
limited decrease in the number of thrombocytes and the hemo-
globin concentration as well as a tendency toward erythro-
cytopenia.

In summarizing the results of our investigations, we may state
that the blood system responds to exposure to SHF electromag-
netic fields. The nature of the changes to a large extent
depends on the intensity and duration of the exposure to the
radiowaves; however, even in the presence of symptomatology
indicative of radiowave sickness, the hematological changes

are not extensive, and do not appear in all cases, and further-
more, do not evidence a marked tendency to progress. Termina-
tion of contact with SHF leads to gradual normalization of
hemopoiesis. Our experience, as well as the data in the lite-
rature, indicate that there is no reason to believe that hypo-
plastic changes and leukoses may arise as a result of exposure
to electromagnetic fields of the radiofrequency range which

was being considered. These data indicate that electromagnetic
fields of intensities which do not elicit a thermal effect, do
not directly act on the processes of cellular proliferation.

As a result of the changes induced in the nervous system by
these factors, changes occur in the regulation of the neuro-
vascular and humoral systems, including the blood system . As
a consequence of this cellular metabolism is altered. Degene-
rative changes accelerate the death of cells. Evidence for
qualitative deficiencies in the blood of the patients is
indicated by the tendency toward sporulation of the erythro-
cytes, indications of metabolic changes in leukocytes, as

well as the increase in the number of hypoploid cells.

Changes which are evident in the bone marrow may apparently
be regarded as a compensatory reaction of intensified regene-
ration. A direct and specific effect of SHF fields on the
blood cells themselves cannot be excluded, however, at the
present time, this gquestion remains open, and shall be the
subject of further studies.
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Teble 1. Peripheral Blood Indices in Radiowave Sickness
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Erythrocytes, millions

Hemoglobin, gm%

C+lor index

Reticulocytes, %

Thrombocytes, thousands
, mm/hr

Leukocytes, thousands

Control (800 persons)
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Table 1. Continued

Key: 12. Subgroup II (84 persons)
13. Leukocyte formula, %
14. Continued
15. Basophils
16, Eosinophils
17. Stabnuclears
18. Segementonuclears
19. Lymphocytes
20. Monocytes
21. Reference group (131 persons)
22. Annotation. In each table the asterisk (#) denotes differences
approaching statistical significance (P < 0.05)

Table 2. Cytogenetic Indices in Cultured Lymphocytes of Individuals
Had Sustained Radiowave Sickness

(1) gga 2s5
Haurenonanue o= v 2
Koutpons (30 sen., (2) (9)
(7) 6000 meradpas) . | 1,25 1,35
Ocugoirans  rpyena
(8) (12 wea., 1200
Metadaa) . . 1,33 1,42 0,42 1,0 04:10° 105*
Key: 1. Group designation
2. Number of aberrant cells, %
3, Number of chromatid--type aberrations/100 cells
L. Number of chromosomal-type aberrations/100 cells
5. Ratio of chromatid to chromosomal aberrations
6. Number of aneuploid cells, %
7. Control (30 persons, 6000 metaphases) ,
8. Reference group (12 persons, 1200 metaphases
9. Number of aberrations/100 cells
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Table 3. Peripheral Blood Indices in Groups Exposed to SHF Fields of
Various Intensities
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Key: . Group 15. Stabnuclear
. Erythrocytes, millions 16. Segmentonuclear
. Hemoglobin, gm/% 17. Lymphocytes
. Color Index 18. Monocytes

Reticulocytes, %
Thrombocytes, thousands
ESR, mm/hr

Leukocytes, thousands
Control, 800 persons
10. Group I, 60 persons

11. Group II, 65 persons
12. Continuation

13. Basophils

14. Eosinophils
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UDC 613.62:/614.87:537.868,029.64/

GLUCOCORTICOID FUNCTION OF THE ADRENALS IN RADIOWAVE SICKNESS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 55-57

/Article by V.N. Dumkin and S.P. Korenevskaya/

-Studies are conducted on corticosteroid excretion in patients
with moderate and pronounced manifestations of radiowave
sickness by means of their fractionation from urinary extracts
by silica gel thin-layer chromatography (TLC). Changes in
glucocorticoid metabolism in patients with radiowave sickness
are related to damage of the deep structures of the brain
which are responsible for regulating the activity of the
hypophysis-adrenal cortex system.

It has been recognized that prolonged employment under condi-
tions of intense exposure to SHF radiowaves may lead to the
development of a disease which is characterized by a complex
of neurological, neurocirculatory, vegetative, and endocrine
metabolic dysfunctions /E.A. Drogochina and M.N. Sadchikova,
1964; N.V. Tyagin, 1971; and others/.

Detailed biochemical investigations conducted at our clinic on
patients with radiowave disease have demonstrated a number of

dysfunctions whizh are obviously the results of changes in the
functional state of the mesodiencephalic regions of the brain

/I.V. Pavlova, et al., 1970/.

These data are in agreement with the results of clinical stu-
dies of E.A. Drogochina and M.N. Sadchikova /1964/, as well as
with the investigations of M.S. Tolgskaya and Z.V. Gordon
/1971/ who demonstrated significant changes in the cells of the
hypothalamic-hypophysial region in animals that had been ex-
posed for long periods of time to the effects of SHF radiowaves.
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The present study was conducted to define more precisely the
metabolism of glucocorticoid hormones of the adrenal glands,
and also the state of the central mechanisms of homeostatic
regulation, and the formations which activate the hypophysis-
adrenal cortex system in patients with radiowave sickness.

Clinical observations were conducted of 20 patients who at
work, especially during the first few years, were subjected to
significant intensities of BHF electromagnetic fields in the
centimeter range; the patients were from 33-46 years old, and
their duration of service ranged from 10-20 years.

The clinical picture of the subjects under investigation was
characterized by a complex variety of vegetative vascular
dysfunctions and presence of crises, cerebral or coronary
vascular insufficiencies, pronounced emotional ability, and
asthenic manifestations. Depending on the severity and per-
sistence of these manifestations, the forms of the radiowave
disease were classified as moderate or pronounced (M.N.
Sadchikova).

In the present study, we separated hydrocortisone (F), corti-
sone (E), their tetrahydro derivatives (THF, THE), and tetra-
hydro-17-hydroxy-11-deoxycorticosterone (THS) from urinary
extracts by means of silica gel TLC /0. Adamec, et al., 1962/.
Control data were obtained on 10 clinically healthy individuals
between the ages of 30 and 45 years. The control data obtained
in our investigations did not differ significantly from the
data in the literature /K.V. Kruzhinina, 1968; and others/.

The average results for the background excretion of cortico-
steroids (mg/day) in the controls and in the patients (I), as
well as the excretion in patients on the day of the adrenaline
test (II), are presented in Table 1.

It is evident from Table 1 that the levels of these hormones
have undergone significant changes including a decrease in the
total hormone excretion 3I(P < 0.01) as well as a decrease in
tetrahydrocortisone (P < 0.01), and cortisone (P < 0.02) with
an insignificant increase in the THS fraction (P < 0.01).
Changes in the average value for the F/E ratio indicate dis-
turbances in the mechanism responsible for the transformation
of cortisol into cortisone in the patients of this group.

Administration of small doses of adrenalin to healthy people
does not result in a significant clinical reaction or activa-
tion of the hypophysis-adrenal cortex system which is due to
the patency of the central mechanisms responsible for regulating
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homeostasis. Administration of small doses of adrenalin to
patients with hypothalamic lesions leads to the development of
vegetative vascular crises and changes in the excretion of
corticosteroids /G.L. Shreyberg, 1962/. 1In the majority of
our patients, the subcutaneous administration of 0.3 mls of
0.1% solution of adrenaline hydrochloride resulted in the deve-
lopment of marked vegetative vascular reactions or crises,
usually of the mixed type.

As is evident in Table 1, administration of adrenalin to the
patients resulted in statistically significant (P < 0.01)increase in X
and to some extent, an increase in THF, which indicates activa-

tion of the hypophysis adrenal-cortex system. However, changes

in the levels of the THS, F and E fractions, as well as the

F/E ratio, became even more pronounced. This obviously repre-

sents persistence of abnormalities in patients with the radio-

wave sickness, as well as alteration in the transformation of
cortisol into cortisone. '

It should be mentioned that similar changes in the glucocorti-
coid function of the adrenal glands have been detected by us

in patients with toxic diencephalopathies in chronic intoxica-
tion with neurotropic poisons. These considerations led us to
the conclusion that the changes in the glucocorticold function
of adrenal glands which we detected in patients with pronounced
form of radiowave disease are sequelae of original lesions in
the deep structures of the brain which are responsible for the
central regulation of corticosteroid synthesis and metabolism.

The resultant data also suggest that the dysfunction in the
hypothalamus hypophysis-adrenal cortex system, which appear at
a certain stage of development of the pathologic process, may
have a pathogenic significance and play a definite role in the
formation of the ¢linical syndrome of radiowave sickness. This
provides a basis for designing certain rational approaches in
therapy. »

Table 1.

THF THE THS F E F

Control 0.53+0,7 (2,0:+0.14 (0,01=£0,005/0.21.0,02 0,31%0,05,13,42::0,18 | 0,67

I 0.61:£0.08 11,96::0,26 [0.07+0,01 [0,254:0,06 [0,164:0,03 |307+0,33 | 16

Il 0.75::0,09 2,00:0,23 [0,08£0,02 0,37::0,08 [0,14:0,02 (3.3340,037] 2.6
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UDC 614.87:537.868.029.64

ELECTROGRAPHIC DATA ON THE EFFECTS OF VERY WEAK MICROWAVES AT
THE LEVEL OF THE MNIDBRAIN RETICULAR FORMATION-HYPOTHALAMUS-
CEREBRAL CORTEX LEVEL

Moscow O BIOLOGIGHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 58-65

[Article by M.S. Bychkov and I.S. Dronov |

Acute experiments on rabbits exposed to low intensities (up

to 100 pW/sq cm) microwaves yielded data on parallel changes
in the background electrical activity of the cerebral cortex,
the reticular formation (RF) of the brain stem, and in the
posterior hypothalamus, which were characteristic of certain
intersystemic changes in the brain, and indicated the important
role of the subcortical-brain stem structures in the mechanism
by which the microwaves elicit their biological effects in the
CNS. Separate long-term experiments were conducted on the
interaction between the anterior and the posterior regions of
the hypothalamus,- which is characterized by a phasic develop-
ment of the response to microwaves.

Until recent times, the problem of the importance of the
subcortical-brain stem structures, and particularly of the
brain stem RF, and the hypothalamus, and the mechanism of
action of microwaves on CNS at low (on the order of one mW/

sq cm) and, of even greater significance, very low intensities
(up to 100 pW/sq cm) -- that is to say, when non-thermal condi-
tions of irradiation were employed -- have been virtually un-
studied in electrographic experiments.

In the present article, two types of data are presented on the
effects of very weak microwaves: data on parallel recording of
the background activity of the cortex of the cerebral hemis-
pheres, brain stem RF, and of the posterior hypothalamus
obtained in acute experiments on rabbits, and electrographic
data on changes in the anterior and posterior hypothalamus,
which were obtained on rabbits in chronic experiments,
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Experiments on parallel recordings of the biopotentials of

the cortex, the mesencephalic RF, and the posterior hypothala--
mus were conducted on 24 animals with a powerflux density

(PFD) of 100 pW/sq cm, and a 30 minute duration of exposure.

A general summary of the results obtained at the end of the
exposure, with respect to each of the investigated structures
of the brain, is presented in a comparable manner with respect
to the frequency of the given reaction in the diagrams of
Figure 1.

Of primary interest here is the predominance of the reaction

of deactivation, which is distributed among the investigated
structures of the brain in the following manner: the deactiva-
tion reaction clearly predominates over other effects (in the
present case, activation) in the posterior hypothalamus (in

18 rabbits against 6),was found to be the predominant form

of reaction in the cortex (in 14 rabbits out of the 24 rabbits),
and finally, was encountered very frequently, but did not
predominate over the other effects in the brain 'stem RF
(deactivation was found to occur in 12 out of the 24 rabbits).

If we relate deactivation only to activation, then the domi-
nance of deactivation in the cortex and the posterior hypo-
thalamus becomes even more significant. However, in the brain
stem RF the predominance of the deactivation reaction over the
activation reaction is insignificant.

Consequently, in distinction to the data obtained with respect
to the cortex of the cerebral hemispheres and the hypothalamus,
one cannot speak about a predominance of the deactivation
reaction in the brain stem RF -- in the latter case, the inci-
dence of activation and deactivation was approximately equal.

The maximum number of noticeable reactions (irregardless of
the trend) was detected in the hypothalamus -- 100%. The
absence of significant changes ("null"” effect) is encountered
in the cortex and the RF in approximately equal number of
cases (in respectively 4 and 3 rabbits out of the total number
of 24 rabbits).

Equal number of rabbits showed activation in the cortex and
the hypothalamus; this number was significantly smaller than
the number of rabbits showing deactivation in these structures.
At the same time, activation in the mid-brain RF was encount-
ered much less frequently than in the cortex and the hypo-
thalamus.
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Above represented data which characterized the relationship

in the various alterations in the structures of the brain from
the point of view of the frequency of the appearance of a given
effect in that formation. In addition -- and perhaps of even
greater importance -- it is of interest to determine the dis-
tribution of these changes in the structures under consideration
in every individual rabbit.

Among the 24 rabbits we found 5 variants (I-V) of combinations
of these changes which arose in the cortex of the cerebral
hemispheres, the posterior hypothalamus, and the brain stem RF.
These variants (syndromes) are presented in the diagrams in
Figure 2, where comparisons are made of the frequencies with
which each variant was observed.

By neglecting syndromes IV and V, which occurred very infre-
quently (variant IV occurred in two cases, and variant V in

one case out of a total of 24 rabbits) we can turn our attent-
ion to discussing the first three variants, and the conclusions
which can be based on them. [This portion of the Russian text
contains typographical errors -- translator .

First, variant I, which consists of a generalized deactivation
reaction, shows clear dominance in all three of the investi-
gated structures, while variant II (generalized activation),
and variant III (absence of an effect in the cortex, deactiva-
tion in the hypothalamus, and activation in the RF, are
encountered in an approximately equal number of cases. [ This
porti%n of the Russian text has typographic errors -- trans-
lator |.

Second, generalized reactions show great predominance, i.e.
unequivocal changes are present in the functional state of the
brain structures under discussion (variants I and II together
encompass 1?7 of the animals, that is, the majority of the ani-
mals that were studied). ‘

Three, an effect in the cortex is always observed when the
changes in the functional states of the hypothalamus and the

RF (variants I and II) are identical; it is absent in those
cases in which the responses in the hypothalamus and the RF

are of contrasting nature (variant IIyg. and, in addition, in
each of those four cases, the interrelationships were identical:
activation in the RF, and deactivation in the hypothalamus.

Variant III does not occur very often, but in our view it is
of great interest -- particularly in relation to variants I
and IT -- since here we deal with four experiments which

yleld uniform results, thereby indicating that a SHF field may
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elicit not only identical, but also contrasting changes in the
hypothalamus and the brain stem RF, and in this situation it
appears as i1f though a mutual neutralization takes place of

the effects of these subcortical structures exert on the cortex.

It is characteristic that not a single one of the other var-
iants which is presented in Figure 2, contradicts variant III;
variant III accounts for all those cases in which a null

effect is evident in the cortex, and for all those cases in
which the hypothalamus and the RF evidence contrasting changes.

Taking into consideration all of the five variants of the over-
all effect of the SHF field, it becomes evident that there are
distinct, direct functional correlations between the changes in
the cortex and the hypothalamus: inhibition in the cortex is
correlated with inhibition in the hypothalamus and excitation
in the cortex is in direct correlation with excitation in the
hypothalamus, Naturally this suggests that the hypothalamus
may have an important role to play in the development of the
response of the cortex or the cerebral hemispheres to the
field.

We may add another consideration to this. The inhibitory
correlation between the cortex and the hypothalamus, is en-
countered only in the inhibitory (variant I) or "null" effect
in the RF (variant IV), while an “excitational" type of
correlation between the cortex and the hypothalamus occurs
only in cases of stimulation (variant II), or, again, in the
case of a "null" effect in the RF (variant V); furthermore,
both type of correlations in the overwhelming majority of
cases were encountered in situations in which there was a
definite response and not a "null” effect in the RF. This
suggests that under the influence of a SHF field, the effects
of the hypothalamus on the cortex are either mediated by the
reticular formation of the mid-brain (all the more so since
the hypothalamus contains reticular structures), or that a
parallel influence is exerted on the cortex by the RF; it is
most likely, however, that both of these mechanisms interact.

If, however, antagonistic interactions come into play between
the hypothalamus and the RF, then, as noted earlier (variant
III), the effect of the SHF field on the cortex is blocked.

In this manner the significance of the RF in the mechanism of
action of the sHF field on the CNS became quite evident.
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In comparing the data which referred to the hypothalamus and
the RF, we may come to the conclusion that binding correlatlons
between changes in these two structures are absent, although
there is a tendency for identical changes, particularly when
they are inhibitory. In connection with this, we would like to
point out that we did not encounter a single case in which
stimulation of the posterior hypothalamus was combined with
inhibition in the RF.

Finally, another consideration which is worthy of note, con-
sists of the fact that in excitation of RF (and this occurred
rather frequently -- in nine out of twenty four rabbits), the
cortex showed other excitation or a null effect (variant I and
II), and never an inhibitory effect, i.e. an effect which was
usually typical and strongly expressed in this formation.

Analysis of the electrograms during different stages of expo-
sure showed that the responses in many cases were character-
ized by a definite evolution of the response. The first
changes are noted in the cortex; they occur very early, by the
fifth to the tenth minute of irradiation. As a rule they con-
sist of deactivation from the very beginning, even in those
rabbits in which the final effect in the cortex is represented
either by activation or appears as a null effect. In subse-
quent stages, these changes in the cortex are usually expressed
either by progressive aggravation of the initial deactivation
effect, or, on the contrary, by activation up to (variant III)
or above (variant II), the starting level.

Changes in the hypothalamus and the mid-brain RF occur simul-
taneously (or almost simultaneously) during the tenth to the
fifteenth minute of exposure to the SHF field, or even later.
Usually those rabbits who in the final analysis show a gene-
ralized deactivation reaction (variant I) the initial changes
in the RF consist of activation, and only with the duration
of further radiation, this state is replaced by deactivation,
The initial effects which are noted on the hygxthalogram may
either appear as activation or as deactivation, and later
these initial features are either retained or are replaced by
the opposite process.

Characteristically, development of activation in either one

of the subcortical structures, or in both of these structures
simultaneously, was correlated with attenuation of the primary
deactivation reaction in the cortex of the cerebral hemispheres,
and as deactivation in these subcortical structures developed,
particularly in the hypothalamus, deactivation in the cortex
was enhanced. ‘
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Figure 3 contains an electrogram from an experiment in which
the most frequent effect in response to the SHF field was
obtained -- a generalized reaction of deactivation (variant I).

The resultant show, on the one hand, the primary deactivation
of the cortex in response to SHF fields, and on the other hand,
the subsequent effects on this response from the hypothalamus
and the mid-brain RF, whose interaction in influencing the
mechanism of response of the cortex to the SHF may take various
forms, and may lead in the final analysis, either to enhance-
ment of the primary effect of SHF field on the cortex, to a
restitution of the initial level of the functional state of

the cortex, or finally may lead to generalized activation of
the cortex.

Now let us consider data which describe changes in the diffe-
rent regions of the hypothalamus in chronic experiments.

Studies on rabbits show the distinct changes in the hypothala-
mus on exposure to a PFD of 50 pW/sq cm, which were particular-
ly pronounced during the initial periods of the daily exposure.

Figure 4 represents the most characteristic response obtained
which consisted of a generalized deactivation in the hypo-
thalamus following a week of irradiation. However, contrasting
alterations may be noted in the anterior and the posterior
hypothalamus (Figure 5 demonstrates deactivation in the
posterior regions of the hypothalamus in the presence of acti-
vation in the anterior regions).

The relationship of the temporary spatial changes in the
anterior and the posterior hypothalamus indicate that the
latter region is much more susceptible to the effects of radia-
tion. This is evident by the earlier appearance of changes,
or the greater degree of the response in the posterior hypo-
thalamus (Figure E, and especially Figure 6, where distinct
deactivation is parent in the posterior hypothalamus with a
very insignifica?\‘ analogous change in the anterior hypothala-
mus after the second week of irradiation; the generalized
response here is relative, and the primary unit responsible
for the systemic reaction appears to be the posterior hypo-
thalamus).

These effects suggest that the posterior hypothalamus is of
primary importance in the integrated effect of microwaves at
the diencephalic level, and this includes the possible effects
of the posterior hypothalamus on the anterior hypothalamus.
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Figure 7 illustrates the dynamics of change in the hypothalamus
during the period of irradiation. In addition to a more pro-
nounced response in the posterior hypothalamus at a given stage
of chronic irradiation, Figure 7 also illustrates the phasic
evolution of the response to the microwaves. During the ini-
tial stages (two weeks), the response is expressed very strongly
(in the form of a generalized deactivation); subsequently the
response becomes highly attenuated, and in the present case,

the response takes the form of generallzed activation at the
end.

Although changes in the background activity of the hypothalamus
are rather distinct, after one to two weeks of irradiation,
they either weaken or are maintained at the previous level.
Cumulation was not noted, at least not at the levels of
radiation employed here.

The latter consideration obviously mitigates to a certain
degree the hygienic evaluation of this factor at the intensi-
ties at which it was employed. However, we obviously cannot
state that this indicates complete well-being. The fact that
the persistent effects which we noted can at least be treated
as an adaptive and a compensatory reaction, cannot be regarded
entirely as an acceptable situation from the hygienic point of
view. First of all, it has not been proven that this is, in
fact, an adaptive-compensatory reaction. Secondly, one cannot
regard as completely harmless the prolonged changes in the
functional state of the diencephalic system, all the more so
since we obviously deal with tension responses which border

on stress.

On the basis of the above data presented here, as well as on
the known discordancies which may arise in the interaction of
the specific and nonspecific afferent systems in the thalamo-
cortico-thalamic cycle which was described previously by one
of us [M.S. Bychkov, 1967, 1970 -- PFD 20-130 pW/sg cm] we may
consider that the concept of the dlencephallc genesis of the
primary clinical syndromes in people subjected to low inten-
sity sHF fields, has been entirely supported by direct
experimentation, including the chronic experiments.
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Figure 1. Relationships of Various Responses to Microwaves in the Cortex
of the Cerebral Hemispheres, the Posterior Hypothalamus, and
the Brain 5tem RF. Numbers Indicate Rabbits With a Given Response.
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Brain Stem RF
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Figure 2. Syndromes of Reticular-Hypothalamic-Cortical Changes in Rabbits

Key:

Induced by Exposure to Microwaves. Arabic Numbers Indicate the

Number of Rabbits With a Given Syndrome; Roman Numeral Indicate
Syndromes.

1. Absence of SHF effect

2. Activation

3, Brain stem RF

L. a) cerebral hemisphere cortex
5. b) posterior hypothalamus

6. c) brain stem RF
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Figure 3. Dynamics of the Microwave Effect on the Rabbit Brain. Syndrome
No. I. 1) Backround. 2, 3, L, 5) Respectively 10, 15, 20, and 25

Minutes After Initiation of = Irradiation. Top to Bottom:
Visual Cortex of the Cerebral Hemispheres, Posterior Hypothalamus,

Midbrain RF. Here and in Fig. 4 the Time Scale is One Secondj
100 pV Calibration Potential.
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Figure L. Changes in the Rabbit Hypothalamogram Induced by One Week of
Radiation. Top to Bottom: One Second Time Interval; Anterior Hy-
pothalamus to the Left; Posterior Hypothalamus to the Right;
Posterior Hypothalamus to the Left, I) Backround. II) After a
tJeek of Irradiation.
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Figure 5. Same as Fig. L in Another Rabbit. Top to Bottom: One Second Time
Interval; Anterior Hypothalamus to the Right and Left; Posterior

Hypothalamus to the Right and Left.
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Figure 7. Index of Rhythm Assimilation in the HyPothalamus At Different
Periods  During Long-Term Exposure to Microwaves

86


http:I..;'."',\!J:MJ!'\.Jv
http:vti-1'..,I..JI

UDC 614.87:537.868.029.64

ELECTROENCEPHALOGRAPHIC CHANGES UNDER THE INFLUENCE OF LOW
INTENSITY CHRONIC MICROWAVE IRRADIATIONS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 66-70

/Article by M.S. Bychkov, V.V. Markov, and V.M. Rychkov/

Chronic experiments conducted on rabbits have demonstrated that
intermittent and continuous irradiation of the animals with

low intensity microwaves elicit qualitatively and quantitatively,
different changes in the electroencephalograms (EEG), under
otherwise equivalent energetic characteristics and duration of
exposure. Iritermittent radiation was seen to be somewhat more
effective particularly in reference to the recovery times.

Until recent times, EEG investigations on the biological
effects of microwaves have been conducted almost exclusively
with continuous regimes of irradiation as well as constant
intensity of the latter. However, under actual conditions
people are exposed to alternating radiations under industrial
conditions which are characterized by alternations in the
periods of irradiation, and intervals of various durations in
combination with variability in the intensity of radiation,
i.e. the radiation is intermittent in terms of a number of
parameters.

The present investigation consisted of a chronic (two month)
experiment on rabbits with removable electrodes for recording
EEGs in order to elucidate the nature of the effect of inter-
mittent microwave radiation (A= 10 em, pulse generator),
employing an experimental model of irradiation which, in prin-
ciple, adequately simulated industrial conditions (regime No.

1 of V.V. Markov /1972/): 150 pW/sq cm for 8 minutes; 10 minute
rest period; 60 uW/sq cm for 8 minutes; 240 uW/sq cm for 6
minutes; 34 minute rest period; 320 uW/sq cm for 12 minutes;

60 uW/sq cm for 8 minutes; 14 minute rest period; 60 uW/sq cm
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for 8 minutes; 150 uW/sq cm for 8 minutes. The total time of
actual irradiation was one hour. This was the first series of
experiments (series I). A parallel series of experiments,
series C, was conducted with continuous radiation -- 153 uW/
sq cm for one hour. Each experimental series encompassed 12
rabbits. In both series of experiments, the incident energy,
as well as the total period of exposure were equal. A control
series of experiments (series K /kontrol'/) were conducted on
eight rabbits, also for a period of two months.

As the primary indicator, we selected the activation and
deactivation changes which are represented by the corresponding
alterations in the relationship for the relative values for
slow and rapid fluctuations (on the basis of automated evalua-
tion of EEG).

Figure 1 illustrates the dynamics of the primary indicator

(the relative value expressed as the percent of the slow acti-
vity of the visual cortex) in control rabbits over a period of
nine weeks, which was taken as the physiological norm. We can
appreciate that there were no significant fluctuations in this
index. As a result, the following fluctuations within the
period of one week were selected as the physiological standards;
an increase in the relative value of slow activity (synchroni-
zation)up to 10% of the overall background electrical activity,
and a decrease (desynchronization) of up to 12% of the overall
activity.

In the experimental series, as can be appreciated from Figure
1, there 1s a clear tendency toward a decrease in the relative
values for the slow activity during the initial perlod of
chronic irradiation.

In Tables 1 and 2 data are presented for the experimental
series which represent changes in synchronization or desyn-
chronization which exceeded the fluctuations in the control
animals. Since changes were detected only during the first
half of the period of irradiation, the data which are presented
refer only to this stage of the experiments.

Let us consider Figure 2 in which the extent of the changes in
activation and deactivation are presented. The plot shows

that shifts toward activation dominate in both regimes of
microwave radiation, and are relatively similar in both series;
normalization was encountered in series C after 15 sessions of
radiation, while in series I, marked changes in both parameters
were retained for yet another week of irradiation.
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By means of the U criterion of Wilcoxon-Mann-Whitney, we
determined that the differences between the activation effects
in both series after the first five gsessions of radiation, were

insignificant; after ten sessions the differences became
significant (at AE 13.7, A1 = 16) which indicate a somewhat
greater biologic effectlveness of intermittent radiation.

The data which have been presented, therefore, show distinct,
although limited, changes in the spontanecus electrical acti-
vity in the case of both series of animals, with somewhat
greater changes evident in series I during the period of time
wnich corresponded to ten radiation exposures, and retention

of this effect in this series of animals for an additional week
of continued irradiation, after which, even in this series,

a return to the normal level was evident.

Ar: .ogous relationships in effects with respect to time -- but
wtiich were more pronounced than those discussed above -- were
seen in studies on the reactivity to sub-stress functional
stimuli in the form of prolonged {two minutes) combined stimu-
Lation with light flashes and intermittent sound, with the
intensity and the frequency of both stimulil being altered in
contrasting directions.

Biopotential integrator studies, which had been conducted
earlier by one of us (M.S. Bychkov) on a large group of intact
animais (110 rabbits), revealed two types of responses tc the
presznt type of stimulation which, from the point of view of
the theory of automatic regulation, may be regarded as a trans-
ient process: type A -- desynchronization -- occurred in 447
of the rabbits, and type B -- synchronization -- occurr:d in
43% of the rabbits. Thirteen percent of the rabbits wers non-
reactive. In addition, within type A and B responses, w=
detected a number of subtypes of the transient process. These
subtypes are indicated in Figures 3 and 4 where point 1 indi-
cates the deviation from the background during the two miaute
period of stimulation, and points 2, 3 and 4 indicate .
recovery dynamics during the next three-two minute intervals
of the aftereffects. On the left of the curves are indicated
the frequency of the appropriate subtype responses which are
expressed as the percent of the total number of animals under
investigation.

Subtypes of the transient process -- which represent deviations
from optimal and suboptimal regimes of regulation -- were
encountered in icolated situations in a relatively large number
of animals. This applies, first of all to subtypes A% (signi-
ficant deviation; and A -- an extreme case of system
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modulation (the so-called over-regulation), and secondly, to
subtypoo B'i'nnd B! -- oxtrem: otates of modulation which
reflected functionéa deficiency could be characterized as
profound neurasthenia.

Returning to our discussion of the effects of continuous and
intermittent radiation during chronic experiments, we should
like to point out that we did not observe any deviations in

the control rabbits from the "standards"™ noted earlier through-
out the course of the study. Hpowever, in the irradiated ani-
mals of both series during the first few weeks (i.e. during

the preadaptational period) we encountered a significant
increase in the number of responses which constituted deviations
from optimal and suboptimal regulatory regimes. Thus, for
example, if prior to irradiation in series I rabbits we did not
detect any deviations at all, and in series C deviations
amounted to only 8% (subtype AZ), then after a week of radia-
tion the frequency of deviatiog in series C (subtype AL and

B%) and in series I (subtype A% and A"') deviations we;e noted
ig one-third of the animals, afid after two weeks, in half of

the animals (in series I -- AL, A", and B'"; in series C --
Al AY B! '13 and B"") 3 1
3! 31 1 y 2 .

Furthermore, as was the case in studies on spontaneous electri-
cal activity, recovery (adaptation) in series I was prolonged
for one week in comparison with series C (after three weeks
deviations in series I were encountered four times more fre-
quently than in series C).

In addition, there were also certalin fine differences in the
effects elicited by both types of radiation regimes, namely:

1. Among the reactions which took place in the regimes which
were close to being optimal, in series I more persistent
transient processes predominated (time constant data) in com-
parison with series C.

2. In series I, in distinction to series C, there was a fairly
distinct tendency toward amplification of non-linearity which
was in part apparent in the increase in divergence between
theoretical and experimental models, and amplification of the
disproportion between adjacent amplitudes of deviation on the
curves of the transient process.

The mathematical models which were obtained with the assistance
of the theory of automatic regulation led to the conclusion
that the factor of intermittence adds a very definite and a
specific dimension to the effects of the microwaves.
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Nevertheless, the major result was, without doubt, the diffe-
rence in the recovery times. In interpreting this in terms of
adaptation, we may speak of the well known deadaptational
effect of intermittence.

The material which we have just presented indicates that inter-
mittent microwave radiation has somewhat greater biological
consequences, at least under the conditions employed in our
study.
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Figure 1. Changes in the Average (Median as % of Backround) of the Arbitrary
Value of Slow Activity in the General EEG Rhythm System of the
Rabbit Taken as 100%. Confidence Intervals for the Median Taken
From the Table of A.P. Ashmarin and A.V, Vorob'yev Based on
Van-Der-Varden Data,
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Table 1, Bivariant Shifts in Series C (in Relation to the Backround)
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Absence of change

Annotations. 1) Table presents deviation values ( ) exceeding
accepted normal standards (controls): + deactivation, -

deactivation. 2) "Absence of change® indicates cases in which
changes do not exceed standard limits.

Table 2. Bivariant Shifts in Series I (in Relation to the Backround)
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Figure 2. Bivariant Changes in Experimental Series Indicating Deviations
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in Arbitrary Values for Slow Activation (in the General Rhythm
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THE EFFECTS OF.CONTINUOUS AND INTERMITTENT MICROWAVE RADIATION
ON WEIGHT AND ARTERIAL PRESSURE DYNAMICS OF ANIMALS IN CHRONIC
EXPERIMENTS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 71-75

/Article by V.V. Markov/

Data are presented on the comparative biological evaluation of
two types of microwave radiation (continuous and intermittent)
of non-thermal intensities which were equal in terms of the
total incident energy and the duration of exposure. Inter-
mittent radiation had a more pronounced biological effect as
evidenced by the significant lag in weight of

and more pronounced hypotension.

Extensive experimental data which have been described in the
literature on the biological effects of microwaves deal with
the effects of continuous radiation /A. Denier, 1933; H.
Kuttig, 1955; Z.V. Gordon, Ye. A. Lobanova, and M.S. Tolgskaya,
1955; Z.V. Gordon, 1960, 1964, 1966; Yu. A. Osipov, 1962; I.R.
Petrov, and A.G. Subbota, 1966; N.V. Tyagin, 1968; and others/.
The effects of other regimes of microwave irradiation have
remained virtually unstudied.

We have conducted comparative studies on the effects of inter-
mittent and continuous irradiation with microwave electromag-
netic fields (EMF) on weight dynamics and arterial pressure
(AP) of animals in chronic experiments. Details of the
irradiation regimes have been described in our joint articles
with M.S. Bychkov and V.M. Rychkova which are included in the
present volume.

The studies were conducted on 36 white rats divided into three

groups, each consisting of 12 animals. For studies on weight
dynamics, the groups were selected in such a manner that the
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énitial mean weights for each group were equivalent. Animals
in the control and the experimental groups were maintained
under identical conditions.

Three series of experiments were conducted. In the first
series, series I, the animals were exposed to intermittent
microwave irradiation, and in the second series, series C,
they were_exposed to continuous radiation; the third series,
series K | kontrol'] served as the control group.

During the first three months there were no significant
differences in the dynamics of the mean weights for the ani-
mals of the three groups (Figure 1); the observations were
conducted for a period of seven months. A significant lag

in weight gain became apparent only by the fourth month of
irradiatiori in animals exposed to intermittent EMF in compari-
son with animals subjected to continuous irradiation. Sub-
sequently, this lag was retained not only during the period

of irradiation, but also during the period of recovery.
Statistical analysis of the weight differences of the animals
in series I and C by the method of Student, showed that

the differences in the mean weights at the end of the fourth
month were statistically significant (P < 0.05). At
subsequent periods of time, in many cases, the reliability
approached the threshéld of probability (0.95). The latter
factor supports the contention that animals exposed to
intermittent radiation showed a tendency to lag in weight
throughout the course of the entire experiment. Weight
dynamics of the animals exposed to continuous EMF did not
differ from the weight dynamics of the control series.

Comparative evaluation of the regression series, which reflect
the dependence of the change in weight on the number of
exposures, was conducted according to the cirterion of series
differences, and the transcendence of one series over the other
LI.A. Plokhinskiy, 1970; algorithm 31]. Furthermore, each
experimental series was comparative with the control series.

The results are presented in Table 1. Also included are
standard values for a transformed Fisher's criterion which
corresponds to the thresholds of probability (0.95--0.99--0.999).
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The data presented in Table 1 show a distinct effect -- which,
incidently, was highly significant in terms of the criterion
according to which one series exceeds the other -- for inter-
mittent radiation in the absence of significant differences
between the effects achieved with continuous radiation and
the control data, as determined by the given algorithm.

Consequently, the following conclusions may be reached on the
basis of the comparison of the effects of intermittent and
continuous regimes of radiation:

1. Continuous irradiation with low (non—thermal) intensities
does not influence the dynamics of the experimental animals.

2. Intermittent exposure to radiation with the parameters in
question leads to a significant (£ > 0.95) inhibition of
weight gain by the animals in prolonged experiments.

A plethysmometric method was employed to measure AP (modified
instrument of A. Kh. Kogan, 1959).

Changes in the AP under both regimes of irradiation are phasic
in nature (Figure 2). The initial phase which consists of
elevated AP at the end of the fourth week, enters the second
phase which consists of a persistent decrease. After irra-
diation is terminated (recovery phase), a gradual increase in
AP takes place during a period of a month and a half until
values are reached which are close to the initial values.

Comparison of the nature of the changes in AP in terms of each
phase makes it possible to elucidate certain qualitative
differences in the effects elicited by intermittent and con-
tinuous radiation. While during the first few days (the

first and the third) a more distinct and significant (P<<0.05)
increase in AP was encountered in animals belonging to series
I, while in series C, only a tendency toward an increase 1in

AP was noted, then already by the end of the second week of
irradiation, the greatest increase in AP was encountered in
series C animals, while in series I, AP remained at dead level,
which it had reached by the third day. The significance of
the differences between the values for AP of the experiments
in this series, as well as in comparison with the controls,
was significant according to Student's t test where the pro-
bability exceeded 0.95.

Equalization of the empirical regression series in the second
phase -- the major phase in terms of its duration -- by means
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of a weighted sliding mean, resulted in a very clear picture of
the differences in the effects elicited by the regimes of irra-
diation under comparison. Figure 3 represents theoretical
regression lines from the moment of initiation of hypotension,
to the end of the recovery phase., No advantage could be

gained by equalization of the empirical series in the first
phase in view ofthe fact that it is short.

We found it of particular interest to compare the effects of
each radiation regime on the decrease in AP. To that end,

we performed dispersional analysis of a unifactorial complex.
We selected five gradations of the factor which corresponded
to 30, 60, 70, 90, and 110 irradiation sessions. Analysis of
the unifactorial -complexes conducted on small samples with
randomization by the use of a table for random numbers. The
results of the analysis is presented in Table 2.

On the basis of the data in Table 2 it is evident that in the
case of both regimes, the more probable reaction is one of a
fall in AP (for intermittent regime B>0.999, for continuous
regime & >0.99). Furthermore, the results of dispersional
analysis have shown a significant difference in the extent of
the response elicited by the different regimes of irradiation:

1. In terms of the intermittent series Sf irradiation, the
observed degree of influence was 66% On = 0. 66), and in terms
of the continuous series it was 54% (nz = 0.54

2, For all objects in a given category, the influence of
intermittent radiation on AP may accognt for (B = 0.95), no
less than 51% and no more than 81% (n% = 0.5 & 0.81) of the
overall effect of the sum of factors whlch are considered in
the dispersion analysis. At the same time, the confidence
limits for the overall influence of intermittent irradiation
(2 = 0.34% ¢ 0.74) indicate that intermittent radiation may
actount for (# = 0.95) only 34-74% of the overall effect of
the totality of factors.

Therefore, the greater effectiveness of intermittent radiation
vis-a-vis continuous radiation becomes self-evident.

In summarizing the results in respect to blood pressure, we
may make the following conclusions:

1. In principle, the response of the vascular system to the

effects of intermittent and continuous mlcrowave radiation is
essentially identical.
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2. During the initial (short) phase of changes in arterial
pressure, the hypertensive effect is more significant in ani-
mals subjected to continuous EMF radiation in comparison with
intermittent radiation; however, its appearance is delayed.
During the second phase -- the major phase in terms of dura-
tion -~ the hypotensive effect is more pronounced in animals
exposed to intermittent radiation.

3. The dynamics of change in arterial pressure dufing the
recovery phase do not differ in the two experimental series.
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Figure 1. Changes in the Body Weight of Animals in the Comparison Series
During the Experiment.
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Table 1. Comparative Empirical Regression Series
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Table 2. Dispersional Analysis of Single Factor Complex
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THE EFFECTS OF CONTINUOUS AND INTERMITTENT RADIATION ON THE
FUNCTIONAL STATE OF THE HYPOTHALAMIC-HYPOPHYSIS-ADRENAL
CORTEX SYSTEM

Moscow 0 BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 76-79

[Article by I.A. Kitsovskaya and E.I. Polukhina]

The present article deals with results obtained in investigations
conducted on the functional state of the hypothalamus-hypophy-
gsis-adrenal cortex system. Intermittent and continuous expo-
sure to microwaves elicited shifts in certain indices which
reflect the state of the individual components of the system,

as well as of the entire system.

The literature contains data dealing with changes in the system
of neurohumoral regulation which accompany various pathological
states and functional changes in the organism. As a result of
this, a great deal of attention is accorded to investigations
on the effects of microwaves on the functional state of the
hypothalamus-hypophysis-adrenal cortex system.

The present investigation deals with studies on the effects of
low intensity intermittent and continuous irradiation --
equivalent in their energetic value -- on the hypothalamus-
hypophysis-adrenal cortex system.

In order to study this system, we conducted two series of
experiments. In the first series we employed the Thorn test

in its classical form as well as in two modifications: eosino-
phil counts were obtained prior to and after the administration
of 10 units of ACTH, eosinophil counts were obtained prior to
and after injection of 0.5 mg/Kg of 0.1% epinephrine, and
eosinophil counts were also obtained before and after exposure
of the animals to a strong sound stimulus (70 db). In addition,
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in these experiments lymphocyte counts were also obtained under
the same conditions.

In the second series of experiments, studies were conducted on
the levels of ascorbic acid in the adrenal glands and their
weight coefficients. These experiments were conducted on the
animals under the influence of irradiation, and under the
influence of stress stimuli in the form of heat and cold.

Table 1 contains data on the differences in eosinophil levels
prior to and after the administration of ACTH in control and
experimental animals.

As is evident from the data in Table 1, the glucocorticoid
function of the adrenals in animals that were exposed to
irradiation was completely retained. This is indicated by the
decrease in eosinophil numbers by more than 50% in all cases
following ACTH administration.

Table 2 contains data on eosinophil levels in the blood prior
to and after the administration of adrenalin to control and
experimental animals.

The data in Table 2 also indicates a significant decrease in
eosinophils (more than 50%) four hours after the administration
of adrenalin in animals in each of the investigated groups
which also indicates that the normal function of the hypothala-
mus-hypophysis-adrenal cortex system was retained.

These changes in the eosinophil levels are evoked, in all
likelihood, by increased secretion into the blood of the
glucocorticoid hormone from the adrenal glands under the in-
direct influence of the hypothalamus. It has been established
that epinephrine, which influences the hypothalamus, is known
to elicit the formation of certain mediators in that structure
which, on entering the hypophysis, stimulate the excretion of
trophic hormones which influence the endocrine glands.

In Table 3 data are presented on blood eosinophil counts
expressed as the difference between their numbers prior to
and after the animals had been subjected to a strong sound
stimulus.

The data in Table 3 indicate that animals in both irradiated
groups showed a decrease in the number of eosinophils by more
than 50% under the influence of the sound stimulus,while in

the animals in the control group, the change was less pronounced.
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This is probably due to the fact that animals exposed to
radiation became more susceptible to various stimuli, in the
present case the bell, and in their case it appeared as a very
strong stimulus, whereas in the control animals, it did not
appear as such,

It is also possible that the difference in the reactions of
the irradiated and the control animals to the sound stimulus
may be due to certain changes in the central nervous system,
since it is known that the participation of the adrenal cortex
in the response of an organism to extreme stimuli, may be
mediated by the central nervous pathway, where the first parti-
cipant in the response process appears to be the cerebral
cortex.

Confirmation of the fact that in the irradiated animals the
hypothalamus-hypophysis-adrenal cortex system remains vir-
tually unchanged, is also suggested by the fact that the level
of lymphocytes in the blood decreases following the administra-
tion of ACTH, epinephrine, and after exposure to a strong
sound stimulus.

As indicated above, in the second series of experiments, the
functional state of the adrenal cortex was evaluated on the
basis of its level of ascorbic acid and its weight coefficients.

These indices were studied in animals subjected only to radia-
tion, as well as in animals subjected to heat and cold stresses.

If the state of the adrenal cortex is evaluated in terms of
its levels of ascorbic acid, then it may be stated that under
the influence of radiowave irradiation, their function does
not change. However, comparison of the weight coefficients
of the adrenals in irradiated and control animals, shows a
tendency toward increased weight of the adrenals at all times
of the investigation, only in those animals that had been
subjected to continuous irradiation. In animals subjected to
intermittent irradiation, this type ofchange was noted only
after a week of radiation; at other periods of observations,
such changes were not evident. :

Animals that had been subjected to continuous radiation showed
a tendency toward an increase in the weight of the adrenal
glands if, on the day of the investigation, they were sub-
jected to a cold stress (this was evident throughout the entire
period of irradiation); however, animals that had been sub-
jected to intermittent radiation showed similar changes only
during the first one to two weeks of irradiation.
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Similar changes were noted in irradiated animals that were
subjected to heat stress on the day of the determination.

These data may perhaps indicate some type of a threshold for
changes in the functional state of the adrenal glands since,
according to the data of some investigators, one of the initial
changes in the adrenals appears to be an increase in their
weight coefficients.

Therefore, on the basis of our data, it may be said that con-
tinuous and intermittent irradiation with very low intensities
does not alter the functional state of the hypothalamus-
hypophysis-adrenal cortex system.

However, the animals are not indifferent to low intensities of
irradiation, as indicated by the differences in the reactivity
of the irradiated and the control animals to the sound stimulus.
Thus, for example, a 70 db sound stimulus appears as a powerful
stress factor for the former, while the latter do not respond
to it in a similar manner. A

Conclusions

1. Exposure to intermittent and continuous radiation of micro-
waves 1s virtually without effect on the functional state of
the hypothalamus-hypophysis-adrenal cortex system in animals.,
(However, there is a tendency for the adrenals to gain -

in weight.)

2, Under the influence of irradiation, regardless of its
nature (intermittent or continuous) the sensitivity of animals
to the effects of a sound stimulus is altered, i.e, the hypo-
thalamus-hypophysis-adrenal cortex system responds differently
to the sound stimulus in irradiated and control animals.
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Table 1. Difference Between Easinophils Numbers Before and After ACTH Ad-
ministration, %
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i

Key: 1. Irradiation conditions 5. Study time, weeks

2. Continuous 6. Eosinophils level, %
3, Intermittent
4. Control

Table 2. Difference in Blood Eosinophil - Levels Before and After Epinephrine
Administration, %

(1
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Key: Same as for Fig. 1.

Table 3. Difference in Blood Eosinophil Levels Before and After Exposure to
a Powerful Sound Stimulus, % .
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Key: Same as for Fig. l.
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THE EFFECTS OF INTERMITTENT AND CONTINUOUS RADIATION ON THE
FUNCTIONAL STATE OF THE ADRENAL MEDULLA

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH ‘POLEY
RADIOCHASTOT in Russian 1973 pp 80-82

[Article by I.A. Kitsovskaya and E.I. Polukhina]

Studies conducted on the levels of epinephrine and norepine-
phrine in the adrenal glands showed relative stability of
these factors to the effects of intermittent and continuous
irradiation with microwaves. Certain changes were evident
only in the presence of a cold stress.

A number of authors have demonstrated that the influence of
external stimuli is frequently accompanied by changes in the
tissue levels of catecholamines [ A.M. Baru, 1969, E. Sh.
Matlina, and T.B. Rakhmanova, 1967; N.M. Vyaz'mina, and Z. Ye.
Pustovoytova. 1969] In addition, the importance of the cate-
cholamines in the stress reaction is well known.

The object of the present investigation was to study the
functional state of the adrenal medulla under the influence

of intermittent and continuous radiation, In these investiga-
tions we employed two regimes of intermittent and continuous
irradiation.

The functional state of the adrenal medulla was evaluated on
the basis of its concentrations of epinephrine and norepine-
phrine. Investigations on the catecholamines were conducted
not only during irradiation, but also during the application
of heat and cold stresses during irradiation.

The scheme of the first intermittent regime of irradiation
which we used consisted of two alternating intensities (250
and 100 pW/sq cm) and correspondingly, two durations of
exposure (one hour and fifteen mlnutes%’ with a continuous regime
of 2 mW/sq em for 30 minutes.
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The second regime of intermittent and continuous radiation has
been described by V.V. Markov. That regime approaches the
regimes which prevail under industrial conditions., In the
latter case, irradiation is intertwined with intervals without
radiation, and the intensities of irradiation are characterized
by greater variability than is the case in the first regime,

It should be pointed out that the maximum intensity of irra-
dlat}on in this regime amounts to 320 uW/sq cm, and the mini-
mum is 60 uW/sq ecm. The intensity of continuous radiation is

153 pW/sq cm.

Since our primary interest was to investigate the compare the
effects of intermittent and continuous radiation, the regimes
were adjusted in such a manner that the total energy value of
each intermittent radiation was equal to the corresponding
value of continuous radiation.

In the first regime of irradiation, studies on the catechola-
mines were conducted after two, six, and twelve months of
irradiation. In the second regime, studies on catecholamines
were conducted after one, two, three and four weeks of irra-
diation,

Results of investigations of catecholamines in the adrenals

in the first regime of radiation showed insignificant changes
in the levels of adrenalin and noradrenalin (the difference
was not statistically different). Thus, after two months of
irradiation with a continuous regime of radiation, the levels
of norepinephrine were equal to 211 + 43.7 ng, and in the case
of intermittent radiation, 222.5 + 44.2 ng; at the same time,
in the control group, the level was 139.6 t+ 23 ng. After six
months of irradiation, the corresponding values were 680 ¢
71.1 ng, 505 t+ 84.9 ng, and 590 + 62 ng, respectively, and
after 12 months, the corresponding values were 205 + 2 ng,

212 + 27 ng, and 149 + 13 ng.

Thus, an impression is created that there is a tendency for
the norepinephrine levels of the adrenal glands to increase
throughout the entire period of irradiation of the animals.

In view of the fact that a physiological stress may reveal
latent functional changes in the state of the adrenal medulla
in the present investigation, we subjected the animals to
marked cold and heat influences (these stressful situations
were applied immediately before investigations on the levels
of the catecholamines ). However, even with the use of phy-
siological stresses, we did not notice significant deviations
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from the normal levels in the concentrations of epinephrine

and norepinephrine. In animals that had been sub?ected to
irradiation for a relatively long period of time (six months)
we noted an increase in the levels of epinephrine under both
regimes of irradiation,which approached statistical significance
and, likewise, a decrease in the level of norepinephrine which
approached statistical significance in animals that had been
subjected to a continuous regime of irradiation in the presence
of a cold stress. Thus, in the case of continuous radiation
after a heat stress, the concentration of epinephrine was

1,055 £+ 102 ng, and in the case of intermittent radiation, it

was 1,188 + 117 ng, while in the control animals, it was 990 %

62 ng. After a cold stress, the concentrations of epinephrine

were correspondingly 1,996 + 56 ng, 1,656 + 154 ng, and 1,300
100 ng, respectively, and the levels of norepinephrine in this

case were 910 + 52 ng, 245 + 10.8 ng, and 280 + 25 ng.

In view of the fact that changes in the functional states of
various systems and organs under the influence of external
factors frequently can be noted only during the initial periods
of influence, we decided to conduct investigations with a
second regime of irradiation at earlier periods of time.

As has been noted above, investigations on the effects of the
second regime of irradiation on the functional state of the
adrenal medulla, were conducted after one, two, three and four
weeks of irradiation. In these investigations, as in the pre-
vious studies, we employed heat and cold stresses.

The results of these investigations demonstrated that inter-
mittent and continuous regimes of irradigxion with microwaves,
did not alter the function of the adrenal medulla in the
irradiated animals during a period of one month. Only in
individual cases did we note a tendency toward an increased
norepinephrine content in the adrenal glands. After three
weeks of the continuous regime of irradiation, the concentra-
tion of norepinephrine was 307 + 42.7 ng, while in the control
animals, the concentration was 246 t 48.2 ng; in animals sub-
jected to the intermittent regime, the value was 320 + 57.2 ng,
and in the corresponding control group, it was 246 + 48.2 ng.
Under the influence of a heat stress, in the case of the con-
tinuous regime of irradiation, the corresponding values were
420 + 33.7 ng, and 132 t+ 56 ng, respectively, while in the
intermittent regime of irradiation, the respective values were
Lo6 + 71.9 ng, and 132 + 56.0 ng.
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Conclusions

Low intensities of intermittent and continuous radiation
exert virtually no effect on the levels of epinephrine in the
adrenal glands.

Norepinephrine shows a tendency to increase, and in a number
of cases, this increase comes close to being significant.

No differerices were noted in the effects of intermittent and

continuous irradiation in terms of the indices which we’
studied.
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[Article by N.K. Demokidova]

Long-term experiments were conducted on the comparative effects
of intermittent and continuous microwave irradiation on certain
metabolic indices and the weight of the more important endo-
crine glands in rats.

It is known that nonthermal intensities of SHF influence pro-
tein metabolism in people [V.A. Syngayevskaya, 19627 and ani-
mals [ S.V. Nikogosyan, 1962, 1968], and that enhancement of
dissimilatory processes occurs which, as has been demonstrated
by V.A. Syngayevskaya, is accompanied by stimulation of the
hypophysis-adrenal cortex system (increased urinary potassium,
decreased urinary sodium, increased urinary level of total
nitrogen, and of 17-ketosteroids, and so forth).

In the present study we compared the effects of intermittent
and continuous microwave (A = 10 cm) irradiation on certain
aspects of water, electrolyte, and protein metabolism, 1In
addition, we determined body weight changes and weight co-
efficients for such endocrine organs as the hypophysis, the
adrenals, and the thyroid gland, since all of these factors
are interdependent.

White rats, about 200 gm in weight (36 males and 72 females)
were divided into groups, each consisting of 12 animals; one
group served as the control, a second group was irradiated
continuously for one hour with 153 pW/sq cm microwaves, and
Fhe third group was subjected to the same total amount of
incident energy in intermittent exposure to microwaves for
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two hours (intensities of 60, 160, 240, and 320 uW/sgq cm, with
the periods of irradiation interrupted by three intervals,
lasting from 10 to 3% minutes).

Determinations were conducted on the levels of total nitrogen
én the dynamic state (after dilution of the mineralized urine
in Conway dishes), sodium and potassium in the urine (by means
of flame photometry), and on the extent of daily diuresis
expressed in milliliters. After the animals had been sacri-
ficed, the endocrine glands were weighed, and the weight was
expressed in mg%.

Table 1 contains data on certain biochemical changes in male
rats that had been subjected to the effects of continuous and
intermittent radiation. As can be seen from the data in Table
1, intermittent radiation evoked a tendency toward increased
excretion of water and sodium (after two weeks, one month, and
two months), as well as a statistically significant decrease
in the urinary levels of potassium (after two weeks, and at
the end of the experiment). After the animals had been sacri-
ficed, the weight of the hypophysis was found to.be signifi-
cantly decreased (Table 2). '

Under the influence of continuous radiation, a statistically
significant increase in urinary concentration of sodium
occurred (after two weeks, one month, and two months). At
approximately the same time, there was a tendency toward
increased excretion of water. The urinary levels of potassium
remained within normal limits. The weight of the hypophysis
showed a tendency to decrease. No changes were evident in the
levels of total urinary nitrogen, the weight of the thyroid
gland, and of the adrenals, nor were there significant changes
in the body weight of both groups of animals.

In females, the following changes were noted (Table 3):

a) exposure to intermittent radiation evoked the decrease in
the excretion of water (during the first month) and sodium
(during the third month), the increased excretion of potassium
(during the fifth month), and a tendency toward a decrease in
the total nitrogen levels in the urine during the entire
course of the experiment with a return to normal levels at the
end of the investigations; and b) continuous radiation evoked
a decrease in the excretion of water throughout the course of
the experiment, with increase toward normal levels after five
months, decreased excretion of sodium (after two weeks and
three months), potassium (during the third month), and total
nitrogen (after one, two, and three months). ,
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Determinations of the weight coefficients of the endocrine
glands in the females two weeks after irradiation ylelded the
following findings. Intermittent radiation resulted in a
decrease in the weight of the hypophysis and the adrenal glands,
and evoked a tendency toward an increase in weight of the thy-
roid gland. Exposure to continuous radiation also elicited a
decrease in the weight ofthe hypophysis and the adrenal
glands, and resulted in a significant increase in the weight
of the thyroid gland. Five months after initiation of irra-
diation no changes were noted in the weights of the endocrine
glands irrespective of the type of radiation regime that was
employed, with the exception of a significant increase of the
weight of the hypophysis in rats that were exposed to inter-
mittent microwave radiation. 1In addition, significant changes
in body weights were not noted.

It is generally recognized that changes in the weight of endo-
crine glands indicate, as a rule, changes in their function.

A number of authors have encountered changes in the function
of the endocrine glands under the influence of radiowaves.
Thus, F.A. Kolesnik, et al. [1967] found dysfunctions 1in the
endocrine system of people under the influence of SHF, up to
10 pW/sq cm in intensities, which in part included depressed
function of the h ophys1s -adrenal cortex system. %Yu. D,
Dumanskiy, et al. 19?21 in experiments on rats and rabbits,
showed that under the influence of pulses (1, 5, and 20 W/
sq cm), and continuous (0.5, 1.5, and 10 W/sq cm) regimes of
irradiation with SHF energy (= 3+ 12 cm) over a period of
four months. resulted in addition to’ changes in the CNS. an
increase in the quantity of 17-ketosteroids in the urine, and
a decrease in the weight of the adrenal glands, and their
concentrations of ascorbic acid.

M.I. Smirnova and M.N. Sadchikova [1960] observed enhancement
of thyroid function in people worki with SHF generators.
0.I. Shutenko and I.I. Shvayko [1972] used radioactive iodine
to demonstrate increased function of the thyroid gland in
white rats, that were subjected to decimeter SHF with a power
flux density of 1.5 and 10 uW/sq cm.

The hypophysis, the adrenal glands, and the thyroid gland are
intimate components in the regulation of metabolism by the
central nervous system.

Ogr experiments demonstrate that under the influence of rela-
tively weak SHF fields, significant changes in the weight of
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these important endocrine glands take place, which are accom-
panied by changes in water, electrolyte, and in part, protein
metabolism. These facts suggest that the effects of radiowaves
on metabolism are mediated via the endocrine system.

Conclusions

1. Exposing rats to intermittent and continuous irradiation
with microwaves results in the change in weight of such endo-
crine glands as the hypophysis, the thyroid, and the adrenals.
These phenomena are accompanied by biochemical changes in
metabolism.

2. Under continuous radiation, metabolic indices and the
weight of the endocrine glands at the end of the experiment
(four to five months) did not differ from the respective
control values,

3. Under intermittent irradiation after four to five months,
significant changes were apparent in the urinary levels of
potassium, and in the weight of the hypophysis (in females
these two factors were increased, and in males they were
decreased).
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Table 1. The Effects of Intermittent and Continuous Irradiation on Certain
Aspects of Metabolism in Male Rats
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BAMAHHE HHTEPMHTTHPYIOILEro 4 HenpepLlBHOrD pPeXumor abayweAns
N2 HEXOTOpHE NOKaliaTen# 00MeHA CAMNIOB KPuiC
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Key: 1. Length of irradiation
2. Irradiation conditions
3, Daily levels, mg
L. Potassium
5. Sodium
6. Total nitrogen
7. Diuresis
8. Two weeks
9. Control

Intermittent

Continuous
10. One month
11, Two months
12, Four months
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Table 2. Body Weigth and Weigth Coefficients of Endocrine Glands of Rats
Exposed to Intermittent and Continuous Microwave Irradiation
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Key: 1. Animal number and sex
2. Irradiation
3. Body weight, gm
L. Weight coefficients of endocrine glands
5. Conditions 5. 11 les
6. Duration ¢
7 Initial 16. Two weeks
. 17. Five months
8. Before sacrifice 18" Four months
9. Hypophysis .
10. Adrenals
11. Thyroid

12. 12 females
13. Control
Intermittent
Continuous
14. 12 males
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Table 3. The Effects of Intermittent and Contimuous Irradiation on
Certain Aspects of Metabolism in Female Rats
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Henpepusumuit 99+1,95 12,24-2,66 93,7+13,1 2,0+0,41
p<0,05 p=001
(12)  |(9)Kourpans 20814491 | 220+408 | 217644287 7.6+145
Tp wecaua Hurepmurrupyowms | 21,3+3,70 12,2+1,87 157,5+£27,9 5,6+0.99
i p<0,05
Henpepusuuf 8,0+1,62 10,1+1,88 | 903<I126 | 274079
p<0,05 p<0.01 p=00l p<0.01
(13)  [(9) Kourpons 19.6+201 | 11,0221 | 1577+21,0| 4.2%0,97
Maty wmeca- Wnrepmerrupyowut | 30,242 68 9,1x1,34 1615+21,1 | 4,5%+0,78
e p<0,05
Henpepubuniit 27,9+6,98 122+1,42 |148,3+2350 | 3,0+0,61
Key: 1. Length of irradiation
2. Irradiation conditions
3. Daily Levels, mg
L. Potassium
5. Sodium
6. Total nitrogen
7. Diuresis
8. Two weeks
9, Control
Intermittent
Continuous
10. One Mornth
11. Two months
12. Three months
13. Five months 119
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UDC 614.87:537.568.029.64

THE EFFECTS OF INTERMITTENT AND CONTINUOUS IRRADIATION ON
CHANGES IN THE SECRETORY FUNCTION OF THE HYPOTHALAMUS AND
CERTAIN ENDOCRINE GLANDS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 87-90

[Article by M.S. Tolgskaya.VZ.V. Gordon, V.V. Markov, and
R.S. Vorontsov ]

Comparative morphological studies were conducted on the biolo-
gical effects of intermittent and continuous irradiation with
microwaves of nonthermal intensities., Studies conducted at
the level of the different structures of the hypothalamus-
hypophysis-adrenal cortex system revealed reversible changes.
The differences were observed in the restoration of the secre-
tory activity of the hypothalamic nuclei (intermittent radia-
tion resulted in a more prolonged course than did continuous
radiation).

At the present time, there is no doubt as to the importance

of the hypothalamus in adaptive reactions which maintain the
internal milieu of an organism under the influence of a variety
of adverse external factors.

The studies of V.I. Zubkova-Mikhaylova, V.F. Mayorova, S.V.
Vladimirov, A.A. Voytkevich, A.A. Galoyan, V.V. Aleshin, M.S.
Tolgskaya, Z.V. Gordon, and others, demonstrated changes in
the amount of neurosecretion in the hypothalamus and the
neurohypophysis under the influence of various physical stimu-
li (sound, light, electrical) chemical substances (x-ray irra-
diation), and irradiation with electromagnetic waves.

The present investigation is a portion of a complex of studies

on the biological effects of intermittent and continuous
microwave radiation.
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A unique feature of the present experiment was that the labora-
tory conditions were approximated as much as possible to actual
industrial conditions, in other words, the experimental regime

of irradiation adequately represents the irradiation of workers
in the industry.

Of great theoretical and practical interest was the stgdy on
the process of neurosecretion in the hypothalamus and its
correlation with changes which arise in certain endocrine glands.

Morphological studies on the neurosecretory function of the
hypothalamus, neurohypophysis, and the endocrine glands was
conducted in parallel with studies on the dynamics in the
change in vascular tone.

These investigations were conducted in a chronic experiment of
seven months duration. The experimental animals (white rats)
were divided into three groups. The first group of animals
were subjected to intermittent radiation, the second group was
exposed to continuous radiation, and the third group served as
controls. Details of the irradiation parameters are given in
the article by M.S. Bychkov, et al. Four series of experiments
were conducted on each group.

The nuclei of the anterior hypothalamuswere studied in serial
sections following staining with aldehydefuchsin by the method
of Gomori and of Bargman and Nissl, and for RNA. 1In all the
groups and series, the animals were sacrificed at the same time.

In the first series of both groups of animals, sacrificed at
the height of increase in arterial pressure (2-73 weeks after
initiation of irradiation), an increase in the accumulation
and secretion of the neurosecretory product was evident in the
hypothalamic nucliei. There was an increase in the number of
neurons whose protoplasm was completely filled up with neuro-
secretory granules. In the surrounding interstitium, along
the course of axons, we frequently encountered drops of neuro-
secretory material (Figure 1). In addition, many neurons had
small vacules in the protoplasm. Furthermore, there were
accumulations of prolate drops and beading of the secretion
along the axons of the nerve cells, and along the nerve fibers
of the hypothalamohypophysial tract.

All of the morphological findings can be regarded as proof for

the activity of the anterior nuclei of the hypothalamus, and
active secretion into the blood stream.
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The neurons of the anterior hypothalamus were found to be in
various stages of accumulation and secretion of the neuro-
secretory material in the second series of both groups of ani-
mals that were sacrificed 4-5 weeks after irradiation was
commenced, when there was some stabilization of the arterial
pressure (the arterial pressure was close to the initial back-
ground levels). Some neurons were in a state of rest after
secreting their material, and Gomori-positive secretory gran-
ules were present only in the perinuclear area of the proto-
plasm. In other cells, the beginnings of resynthesis of the
neurosecretory material were evident in the form of dark drops
in the protoplasm (Figure 2).

In the interstitium, here and there small drops of neurosecre-
tory material were detected, which were frequently distributed
along the course of the fibers of the hypothalamohypophysial
tract (Figure 2).

The histological picture showed a certain degree of stabiliza-
tion or normalization of the neurosecretory activity of the
hypothalamus and the neurohypophysis, which in many aspects
approximated that found in the control animals.

In the third series of both groups of animals that were sacri-
ficed after the low arterial pressure set in (22 weeks after
irradiation began) the nuclei of the anterior hypothalamus were
marked by the appearance of neurons that were smaller in size,
as well as atrophied neurons. Only isolated neurons contained
small secretory droplets in their protoplasm.

Rather frequently, nerve cells were encountered which contained
almost no secretory material, and only a thin layer of proto-
plasm, i.e. exhausted nerve cells. In addition, neurons could
be encountered which were in the initial stages of dystrophy
with uneven and seemingly "“corroded” outlines, and indistinct
nuclei (Figure 3).

The descriptions just presented indicate exhaustion of the
secretory activity of the anterior nuclei of the hypothalamus
and of the neurohypophysis.

In the fourth series of both groups of animals that were sacri-
ficed during the period of recovery (six weeks after irra-
diation was terminated) at a time when the arterial blood pres-
sure was close to the background level, we noted a picture
which was close to that seen in the control group of animals.
The neurons of the hypothalamus were in various stages of
accumulation and secretion of the neurosecretory material.
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Some cells were in a state of rest, other cells were in the
beginning stages of resynthesis of neurosecretory material,

and still other cells were secreting the neurosecretory material
into the surrounding interstitium along the course of axons.
Droplets of secretion were found in the hypothalamohypophysial
tract along the course of nerve fibers, and in the posterior
neurohypophysis.

However, in the hypothalamic nuclei were encountered neurons
which were in the state of exhaustion and almost completely
without protoplasm (the nucleus was surrounded by a thin layer
of protoplasm).

Consequently, normalization was evident of the neurosecretory
activity in the anterior hypothalamic nuclei. However, it must
be noted that in animals that had been subjected to intermittent
radiation, the process of recovery was proceeding somewhat more
slowly and was less complete than in animals subjected to con-
tinuous irradiation, and in addition, a greater number of
exhausted neurons were found.

Phasic changes. in the functional activity were also encountered
by us in morphological studies of the adrenal glands. Morpho-
logical studies of the thyroid gland also revealed certain
phasic changes in the functional activity of this gland, how-
ever, the phasic changes did not always coincide with the
changes in the functional activity of the hypothalamus,

The above considerations lead us to conclude that the hypo-
thalamus and the neurohypophysis, along with the adenohypophy-
sis and the adrenal glands, participate actively in the adap-
tive mechanisms of the organism.

To a large extent our data are in agreement with the results
of P,D. Gorizohtov [1970] who demonstrated that under the
influence of various stress factors, the reactivity of an
ogggnism changes during the different periods of the extreme
state.

During the first stage -- which consists of the mobilization
of the adaptive mechanisms of an organism in response to a
pathogenic factor -- there is an increase in the secretion of
the hypothalamic nuclei, and increased functional activity of
thg adrenal glands. During this period, blood pressure of the
animals increased. During the second stage -- increased non-
specific resistance -- we found a leveling off of the blood
pressure, and at the same time, stabilization (normalization)
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of the hypothalamic and adrenal functions. On continued irra-
diation, a third stage of exhaustion sets in. During this
period a persistent decrease in blood pressure appeared, and
the number of exhausted cells in the hypothalamus increased;
in the adrenal cortex the concentration of RNA, DNA and lipids
decreased in comparison with the controls.

After irradiation was terminated, there was a gradual increase
in the blood pressure, i.e. the state of recovery, and this
was accompanied by gradual normalization of the functional
activity of the anterior nuclei of the hypothalamus and of the
adrenal glands. The phase of recovery was less complete and
commenced later in the group of animals that had been subjected
to intermittent radiation.

Our data point to the advantages which may be obtained by means
of functional and morphological investigations of the neuro-
endocrine factors which are involved in the mechanisms of
homeostasis and adaptation during the course of chronic irra-
diation with microwaves of low intensities involving different
regimes of exposure (intermittent and continuous).
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Figure 1. Accumulation of Neurosecretory Material in the Protoplasm of Hypo-
thalamic Neurons. Large Amounts are Evident as Masses and Droplets
Distributed Along the Course of Nerve Fibers. Gomori Stain. X 600

Figure 2. Hypothalamic Neurons in Various gtages of Accumulation and Secre-
tion of the Material, X 600

Figure 3. Exhausted Neurons ("Naked Nuclei"). Bargman Stain. X 900
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UDC 614.87.537.868.029.64
ON SETTING HYGIENIC STANDARDS FOR THE COMBINATION OF SHF AND X-RAYS

Moscow 0 BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY RADIOCHASTOT in
Russian 1373 pp 91-54

/[Article by K.V. Nikonova and I.P. Sokolova/

[Text/ Results are presented of experimental studies on the nature of the
biological effects elicited by combined exposure to 10 cm microwaves and
soft-rays with E = 13,5 kev for the purpose of obtaining fundamental data
that could be u%i ized in establishing hygienic standards. “

One of the current problems in labor hygiene , including that branch which
deals with investigations on the effects of electromagnetic waves in the
radiofrequency range, consists of elucidating the effects of all the indus-
trial factors on an organism,

Presently, investigators are devoting consi erable attention to the com-
bined effects of SHF electromagnetic waves and x-ray irradiation,

The literature is replete with individual studies indicating that combina-
tion of these two factors has very serious consequences for the health of
people working under such circumstances /T.K. Butkina, A.5. Vorontsova, Ye.A.
Girskaya, et al., 1959; K.N. Klyachina, B.M, Stolbun, I.Ye. Okonishnikova,

et al., 1961; A.P. Chesnokova, 1969/,

Few experimental studies are available on the biological effects of exposure
to a combination of SHF and x-rays; they pertain to radiations of different
energies, and their conclusions are not quite convincing and at times con-
tradictory /K.N. Klyachina, B.M. Stolbun, and I.Ye. Okonishnikova, 1963; K.N.
Klyachina, I.Ye. Okonishnikova, and E.A. Kalinina.,1966; K.V. Nikonova and
N.D. Khramova, 1968; K.V. Nikonova, N.D. Khramova, and I.P. Sokolova, 1969;
K.V. Nikonova, I.P. Sokolova, N.D. Khramova, and M.S. Tolgskaya, 1972; M.S.
Sakovskaya, and P.R. Vaynshteyn, 1969; A.N. Liberman, M.3, Sakovskaya, and

I. E. Bronshteyn, 1972/.
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The present study presents the results of experimental investi-
gations on the biological effects following exposure to a com-
bination of 10 cm microwaves and soft Eeff = 13.5 kev x-rays
which were designed to provide foundations for setting hygienic
standards. :

The experiments which were conducted with different SHF power
flux densities and doses of soft x-rays, demonstrated that the
nature of the biological effects in response to combined  irra-
diation depends on the intensities of the factors involved.

Synergism prevails when the combination consists of high inten-
sity SHF and x-rays. In such a situation the primary factor
which is responsible for the clinical picture are the soft

X- rays []

Thus, exposure to a combination of x-rays in a dose of 2,500 r
(once) and SHF with a power flux density of 40 mW/sq cm (for

15 minutes per day for 6 weeks) produce a clinical picture which
is characterized by the development of radiation sickness which
is expressed by changes in the weight of the animals, decreased
number of leukocytes in the peripheral blood, development of
skin changes, and decreased testicular weight.

Animals that had been exposed to combinations of radiation
evidence a greater percentage of deaths than do the remaining
groups (subjected only to x-rays or SHF alone), more pronounced
loss in body weight, earlier appearance of and more extensive
cutaneous lesions, a more pronounced decrease in peripheral
blood leukocytes /k. v. Nikonova, and N. D, Khramova, 19687.

The resultant data make it possible to conclude.that under the
given conditions, soft x-rays and SHF conduct themselves as
synergists -- by synergism we understand an effect which simu-
lates summation, or exceeds it somewhat.

The conclusion regarding the synergism of the effects of SHF
and soft x-rays was also found applicable when studies were
conducted in which the intensity of SHF was 10 mW/sq cm and
that of x-rays 250 r on single exposure, and 50 r/week on
multiple exposures. In these experimenis, the combinations of
irradiation elicited a more pronounced decrease in the number
of leukocytes in the peripheral blood.

However, in terms of other indices -- changes in body weight,
motor activity, functional state of the central nervous system,
reproductive capacity of the animals, and morphological changes
in the organs and tissues -- the changes observed on combined
exposure did not exceed those seen when either factor was
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employed glone. It should be noted that as transition is made
to lower intensities, the role of UHF in combined irradiation,
becomes more prominent. The changes which arise in the number
of factors, are largely determined by the radiofrequency irra-
diation ( changes in body weight, leukocyte formula, hyper-
plasia of the RES cells in the liver, lymphoid elements in the
lungs, and the lymphoid follicles in the intestines).

In setting-hygienic standards for these factors, the biological
effects elicited by low intensities of irradiation are of the
greatest interest.

At the Institute of Labor Hygiene and Occupational Diseases of
the Academy of Medical Sciences USSR from 1970 until 1972,
extensive studies were conducted on the biological effects of
SHF and soft x-rays under conditions of chronic experiments
with corresponding levels of intensities of 1 mW/sq cm and

25 r/week. Studies were conducted on weight dynamics, peri-
pheral blood (leukocyte and leukocyte formula, erythrocytes,
hemoglobin, reticulocytes, thrombocytes), immunobiological re-
activity, functional state of the central nervous system,
reproductive capacity, weights of the individual organs, as
well as the histological picture of organs and tissues of the
irradiated animals.

In order to exclude any chance elements, the basic studies
were repeated two to three times.

Comparison of the resultant data, along with due consideration
to their reproducibility in repeated experiments, made it
possible to determine the most characteristic effects which are
due to the combined irradiation.

The resultant data demonstrated that combination_of low inten-
sity SHF and soft x-rays elicited different biological effects
than those evoked by high intensity radiation. Under condi-
tions of low intensities, a distinct amplification of the
biological effect is not evident in comparison with instances
in which SHF and x-rays are employed separated. The diffe-
rences which are seen in certain parameters during certain
periods of the investigation are, as a rule, not pronounced,
unstable, and difficult to reproduce in repeated experiments.

The tendencies at the level of the individual organs and
systems in response to combined effects of low intensity SHF
and soft x-rays, may vary a great deal, and in some cases,
may be determined largely by the radiofrequencies, and in
others, by the x-rays. :
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Thus, in animals subjected to the combined effects of the fac-
tors under consideration at certain periods of time in the
investigation, we could detect a lag in weight gain which appa-
rently was due to SHF, since an analogous effect was detected

in animals that had been exposed to radiofrequency radiation
along, and in none of the experiments did these two groups of
animals differ significantly from one another. At the same time,
exposure to x-rays alone did not evoke changes in weight dy-
namics.

In the peripheral blood of animals exposed to the combined
effects of low intensity SHF and soft x-rays, changes arose
which were very similar to the changes elicited by isolated
radiofrequency irradiation. The differences which have been
noted between these groups of animals at certain periods of
time during the investigations, were, as a rule, unstable and
poorly reproducible on repetition of the experiments.

Studies on immunobiological reactivity over a perlod of six
months in investigations on the effects of combined irradiation,
revealed nonuniform changes in the phagocytic activity and the
digestive capability of the neutrophils as well as in the bac-
teriocidal activity of plasma. 1In addition, at different times
of the observations, one or the other factor predominated. 1In
terms of the extent of changes, the results did not differ
whether the factors were used in combination or singly.

It is known that the central nervous system is highly sensitive
to the effects of radiowave radiation. As a result of this,

we included indices in our study which reflected the functional
stage of CNS. Studies on the behavioral reactions of white
rats in mazes, and on the bioelectrical activity of rabbit
brains by means of EEG, demonstrated that changes evoked by

the combined effects of microwaves and soft x-rays did not
differ in their frequency nor in the degree of the change of
the alterations which were induced by the isclated factors
alone.

Due attention was given to studied on the reproductive func-
tions of animals subjected to prolonged (6-12 months) exposure
to the factors. Studies were conducted on the ability of the
males to fecundate females, of the females to conceive, intra-
uterine deaths (pre- and postimplantation), the number of pro-
geny in the litters, as well as qualitative characteristics

of the progeny (weight, body length, presence of malformations,
stillbirths). The resultant data did not show any significant
differences between animals exposed to a combination of the
factors, or to the factors in the isolated state.
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Histological investigations of the organs and tissues of ani-
mals subjected to combined irradiation for various periods of
time (from 3-9 months) revealed changes which were characteris-
tic of both radiofrequency as well as x-ray irradiation. In
terms of the extent of these morphological changes, they were
found to correspond to those which were observed when either of
these factors was employed alone (see the article by M.S.
Tolgskaya, et al., in this volume).

The absence of a distinct enhancement on combination of low
intensity SHF and soft x-rays suggest that at the levels which
are being considered, it may be possible to set standards for
each factor independently of the other. However, taking into
consideration the fact that biological effects resulting from
combined irradiation with SHF and soft x-rays have character-
istics which are typical of both factors, it must be empha-
sized that hygienic standards (in terms of each factor) should
have an adequate safety factor.

In evaluating the actual situation from this point of view, it
should be pointed out that we have no basis for determining the
actual standards of radiation safety since the intensities of
the soft x-rays which were employed in our studies (25 r/week).
are much greater than the permissible level. We shall only not
that under these conditions we did not observe any marked ‘
changes in the majority of the organs and systems, with the
exception of the male gonads. However, in the case of the
latter organs, we found significant changes after prolonged
exposure (6-9 months) when the total dose of exposure amounted
to 675-1,000 r.

Our studies on the SHF factor were conducted at thelevel of
the "upper" hygienic standard -- 1 mW/sq cm. Under such influ-
ence, we noted changes in terms of a number of indices --
weight dynamics, blood, immunobiologic reactivity, and morpho-
logical changes -- which were not evident in the control

group of animals.

Biological effects of SHF with a power flux density of 1 mW/
sq cm have also been described by other authors [2.V. Gordon,
1966; A.G. Subbota, and Z.P. Svetlova, 1970; A.I. Ivanov, and
B.A. Chukhlovin, 1968; and others].

We feel that for situations in which SHF and soft x-rays are
combined, a power flux density of 1 mW/sq cm for SHF cannot
be recommended as the maximum permissible level since the
safety factor is inadequate.
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THE EFFECTS OF COMBINED EXPOSURE TO SHF ELECTROMAGNETIC FIELDS
AND SOFT X-RAYS ON THE PERIPHERAL BLOOD

Moscow O BIQLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 95-99

[Article by I.P. Sokolova]

[Text] Long-term experiments conducted with a combination of
low intensity SHF fields (1 mW/sq cm power flux density), and
soft x-ray radiation (25 r/week), led to a decrease in leuko-
cyte (due to a decrease in the absolute number of the lymphoid
elements) and erythrocyte counts, and an increase in the number
of reticulocytes. Analogous effects were evident in animals
exposed only to microwave irradiation.

The literature indicates that both SHF as well as soft x-ray
irradiation may elicit definite changes in the peripheral blood
[I.A. Kitsovskaya, 1964; N.V. Tyagin, 1971; A.N. Liberman, 19667.

In recent years a number of studies have been published dealing
with the effects of combinations of these factors, usually at
high intensities (K.V. Nikonova and N.D. Khramova, 19687.
Furthermore, it has been noted that the effects due to a
combined exposure are more pronounced than those elicited by
either factor alone.

The object of our investigation was to elucidate the effects
on the peripheral blood of combined exposure to 10 cm micro-
waves and soft x-rays (Egff = 13.5 kev) under conditions of a
long-term experiment.

Studies conducted with 10 mW/sq cm SHF and 50 r/week x-ray
irradiation, show that a combination of these two factors
evoked a much more pronounced leukopenia than they did when
employed alone (Figure 1).
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Therefore, our data are in agreement with those published ear-
lier, but which dealt with higher intensities.

The major portion of the study dealt with long-tefm exposure
to combined irradiation of low intensities: 1 mW/sq ecm SHF for
1 hour/day, and 25 r/week x-ray radiation.

The studies were conducted on white rats of the same weight,
sex, and age. The animals were divided into four groups: one
group was exposed to microwaves alone, another group was
exposed to x-rays, a third group was exposed to combined irra-
diation, and a fourth group served as controls. The peripheral
blood of the animals was analyzed for the numbers of leukocytes,
erythrocytes, reticulocytes, thrombocytes, hemoglobin levels,
and the leukocyte formula. These determinations were conducted
once every two weeks, \

Three series of experiments were conducted lasting from six
to nine months. In the present article we present generalized
data for all three series.

Let us consider the leukocyte counts in the peripheral blood
of the animals. Certain variations may be evident in the
leukocyte levels when the animals are exposed to x-rays alone,
In one of the experiments, we encountered a relatively stable
decrease after a month and a half of irradiation. However, in
two other groups, the leukocyte levels were close to the con-
trol levels, and only on isolated days -- 3 out of 20 deter-
minations ~- differences between these groups were statisti-
cally significant.

In animals exposed to radiowaves alone, a decrease in the
number of leukocytes was noted by the 2.5 - 3.5 month and
remained depressed until the end of the experiment. Animals
exposed to combined irradiation showed changes similar to the
group exposed to microwaves alone, i.e. a stable decrease in
peripheral blood leukocytes became evident from 2.5 - 3.5
months. There were no significant differences between these
two groups of animals with the exception of one experiment in
which, after three months of combined irradiation, a pronounced
leukocytosis was noted which, at a subsequent period of time
(3.5 months) was replaced by leukopenia (Figure 2).

Analysis of the leukocyte formula with determinations of the
absolute number of cells, showed that a decrease in the number
of leukocytes in both groups was due to the decrease in the
absolute number of lymphocytes (Figure 3).
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Let us now turn our attention to peripheral blood erythrocytes.
In one series, the animals exposed to x-rays alone showed a
significant decrease in the erythrocyte counts in comparison
with a control group of animals after three months of irradiat-
ion. This effect was not clearly reproduced in other experi-
ments. At different periods of time a moderate decrease in the
number of erythrocytes could be encountered, but as a rule,

it was of short duration, and was subsequently replaced by
normalization of the erythrocyte levels.

The erythrocyte levels in the animals exposed to combined
irradiation and to microwave irradiation alone, showed signi-
ficant differences from the erythrocyte levels in the control
animals after 2% to 4% months in every geries. Furthermore,
there were no differences between the animals of these two
groups (Figure 4).

Hemoglobin levels in all groups of animals were similar, and
only toward the end of the experiment (54 and 7 months) did
we note a moderate decrease in hemoglobin in every group that
was exposed to some form of radiation.

Irradiation caused a significant increase in the numbers of
reticulocytes (Table 1).

The data in Table 1 show that after three months of irradiation
reticulocyte counts were increased in all animals exposed to
some form of radiation. However, these changes were most pro-
nounced and similar in their degree in the animals exposed to
combined irradiation and to SHF alone. After 3 and a half
months, the group of animals exposed to combined irradiation
differed to a statistically significant degree both from the
control animals as well as from animals which were exposed to
X-rays alone.

Thrombocyte levels did not undergo significant changes in the
experimental animals,

Therefore, exposure to low intensities of SHF fields (1 mW
sq cm power flux density), and soft x-ray radiation (25 r

week) results in a decrease in the leukocyte (due to a decrease
in the absolute number of lymphoid elements) and erythrocyte
counts, and an increase in the number of reticulocytes.

Analogous changes were evident in animals exposed to microwaves
alone. The differences between these two groups which were
evident at different periods of time, were poorly expressed,
unstable, and could not be reproduced.
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Table 1. Blood Reticulocyte Levels, %
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THE EFFECTS OF COMBINED EXPOSURE TO MICROWAVES AND SOFT X-RAYS
ON IMMUNOBIOLOGICAL REACTIVITY OF ANIMALS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 100-102

[Article by I.P. Sokolova]

[Text] Studies conducted on experimental animals exposed to
combined irradiation with low intensity SHF and soft x-rays,
demonstrated that the induced immunobiological changes were
analogous to, and no more pronounced than, those seen when
either of these physical factors was employed alone.

At the present time, the literature is replete with data indi-
cating that microwaves elicit changes in the immunobiological
responses of an organism. Thus, A.I. Ivanov [1962] found a
decrease in the phagocytic activity of neutrophils on irra-
diation of volunteers with 1,000-3,000 mW/sq cm microwaves.
This change was not persistent, and after a day, this activity
returned to the initial level.

B.A. Chukhlovin [1963] demonstrated that the decrease in the
phagocytic activity of leukocytes, and in the bacteriocidal
properties of blood serum in animals under the influence of
continuous SHF field, depends on the parameters of the latter.

Ye. I. Smurova [19667] in studies on irradiation of white rats
with centimeter waves at 10 mW/sq cm power flux density,
noted increase in the ingestive capabilities of neutrophils
with respect to E. coli, which was subsequently followed by
inhibition of this activity.

Phasic changes in the phagocytic activities of leukocytes
under the influence of radiofrequency band electromagnetic
irradiations has been noted by Ye. G. Tkachenko and V.S.
Padalka [1965], as well as by B.A. Chukhlovin 51966, 19687,
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On the basis of the data in the literature, it is also known
that the state of an organism in the course of immunological
reactions, are also greatly influenced by other physical factors.

Thus, Ye. P. Shuvalova, et al. [1960] have noted poorly diffe-
rentiated changes in the phagocytic activity of neutrophils in
medical personnel of radiology sections who had been exposed
for long periods of time to low doses of roentgen rays.

The object of our investigation consisted of studying the
effects of combined exposure to low intensity SHF and soft x-ray
radiation on immunobiological reactivity under conditions of a
long-term experiment.

A 10 cm band generator was used to generate SHF while operating
in the pulse mode. Roentgen rays were generated by RUM-7
(RUT60-20-1) equipment. The effective energy of radiation in
our experiments was 13.5 kev.

The experiments were conducted on 48 white rats. - The animals
were divided into four groups: one group was exposed to SHF
irradiation with a 1 mW/sq cm power flux density for one hour
every day, another group was expoSed to x-rays at intensities
of 25 r/week, a third group was exposed to a combination of
these factors, and the fourth group of animals served as con-
trols.

Phagocytic activity and plasma bacteriocidal activity were
determined by the method of V.M. Berman and Ye. I. Slavskaya
as modified by A.P. Volkova and V.I. Ternov which made it
possible to evaluate the intensity of phagocytosis, not only
in terms of ingestion, but also in terms of the digestive
capabilities of the neutrophils. In our experiments, the
phagocytic and bacteriocidal activities of the blood were stu-
died on a 24-hour agar culture of E. coli strain 675.

The effects of these physical factors alone, and in combination,
were studied over a period of 6.5 months (Figure 1).

The data in Figure 1 indicate that significant differences
were present in the natural resistance of the experimental

groups.

In the animals exposed to microwaves alone, phasic changes in
the ingestive function of the neutrophils was evident during
the first three months, and subsequently, was followed by
persistent decrease in this function -- lnitially this took
the form of a decrease in the number of phagocytizing cells,
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and later was also characterized by a decrease in the number
of ingested microbes (phagocytic index). Even more pronounced
changes occurred in the digestive function of the neutrophils.
A decrease in the digestive function was evident after 1.5
months, and remained depressed throughout the course of the
experiment. Simultaneously, blood plasma bacteriocidal acti-
vity decreased. Consideration of the entire data for the
period of irradiation showed that the group of animals exposed
to SHF alone showed the most pronounced changes in the digest-
ive activity of neutrophils, and in the bacteriocidal activity
of the plasma (Table 1).

Exposure to x-rays alone resulted in a moderate decrease in
the ingestive function of neutrophils (difference between this
and the control group became statistically significant only
after months of exposure). ’

The digestive activity of the neutrophils of this group of
animals after a month of exposure, significantly exceeded con-
trol values, and after a limited decrease after two months of
irradiation, a new rise in digestive activity was evident,
which after four months, was replaced by persistent decrease in
the digestive index. '

Exposure to a combination of SHF and x-rays over a period of
six and a half months resulted in variable changes in the
ingestive and digestive functions of the neutrophils, and in
the bacteriocidal activity of plasma. Furthermore, depending
on the time of the observation, and the function which was
being evaluated, either microwaves or x-rays seemed to be the
more dominant factor. The extent of changes observed on com-
bined irradiation, did not exceed those when either factor
was employed alone.

Therefore, studies on the immunobiological reactivity of ani-
mals exposed to a combination of SHF field and soft x-ray irra-
diation, did not reveal any peculiar characteristics. Changes
in the functions which reflected immunobiological reactivity
under conditions of exposure to both factors, proceed analo-
gously to those seen when either factor is employed alone, and
do not exceed the latter case in terms of degree.
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Table 1. Over-All Indices of Immunobiological Responsiveness During
Irradiation Period

CymMapHbie noKasaTeqHn HMMYHOGHO.MTOTHYECKOH PEaKTHBHOCTH XHBOTHHX
3a nepuoj 06ayueHHA

1 3 Y 6
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PATHOANATOMICAL CHARACTERIZATION OF CHANGES INDUCED IN EXPFRI-
MENTAL ANIMALS BY COMBINED IRRADIATION WITH MICROWAVES AND X-RAYS

Moscow O BIOLOGICHESKOM DEYSTVII ELEKTROMAGNITNYKH POLEY
RADIOCHASTOT in Russian 1973 pp 103-108

[Article by M.S. Tolgskaya, K.V. Nikonova, and R.S. Vorontsov]

[Text] Studies on the morphological changes on the organs

and tissues in animals exposed to a combination of SHF and soft
x-rays, showed that the nature and the degree of -change corres-
pond to those observed when either physical factor is employed
alone. When high intensity irradiation is employed the x-rays
exert the dominant influence, while at low intensities, the
histologic picture of the organs and tissues is characterized
by changes characteristic of both factors.

The object of the present study was to evaluate the morphologi-
cal changes in tissues of animals exposed to a combination of
microwaves (10 cm band) and soft x-ray irradiation (Egrf =

13.5 kev). '

The study was conducted with white rats and mice (a total of
94 animals).

The animals were sacrificed by decapitation. The material
obtained for investigation was fixed in 12% neutral formalin
or 80% alcohol and imbedded in celloidin and paraffin. Sec-
tions of the internal organs were stained by hematoxylin-eosin
with sudan for the fatty tissues; sections of the brain were
stained by the method of Nissl. Cutaneous receptors were stu-
died by silver impregnation of the sections by the method of
Bilschowsky and Gross, while the levels of ribonucleoproteins
(RNP) in the epidermis and its derivatives were studied histo-
chemically by the method of Brashe [transliterated].

Comparative evaluations were made of the histology of the
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organs and tissues of animals exposed to a combination of SHF
and soft x-rays, and animals exposed to either of these physi-
cal factors alone.

The resultant data were in excellent agreement with the results
made on the functional state of the various systems, and point
to the interrelationship between the nature and the degree of
morphological changes during combined exposure, and the inten-
sities of the physical factors.

Thus, exposure to high intensity combination (250-2,500 r
single x-ray exposure, 40-10 mW/sq cm multiple SHF exposures)
elicited pathomorphological changes in the animals which were
similar to those encountered with x-rays alone. Below, we
shall present morphological data on animals that were sacri-
ficed after a single exposure to x-rays at a dose of 250 r
followed by microwave irradiation for two weeks.

Animals exposed to combined irradiation or x-ray irradiation
alone, showed evidence of perivascular and pericellular edema
in the brain, and some swelling of the neurons. In the liver,
x-rays evoked dystrophic changes in the hepatocytes. In addi-
tion, the liver cells are swollen and have a transparent,
seemingly "dispersed" protoplasm. On SHF irradiation, the liver
cells were not effected, and there was only a limited hyper-
plasia of histiocytic elements. On combined exposure the

same type of proteinaceous dystrophy of the liver cells is evi-
dent that is seen when x-rays are employed alone, but there is
also a moderate hyperplasia of the reticuloendothelial elements.
Exposure to x-rays alone and to combined irradiation elicits
changes in the lungs which are characterized by moderate con-
gestion, perivascular edema, and a sharp decrease in the
lymphoid elements, while irradiation with the radiofrequency
waves alone, elicits moderate hyperplasia of the lymphoid ele-
ments around the vessels and the bronchi. X-ray irradiation
also evokes a sharp decrease in the lymphoid elements of the
spleen which appears to be an advanced stage of atrophy. The
spleen does not undergo changes under the influence of SHF,

and the Malphigian bodies are distinct, with an adequate quan-
tity of lymphoid elements. Under the 1nfluence of SHF irra-
diation, the bone marrow retains the usual numbers of cellular
elements, while in animals exposed to x-rays alone, or to com-
bined exposure, the cellular elements decrease.

The greatest differences were noted in the testes. The semi-
niferous tubules retained the normal amounts of germlnal
epithelium distributed in layers when exposed to microwave
irradiation. Occasionally, there was desquamation of large
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cells (spermatocytes) into the lumen of the tubules. 1In the
case of x-irradiation, the epithelium of the tubules was, in
most cases, necrotic, disorganized, and desquamated into the
lumen; occasionally the tubules contained necrotic rose masses
in the center which were surrounded by membrane without any
germinal epithelium. Certain tubules were dilated, empty, and
lined with one tc two layers of degenerated cells. Spermato-
cytes were absent. Combined irradiation induced analogous
changes in the testes, Without a special enumeration it was
impossible to detect any differences between the effects
exerted by x-rays alone, or the combined exposure.

Thus, histologic investigations did not reveal any specific
changes elicited by exposure to a combination of 10 mW/sq cm
SHF, and 250 r soft x-ray radiation. The changes which were
noted were similar to those obtained with x-rays alone in
combination with compensatory-adaptive phenomena of certain
stages which were due to the effects of SHF.

Analogous conclusions came from morphological studies on ani-
mals that had undergone long-term exposure to a combination of
SHF and x-rays at intensities of 10 mW/sq cm and 50 r/week,
respectively, and which were sacrificed 2 and 10 months after
initiation of exposure. In this case changes due to the x-rays
were less pronounced, and the compensatory-adaptive response of
the RES was much more pronounced.

Subsequent investigations dealt with the analysis of the morpho-
logical changes under exposure to chronic combined irradiation
with SHF and soft x~rays which we arbitrarily designated as
being of "low" intensities -- daily one hour exposure to SHF
with a 1 mW/sq cm power flux density in combination with x-ray
radiation at an intensity of 25 r/week. Pathomorphological
changes were studied at 3, 6, and 9 months.

After three months of exposure, dystrophic changes in the inter-
nal organs of the animals were not noted. Exposure to micro-
waves alone resulted in limited hyperplasia of the lymphoid
elements of the lungs, and of the reticuloendothelial elements
in the liver. The bone marrow was active and contained large
numbers of cells. Multiplication of the interstitial elements
occurred in the testes as well as an increase in the number of
the cells ofthe germinal epithelium, a portion of which was
desquamated into the lumen of the seminiferous tuhiles. In the
skin, stimulation of the receptors was evident in the form of
marked argentophilia, thickening, swelling, and increased
volume of the axoplasm, as well as marked tortuosity of the
nerve fibers. Histochemical methods revealed a decrease in the
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level of RNP in the epidermis and its derivatives.

On exposure to x-rays alone the testes showed initial stages

of dystrophic changes in the germinal epithelium of individual
seminiferous tubules (disorganization of the layers of germinal
epithelium, occasionally limited desquamation, and in isolated
tubules, precipitation of protein masses, and a decrease in the
number of sperms). In addition, initial changes were evident
in the sternal bone marrow (along with active bone marrow

small foci were evident in which the active elements had been
replaced by fatty tissue) and limited deposits of hemosiderin
in the spleen, intestinal submucosa, and the liver interstitium.
The receptor organs in the skin were not changed. RNP layers
in the upper layers of the skin were normal, and large quanti-
ties of plasma cells and mast cells were present in the sub-
cutaneous tissue.

Histologic studies of the organs and tissues of the animals
exposed to combined irradiation showed features which were
characteristic of both physical factors. In addition to hyper-
plasia of the lymphoid and the reticuloendothelial elements,
stimulation of the cutaneous receptors, and a decrease in RNP
of the upper skin layers, there were also initial localized
dystrophic changes in the sternal bone marrow, increased depo-
sition of hemosiderin in a number of organs, and the appear-
ance of plasma and mast cells around the dermal vessels. In
the testes, the stimulatory effect of SHF overlapped the effects
due to x-rays (along with dystrophic changes in some of the
tubules, a marked thickening of the cellular layer was seen in
other tubules).

The changes noted above become more prominent as the duration

of expocsure is extended to six and nine months. However, even
after nine months of irradiation, the initial dystrophic changes
in the neurons of the cortex, the muscle fibers of the heart,
and in the hepatocytes, do not exceed the changes whiech are
evident when either physical factor is employed alone. As
before, SHF elicits marked hyperplasia ofthe reticuloendothe-
lial elements in the liver and the spleen,of the lymphoid ele-
ments in the lungs, and of the microglia in the brain; SHF is
also responsible for marked changes in the receptors of the
skin, and for the decrease in the RNP of the epidermis and its
derivatives. X-ray radiation is responsible for the increased
numbers of mast and plasma cells in the subcutaneous tissues,
and of the mast cells in the cellular tissue around the spleen,
as well as for the increase in the deposition of iron-containing
pigments in the lymph nodes of the lungs and the spleen. It
may be assumed that these changes are due to increased permea-
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bility of the blood vessels. Exposure to x-rays alone for a
period of nine months, elicits marked dystrophic changes in
the germinal epithelium of the testes, which results in almost
complete obliteration of some sem1n1ferous tubules. In other
tubules, the dystrophic changes are accompanied by an abnormal
regeneration with the appearance of giant cells.

In case of combined irradiation, we must also add certain
changes which are due to SHF such as homogenization and inter-
stitial edema under the capsule, and multiplication of the
interstitial elements with the formation in individual cases

of tumor-like proliferation of the interstitial elements. It
should be pointed out that this process is focal in nature,

and this obviously is responsible for the fact that in combined
exposure, we did not find a deterioration in the function of
the testes.

Consequently, on the basis of the results obtained in three
series of histological investigations conducted with different
intensities of irradiation, we are led to the coneclusion that
morphological changes in the organs and tissues of animals
exposed to a combination of SHF and soft x-ray irradiation,
correspond in their nature and extent to the changes seen when
either of these factors is employed alone. The effects due

to x-rays seem to predominate when high intensity combined
irradiation is employed, while the histological picture of
organs and tissues of the animals exposed to a low intensity
combination of SHF and soft x-rays, cont