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It has been 
as possible

The availability of translations of the material in this re
port is given in the insert included with this report.

holds that the 
thermal 
field 
cific" >

It should be noted that 
effects of microwaves 
One of the 
Scientific Research 
Occupational Diseases.
Generally, Soviet opinion on the mechanism of action 
microwaves is divided into two schools of thought: 

biological effects of 
in nature; the second 

intensities,

attempted to include as much quantitative data 
etc .jucoiuxc, within the limitations of abstract treatment. 
The abstracts have been broken down into subject areas (e.g., 
clinical, experimental, and theoretical aspects) and are ar
ranged chronologically within each subject area. Since re
search methods and devices in this field are constantly 
being improved, and since a wealth of information exists, it 
is felt that a future report might well be devoted entirely 
to experimental methodology and instrumentation.

The abstracts are based entirely on Soviet and Soviet-Bloc 
open literature published during the period 1937—1965. 
Special emphasis was given to the selection of those articles 
primarily concerned with the effects of microwaves on the 
central nervous system. Some of these articles have been 
cited in annotated form in ATD Report P-65-17.

The purpose of this report is to review the historical de
velopment and to survey the contemporary state of Soviet and 
Soviet-Bloc research on the biological effects of microwaves, 
especially in the radio frequency ranges.

of 
the first 

microwaves are always 
the second holds that at certain low 
microwaves exert a nonthermal or "spe- 

effect on the molecular and cellular level. With re
spect to the latter hypothesis, attention is directed to the 
recent interesting work of Kamenskiy (p. 58).

in the biological 
began to become more intense in 1957. 

leading institutes in this field has been the 
Institute of Industrial Hygiene
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BIOLOGICAL EFFECTS OF MICROWAVES

SECTION I.
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The nerve, sensitiveness of the 
pal/ent C

Effect of Centimeter Waves on the Human 
Central Nervous System

HYGIENIC AND CLINICAL ASPECTS 
OF MICROWAVES (1937-1961[)

6?
Time

Fig. 1. The nerve sen
sitivity of a patient

The generator is 
u/orking-- -

Fig. 1 shows the nerve sensitivity of a patient exposed 
to a centimeter wave field. The patient had been in the hos- 
oital for two months during which time her nerve sensitivity

When the sensitivity were exposed to a spark oscil
lator consisting of 50 vibrators 
1 cm long placed.on two planes 
so that, provided the vibrator 
currents were synchronously 
phased, energy radiated along 
the line perpendicular to the planes. At first the subjects were screened by an iron shield, 
this was later removed so that 
the generated waves could reach the head. Upon removal of the 
shield, nerve sensitivity was 
found to rise 2u0$j. This is analogous to the effect achieved in increasing the sensitivity 
of one eye by 200 luxes of illumination of the other. How
ever, in this situation, the 
excitability of the central nervous system is a function of the irritation of the optic 
nerve, whereas under the effects 
of centimeter waves, the energy 
is transmitted by peripheral nerves to the central nervous 
system, or it is absorbed di
rectly into the cerebrum. The 

energy of centimeter waves in this experiment was judged to 
be equivalent to 6 luxes of illumination, 
ably not cause a thermal effect).

Experiments were carried out on human subjects to deter
mine how centimeter waves affect the sensitivity of the cen
tral nervous system. Following a half an hour of rest in com
plete darkness, the subjects were placed in front of an adap
tometer and exposed to light for 5 min. became constant, the subjects

/

I—•-----The screen
is token 
amag—
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Industrial Hygiene Aspects of Pulse UHF
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The author concluded that the soothing effect of microwaves had been established and that their therapeutical appli
cation should be considered, taking into account the thera
peutic dose and the individual sensitivity of patients.

quickly,heartburn, 18 were irritable, 12 lost weight, 12 had paresthe
sia of the extremities, and 10 workers suffered from loss of memory, inability to concentrate on intellectual subjects fol
lowing work, etc. Only 15 people had no complaints.

Subjective investigations revealed that 31 people com
plained of headaches at the end of the workday, 26 tired 

24 complained of sleepiness, 18 felt symptoms of

Objective investigations revealed symptoms of hypotonia 
(maximum arterial pressure: 95. 100, 105) in 34 people, bradycardia (up to 60 beats/min) in 26 cases, with sharp fluc
tuations (18—20 beats/min) apparently as a result of Aschner

had constantly decreased. Upon admission, her sensitivity was equal to 108 units; this had fallen to 70 units in 46 days. 
The figure shows how centimeter waves produced a 94$ increase 
in sensitivity. The results of experiments on other patients were the same although the sensitivity increase was not as great.

Turlygin, S. J. Effect of electromagnetic centimeter 
waves on the central nervous system. Comptes rendus 
(Doklady) de 1'Academle des Sciences de I'URSS, v. 17, 
no. 1-2, 1937, 19-21.

Besides the sensitivity curve, there were other indices 
of the effect of centimeter waves on the central nervous sys
tem. All patients felt better following the experiments, and 
all slept more deeply. One patient with insomnia had been given luminal (0.1 leg daily) but still slept poorly. Upon repeated exposure to centimeter waves, his sleeping pattern 
progressively improved up to a point where he suffered an attack of angina whereupon the treatment had to be curtailed.

The author conducted clinical and polycllnical investigations on 87 persons exposed to pulse centimeter wave fields 
(3—5 cm; frequency not given). Of this number, 37 were ex
posed continuously during the working day, and the rest were 
exposed periodically with intervals of 1—3 days between ex
posures. Their ages were from 20 to 40. The majority of the 
people examined were engineers, technicians, or laboratory 
workers.
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probes, dermographism in 2i± cases, extremity tremors in 16 
cases, loss of cutaneous sensitivity in 9 cases, and pupil dilation in 7 cases.

Biological Effects of Ultrahigh Frequencies Under 
Industrial Conditions

Functional shifts observed in people who were only peri
odically exposed to UHF were, for the most part, transient in 
nature. After five to six weeks of not working around these 
sources, neuropsychic disruptions had disappeared.

Analysis of the data indicates that there were signifi
cant shifts in the functional condition of the vegetative nervous system as reflected in a significant number of dysto
nia cases. These disruptions were most apparent in personnel 
who had been working around the UHF sources for 2—3 years.

These clinical findings point to the importance of the central nervous system. It is apparent that headache, altered 
sleep, loss of memory, rapid depletion of intellectual capac
ities on a background of hypotonia and bradycardia are specific symptoms of the reaction of the human organism to UHF 
fields which tend to injure the functional condition of the 
human brain. For this reason a number of prophylactic meas
ures are recommended for personnel working around pulsed UHF 
sources.

First, all UHF generators should be shielded to prevent 
irradiation of the worker. Next, workers should be provided 
with metal headpieces and special metallic aprons. Above all, 
workers should be given medical examinations at least once 
every six months by neuropathologists, therapeutists, and laboratory analysts. The treatment of individuals suffering 
from the effects of UHF should be selected according to the specific symptoms of the patient. The most important prophylactic and therapeutic measures, according to physicians, 
are breaks from work of 1—1 1/2 months.

The author clinically investigated 83 men and 25 women working under industrial conditions around meter-band genera
tors emitting maximum fields of 131.6—300.3 v/m and minimum

Kevork'yan, A. A. Working with pulsed UHF generators 
from the standpoint of industrial hygiene. Gigiyena 
i sanitariya, no. 4, 1948, 26-30.

Laboratory tests showed that the blood hemoglobin content 
was lower than 60% in 8 people, leukocytes ranged from 3200 
to 3800/mm3 in 2 cases and from 3900 to 45OO in 7 others.



Clinical Examination of Radar-Set Operators
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The author concluded that protective measures should be 
instituted for personnel working in the vicinity of high-frequency generators.

Increased pulse was observed in 67% of the cases examined, while 33% showed decreased pulse rates. The symptoms of brady
cardia observed by other investigators were thus not as evident in this situation. Arterial pressure showed a tendency to rise 
in 61.1% of the cases (15—20 mm Hg) as compared to the level prior to irradiation. A tendency toward lowered pressure was ob
served in 23.4% of the cases, and 14.9% showed no change. It should be noted that increased arterial pressure occurred, for the most part, at the beginning of duty; the authors feel that this 
increase was a normal reaction to a change in activity, rather 
than an index of the effects of microwaves. In a group of personnel who had worked intensely for long periods of time in the

The author studied the condition of military personnel 
who worked in the vicinity of radar generators emitting high- frequency pulsed UHF fields. Of the 111 men investigated, 43 
had worked in the radar installation for more than one year, and 68 had worked for less than one year. Another 46 men were 
used as controls. The subjects were from 20 to 25 years old.

No morphological changes were found in internal organs 
as a result of an x-ray probe. A few functional shifts were 
discovered, however, characterized by moderate body tempera
ture increase, slowed pulse (66.7$), and lowered blood pressure 
(34«4%). No alterations were noted in blood morphology. There 
was a slight tendency towards leukocytosis. In a control 
group, functional shifts in the nervous system were noted in 
12% of the group, bradycardia in 16%, and hypotonia in 14%.

In conducting plethysmographic tests, which the author 
considers to be a more sensitive diagnostic method than the 
usual neuropathological approaches, it was found that all 
workers exhibited a paradoxical type of vascular reaction. This was thought to indicate functional drifts in the central nervous system.

SOURCE: Osipov, Yu. A. The influence of ultrahigh frequencies 
under Industrial conditions. Gigiyena 1 sanitariya, no. 6, 1952, 22-23.

fields of 43.2—48.4 v/m. The air temperature was 2—3 de
grees higher than normal, all other factors were normal. The 
personnel had been working under these conditions fori—4years. Their ages ranged from 20 to 39.
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Type of apparatus 
and its frequency

Industrial Hygiene Aspects of High- 
Frequency Currents

Magnetic component of 
electromagnetic volt- 
age (amp/tn)

Electric component of 
electromagnetic volt- 
age (v/m)

GZ-46 (for tenper- 
ing 4.8 x JO5 cps

AZ-46 (for solder
ing 2.34 x 105 cps

LG-30 (for temper
ing 2.25 xlO5 cps

vicinity of radar sets, 75$ showed decreases in erythrocytes 
and hemoglobin, and 62.5 showed a tendency towards leukopenia.

1) measurements of electromagnetic field voltage in the fre- 
auency range of 300—500 to 30 me; 2) the effect of high-frequency electromagnetic fields on the organism; 3) the shield
ing of transformers.

In conclusion, the authors felt that they had failed to 
show that pulsed uhf was responsible for the observed func
tional shifts. Hypotonic, neurotic, and other reactions were 
attributed to fatigue and poor work-rest cycles. The majority 
of personnel showed normal working ability for the first 2—3 hr, 
followed by visual fatigue, weakness, headache, and general 
fatigue which became most noticeable during the i|th hr of work.

3Z-46 (for temper- 
i ing 2.8 x 105 cps

A number of tube generators used for industrial purposes 
(GZ-q.6, GS-Ij.8, L-60, L-4, AZ-46, LG-30, etc.) are improperly or unsufficiently screened. For this reason, the author con
sidered three hygienic problems arising from this fact:

Korsun, G. S., and G. V. Mikhaylov. Some problems 
concerning the physiological and clinical evaluation 
of people working on UHF generators. Voyenno- 
meditsinskoy zhurnal, no. 9, 1956, 32-36.

Table 1. Magnetic- and electric-field components of electro
magnetic fields generated by tube generators as measured 1.5 m 
from the axis of air transformers
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•J SOURCE: Khazan, G. L. Some problems of industrial hygiene in working with 
high frequency currents. Gigiyena truda 1 professional'nykh 
zabolevaniya, no. 1, 1958, 9-16-



75 me 20 me 0.3—0.5 me

Functional shift Cont rol Exp. Control Exp. Control Exp.

Number observed 30 44 70

0.15 « 0.00.1 » 0.009 0.2 * 0.008.004 .004 0.1 * 0.035

5.0 t 0.113 ’ 0.2 6.0 ‘ 0.142.5 * 0.1 7.4 * 0.1 14 ‘ 0.3

0.6 » 0.01Not investigated 0.4 1 0.010.7 * 1.5 ‘ 0.02.015

1.4 .037Not investigated 1.0 1 .0351.0 « 1.9 * .03.02

0.6 .0370.5 * .047Not investigated.060.8 ‘ .06

0.2 * 0.010.3 » 0.01.03.005 0.5 »0.1 *

Tot. Tot.Con t ro 1Control

Me anMin. Max.MeanMax.Min.MeanMin. Max.Min. Max. Mean

30+10 7 » 3 0 13 432364 ’1033 19 » 415 12 » 6 38

30 19 135+10 1 * 6 20-1055 ' 15 31035 1 10 40 734919

- 6 -

The results of a study made on Witte chronoscope, in which the visual motor reaction was studied in workers exposed to 75 
and 0.3-0.5 me fields, are given in Table 3.

Pulse increase 
beats/min

Temp, increase of 
forehead skin (°C)

Physiologi cal 
reaction

Conditioned 
reaction

Temp, increase of 
finger skin (°C)

Increased time for 
vascular reaction 
manifestation (sec)

Different
iation

» 4

Not investigated 

I

Body temp, 
increase (®C)

0.3—0. 5 me
Exp.

To study the voltage of the electromagnetic fields, an 
IPI-2 device was used. It is constructed on the principle of 
a loop antenna in which the field is measured by means of 
a galvanometer across a thermocouple. The device Immediately 
registers the magnetic component of the field, and the electric
field component is derived from this measurement. Results of the measurements are given in Table 1.

* 8

Increased time for 
disappearance of 
vascular reaction 
(min)

In studying the effect of high-frequency fields on 
production workers, the authors studied 15 persons exposed 
to 0.3—0.5 me fields, 6 were exposed to 20 me, and 5 were exposed to 75 me. Results of the investigations compared 
with physiological controls are given in Table 2.

The investigation showed that the voltage magnitude of the electromagnetic field depends upon the power of the 
source, the type of components, and the effectiveness of the generator shielding.

Table 3. Lowering of the rate of the visual motor reaction at 
the end of the working day (in sigmas) 

_____________________________________ 75 me_________  
Exp.

Table 2. Changes in the physiological functions of production 
workers at the end of the working day
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Clinical syndromes arising from prolonged exposure to 
UHF are characterized by asthenic and vegetative shifts. 
The asthenic reactions are not usually sharply pronounced 
and have no distinguishing features.

Electrocardiographic investigations disclosed that 
there was extracardiac disruption. Consequently, brady
cardia was frequently associated with symptoms of sinus 
arrhythmia, auricular and ventricular extrasystole, and 
disruptions of intra-aurlcular and intraventricular con
duction.

Shifts in the parasympathetic nervous system due to 
UHF exposure are usually characterized by hypotension and 
bradycardia. In one group of workers examined, which was 
exposed to fields of comparatively high intensity, UHF had 
an inhibiting effect on cardiac rhythm and most of the in
dividuals examined showed bradycardia. The vagotonic di
rection of vegetative shifts was determined by studying the 
oculocardiac reflex. It was found that auriculo-ventricular 
conduction was lengthened, extrasystole was intensified, and 
cardiac rhythm was slowed. In some cases, the oculocardiac 
reflex was distorted.

The author and his coworkers conducted surveys of people 
whose work exposed them to UHF of various intensities and 
wavelengths over long periods of time. Chronic irradiation 
from UHF generators under industrial conditions affects the 
organism in various ways, causing functional changes in 
various organs and systems. The degree of functional alter
ation depends upon the intensity and duration of UHF.

Changes in humoral regulation were reflected by a nearly 
twofold increase in blood histamine content and dissociation of 
individual protein fractions of the blood plasma. It was found 
that the total protein and globulin levels increased while the 
albumin-globulin coefficient decreased. These shifts were 
noted in the early stages of UHF effects before other clinical 
manifestations had started to become apparent.

The author states that the thyroid gland is extremely 
sensitive to the influence of UHF. In many cases, personnel 
exposed to UHF showed an intensification of thyroid activity. 
In some cases, a small increase in the volume of the thyroid 
gland was noted. However, in only a few isolated cases were 
these volumetric increases associated with hyperfunction.

Effect of Chronic Exposure to UHF on the Human Organism
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Analysis of the peculiarities of clinical syndromes as 
a function of duration and intensity of UHF radiation has 
revealed that specific reactions, such as vagotonic shifts 
in the cardiovascular system, occur in persons exposed, even 
periodically, to intense UHF. As the intensity of radiation 
decreases, these reactions become less distinct and more 
infrequent.

The diagnosis of reactions to chronic UHF requires a 
complex medical examination, a detailed study of the work
ing conditions, and the consideration of data reflecting 
the development and dynamics of the reaction. Since the 
clinical picture in these cases is not characterized by 
any specific manifestations and the reaction of the organism 
to UHF depends upon Its previous condition, the author feels 
that detailed medical examinations for people accepted for 
work around UHF sources take on a special urgency.

The degrees of severity of clinical syndromes resulting 
from exposure to UHF fields are described as: 1) initial- 
compensated; 2) moderately pronounced; 3) clearly pro
nounced. The early reactions to UHF are reversible. Full 
recovery is nearly always achieved by removal from UHF 
fields and treatment in an infirmary or sanatorium. In 
persons with asthenic tendencies, the UHF reaction can 
acquire a protracted character and can lead to decreased 
work capacity.

SOURCE: Drogichina, E. A. Clinical aspects of the chronic 
influence of UHF on the human organism. IN: Nauch- 
no-issledovatel'skiy institut gigiyeny truda 1 prof- 
zabolevaniy. Trudy, no. 1, i960, 29-31«

Industrial UHF does not usually cause permanent shifts 
in peripheral blood composition. There is a certain in
stability in leukocyte regulation, sometimes leading to 
mild leukocytosis or leukopenia. It has not yet been pos
sible to establish a definite correlation between the dur
ation of irradiation and the direction of these types of 
shifts. However, exposure to intense UHF fields is usually 
accompanied by moderate leukopenia.

It is felt that UHF fields of lower intensity have a 
fatiguing effect on the central nervous system. People 
exposed systematically to low-intensity fields have shown 
asthenic reactions and vegetative shifts of the cardio
vascular system. The nature of these reactions depends on 
the field Intensity.



Effect of UHF on the'Human Nervous System

Group

184 8 16 61 12 20 2 19 15

58 141292 59 51 12 7 21 37

78 56 14 263 31 1915 11 52

8 4 148Control 100 10 2
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Table 2. Changes in the nervous system as a result 
of exposure to microwaves
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Sadchlkova, M. N., and A. A. Orlova. The state of the nervous system under the influence of UHF. IN: Nauchno-issledovatel*skiy institut gigiyeny truda 1 
profzabolevaniy. Trudy, no. 1, i960, 25-29.

The author concludes that shdrt-term exposure to centimeter waves of significant intensity brings about shifts in the nervous and cardiovascular systems. Cardiovascular 
shifts are characterized by hypotonia and bradycardia. No speculation is made on whether the data reflected the thermal 
or nonthermal effects of microwaves.
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Soviet concern for the medical safety of personnel 
working in the vicinity of microwave generators has increased 
in recent years. Among the most active institutions in this 
field is the Institute of Hygiene and Occupational Diseases 
of the Academy of Medical Sciences. The author studied 266 
men and 125 women who worked as technicians, assemblers, 
and repairers of centimeter-wave generators, Three groups 
were considered; 1) 184 people exposed to periodic intense 

'3—4 mw/cm2); 2) 129 people exposed to less intense 
tenths of a mw/cm2); 3) ?8 people exposed to weak 

radiation (from hundredths to tenths of a mw/cm2). The re
sults of the clinical investigation are given in Table 2.



Clinical and Therapeutical Aspects of UHF

exposed to UHF.
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young men (up to 26 years old), 
tors and 26 were repair and mai 
remaining 34 persons, who constituted the

The author conducted clinical investigations on 100 
‘ , of whom 40 were radar opera-were repair and maintenance technicians. The 

------ o vxie control group, 
lived under"identical*conditions hut were not chronically

Kapitanenko, A. M. Clinical manifestations and therapeutical measures during chronic exposure 
to UHF. Voyenno-meditsinskiy zhurnal, no. 10, 
1964, 19-23.

In general, the investigations indicated that chronic 
exposure to UHF could result in functional alterations of 
the nervous system (e.g. asthenic syndrome,); in cardiovascular shifts (e.g., pulse lability, hypotonia, dullness of heart tones, various systolic murmurs, and moderate myo
cardial and vagotonic changes), in moderate disruption of gastric acid secretion; and in leukocyte count lability with 
a tendency towards leukopenia.

It was felt that the neurological disorders observed corresponded to the intensity and duration of exposure to UHF fields. Two persons with asthenic syndromes had been exposed for mere than 2 years, and 5 others for more than 
3 years. Electrocardiogram data revealed that 33$ of the exposed persons had pulses of 65 beats/mln or less, as 
against only 12$ of the control group. In general, alterations 
in the functional condition of the cardiovascular system were 
not sharply pronounced. A few technicians showed pulse 
lability, sinus bradycardia, and symptoms of moderate 
myocardial muscular changes. Most cardiovascular alterations 
were fdt to be compensated. Similarly, no sharp shifts 
in blood biochemistry were noted. However, the leukocyte count in the peripheral blood was under 5000 in 20$ and over 
8000 in 8$ of the cases examined, indicating a tendency 
towards leukopenia. No alterations in eye pathology were 
noted.

The UHF radiation sources were decimeter and centimeter 
radar generators. The total exposure time of the active 
radar service ranged from 1000 to 3000 hr. Studies were made 
of the functional condition of the circulatory and nervous 
systems, the Internal organs, the eyes, and the blood biochemistry.



Lately, 60—90-kc, 3—5-km 
, The authors

Industrial Hygiene and the Health of Tube-Generator 
Technicians

In all, 30 men and women, aged 31-35> were examined.
Most had been operational for not more than 5 years. A 
total of 16 people were examined (control group) who were 
not chronically exposed to electromagnetic fields. The 
majority of the workers' complaints involved headaches, 
excessive perspiration, increased fatiguability, general 
weakness, and loss of memory. A significant number showed 
vegetative vascular shifts characterized by dermographism, 
moderate acrycyanosls, acrohypothermia, and acrohyperhydrosis. 
Arterial pressure asymmetry was found in 15 workers. An 
investigation of cerebral cardiac reflexes revealed that 
there was an increase in the pulse rate up to 214—30 beats/min. 
Thirteen workers showed hypotonic tendencies with arterial 
pressures lower than 100/70 mm. An oscillograph test indi
cated that 22 workers had altered vascular tonus, and 14 
exhibited lowered capillary tonus. The EKG's of 23 workers 
showed sinus tachycardia, bradycardia, and arrhythmia, slowed 
ventricular conductivity, T-spike alterations, and other 
shifts associated with the vegetative nervous system.

Workers of the first group were exposed to new generator 
models (LZ-37, LZ-67, LPZ-107) which were unshielded and 
equipped with high-frequency transformers. Workers of the 
second group were exposed to old generator models (LG-60A, 
GZ-4.6, GLE-63, etc.) reconstructed to turn out 60—-90-kc 
frequencies (old frequency-200—300 kc). The source of 
electromagnetic fields was separate, high-frequency, block 
generators (induction, high-frequency transformer, and air 
capacitor. Measurements indicated that the field strength 
of electromagnetic fields in various working situations 
fluctuated considerably (e.g., electric field-5—106 v/m 
or 58.7$; magnetic field-0.2-10 amp/rn or 73.9$).

No significant changes in hemoglobin content, the number 
of erythrocytes and reticulocytes, or erythrocyte diameter 
were noticed. The quantity of leukocytes increased in more 
than one-eighth of the workers (8600/mm vs 6500 in the control 
group). The increase was due more to neutrophiles and mono
cytes than to eosinophiles and lymphocytes. The quantity of 
neutrophiles averaged 5868 as opposed to a normal of 3825 
while the monocyte count was 780 as opossed to 350. No shifts

- 11 -

Tube generators are used in various electrovacuum and 
machine construction capacities. 
tube generators have found wide application, 
studied the clinical aspects of workers exposed to 30—100-kw 
generators.
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Effect of UHF on Human Hemodynamics

Table 1.
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The observed increase in the number of leukocytes 
could not be attributed to any somatic disorders and
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66.6
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7
42
20

10.2
60.9
28.9

8
76
16

8
76
16

9.2
59.2
31.6

Group 1
Cases %

up to 4800 
4800—7400 
7400

The author examined the peripheral blood of 280 males 
and 117 females aged 20—4O. They included persons of 
such occupations as regulators, fitters, technicians, and 
machinists who had been exposed to UHF in their work.

Leukocyte counts of people exposed to UHF
Group 4
Cases %

Group 2
Cases 7,

Group 3
Cases %

in the cardiovascular and nervous systems or in blood mor
phology were noticed in workers of the control group.

The studies indicate the need for shielding 60—90-kc 
tube generators. Shielding has been found to lower the 
strength of the electric-field component to 5—10 w/m and 
the magnetic component to 2 amp/m.

They were divided into three groups according to the 
intensity of UHF exposed to: 1) 197 persons periodically 
irradiated by UHF with an intensity of several mw/cm2;
2) 132 persons periodically exposed to intensities up to 
1 mw/cm2; 3) 69 persons chronically exposed to UHF of very low intensity up to tenths of a mw/cm2.

Smurova, Ye. I., T. Z. Rogovaya, I. L. Yakub, and S. A. Troitskiy. Problems of industrial hygiene and 
the health of technicians servicing 60—90-kc tube 
generators. Gigiyena i sanitarlya, no. 12, 1964, 
27-30.

Practically no changes were observed in the red blood 
cells with the exception of some reticulocytosis. In the 
majority of people examined, the number of leukocytes 
fell within the control levels, but it did exceed the 
upper limit in a number of cases. These findings are given in Table 1.
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Effect of Centimeter Waves on Human Biochemistry
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UHF intensities up to 1 mw/cm2). 
often to a decrease in the number of neutrophiles. 
some cases moderate lymphocytosis was encountered.

The author studied the effects of centimeter waves on 
human biochemistry. The exact intensity and conditions of 
radiation were not described, but it can be assumed that the 
people examined were technicians working around high-frequency 
generators.

Of 92 persons (exposure intensities not specified), 22 
were clinically examined, and, in most of them, functional 
shifts of the nervous and cardiovascular systems were found 
which could be attributed to the effects of UHF. The 
peripheral blood of these individuals showed changes close 
to those in people examined at the dispensary.

The results indicate that there are small changes in 
the peripheral blood as a result of prolonged exposure to 
UHF at intensities not producing a thermal effect. These 
changes are reflected in an Instability of blood character
ized by moderate leukopenia, a tendency towards an Increase 
in the number of leukocytes, and an Increase in the number 
of reticulocytes.

therefore was considered to be due to the effects of 
UHF. Moderate leukopenia (3800—14500 cells/mm3) was 
encountered just as frequently in all 3 groups but

Only 6 people in Group 1 had a leukocyte count below 
In most cases the number of leukocytes in this group 

fell under the upper limit of the norm although in 29 persons, 
it exceeded 8000.

seemed more predominant in Group 2 (persons exposed to 
This was due most

The number of erythrocytes fell within normal limits 
in 71 of 76 people examined in Group 1. However, in 146 
persons the number of reticulocytes varied more significantly 
with half of them showing an increase of more than 10$, thus 
exceeding normal values. The number of thrombocytes was 
normal in 36 out of 146 persons, with 8 showing moderate 
thrombopenia.

Sokolov, V. V. and M. N. Arfovich. Changes in the,- 
blood under the influence of UHF. IN: Nauchno- ' 
issledovatel'skiy institut glgiyeny truda 1 prof- 
zabolevanly. Trudy, no. 1, i960, ++3—1+5.
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It was concluded that the metabolic shifts observed In 
workers exposed to centimeter waves reflected vegetative 
dysregulation. It was felt that these shifts would aid In the differential identification of various mesodiencephalic 
lesions which occur in the early stages of changes brought 
on by exposure to centimeter waves.

It was found that there were hemodynamic shifts in workers 
20—30 years old. These shifts were manifested by a signi
ficant increase in diastolic pressure. Of a total of 27 
blood sugar curves obtained from the irradiated workers, 7 
were flat, 7 were prediabetic, 4 indicated slight glycosuria. 
In some cases the final blood sugar level was lower than the 
initial value. The lactic acid content of workers was found 
to be less 2.5 times as frequently as it was found to be 
higher. The distribution of lactic and pyruvic acid and 
creatinine excretions is shown in Table 1.

Creatinine 
number ?

Table 1. Distribution of pyruvic and lactic acid and 
creatinine excretion

Pyruvic acid number ?
Lactic acid number ?

Bartonicek, V., and E. Klimkova, Deutschova. Some 
biochemical changes in workers exposed to centimeter waves, jgasopis lekaru Ceskych, v. 103> no. 1, 
1964, 26-30. 0

Changes in the chemical composition of the blood and 
the content of biologically active substances are among the substantial changes occurring in the human body as a result of high-frequency electromagnetic waves. There has been
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The histamine content of whole blood was determined by the colorimetric method of Rosental and Taybor with 
supplementary extraction following McIntyre's procedure. Using a trichloracetic filtrate of the blood, the hista
mine was extracted with butyl alcohol and hydrochloric acid. The histamine which was in a hydrochloric acid solution was 
dyed with a diazoreagent (p-nitroanlline and sodium nitrite) 
and then extracted with pinacoline. Photometry was employed, using a photoelectrocolorimeter with a green light filter. 
The quantity of histamine was calculated in microgram per
centages .

The activity of the cholinesterase of the blood serum and erythrocytes was determined by the titrometric method 
of T. V. Pravdich-Neminskaya. The activity of erythrocyte cholinesterase was determined in a solution of hemolyzed 
erythrocytes washed twice in a physiological solution. The enzyme activity was expressed in percentages of acetylcholine 
decomposition under given research conditions.

little study of the effect of microwaves on biologically 
active substances of the blood, especially field intensities which do not cause any perceptible damage to the human body.

During treatment the patients felt a light and pleasant 
sensation of warmth. The subthoracic depression and part 
of the contiguous sections of the anterior abdominal wall were subjected to the effect of the waves. Histamine con
tent and cholinesterase activity were investigated before application and 10—20 min after its cessation.

The authors studied the changes in the histamine content of whole blood and changes in the activity of blood-serum 
cholinesterase and erythrocytes during the local application of 13.56-mc and 23.75-mc fields with respective wavelengths of 22.12 m and 12.6 cm. Patients aged 19 —55 with chronic diseases of the stomach and Intestine were studied. A 
microwave therapy apparatus was used to generate the 12..6 cm 
electromagnetic waves. The duration of application was 
15 min, and the intensity was 50—60 v, with a distance of 6—8 cm between the surface of the body and the cylindrical irradiator, which was 18 cm in diameter. An apparatus for 
inductothermy with a disk electrode 30 cm in diameter generated the 22.12 m waves. The application lasted 20 min with 
the control meter set at 220—260 ma.

The blood histamine content and the cholinesterase activity before and after exposure to 22.12-m waves was studied in ten individuals. Among the examinees, five indi
viduals had normal gastric secretory function, three had elevated function, and two had depressed function, 
secretory function data is included because it has been shown that the histamine content of blood is definitely linked to 
the stage of gastric secretion.

- 15 -
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The blood histamine content of the examinees in the 
control investigation fluctuated rather considerably and, on 
the whole, corresponded to the acidity of the gastric contents.

Thus, it is statistically shown that, in almost all cases, 
the blood histamine content decreases after a slight exposure 
to a 22.12-m field.

The blood-serum cholinesterase activity in all the sub
jects before treatment with the 22.12-m field was within 
normal limits and did not change after treatment.

The activity of the specific cholinesterase of the eryth
rocytes in the examinees fluctuated rather considerably 
(Fig. 2, A).

JB
1 I [1 
.Hill J Ml 1

Alter a single 20-mlnute application of a high-frequency 
electromagnetic field in accordance with the method described 
above, the blood histamine content of eight of the ten examin
ees decreased by 30% or more (Fig. 1, A).

I 1i I

It failed to decrease in only two patients. It must be 
noted that the gastric secretory function of one of these 
patients was sharply depressed; the histamine content of 
the blood before the effect of the electromagnetic field 
was a very low level (1.14ug o/o) and did not change after 
the treatment. The blood histamine content of the other 
patient, who had an ulcerative disease, remained on the same 
level both before and after treatment with the electromagnetic 
field.

14,0/ao
11,0
n.o
10,0
00
&0
7.0
60
5.0
<•.0
3.0
2.0

0.0
Fig. 1. Blood histamine content before and after a 
single treatment with an electromagnetic field
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After exposure to a 22.12-m field, the erythrocyte 

cholinesterase activity of most of the patients did not change, decreasing in two and rising slightly in one.

*/.
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Fig. 2.
rocytes before and after a single treatment with 
electromagnetic field
solid columns — before, shaded columns
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Activity of specific cholinesterase of eryth- 
an

After a 15 min treatment with a 12.6-cm field (Fig. 1, B), 
the blood histamine content underwent no regular changes.

I
IIi i I

The blood histamine content and cholinesterase activity before and after exposure to a 12.6-cm field was likewise 
studied in ten subjects. Gastric secretory function was normal in ten of them and elevated in four. The initial amount of 
blood histamine was normal or elevated, basically corresponding to the acidity of the gastric juice.
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More marked and more regular changes were noted while 
investigating the activity of the specific cholinesterase of the erythrocytesi This was determined in nine individuals. 
Figure 2, B shows that seven of the nine examinees showed 
elevated activity of specific erythrocyte cholinesterase 
after exposure to a 12.6-cm field.

It was most often elevated in patients with ulcers and 
sharply depressed in patients with gastric secretory insufficiency.

A 
(22.12 m)

S

Blood-serum cholinesterase activity did not change in seven of the ten individuals examined. It rose slightly in two.

r
S

«
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Effect of UHF on Thyroid Gland Function
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The difference in the changes in the blood histamine content observed in these experiments and those of other 
authors is evidently caused by an uneven intensity and localization of the action and the individual condition of the 
subjects undergoing this action.

In persons working with UHF generators, certain endocrine disorders characterized by thyroid gland enlargement Usually the enlargement is not or changes in basal

Revuts'kyy, E. L. and F. M. Eydel'man. Effect of centimeter and meter waves on the content of bio
logically active substances in human blood, 
logichnyy zhurnal, 10, no. 3, 196i|, 379-382.

It is established that these changes depend on the wavelength of the high-frequency electromagnetic field ap
plied. The effect of the blood histamine content decreased with a 22.12-m field while the activity of the specific 
cholinesterase of the erythrocytes was unchanged. When a 
12.6-cm field was applied, the blood histamine content remained unchanged, but the activity of the specific cholinesterase of the erythrocytes Increased.

The experiments, therefore, demonstrated that the local action of a high-frequency electromagnetic field is accompanied by changes in the blood histamine content and by a change In the activity of* the specific cholinesterase of the 
erythrocytes. The activity of nonspecific cholinesterase of the serum did not change.

.. .. statistical processing of the findings obtained shows that this increased activity under the effect of 12.6-cm UHF fields is statistically reliable.

The findings in this report indicate that electromagnetic 
fields in the meter and centimeter range differ in their 
biological effects.

are frequently encountered, accompanied by symptoms of hyperfunction 
metabolism.

The authors examined 14.4 males and 6 females who had worked around UHF generators for three to six years or more. 
Clinical symptoms of the influence of UHF were determined in 20 of the group. The functional state of the thyroid gland was determined according to a method of M. Fateyeva, which 
involved the use of Iodine 131 (dose 1—2 microcuries)..
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No. 
examined

in 24 hr 
21-25

Table 1. Absorption of radioiodine by people exposed to 
UHF (% dose given) 

in 2 hr 
5 - 9

From the table it can be seen that only 15 people showed 
normal radioiodine absorption. After 2 hr, 35 out of 50 people had absorption rates exceeding 10%, in a range of 
10.5—22.5%. After 24 hr, the rate was at the upper limits 
of normal absorption in 12 people (26—30%) and exceeded 
normal in 19 people (30.4—44.1%).

The observed increase in thyroid activity may possibly 
be directly related to the sensitivity of thyroid tissue to 
UHF. However, it is also possible that these symptoms may represent a link in a complex chain of interrelated reactions 
of the organism to the deleterious effects of UHF.

Thus, accelerated absorption of radioiodine by the thyroid gland of people exposed to UHF was noted even after 
2 hr. It was impossible to discover any correlation between 
thyroid dysfunction and the work record of the people examined.

Enlargement of the thyroid gland without any symptoms 
of functional disturbance was found in 14 people. One 
individual had a third-degree enlargement of the symptoms of thyrotoxicosis.

In healthy people, a two-hr absorption of radioiodine 
ranges from 5—9% while, after 24 hr, it ranges from 10—30%. 
The average lower limit is from 15 to 25% and the upper limit 
between 25 and 30%. The results of tests on people exposed to UHF are given in Table 1.

Smirnova, M. I. and M. N. Sadchikova. Determination 
of the functional activity of the thyroid gland by means of radioactive iodine in workers exposed to UHF. IM: Nauchno-issledovatel' skiy institut gigiyeny 
truda 1 profzabolevaniy. Trudy, no. 1, i960, 50-51.
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Hygienic Evaluation of Working Conditions 
Around UHF Sources

tutions. 
rated by

and research institutes are extremely varied,.falling into 
the following general groups: 
3) testing the finished source.

Another method would be to shield the windows 
with metal screens.

I

Working conditions around UHF sources in laboratories
1) assembly; 2) tuning; and 

__Since operators under these 
conditions are exposed for shorter periods of time than

Magnetrons are tested on special stands where the tester 
works in a fixed position. Radiation from this type of source 
is of comparatively low intensity, from hundredths to tenths 
of a mw/cm2, originating in the cathode output unit. Although 
the intensity of radiation is small under these conditions, 
it can have a biological effect if the tester is exposed for 
an entire working day.

Experimental and clinical investigations have shown 
that the influence of UHF on the human and animal organism 
is noticeable after brief intensive irradiation and after 
prolonged exposure to low-intensity radiation. The author 
divides the various working situations around UHF sources 
as follows: 1) regulation, tuning, and testing of UHF 
generators; 2) testing and tuning of high-frequency assem
blies such as magnetrons, elements of the UHF tract, etc.; 
3) testing finished UHF generators outside the shop; q.) re
search with UHF sources in laboratories of research instl- 

In this study, the Intensity of UHF radiation was 
the density of power flux.

In testing finished UHF sources outside the workroom, 
the operator spends a great part of his time inside the 
chamber or in a special room where the waves from the source 
(antenna) can enter through open doors or windows. The in
tensity of radiation under these conditions is negligible, 
ranging from thousandths to hundredths of a mw/cm2. The 
position of the source with respect to the room is important; 
the source should be placed so that the energy does not reach 
the operator, 
and doors of the workroom

Under industrial conditions, most UHF energy is emitted 
in the workroom. Since the testing of radar sets frequently 
entails working with revolving antennas, workers under these 
conditions are exposed to periodic fields of varying in
tensity. The intensity depends on the number of workers 
working simultaneously around the source, their position 
and activity, and the layout of the workroom. Measurements 
at various installations has shown that the power flux density 
can reach values of one to several mw/cm2 in the direction of 
the irradiation.
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Working Conditions Around Civil Air Fleet Radar Stations
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Hygienic evaluation of the working
IN:

clinical symptoms, 
radiation, 
0.1 mw/cm2

operators under industrial conditions, the amount of radiation 
they receive is relatively small and has not been observed to 
exceed 1.0 mw/cm.

It was concluded from the survey that the staffs of 
radar stations of the Civil Air Fleet are subjected to direct 
and dispersed UHF, which may be of constant intensity or 
which may vary from 1 to several uw/cm2. Consequently, it is 
necessary to establish maximum permissible doses of irradia
tion, with the periodicity, intensity, and frequency of the 
UHF taken into consideration. The high levels of UHF recorded 
from radar antennas suggest that safety zones should be 
established around such antennas and that methods for measur
ing irradiation levels in their vicinity should be based on 
theoretical calculation and health-monitoring determinations.

Gordon, Z. V.
conditions of workers with UHF generators.
Nauchno-issledovatel’skiy institut gigiyeny truda 
i profzabolevaniy.

In evaluating working conditions around radar stations, 
Loshak made a dosimetric survey with a PO-1 "Medik" of dis
patcher, survey-dispatcher, and landing radars of the Civil 
Air Fleet. The quantitative results of the survey are given 
in Tables 1 and 2.

From the study it is concluded that workers under in
dustrial conditions are periodically exposed to high-intensity 
UHF fields. Workers tuning and testing individual UHF assem
blies are subjected to low-intensity UHF. Researchers and 
antenna testers are exposed to the least intense UHF fields. 
On the basis of his findings, the author recommends 0.01 mw/cm2 
as the maximum permissible radiation dose per day for workers 
exposed to continuous radiation. This figure is one-tenth 
of the value which has been observed to produce various 

For workers exposed to periodic UHF 
the maximum permissible dose should not exceed 
per 2 hr or 1 rnw/cm2
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Magnitude of UHF field (uw/cm2) being 
erated during work at landing and dispatcher radar 
stations, in relation to distance to antennas, height 
of installations, and angle of their slope
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Table 1. Magnitude of UHF field (pw/cm2) being gen
erated during work at RLS (radar stations) with cir
cular field, in relation to distance to antennas, 
height of installations, and angle of their slope
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Industrial Hygiene and Radiation Dosimetry Around UHF 
Sources

It is concluded that underestimating the harmful effects 
of UHF and x-ray fields could be harmful to operators and 
technicians. On the other hand, proper evaluation of these 
factors will facilitate hygiene countermeasures.

I0) w/cm2 , 
lpR2

It is more difficult to measure the intensity of x-ray 
radiation emitted by UHF sources because the intensity of 
x-radiation corresponds to the intensity of UHF and is genera
ted in very short impulses,such that the mean intensity will 
not be particularly high. A klystron generator working at a 
level of 1000 will yield a mean dose of 1 r/hr at a distance 
of several tens of centimeters from the source. The intensity 
of x-radiation in one impulse would be 1000 r/hr at that dis
tance. X-radiation emitted by UHF sources must be considered 
as "soft" with energy on the order of 20 kev. This complicates 
x-ray dosimetry, and scintillator counters are recommended 
for this purpose around UHF sources. The shielding of UHF 
installations can be accomplished by means of metal plates 
of such a thickness that the radiation level will be 10 times 
lower than the minimum acceptable dose.

One of the most important aspects in determining the 
potential danger of UHF radiation involves the duration of 
operator exposure to a UHF field. Thus, if an operator is 
exposed to a 100- w/cm2 field for no more than 2 hr, then 
radiation conditions would not be considered hazardous. 
Soviet interest has most recently focused on the nonthermal 
effect of UHF.

The author discusses various parameters involved in the 
evaluation of UHF and x-ray intensities emitted by radar 
stations. The magnitude of field flux density of a UHF field 
can be calculated using the following formula:

where FFD is the field flux density, R is the distance in 
centimeters, P is the mean power of the radar station in 
watts, G( 0) is the coefficient of amplification depending 
on the angle 0 between the direction of maximum radiation and 
the direction from the point of observations. This formula 
can only indicate the possible harmful effects of the UHF 
field in radar stations. A final instrumental determination 
is necessary for a more concrete assessment. The PO-1 
("Medic") is the recommended dosimeter.



1SOURCE:
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Effects of Centimeter Waves on the Development of Rats

(a = 10 cm) for 15 min

experimental control
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SECTION II. EXPERIMENTAL EFFECTS 
OF MICROWAVES (1955-1964)

In the second series, 14 rats 42 days old were exposed 
to 110 mw/cm2 for 5 min a day for 35 sessions. The condition 
and behavior of rats in this series was more pronounced than 
in the preceding test. Salivation was intense, and there 
was more pronounced reddening of the nose and tail. However, 
even in this series, the animals began to endure subsequent 
irradiations satisfactorily. Fig. 2 shows how this test 
affected the weight of the animals.
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Young rats were exposed to various intensities of centi
meter waves to determine how irradiation affected their weight 
and the histology of their internal organs and nervous system. 
Two series of tests were conducted. In the first test 14 rats 
22 days old were exposed to 40 mw/cm2 (a = 10 cm) for 15 min 
a day for 35 sessions. During the first 6 sessions the 
animals attempted to hide in the corners of their irradiation 
cells, lay motionless, and showed increased respiration. The 
noses and tails of these animals were reddened. Recovery took 
place 30—4O min after irradiation had ceased. After 6-7 ses
sions, the animals were able to withstand irradiation sessions 
without difficulty. Fig. 1 shows how this series affected 
the weight of the animals.

Fig. 1. Influence of UO mw/cm2, IQ-m waves on 
the weight of rats.
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system of animals become more severe as the field Intensity 
increases.

At high radiation intensities, vascular damage such as 
hyperemia, perivascular and pericellular edema, and fine hemorrhages were found in all regions of the brain of animals 
destroyed Immediately after Irradiation.

Along with hystrophlc changes, moderately pronounced proliferation of reliculoendothelial structures and multipli
cation of microglial structures in the nervous system were found. These processes were evidently a function of repeated 
irradiations.

The experiment showed that UHF does not have an inhibitory effect on the weight of rats and that degenerative and 
proliferative processes in the internal organs and nervous
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Fig. 2. Influence of 110 niw/cm2, 10-cm 
waves on the weight of rats

The results of both tests would indicate that UHF has a positive influence on the development of rats with the most positive effect occurring at a field intensity of 40 mw/cm2.
A histological examination of the irradiated animals in both series revealed degenerative changes in organs and tissues. Moderate degeneration was fburdin the liver, kidneys, and nervous system characterized by shrinkage of individual cells and nuclei. At the same time, more acute changes were noted, 

such as vacuolization and swelling of the protoplasm in some individual cells of the cortex, hypothalamic region, and medulla oblongata.
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Changes in the Cardiac Nervous Mechanism Due To SHF

An investigation of vagus nerve bundles and spinal ganglia 
did not revise any marked cytological alterations following 
exposure to SHF.

Certain data on the action of centi- 
Gigiyena 1 sanitariya, no. 12, 1955,

Gordon, Z. V. 
meter waves. 
16-19.

The author studied the cardiac neuromorphology of four 
cats which were exposed to SHF fields (wavelength not speci
fied) at intensities of 5—30 mw/cm2 for 2—10 hr (2 hr/day). 
Two animals were subjected to thermogenic Intensities 
(30 mw/cm2) and two to nonthermal intensities (5—10 mw/cm2). 
They were then destroyed 72 hr after the termination of the 
tests. Structures histologically examined included the 
medulla oblongata, spinal nodes, ganglia of sympathetic stem, 
and the vagus nerves (it was often difficult to ascertain 
from the article whether histological indices resulting from 
exposure to SHF were those reflecting the action of thermal, 
or nonthermal intensities. Photographs were shown of histo- 
morphological changes evoked by exposure to thermal SHF 
fields and included: 1) changes in preterminal sections of 
receptor fibers in the wall of the left atrium following ex
posure to SHF for 10 hr; 2) receptor degeneration showing 
branching In the right atrial wall following exposure to SHF 
for 2 hr; 3) diffuse and ramose receptor distribution in the 
right atrial wall after exposure to SHF for 10 hr; 4.) a group 
of Irreversibly damaged nerve cells from a spinal bundle 
following exposure to SHF for 10 hr.

It was evident that exposure to SHF produced histological 
changes in pulpy fibers and sensory endings. The most notice
able changes occurred in the preterminal sections of receptor 
fibers and were characterized by heavy swelling and leakage 
of the neurilemma. This would indicate that these structures 
are among the most susceptible to irreversible damage by SHF. 
No morphological changes were detected in muscular structures 
of the heart. Thus, the investigation showed the pulpy 
fibers, receptors,and pericellular structures underwent the 
most noticeable changes as a result of exposure to SHF and 
that these changes were as often reversible as irreversible.

In discussing the results of the investigation, the 
author mentions that the two cats exposed to nonthermal SHF 
intensities also showed changes in heart receptors and, 
occasionally in individual cells of the spinal ganglia. This 
would indicate that structural changes in nerve tissue are 
not necessarily a function of the thermal action of SHF.

- 26 -
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Effect of UHF on Conditioned Reflex Activity
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(7—55 w; 50 me), of ET-3 dosimeter.

UHF doses of 7—12 w for 5—10 min did not disrupt motor 
functions or produce any negative reactions. Conditioned re
flex activity remained unchanged. Larger doses of 14O—50 w 
for 10 min evoked negative reactions and disrupted coordina
tion. Conditioned reflex activity varied according to the 
type of higher nervous activity, 10 of 13 exposures to doses 
of 7—12 w decreased conditioned reflex activity and weakened 
differential inhibition for 2 or 3 days following exposure to 
UHF. When these same dogs were exposed to 24—25 w six times, 
changes in conditioned reflex activity were observed in three 
cases, characterized by decreased differentiation and lowered activity. Following exposure to large UHF doses, the re
activity of the cerebral cortex was lowered to such a level 
that repeated doses were ineffective.

The author^ exposed the heads of six dogs to pulsed UHF
'7 .5 > The absorbed dose was determined by meansCircular electrodes were placed in contact with the occipital region of the head during irradiation which 

lasted for 10—20 min. Alimentary conditioned reflexes were 
selected as an index of high nervous activity. The ages of the six male dogs ranged from 2—4. yr.

In dogs with weak higher nervous activity, it was not possible to detect changes in conditioned reflex activity as 
a result of exposure to 10—I4 w. This may have been due to the fact that the original state of conditioned reflexes was 
unstable, which would render observations more difficult. 
When one of these dogs was exposed to 25—45 w, there was severe higher nervous disruption unlike that observed in 
dogs with strong higher nervous activity. In this case, conditioned reflex activity fell to zero, and the animal 
failed completely to respond to food stimulus. Recovery 
took place after 2—3 days. Repeated doses did not lower 
the reactivity of this dog to UHF as occurred in those with 
strong higher nervous activity.

One animal which had high resistance to bromine, caffeine, 
sodium bromide, and UHF, was exposed to single 25—40 w doses 
f0r 5—20 min. No changes in conditioned reflex activity re
sulted. Only after exposure of the cerebellum to 5 large 
doses and rear portions of the cerebral hemispheres to 2 
doses, was any significant disruption of higher nervous 
activity noticed.

Pervushin, V. Yu. Changes in the cardiac nervous 
mechanism during exposure to SHF. Byulleten' eksperl- 
mental'noy biologii i meditsiny, no. 6, 1957, 87-92.
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Morphoanatomical Effects of 10-cm Waves
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r

plasmic swelling of 
tous organs. ------cells were evidently associated with severe vascular disrup
tion and edema. 'me - ----- -----  -- ---lo-endothelial reaction but exhibited a significant micro
glial reaction in the brain.

In the first series, 4 white rats were exposed to a single 
dose intensity of 40—110 mw/cm2 for 25—40 min. At the onset 
of irradiation the animals were agitated, and gradually became 
weaker with increased respiration as the duration Increased. 
Part of the group showed severe overheating, and the other 
parts succumbed. Anatomical analyses revealed vascular damage 
to all internal organs and the nervous system characterized 
by perivascular and pericellular edema and multiple severe 
and fine hemorrhages in the brain, lungs, kidneys, and myo
cardia. These were complemented by acute protoplasmic swelling 
of liver cells, brain cells, and kidney cells. There were 
also indices of acute degeneration, such as brain cell vacuo
lization, and cloudy swelling of kidney and liver cells. 
There was a complete absence of reaction ofl the part of reticu- 
lo-endothelial and microglial cells.

The author studied the effects of pulsed l~cm waves of 
thermal and nonthermal intensities on white rats. The dyna
mics of morphological changes were studied following., the 
exposure of rats to multiple doses of radiation, and the 
reversibility of these changes was investigated by killing 
the animals at different times after the termination of ir
radiation. Morphological probes were identical in six 
experimental series.

In the second series, 4 rats were irradiated one time at 
an intensity of 19—31 mw/cm2 for 30 minutes and then killed. 
A histological examination revealed several vascular disorders 
characterized by plethoria, perivascular and pericellular 
edema, and multiple hemorrhaging. There was severe proto- 

' nerve cells and cells of the parenchyma-
Hydropic alterations found in nerve and liver
The"majority of the animals showed no reticu-

These tests Indicated that when the heads of dogs are 
exposed to pulsed UHF, there are usually changes in higher 
nervous activity whichare characterized by lowered condi
tioned reflex activity depending upon the type of hio-her 
nervous activity.

Livshits, N. N. Conditioned reflex activity of dogs 
during exposure of the cerebellum to UHF fields. 
Doklady Akademii Nauk SSSR, v. 112, no. 6, 1957, 
1145-1147.
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Three animals in the fifth series were exposed to 7 mw/cm2 
for 30 min a day for 14 sessions and destroyed immediately 
thereafter. Degenerative processes in the parenchymatous 
organs and in the brain were moderate. Some proliferation 
was detected in the liver, kidneys, spleen, and lungs, which 
was characterized by multiplication of histiocytic elements 
and moderate sclerosis. Some vascular disruption was noted, 
such as hyperemia, edema, and fine hemorrhages.

Tolgskaya, M. S. Morphological changes in animals 
under the experimental action of 10 cm waves.
Voprosy kurortologii, fizioterapli, 1 lechebnoy fiz- 
kul'tury, no. 1, 1959> 21-24.
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Three animals in the last series were exposed 23—45 
times to 7—13.3 mw/cm2 for 30 min. Moderate changes in 
conditioned reflex activity were observed in this group 
charaeterized by lowered excitability of the cerebral 
cortex, increased latent periods, and decreased motor 
reactions. Along with weakened positive conditioned reflex, 
there was a change in the differentiation ability of the 
animals. Degenerative changes in these animals were moderate, 
which indicates that changes arising during irradiation at 
these intensities are reversible.

These studies show that vascular reactions are especially 
pronounced following exposure to large doses of centimeter 
wave radiation. Degenerative changes in internal organs and 
in the nervous system are moderately pronounced following 
exposure to small doses and more so in the nervous system 
and liver when animals are exposed to multiple medium and 
large doses. The thalamus and hypothalamus appear to be 
the areas most sensitive to centimeter waves. Proliferative 
reactions in the reticulo-endothelial elements of' internal 
organs and in microglial elements of the nervous system are 
particularly pronounced following exposure to medium and large 
doses, are absent following exposure to lethal doses, and only 
moderately pronounced following exposure to small doses.

In the ihurth series, 6 rats were irradiated with 7—9.5 mw/cm2 
intensities for 30 min and killed immediately thereafter. 
There was no evidence of a thermal effect in these animals. A 
moderate vascular reaction was more pronounced in the nervous 
system than in the internal organs. Characteristic of the 
entire group was the absence of a pronounced mesenchymal reac
tion in the internal organs. The fact that there was a micro
glial reaction in the brain indicates that this organ is the 
first to exhibit a mesenchymal reaction as a result of expo
sure to centimeter waves.

The third series of 32 rats were exposed to daily inten
sities of 40—110 mw/cm 2 for 5—15 min over a period of 75 
days. In this test it was found that repeated exposure brought 
about progressive adaptation.



Survival and Development of Mammals in UHF Fields

10 mw/cm2

Physical endurance of rats exposed to single UHF doses

control

6’ 07” 8'8" 10' 10" 1 hr 2'2"•

Radiation Duration
(min)

To test the physical endurance of the organism as a 
result of single exposure to pulsed UHF, lj.0 young rats were
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Table 2.___________
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Radiation Duration 
____ (min)______ 
Mean Physical 
Endurance-

The study showed that animals exposed to 10-cm waves of 
100 mw/cm2 for periods of 10, 20, 30 min and to 40 mw/cm2 
for periods of 60 and 90 min died within three weeks after 
irradiation.' Exposure to 100 mw/cm2 for 5 min and to 4-0 mw/cm2 for 15 min did not inhibit the development of rats, 
but it did not justify the conclusion that these exposures 
had a positive effect even though experimental animals tended 
to gain more weight than the controls. The increase in weight 
by experimental animals was accompanied by moderate degenera
tive and proliferative pathohistological changes.

(10 mw/cm2) 10-cm waves for 24 sessions of 60 mln.
what greater gain in weight by experimental animals was noted 
two weeks after irradiation.

In another series, 4.5 rats were exposed to low intensity
> A some-

The author studied the effects of thermal and nonthermal 
intensities of pulsed UHF on young rats. The animals that 
survived intensities and durations of thermal irradiation 
were observed for three weeks. The results of these investi
gations are presented in Table 1.

Table 1. Survival of young rats exposed to various 
intensities and durations of pulsed UHF
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Effect of UHF on Nervous Activity and Interneuron Connections

After positive and negative (inhibitory) conditioned 
reflexes had been developed, control experiments were conducted for extinction of the orientation reaction to the sur
roundings and the experimental procedure.

To elucidate the effect of UHF on the central nervous 
system, the author exposed white rats to pulsed, 10cm, 10 mw/cm2 
radiation 30 min a day for 5 days.The Kotlyarevskiy motor-food method was used to develop conditioned reflexes. Stimuli 
were administered with 1—2 min interruptions in a definite 
sequence, which led to the development of a dynamic stereotype upon regular repetition. Since positive conditioned 
reflexes were developed for stimuli differing in force, it was possible to evaluate the force ratios in the cerebral cortices of the rats.

In animals with strong and steady processes of excita
tion and inhibition, initial changes in conditioned reflex activity were characterized by some increase in the motor reaction and a decrease in the latent period of reflexes to a weali stimulant. After 16—17 irradiations, and in some 
cases fewer, there was a decrease in the response reaction to a strong stimulant and then to a weak stimulant. The use of a differentiating stimulant brought on successive inhibition characterized by a lengthening of the latent period and a decrease in the motor reaction to sound stimulus. Continued irradiation produced a further weakening of active inhibition accompanied by a drop in the positive conditioned reflex to sound stimulus following the application of the differentia
ting stimulant. A break in differentiation was frequently 
observed with this background.

In a group of animals in which processes of stimulation and inhibition were somewhat weakened under normal conditions, 
initial changes in conditioned reflex activity took place

- 31 -

The table indicates that even a single exposure to pulsed 
UHF is harmful and that endurance decreases as a function of radiation intensity and duration.

exposed to various intensities and durations of irradiation and then made to swim. The results of these tests are given in Table 2.

Lobanova, Ye. A. Survival and development of animals 
exposed to various intensities and durations of pulsed ,/ 
UHF. IN: Nauchno-issledovatel'skiy institut glgiyena truda i profzabolevaniy. Trudy, no. 1, i960, 51-64.
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In an attempt to find the relationship between observed shifts 
in the functional state of the nervous system and morphological 
changes, interneuron connections in the cortex of experimental 
animals were studied. Animals were killed by decapitation. 
An examination of the cerebral cortex treated according to the Golgi-Bunbanet method revealed that the projections on 
the dendrites of nerve cells were in the process of disappear
ing. This was associated with the appearance of thickenings 
and swellings. Apical dendrites leading to upper associative layers of the cerebral cortex were especially altered. It was found that, as the number of irradiations Increased, the process of dendrite deformation extended progressively deeper 
into the cortex toward the body of nerve cells. Thus, low- 
intensity pulsed UHF altered the receptor apparatus of the 
cerebral cortex. This would serve to explain the shifts in conditioned reflex activity observed in experimental animals. 
The data would indicate that changes in higher nervous activity produced by exposure to UHF are based on morphological changes 
in the interneuron associative connections of the cerebral 
cortex.

. somewhat differently. After the first irradiations, a weakening of the motor reaction and a lengthening of the conditioned 
reflex latent periods was observed. The changes noted were 
stable, and the value of the motor reaction decreased at the end of each experiment. As the number of irradiations increased, 
changes in conditioned reflex activity took place somewhat earli
er than in animals with strong nervous activity. Positive condi
tioned reflexes, which were clearly pronounced at the beginning of 
the experiment, had completely disappeared by the end of it. After 15—16 irradiations, the motor-fooa conditioned reflex was pre
served for one or two of the first conditioned stimuli followed 
by unlimited inhibition. In a number of cases, positive condi
tioned reflexes to strong and weak stimuli completely disappeared. 
After the use of a differential stimulus, the latent period 
increased, the motor reaction decreased, and, in some cases, conditioned reflexes completely disappeared. Thus, it 
was concluded that chronic exposure to low-intensity pulsed UHF 
produces clearly pronounced changes in conditioned reflex activity.

SOURCE: Lobanova, Ye. A., and M. S. Tolgskaya. Change in the higher nervous activity and interneuron connections in the cerebral cortex of animals under the influence of UHF. IN: Nauchno-issledovatel'skiy institut Gigiyeny Truda i profzabolevaniy. Trudy, no. 1, i960, 
69-74.



Effect of UHF on Blood-Serum Cholinesterase Activity

Table 1.

mirmlnGroup mean
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It was found that UHF with an intensity of 4O mw/cm2 
decreased the cholinesterase activity in the blood serum of 
most r^ibits. In some, the decrease occurred at different 
times relative to the onset of irradiation and disappeared 
5—6 wks after its cessation. Some rabbits were resistant 
to the effects of UHF with a resultant lag in the decrease 
in cholinesterase activity and a rapid return to normal.

Cholinesterase activity in the organs of rabbits in a ml 
of a 0.005 N solution of NaOH

Brain Stem
maximin

.24

.22

group 2 (6 rabbits), to 10 mw/cm 
of 5 months (120 sessions); g: 
for 90 min over a period of 8 
of the three groups was assigned a control group, 
taken from a vein on the edge of the ear when animals were 
fasting. Blood-serum cholinesterase activity was determined 
according to the method of Zubkova and Pravdln-Neminskly. 
Prior to irradiation, the normal background of cholinesterase 
activity in animals was established.

Acetylcholine can cause a parasympathetic effect as a 
result of a change in cholinesterase activity which regulates 
the amount of this substance in the organism. In view of 
this, the author studied the effects of 10-cm, 1—40 mw/cm2 
UHF on the cholinesterase activity of 25 rabbits divided into 
6 groups: group 1 (5 rabbits) was subjected to 4O mw/cm2 
exposure for 30 min over a period of 2.5 months (65 sessions);

12 for 90 min over a period 
roup 3 (3 rabbits); to 1 mw/cm2 

• months (195 sessions). Each 
Blood was

The dynamics of cholinesterase activity in rabbits exposed to 10 mw/cm2 differed from the above. In one rabbit, 
blood-serum cholinesterase activity varied from 0.36—0.38 prior to irradiation and remained at this level during the 
initial period of irradiation. After 48 exposures, activity decreased to 0.23 with a subsequent increase that did not 
reach the normal level. This same effect was noted in 3 other rabbits. In two rabbits, cholinesterase activity remained 
within normal limits during irradiation. Thus, in 4 out of 6 
rabbits, there was a moderate decrease in the cholinesterase 
activity of blood serum as a result of exposure to 10-cm UHF 
with an intensity of 10 mw/cm2.



Table 2. Cholinesterase activity in the organs of rats

min min mean

Control .28 .30 .16 .19

140 .30 .22 .10 .10

Control 5 .45 .36.35 .27 .31 .Of.31 .15 .09 .14.12 .15

SOURCE:

Effect of Pulsed and Nonpulsed UHF on the Organism
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The author studied the effects on white rats of pulsed 
and nonpulsed UHF of various intensities in the 10- and 3-em 
range. The morphology of the internal organs and the nervous system was studied following irradiation. In the first group, 
the effects of single doses of UHF of high, medium, and low 
intensity in the 10-cm range were studied. In the first sub
group, animals were exposed to 1’00 mw/cm2 (duration not given) 
and destroyed immediately after exposure. Initial reactions 
to this field were characterized by apathy followed by high 
activity, rapid respiration and reddening of the paws, ears, 
and tail, followed by death. These same symptoms were noted when animals were exposed to the same Intensity in the 3-cm 
range but there was no lethality. A morphological analysis 
revealed numerous hemorrhages and perivascular and pericel-

The cholinesterase activity of the Internal organs of rats and rabbits was also studied following their exposure to 
UHF with intensities of 10 and 4.0 mw/cm2 . The results of these tests are given in Tables 1 and 2.

The studies show that UHF at intensities of 10 mw/cm2 
and 40 mw/cm2 (10-cm waves) cause a decrease in the cholinesterase activity of the blood and Internal organs, which leads to the assumption that there is an increase in the 
amount of acetylcholine in the organism. This increase can 
lead to manifestations of shifts in the vegetative nervous system.

Nikogosyan, S. V. The Influence of UHF on the cholin
esterase activity in the blood serum and organs of 
animals. IN: Nauchno-issledovatel'skiy institut gigiyeny truda 1 profzabolevaniy. Trudy, no. 1, I960, 81-85.



In the fourth subgroup animals were irradiated (30 min)
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animals were exposed 
UHF in the 10-cm range
Serious overheating

In the second subgroup, animals were chronically exposed to 20 mw/cm2 UHF intensities in the 3- and 10-cm range for 
periods of 30 min. No overheating was observed. Small dystrophic changes in the foun of cloudy swelling and single 
vacuoles of the protoplasm of individual nerve cells were 
noted in the thalamohypothalamic region. In the cerebral 
cortex, pycnomorphic swelling of Individual nerve cells was 
observed accompanied by brain hyperplasia and microglia. The

lular edema in the nervous system and internal organs. There 
was complete absence of proliferation of reticuloendothelial 
cells of the liver, and microglia of the brain was observed.

In the second subgroup, animals were exposed to a single 
(40 min) irradiation by pulsed UHF with an intensity of 
14.0 mw/cm2 in the 10- and 3-cm ranges. Symptoms of overheating 
were noted. A histological examination revealed plethora, 
edema, and fine hemorrhages in the lungs, Intestine, and spleen. 
Swelling of the protoplasm was noted in individual cells of the brain accompanied by Individual fine vacuoles. The effects 
of 10-cm pulsed UHF were more pronounced than the 3-cm range.

by pulsed 3- and 10-cm waves at a field intensity of 10 mw/cm2. 
No overheating was observed. A histological examination 
revealed negLigibile symptoms, such as uneven plethora and 
swelling of individual brain, liver, and kidney cells.

The animals in the 2nd group were exposed to repeated irradiations. In the first subgroup, 
to high-intensity (14.O and 100 mw/cm2) 
for 75 sessions of 10 min duration, 
was observed only in the first sessions, followed by compensa
tion. The weight gain by young animals did not differ from 
that of the controls. A. morphological examination of organs and tissues revealed moderate disorders in the vasculature 
of the brain and irt ernal organs. Dystrophic changes were 
observed in the nervous system in the form of shriveling of 
some cortex cells, and protoplasmic swelling and vacuolization 
in individual cells in the hypothalamic region. These changes 
were focal in nature, and any aberrant cells were always sur
rounded by normal cells. The animals survived this test satisfactorily, remaining healthy.

In the third subgroup, animals were exposed to a single 
dose (30 min) of 20 mw/cm in the 3- and 10-cm ranges. No 
overheating was noted in the 3-cm range, and only moderate 
symptoms were observed in the 10-cm range. Analysis of the 
internal organs revealed negligible vascular disorders and 
initial dystrophic changes, such as cloudy swelling of liver
cell protoplasm. Individual vacuoles were found in separate 
nerve cells of the brain. There was an absence of prolifera
tion in reticuloendothelial cells of the liver.
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The author concludes that his experiments may indicate that low-intensity centimeter waves produce a nonthermal effect as reflected by shifts in the nervous system in the form 
of morphological changes. Morphological changes produced by 10-cm waves are more pronounced than those produced by 3-cm 
waves. Finally, the biological effectiveness of pulsed UHF 
is greater than that of nonpulsed UHF.

fact that these changes were not observed in animals killed 2—3 weeks after irradiation indicated that the changes were reversible in nature.

The influence of low-intensity UHF where no increase in 
body temperature is produced can be explained as either a weak thermal effect where only certain organs heat up or as 
a specific effect of microwaves. A specific effect might exert an influence on brain synapses by penetrating the brain directly and disrupting the metabolic processes as a result 
of irritation of the peripheral receptors and create unusual impulses which travel to the cerebral cortex and produce a rearrangement of sensitive synaptic structures.

In another test, interneuron connections in the cerebral 
cortex of rats exposed to chronic (40 sessions), low-intensity 
(10 mw/cm2), pulsed UHF in the 3-cm range and pulsed and non
pulsed UHF in the 10-cm range were studied. The animals were 
killed by decapitation. Brain preparations were treated 
according to the Golgi-Bubanet method. Considerable changes in apical dendrites were found. These dendrites pass through 
upper associate layers of the cerebral cortex. Synaptic 
recq>ta? spines, which are normally present on these dendrites, 
were missing and beaded thickenings and swellings were evident. 
The process of deformation intensified with the number of sessions. These changes were judged to be reversible, as 
they disappeared 3—4 weeks after irradiation had ceased. These changes in the nervous system corresponded to functional manifestations resulting from UHF irradiation in the form of 
changes in conditioned reflex activity. It was found that pulsed fields produced more pronounced changes than nonpulsed 
fields. It was concluded that axodendral connections and axosomatlc interneuron connections are extremely sensitive to the effects of UHF and react rapidly to irradiation. The reactions are functional in nature and disappear when irra
diation is ceased.

Animals of the third subgroup were subjected to 35—40 
sessions (30 min) of irradiation by low-intensity (up to 
10 mw/cm2) UHF in the 3- and 10-cm range. Both pulsed and 
nonpulsed radiation were used. There were no manifestations 
of overheating in these animals. Protoplasmic swelling of 
individual nerve cells in the cerebral cortex was found, but there were no changes observed in the internal organs.



SOURCE:

Effect of UHF on Receptor and Interoceptor Mechanisms

- 37

Thus, even under the influence of low-intensity (1 mw/cm2) 
UHF, where no thermal effect is produced and animals are healthy, changes take place in the receptor apparatus of the skin and

In the second group (3 rabbits and 2 rats) animals were irradiated 1 hr a day by 1 mw/cm2 UHF for 100—200 sessions. 
These conditions did not produce a rise in body temperature. 
Changes in the receptors of the skin and internal organs reflected irritation. Intensified argentophilia, and thickenings and distensions of nerve fibers were observed. In every case, a large number of normal nerve fibers was observed along with altered fibers. This reflected the compensatory ability of the peripheral nervous system. The most pronounced changes were found in skin receptors. In other receptor zones, changes were more moderate in character. In individual cells of the hypothalamic region and cerebrospinal nodes, there were considerable changes in the form of protoplasmic swelling, ac
companied by partial or complete tigrolysis.

Tolgskaya, M. S., Z. V. Gordon, and Ye. A. Lobanova. 
Morphological changes in animals exposed to pulsed 
and nonpulsed UHF. IN: Nauchno-issledovatel'skiy 
institut gigiyeny Truda i profzabolevaniy, Trudy, 
no. 1, I960, 90-98.

The author made a histological analysis of the receptors 
of the skin and internal organs of rabbits and rats exposed 
to 10-cm UHF of various intensities. The first group of 
animals, consisting of 2 rats and 2 rabbits, was subjected 
to a single dose of high-intensity UHF (4.0—100 mw/cm2) for 
30 min. The animals were immediately killed following irra
diation. An investigation of skin and internal-organ recep
tors revealed significant changes characterized by a large 
number of nerve fibrils. This was due to an increase in 
the reaction cf argentophilic receptors and more Intensive 
silver impregnation of it in comparison with control animals. Other changes encountered were mutually impregnated swollen 
fibers with uneven swellings, seepage of the neuroplasm, and 
even decomposition into individual fragments. In the myocard
ium of the auricle, mutually impregnated thick fibers with varicose projections were encountered. Skin receptors showed 
marked changes and almost all afferent nerve fibers were 
greatly thickened, mutually impregnated, had varicose projec
tions, and occasionally some were broken into individual fragments. These same indices of response to high-intensity UHF 
were found in the urinary bladder and the GI tract. In nerve cells of the hypothalamic region there was swelling of the protoplasm and vacuolization. Some cells showed karyocytolysis.
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Nonthermal Effect of Nonpulsed Microwaves on Mammalian 
Cardiac Rhythm
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The data obtained agree with previous studies by the 
author, where changes in axodendral and axosomatic synapses 
of the cerebral cortex were observed following exposure to 
low-intensity UHF. The study of receptors, especially pre
terminal divisions, revealed that they are most sensitive to 
various harmful influences including UHF, which may help in 
explaining the mechanism of the action of UHF on the organism.

Tolgskaya, M. S., and Z. V. Gordon. Changes in the 
receptor and interoceptor apparatus under the in
fluence of UHF. IN: Nauchno-issledovatel1skiy in- v 
stitut gigiyeny truda 1 profzabolevaniy, Trudy, no. 1, 
I960, 99-103.

Fig. 1. Relative changes in cardiac rhythm in 
rabbits during irradiation of dorsal parts of 
the body with nonpulsed microwaves (X = 12.5 cm) 
of nonthermal intensity (7—12 mw/cm2). Each 
point represents the mean value for 16 tests
1 - General radiation; 2 - spinal radiation;
3 - head radiation.

In an attempt to clarify the chronotropic effect of micro
waves on cardiac rhythm, the authors exposed 8 male rabbits,

Of interest was the fact that, at all UHF Intensities, 
skin receptors were injured most severely. This can be ex
plained by the fact that these receptors are the first to 
receive and absorb the radiation. At low Intensities, re
versible damage is characteristic, while at high intensities, 
more sharply dystrophic changes occur.
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internal organs. This confirms the hypothesis that receptors, 
in general, are highly sensitive to UHF.
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Each animal received 
Irradiation took place

Control 
but

1 - General radiation; 2 - abdominal radiation; 
3 - head radiation.
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weighing 3—3.5 kg each, to nonpulsed 12.5 cm microwaves with 
a field intensity of 7—12 mw/cm2. 
radiation 12—13 times for 20 min.

The above figures show how dorsal and ventral irradiation 
varied in their effect on cardiac rhythm.

Presman, A. S., and N. A, Levitina. The nonthermal 
effect of microwaves on the systolic rhythm of 
animals; Report 1: The effect of nonpulsed microwaves 
Byulleten' eksperimental1noy biologii 1 meditsiny, 
no. 1, 1962, !|1-44.

The figures show that dorsal irradiation had a positive 
chronotropic effect, whereas ventral irradiation had a nega
tive effect. All variations in cardiac rhythm were reversible 
and lasted no longer than 30—4.0 min after irradiation was 
curtailed, which indicated that 12—13 exposures were not 
sufficient to produce a cumulative chronotropic effect. The 
authors feel that these rhythmic variations reflect the action 
of microwaves on skin and vascular receptors (ventral radia
tion) or on cells of the cerebral cortex (dorsal radiation). 
All of the variations observed were attributed to vegetative 
reactions of a nonthermal nature.

—______
SUH H !6 fd 20 22 24 26 28 30

Time (min) ’Radiation 
2.‘ ’

in a specially designed generator-horn system where animals 
could be either dorsally or ventrally irradiated. Lamellar 
electrodes were attached to the animals so that electrocardio
grams could be recorded 15 min after the animal had been 
placed in the irradiation horn, 10 min prior to irradiation, 
20 min during irradiation, and 10 min following irradiation. 
The duration of each electrocardiogram was 20 sec. 
animals were subjected to exactly the same conditions 
without radiation.

Pig. 2. Relative changes in cardiac rhvthm in 
rabbits during irradiation of ventral parts of 
the body with nonpulsed microwaves (1 =12.5 cm) 
of nonthermal intensity (7—12 mw/cm2). Each 
point represents the mean value for 16 tests
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1 - General radiation; 2 - abdominal radiation;
3 - head radiation.

1 - General radiation; 2 - spinal radiation;
3 - head radiation.
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The figures show how ventral and dorsal irradiation 
affected the cardiac rhythm of rabbits.
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Nonthermal Effect of Pulsed Microwaves on Mammalian 
Cardiac Rhythm

To further study the chronotropic effect of microwaves 
on the cardiac rhythm of mammals, the authors used Impulse 
microwaves of nonthermal intensity, m vinxxauxv 
used to irradiate the rabbits with 10-em waves (field
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A VNIIM10 generator was 
, I inten

sity, 3—5 mw/cm2; impulse duration, 1 Msec; frequency, 
700 impulses sec).

Fig. 2. Relative changes in the cardiac rhythm in 
rabbits during irradiation of ventral parts of the 
body with impulse microwaves. Each point represents 
the mean value of 16 tests

\ 1 1XJ 4I • rri
26 28 30

Fig. 1. Relative changes in cardiac rhythm in 
_rabbits during irradiation of dorsal parts of the 
body with impulse microwaves. Each point repre
sents the mean value of 16 tests
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Effect of UHF on the Brain Bioelectricity of Intact Rabbits

The rabbits were so situated that their heads
A

1.0
1.0
1.0

In an investigation conducted by the author, the bioelec
tricity of the rabbit brain was studied during irradiation by

Total
Ventral Abdom.

Head

Tot al
Dorsal Spine 

Head
0.67
0.73
0.76

0.67
0.91
1.0

0.89
0.75
0.61

0 
0 
0

Byulleten 
2, 1962,

0
0

+1

0
0

+5

-5 
0 

+2

0
+1
+5

-3

-8

After
AR

1.0
1.47
1.9

1.0
1.0
1.3

1.0
0.76
1.12

1.0
1.0
1.57

AR

+1
+5
+13

Pulsed 
luring irradiation 

AR

After
K

Key: K-coefficient of the chronotropic effect; 
AR-maximum change in rhythm relative to control 
(number of beats); + = increased rhythm;
- = decreased rhythm relative to control.

Table 1. Comparison of the nonthermal effects of 
nonpulsed (X = 12.5 cm; 7—12 mw/cm2) and pulsed 
(A = 10 cm; pulse duration 1 p sec; frequency 
700 impulses/sec; 3—5 mw/cm2) microwaves on the 
sinus rhythm of rabbits 

____ Nonpulsed 
During irradiaticn

K

It was found that ventral irradiation with pulsed micro
waves had a negative chronotropic effect while dorsal irradia
tion imparted a positive chronotropic effect. This same 
phenomenon had been observed previously using nonpulsed micro
waves. However, the chronotropic effects of pulsed microwaves 
of nonthermal intensity were more pronounced, perhaps owing to 
the deeper penetration of pulsed microwaves into tissues.

The following table statistically compares the chrono
tropic effect of pulsed and nonpulsed microwaves.

microwaves.
were located between two 10-cm electrodes placed 12 cm apart 
so that the whole head of the animals would be irradiated. 
1000-v/m field was produced between the electrodes by a

- 41 -

SOURCE: Presman, A. S., and N. A. Levitina. The nonthermal J
effect of microwaves on the systolic rhythm of animals; a/ 
Report 2: The effect of pulsed microwaves. Rvni 1 pf.An' ** 
eksperimental'noy biologii 1 meditslny, no. 39-43.
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A rise in the amplitude and a reduction in the frequency 
of EEG potentials was observed in 47% of the cases. When the 
strength of the UHF field was increased to 5000 v/km , this same effect was observed in 80% of the cases. The majority 
of the reactions had an average latent period of 4O sec, 
with 87 sec periods occurlng occasionally. Under the 
influence of a 1000-v/m field, there was increased excitability 
of the cortical and of the visual analyzer. The after effect 
of UHF radiation lasted 10-15 min.

Kholodov, Yu. A., and Z. A. Yanson. Changes in the 
electrical activity of the rabbit brain under the 
influence of a UHF electromagnetic field. Byulleten' 
eksperlmental'noy biologii 1 meditsiny, v. 54, no. 11, 
1962, 8-12.

The effect of microwaves on brain bioelectricity was 
studied. Sections of the cerebrum and midbrain of rabbits 
were exposed to UHF (1000 v/m for 2-3 min, repeated at 20 to 
40 min intervals). The area of the sections was 5x15 mm,

UHF-2m-40 generator. Biocurrents from the visual region of 
the brain, EKG, and respiration were recorded before, during, 
and after irradiation. The duration of irradiation was 3 min. 
The bioelectricity of the rabbit brain under UHF is shown in 
Fig. 1.

■ I 20 sec u
ft ■■■

[ *5 min following irradiation ,
Fig. 1. Changes in the EEG of the rabbit under 
the action of a UHF field (Arrows indicate when
UHF generator was switched on and off)
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Reactions of brain sections to UHFTable 1.
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and the depth was 5-8 mm; the sections were removed from the sensory-motor area of the cortex by loops of steel and copper 
The results of the test are shown in Fig. 1 and Table 1.

Object 
investigated
Intact brain

No. of 
reactions

30

•Relia- 
bility, $

*»5

No. of 
tests
67

Mean latent 
period, sec 

53

IM 8

No. of 
animals

12

It is apparent from Table 1 that the latent period of a neuronally isolated section of the brain was shorter than in

A comparison between the reaction of the intact, isolated, 
and cortical sections of the brain to UHF is given in Table 1.
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Fig. 1. Electrical activity of a neuronally isolated region 
of the brain cortex (1-2), before irradiation (l) antj during 
irradiation (ll). Under the influence of UHF, the electrical 
activity of the section: Increases (A), depending upon its 
original level of activity, even though the electrocortico- 
gram of an intact lobe does not change (3-1); shows a decrease 
(B); or acquires a rhythmic nature (C), independent of 
respiration

Isolated 
________.brain
Cortical

I section
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Effect of Pulsed UHF on Cardiac Rhythm

continuous microwave pulses (x = 12.5 cm, pulse

SOURCE:
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Local microwave irradiation of ventral body areas re
duces cardiac rhythm regardless of radiation conditions and 
intensity. Irradiation of dorsal body areas is accompanied 
by a cardiac rhythm dependent in nature and degree on micro
wave radiation conditions and intensity, with a low micro
wave intensity producing a positive effect and a high intensity 
producing a negative one. Irradiation of the same body areas 
with the skin anesthetized does not change cardiac rhythm. 
This absence of change confirms the hypothesis that reduced 
cardiac rhythm is the result of microwaves acting on the skin 
receptors.

Levitina, N. A. Effect of microwaves on cardiac 
rhythm of rabbits during local irradiation of body 
areas. Byulleten' eksperimental'noy biologii i 
meditsiny, v. 58, no. 7, 1964, 67-69.

an intact brain. However, the parameters of irradiation were 
not sufficiently described to determine whether the effects 
observed were thermal or nonthermal in nature.

frequency in series 700 cycles/sec, irradiation intensity 
350—385 mw/cm2). Cardiac rhythm was recorded by a modified 
Al'var electrocardiograph 30 min before irradiation, during 
the 20 min irradiation period, and 20 min after irradiation. 
Additional experiments were conducted under the same radia
tion conditions but with the skin of the body areas anesthe
tized. The results of this study were compared with data from 
the literature on low-intensity microwave irradiation to 
characterize the chronotopic effect.

Kholodov, Yu. A. The effect of a UHF electromagnetic 
field on the electrical activity of a neuronally 
isolated region of the cerebral cortex. Byulleten1 
eksperimental'noy biologii 1 meditsiny, v. 57/ no. 2, 
1964, 98-IO4.

The dependence of cardiac rhythm, a chronotropic effect, 
on microwave radiation conditions and location of body areas 
radiated was investigated in a series of experiments. Rabbits 
were exposed to local microwave irradiation in 12 dorsal and 
ventral body areas using two types of high-intensity microwave 
conditions: continuous microwave pulses (x = 12.5 cm, pulse 
duration 100 msec, pulse frequency 2/sec, irradiation inten
sity 74.0—1250 mw/cm2) and a microwave pulsed series (x = 10 cm, 
series duration 1000 msec, series frequency 2/sec, pulse
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Sensitivity of the Rabbit CNS to UHF
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A - Slowing of initial rhythm with simultaneous amplitude 
increase; B - increase in frequency of inital rhythm; C - 
decrease in amplitude of biopotentials with noticeable 
frequency changes; 1 - before irradiation; 2 - after ir
radiation.

A ■ . . .... ........  -r~T-

In the first series, 12.5 cm waves at different field intensities produced alterations in the EEG which are repre
sented in Fig. 1.

and a thera- The follow- 
0^02, 0.08' 0.i+, 2, 10, and

B ' ' ■ ' ■ ..............  ■ ■ ■ ■

2

Fig. 1. Changes in the EEG of rabbits exposed to 12.5 cm waves 
of various intensities

Experiments were conducted on 172 chinchilla rabbits 
weighing no less than 2 kg. A ^-channel VNIIM10 4-EEG-1 
electroencephalograph was used to record activity before, during, and after irradiation with potentials drawn off the 
contralateral side of the cranium relative to the Irradiated 
side. Needle electrodes had been chronically implanted before 
the tests. In some cases, EEG's were recorded for both hemi
spheres. Sources of nonpulsed electromagnetic fields were an 
experimental triode generator of decimeter waves with a 
grounded grid and horn Irradiator (X =52 cm), the same 
generator with a waveguide irradiator (x = 1 m). peutic magnetron Luch-58 generator ( X = 12.5 cm), 
ing field intensities were used: C.‘ . 
50 mw/cm2.
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tensity.changes to occur as the field intensity increased, 
of all wavelengths on animals is shown in Table 1.

i6
7

2 
2

31 T 2
2

4
2
1
52

32
73

2 
1 4 
3 3 1 T 1 
5 1 
5 5 T 2
3 3 4

84
588
7 IT6
98
912 TT 
4
9
9 18

67 36 
45 80 80 
78 "BE" 
55 64 
80 
90 85 
W 40 
90 
75 93

0.02 
0.08 0.4 
2.0 10.0 

50.0 0.02 0.08 0.4 
2.0 30.0 
50.0 0,02 .0.080.4 
2.0 

10.0

The EEG was recorded for both hemispheres in 6 of the animals in the series where rabbits were exposed to a 100-cm 
field. Changes in the biopotentials of both hemispheres 
were noted for 5 of these animals. In the sixth animal, 
interhemisphere asymmetry was observed during Irradiation

- 46 -

The average latent period of the changes shown in the 
table ranged from 2 min 14. sec at 0.02 mw/cm2 to 67 sec at 
0.01 mw/cm2, 30 sec at 0.5 mw/cm2, 19 sec at 3.5 mw/cm2, 
18 sec at 30 mw/cm2, and i|l sec at 50 mw/cm2.

number of changes' 
with ncj number of irrad* 

iated animals (1)

Table 1. Distribution of the number of cases of 
different EEG changes as a function of 

field intensity

A curve of the sensitivity of rabbits to UHF fields is 
shown in Fig. 2. It was not possible to construct a curve for the 12.5-cm field.

Of 63 animals, 19 showed a slowed initial rhythm accom
panied by a simultaneous increase in amplitude, 14. showed an increase in rhythm frequency with a simultaneous drop in ampli
tude, 7 showed a decrease in amplitude and no change in fre
quency, (Fig. 1) and 23 showed no EEG changes. Apparently, al
terations in EEG do not take place as a function of field in- 

However, there was an increasing tendency for EEG The effect

Wave- Number of Efea changes I
length (cm) mw/cm2 Decreased Increased decreased]Total Total 

frequency frequency amplitude] 
increased varied no freq. EEG
amplitude amplitude change change

* 
7 
6 
2 
2
2__

"2
5 
5 
2 
1
2__
3 
6 
1 
3 
I
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The Influence of Microwaves on the Functional Condition of the Nerve
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Sensitivity of the rabbit CNS to 
100-cm (1) and 52-cm (2) fields of various 
intensities

(i.e.) there was a depression of basic rhythm in the irradia
ted hemisphere and slow waves in the contralateral hemisphere.

m y.»
30

io

during the third minute, and only 1% during the fourth and 
fifth minutes of exposure. These values and the fact that the 
number of EEG variations tended to increase as the field in
tensity increased indicate that these shifts reflect the 
reaction of the central nervous system to UHF. The sensiti
vity of the central nervous system was greatest in response 
to 1-m UHF fields and proportionately less in the 52- and 
12.5-cm fields.

In analysing the time incidences of EEG variations under 
UHF, it was found that 58% of all changes took place during the first minute of irradiation, 31% during the second minute, 10%

Investigations of the functional state of the nerve of a frog during irradiation with microwaves were conducted in 
a specially assembled apparatus (Fig. 1). Right-angled d-c impulses were supplied to stimulating electrodes from a GIF 
generator (1), a. auvavxun
eliminate current leakage and interference (6).
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Gvozdikov, Z. M., V. M. Anan'yev, I. N. Zenina, and 
V. I. Zak. Sensitivity of the central nervous system v of rabbits to a nonpulsed UHF electromagnetic field. Byulleten' eksperimental'noy blologll 1 meditsiny, v. 58, no. 8, 1964, 63-68.
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^ons4^fr® Placed in a specially designed chamber (5) 
(6) and were observed visuall 
oscillograph or "Duoscop" (

Fig. 1. Block scheme of apparatus for 
investigations of the functional state 
of the frog nerve during microwave 
irradiation

The threshold voltage was calculated on 
the potentiometer scale. The excitation conduction 
rate in the nerve was 
determined on the screen 
of the oscillograph with the aid of calibrated signals (duration, 0.02 
msec). Periods of abso
lute and relative refractory phases (ARP and RRP, respectively were measured with the ISE-1 impulse- electronic stimulator 

generating doubled impulses with fixed intervals between them. 
The ARP was determined as a function of the smallest response 
from the nerve vhieh appeared on the oscillograph screen, and the RRP, as a function of that interval between the doubled impulses in which the amplitude of both responses from the nerve 
became equal.

Irradiation of the 
nerve took place in a 
specially constructed horn (8) with LMS-523A 
"Synchroimpulse" and 
VNIIMiO Impulse generators (9). The horn containing the irradiated preparation was placed 
in a screening chamber (10).

the potentiometer (3) regulating the amplitude of stimulating 
impulses was turned by means of an SD-2 motor (4). Prepara
tions were placed in a specially designed chamber (5). Reac- tion^lmpulses from the nerve were amplified by an UBP-1 booster 

lly with the aid of an ENO-1 cathode (7).

In investigations of the amplitude of nerve-action cur
rents, the magnitude of the stimulating voltage which yields 
"maximum stimulation" was determined. At that point, the voltage was reduced so that the magnitude of the action current on the oscillograph screen was decreased to one-third 
("weak stimulation"). ~ .for "maximum stimulation" was applied to 
stimulation,"

Finally, voltage greater than that used yield "very high

Nerve stimulation during the determination of all func
tional parameters (other than excitation conduction rate) 
took place once per second, with durations of stimulating 
Impulses varying from 0.1 to 1 msec. The excitation conduc-

- 48 -
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Dependence of the heating of the 
radiation intensity,

I
V

On the basis of this curve, a radia- 
i2 was selected for further experi-

Flg. 2. 
nerve on

tion rate was determined during stimulation at a frequency 
of 25 times per second and at stimulating-impulse durations 
of 0.1 sec. These parameters were determined every 2 min 
for 20 min prior to, during, and after irradiation.

In preliminary investigations, the heating of the nerve 
by microwaves (x = 12.5 cm) at various intensities 
(1—11 mw/cm2) was determined. Nerve temperature during irradiation was measured with a copper and nickel-copper thermo
couple, the Junction of which was applied to the irradiated 
section of the nerve. To eliminate heating of the thermo
couple in the microwave field, its conductor was placed so 
that it was perpendicular to the electrical-field force vector.

T-‘c

i

n^.
/'ins

' iv..

~r____ i
15 20t, min

The cold junction of the thermocouple was placed in a Dewar 
vessel filled with vaseline which stabilized the temperature 
at close to room temperature. The thermocouple current was measured with a GES-47 mirror galvanometer. The curve of 
nerve-temperature changes as a function of radiation intensity is given in Fig. 2. C ” ' ‘ - •• •
tion intensity of 11 mw/cm2 i ' ' ’ ~ ~ 'ments, at which the nerve was heated by 1°C after exposure for 20 min.

1) Investigation of excitability thresholds, 
consisted of microwaves with a wavelength of 12.5 cm, an inten
sity of 11 mw/cm2, and a duration of 20 min. In 34 tests no 
changes were noted in the threshold sensitivity of the preparations which would surpass the threshold variation under normal conditions.

11 mw/cm2; II 
2.2; VI - 0.55
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3) Investigation of the refractory property of the nerve. 
Radiation consisted of 12.57cm microwaves with an intensity of 
? ‘ „ — » Fig. 3.shows the changes

t, !
UJ fU ,

in the ARP and RRP. As can be seen, during irradiation, the 
ARP for all practical purposes, did not differ from the control, but after irradiation showed a tendency to shorten. The RRP showed a shortening tendency during irradiation, which was more pronounced following exposure.

4) Investigation of the amplitude of nerve action cur
rents. The duration of radiation ranged from 10 sec to 1 mln. Microwaves with a wavelength of 12.5 cm were used, lith a duration of 1 msec and a repetition frequency of 5 impulses/sec. The intensity of radiation was 14 mw/cm2 (mean 70 mw/cm2). 
The table below gives the results of the influence of microwaves on the amplitude of action currents.

2) Investigation of conduction rate of excitation along 
the nerve. Irradiation conditions were the same as before 
(radiation duration, 30 min). During irradiation, the rate 
of excitation conduction was increased by an average of 
16 +4.5%. The temperature increase of the nerve during ir
radiation for 30 mln did not exceed 2°C.

The table shows that during weak stimulation there was, 
in th© majority of casos, a Ivwcruu ctuipxiuuuc vx 
rents, which was not observed during higher stimulations.
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(in %)
S t imulus increaseno change decrease

Weak 1736 11 72
24 35Maximum 1 7 41

4127Very high 22 27 5
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In all cases, when radiation was terminated, action cur
rent amplitudes returned to the original values after 5—60 sec.

on the amplitude of action 
of electrical stimulation

the other hand, during maximum and very high stimulations, an 
increase or two-phased effect was observed, 
an initial increase in amplitude followed by 
decrease.

1) Excitability thresholds. Irradiation with lb-cm micro
waves was conducted for a period of 20 min, with an impulse 
duration of 1 u sec and frequencies of 100, 200, and 700 impulses 
per sec. The mean intensity of radiation was 12 mw/cm2. There 
was a significant increase in excitability (to 15$) only during 
radiation at a frequency of 700 impulses/sec. This change is

Incidence of changes in amplitude

Fig. 4. Variations in excitability thresholds 
of the frog nerve during microwave radiation

-51 ~
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Kamenskiyj Yu. I. 
functional condition of the nerve, 
no. 6, 1964, 695-7OO.

The influence of microwaves on the 
Biofizika, v. 9>

COMMENT: 
interestj

3) There is a basis for considering the effect of pulsed 
However, changes observed

shown in Fig. 4, from which it is evident that there was also 
a tendency for threshold values to return to the original level 
following cessation of irradiation.

2) Conduction rate of excitation along the nerve. Radia
tion consisted of 10-cm microwaves with an Impulse duration 
of 1 r sec and a frequency of 10 impulses/sec. Mean radia
tion intensity was 3.5 uw/cm2, with a strength of 330 w/cm2 
during each impulse. Duration of irradiation was 20 mln. 
There was an increase in the rate of conduction of up to 10$ 
as compared to the rate prior to irradiation. The tempera
ture increase of the nerve did not exceed 0.2°C. Refractory 
qualities and the amplitude of nerve action currents during 
pulsed irradiation were not studied.

1) Irradiation of the frog nerve (n. ischiadicus) with 
nonpulsed microwaves (x =1.25 cm; 11 mw/cm2) for 20-30 min 
increased the conduction rate, shortened the absolute and 
relative refractory phases, and altered the magnitude of the 
amplitude of action currents, but it did not influence the 
excitability threshold .

microwaves as nonthermal (specific).
during nonpulsed radiation must be attributed to a thermal 
effect.

Kamenskiy1s study is considered to be of particular 
since he apparently observed a nonthermal or specific 

effect of pulsed microwaves on the activity of an isolated 
frog nerve. Most effects observed during microwave irradiation 
can be directly attributed to a thermal effect. It is often 
difficult to distinguish between thermal and nonthermal effects 
of microwaves since preparations exposed to their action in
variably heat up as a function of the intensity of the field.

2) Irradiation of the frog nerve with pulsed microwaves 
( x =10 cm; impulse duration, 1 u sec; frequency; 700 
impulses/sec; 12 mw/cm2) for 20-30 mln increased the conduc
tion rate and the excitability of the nerve.



Recovery began on the 10th day.
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= 3 cm; pulse fre- To eliminate thermal

It is concluded that SHF has a stronger effect than 
convection heat on the reproduction in mice, and that females 
are more sensitive to SHF than males.

Controls (male and female) exposed to convection heating 
also showed impaired fertility with fewer offspring, but the 
effects were less severe and recovery occurred sooner than in 
animals exposed to SHF.

Investigation of peripheral blood composition of Irradiated 
animals showed decreased erythrocyte, hemoglobin, and leukocyte 
counts immediately after exposure to SHF, on the 1st day, and 
on the 5th day after exposure. Recovery began on the 10th day.

Histological analysis of internal organs showed that SHF 
induced hyperemia and hemorrhaging in all hematopoietic organs,

Effects of SHF on the Reproduction, Peripheral Blood, Higher Nervous Activity, and Morphology of White Mice

SHF also lowered the fertility of female mice, evoking a decreased incidence of pregnancy among irradiated females, smaller litters, and an increased incidence of stillbirths. 
Female mice were far more sensitive to the effects of SHF than 
male mice. This apparently js because ovaries are more sensitive to SHF than testes. The most severe SHF damage was sustained 
by the ovarian follicular epithelium. The progeny of irradia
ted females were generally weaker in growth and development, 
and included types of congenital malformations not observed in 
the offspring of irradiated male mice.

A single 5-min exposure to SHF was found to lower the fertility of male mice, especially during the period immediate
ly following irradiation. Recovery began about the 10th day after SHF irradiation. Irradiated males produced the greatest number of stillborn progeny when they were bred immediately after irradiation. Cytological examination of the testes of these mice revealed dystrophic changes in the sperma- 
togenic epithelium. However, complete disruption of spermatogenesis never occurred and recovery was complete by the 20th day following irradiation. Postembryonic development of the 
progeny of irradiated males was normal although their mean weight was statistically lower than that of control progenies.

White mice were exposed to 5 min of pulsed SHF field (distance from pulse generator, 10 cm: x 
quency, 577 cps; intensity, 0.4 w/cm2). 
effects, controls were heated in an incubator at 52C for 15 min, to produce an increase in body temperature similar to 
that observed in the experimental animals (rectal and skin 
temperatures taken with an ETU-M electrothermometer before and at various intervals after irradiation).
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Effect of SHF on Polynuclease Activity and Nucleic 
Acid Content

Conditioned reflex activity was sharply altered as a result of exposure to SHF. These changes were observed 
immediately after exposure and persisted for 2 to 3 days. In one test Immediately following exposure to SHF, 7 out of 
25 mice failed completely to react to light or sound conditioned stimuli and the remainder gave weakened responses. 
Weakened negative conditioned reflexes were observed in 17 mice, and a few appeared to be in a hypnotic state. Gradual recovery began 3 to 4 days after irradiation and was complete 
on the 5th day. No changes in conditioned reflexes were 
observed in nonthermal controls.

with recovery 10—15 days later. Except for morphological changes in hematopoietic structures, the effects of convection heating were generally similar; however, the heat-induced changes were less severe and recovery occurred far earlier.

Convection heating also disrupted conditioned reflex activity, especially in the period immediately after exposure. 
These changes were characterized by weakened reactions to light and sound stimuli, accompanied in some cases by weakened 
differentiation. Recovery began 1 day after exposure, and was complete by the 2nd day. It was concluded that SHF had a 
stronger effect on conditioned reflex activity than convection heating.

Gorodetskaya, S. F. The influence of an SHF electro
magnetic field on the reproduction, peripheral blood 
composition, conditioned-reflex activity, and the 
morphology of the internal organs of white mice.
IN: Akademiya nauk Ukrainskoy SSR. Institut fizio- 
logii. Biologicheskoye deystviye ul'trasvuka i 
sverkhvysokochastotnykh electromagnitnykh kolebaniy 
(Biological effect of ultrasound and superhigh- 
frequency electromagnetic oscillations). Kiev, 
Naukova dumka, 1964, 80-91.

Experiments were conducted to investigate changes in the 
DNA/RNA content and the activity of DN-ase and RN-ase in the internal organs of animals exposed to 3-cm SHF fields. Male 
and female white rats weighing 220—250 g were exposed for 
6 min to SHF fields with intensities of 0.1 and 0.5 w/cm2. In 
addition, thermal controls were studied. These animals were



irradiated with IR from K-24 lamps in such a manner as to
produce identical skin temperatures (5O-52C) in both groups.

Results of the tests are given in Figs. 1-3.

n
AAC C

Fig. 1.

E

I fi n
c A

- 55 -

III

It was concluded that SHF fields under the given experi
mental conditions Induce changes in the nucleic acid metabolism
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A - Immediately after irradiation; B - 5—7 days later; 
C - 10—12 days later.
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white rats exposed to SHF and infrared heat
A - Immediately after irradiation; B - 5—7 days 
later; C - 10—12 days later.

3
•R.05 »2 
■i u

io
6 0 
^8 

Sa 5* 
<v 4 cn , « -» 
z <

Normal DN-ase activity
□ SHF, 0.5 w/cm2

Inf raced £bntw>l group) 
Ji1 SB SHF, 0.1 w/cm2

!■

| r| jj h p IiMMj

IM

go

** a4
Met

iii

B C 
Liver

ABC 
liver

h
w 9** »E S

6
ts

4 M

S'l [J Jrl
§ ABC

spleen

Fig. 2. Changes in DN-ase acitvity in the organs of 
white rats exposed to SHF and infrared heat

I5
I
I



I n

I Hl
c

Fig. 3.

lating effect at this field intensity.

SOURCE:

Effect of UHF on Gastrointestinal Absorption
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I

A - Immediately after irradiation; B - 5—7 days later; 
C - 10—12 days later.
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exposure to a 0.1 w/cm2 field there is an increase in RN-ase and DN-ase activity which may indicate that SHF has a stimu- Slnce the metabolic
changes observed for both SHF and Infrared heat were analogous, 
the effects of SHF in this experiment must be considered 
"non-specific",

Changes in the nucleic acid content of the 
organs of white rate exposed to SHF and infrared heat
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Kerova, N. I. The influence of SHF on polynuclease 
activity and the content of nucleic acids. IN: Aka- demiya nauk Ukrainskoy SSR. Instltut fiziologii. Biologicheskoye deystvlye ul'trazvuka i sverkhvyso- kochastotnykh elektromagnitnykh kolebaniy (Biological effect of ultrasound and superhigh electromagnetic oscillations). Kiev, Naukova dumka, 1964, 108-118.
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Ten dogs, 5 with their stomachs isolated by means of Pavlov pouches and 5 with an intestinal loop Isolated by Thiry's 
method, were exposed to UHF (230? Me) irradiation. Prior to irradiation, changes were induced in the CNS and reticular
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of the skin and internal organs. These changes are charac- 
the inactivation_of Rn-ase and DN-ase, Increased .------. ... -------- Immediately after

These changes are charac-
RNA content, and decreased DNA content.
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1 - Normal; 2 - following administration of chloral 
hydrate; 3 - following exposure tp UHF
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0
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following administration of strych-
UHF
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Fig. 1. 
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nine •

7.
50

"Deg" 
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in the autonomic nervous system by the administration of 
atropine, carbocholine, argotoxin, adrenalin, and proserine. Hexonium was used to block the intervertebral ganglia, results are shown in Figs. 1—3.

1 - Normal; 2 
nine; 3 - following exposure to
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formation of the experimental animals by the administration 
of strychnine, chloral hydrate, barbamll, and aminasine, and

Fig. 2. Effect of uhf on absorption of glucose in 
the stomach and intestine following administration 
of chloral hydrate-
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The author concludes that the central and autonomic nervous system do participate in the mechanism of the effect of UHF 
on absorption processes in the gastrointestinal tract.

1 - Normal; 2 - following administration of argo
toxin; 3 - following exposure to

30
20

10

0

Fig. 3. 
the sl
ot argo toxin.
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VAA
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Faytel'berg-Blank, V. R. Role of the central and autonomic nervous systems in the mechanism of the 
action of UHF on gastrointestinal absorption processes. AN UkrRSR. Dopovidl, no. 1, 1965, 113-116.

Effect of UHF on absorption of glucose in 
tomach and intestine following administration
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The first subject did not show a response to the electro
magnetic field until the 150th probe. Later the conditioned

Low-frequency electromagne.tic 
field layout.

K

 2 " ’■ ■' ■’ , Later the conditioned
reflex was unstable and was obtained relatively infrequently.

SECTION III. EFFECTS OF A CONSTANT MAGNETIC FIELD AND LQW-FREQUENCY 
ELECTROMAGNETIC FIELDS ON HIGHER NERVOUS ACTIVITY (1952-1964)

The author studied the conditioned reflexes of healthy 
subjects aged 25—40, who were exposed to a low-frequency 
electromagnetic field. A large Ruhmkorff coil was used to 
generate a 120-v, 50-cps sinusoidal current into a primary 
Ruhmkorff coil through a Wenelt breaker (200 breaks/sep). 
A rheostat was used to regulate current strength in the primary 
coil from 0-20 amp. A schematic diagram shows the experimental 
setup.

Effect of a Low-frequency Electromagnetic Field on 
Higher Nervous Activity

0000000000.
Jj fWTWl

Conditioned reflexes were developed by means of separate 
or combined signals consisting of sound, light, electrocutaneous 
stimulation, and the electromagnetic field. Two aspects were 
considered: 1) the conditioned reflex and, 2) conditioned in
hibition to the low-frequency electromagnetic field. A con
ditioned reflex to the field was developed by switching the 
field on for 5 sec and then administering an electric stimulus. 
Breaks between probes lasted for 0.5—3 min.

Hi

A - ammeter; R - rheostat; B - wenelt 
breaker; k - Ruhmkorff coil; I - insu
lator; 0 - oscillator; EC - exposure 
compartment; G - ground



Results of experiments with the second subject
the 67th probe.

SOURCE:
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The author studied the motor function of rabbits forced 
tibialis stimulation while in a 50-cps 
Two lOM-type transformers were used

It was felt that the unstable conditioned reflexes and 
inhibition were due to the inadequacy of the stimulus provided 
by the low-frequency electromagnetic field. It was concluded 
that conditioned reflexes and inhibition to a low-frequency 
electromagnetic field could be developed only with great diffi
culty and that they were unstable when developed.

Effect of Low-frequency Electromagnetic field on 
Motor Function

nesuics 01 experiments with the second subject were some
what better,as the first conditioned reflex was expressed in 
the 67th probe. However, subsequent probes using an electro
magnetic field in combination with conditioned reflexes to 
light, sound, and electrocutaneous stimulation failed to show 
a strong response to the field.

The training period lasted for one month. An ergographic 
apparatus was used, consisting of an anchor for the paw tested 
and the stimulating electrode, an ergograph with attached 
electrokymograph, and a stimulator for generating an inter
mittent sinusoidal current (50 cps) with a stimulus duration of 
0.1—0.3 sec and cycles of 60, 120, and 180 per min. Optimal 
training weights at the beginning of the experiments were usually 
82 g. This optimal weight was determined as a function of 
separate tetanic contractions in response to n. tibialis 
stimulation by a current of double the threshold value. The 
optimal weight and stimulus frequencies were tested on the 
1st—3rd days, 12th—15th days, and at the end of the training 
period (25th—28th days). In evaluating changes in working 
ability during training periods, the following indices were 
considered: 1) total work expressed in gm-cm per experimental 
animal per day; 2) duration of work in min; 3) shifts in the

Petrov, F. P., Effect of a low-frequency electromag
netic field on higher nervous activity. IN: Institut 
fiziologii imeni I. P. Pavlova. Trudy, v. 1, 1952, 
369-375.

to work by means of n. 
electromagnetic field. 
(220/100,000 v). Each transformer generated a 65,000-v field 
from flat iron-plate electrodes 500 x 500 mm in area, placed 
1200 mm apart. When a field of 65,000 v was used, one elec
trode acted as a ground. Animals were placed between the elec
trodes so that they were oriented along tne field flux lines. 
The 1—2-yr-old rabbits weighed 2.5—3.5 kg.
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Change in work (A) 
and its duration (B) with 

82-g load in a 65,000-v 
field.

magnetic field for 1 hr. 
tests are given in Figs.

optimum load during training; 4) optimal motor stimulus frequency.

All animals were trained 6 times per week for 28—30 days. 
Prior to ergograph probes, they were exposed to the electro- 

The results of the first series of 
1 and 2.
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Fig. 1. Changes in work 
(A) and its duration (B) 
with a 32-g load in a 
65,000-v (300 — 400 v/cm) 
field.
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a 130,000-v (1000 v/cm) field
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1st - 3rd] 12tlt-15th|25th-28th 
days

Changes in optimal load and stimuli frequencies are given 
in Tables 1 and 2.

load (in g) during the training process Control --- J---- - '

1st - 3rd 
d a vs

Experimental
12tn-lbth|2otu-2Bth 

davs

experimental;
4

1st- 3 r d'’ 
davs

was 
in the first series. 
Fig. 3.

250- 301 i 
275-30) 1 
280-35'.’ 
230-30') 
300-3' 
:;oo -3-.' .

E xp e r 1 me n t a 1 
lst-3'rd]12th-13th|25th-28th 

days days days

1
2
3
4

30"
3<>'■
175 -20? 
175—20" 
250 - :je:> 
275 ■

82- 95 
66-105
79-""
82- 96 
83 "6 
97 -120

75-190 '

Change in optimal stimulus frequency (cps) 
of the motor system during the training pro
cess

Mo.
Animals

178 -269
190 4211
148 -190
192-232
175 210
191 2'5

Mo. I
Animals

1 
o
3 
4
5
6

Control
’ 12 th- IS thl 25 th—23th
. davs I davs

125-175 
175- 200 
150-175 
125-150 
125- 150 
125-150

60- SO 
60-80 
125 150 
100 125
SO -100

80 100
125—150 
80—100 
40-60
75-125 
85-125

days
83-95 
76-103 
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95 -108
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103 1'2
118- 1""
154- t'j’.

148 190 
142—195

j 100-125

100-125
100-115

80-100

4 a vs

108-148
148-190
142-195
I67-292

In another series of tests, 
used on 12 animals trained in the same manner as the animals 

The results of this series are given in

1 - control; 2 - 
variation range; 
range *

3 - control 
experimental variation
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The data shows that an electromagnetic field has a dele
terious effect on the motor function of rabbits and that the 
negative influence of a 1000-v/cm field becomes apparent far 
earlier than the negative influence of a 3OO-4OO-v/cm field.

Sazonova, T. Ye., The effect of a low-frequency 
electromagnetic field on efficiency of the motor 
function of animals. Leningrad. Universitet. 
Vestnik, no. 3, Seriya biologicheskaya, no. 1, 
1964, 109-116.

Fig. 3. Change in work 
(A) and its duration (B) 
using an 82-g load in a 
130,000-v (1000 v/cm) 
field.
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tions(l) or dummy injections (2); 
ing with aminazine (1) 
of the field.

Effect of a Low-frequency EMF on the Chemically 
Alifeped Motor System

on motor

The author studied the effects of a stronger field 
(100,000 v/cm 50 cps) on the working ability of rabbits which 
had been injected with dibasol, novocain, or aminazine. For 
each experimental rabbit there were two controls, one of 
which was injected with a physiological solution and exposed 
to EMF radiation, while the other was injected with a drug 
but not exposed to the EMF.

5

Experimental animals injected with various drugs were ex
posed to microwaves for 1 hr/day, 6 days/week, for a month. 
The load factor consisted of an 82-g weight attached to the 
working extremity and recorded by an ergogram. Figs. 1, 2, 
and 3 show the effects of a 100,000-v/m electromagnetic field 
on the working ability of the motor system of rabbits injected 
with drugs which either strengthened or weakened the influence 
of the central nervous system.

- Motor training combined with aminazine injec- 
z’> or dummy injections (2); B - motor train- 

or aminazine plus the action
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The data indicate that the process of motor training is 
influenced by the central nervous system and that during com
pulsory work this influence contributes to the development of 
fatigue. Weakening the influence of the reticular formation
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Fig. 2. Motor training 
with a novocain block (1) 
administered in the spinal 
region on (2) combined 
with the action of an 
electromagnetic field
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working ability of the motor system during training takes place 
with the participation of the central nervous system. f ' 
ening the influence of the central nervous system on the motor 
mechanism enhances the effect of an electromagnetic field, 
whereas weakening this influence has the reverse effect. It 
should be noted that the author gives very few details on the 
parameters of irradiation or the instruments used in his ex
periment .
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A - Motor training combined with dibasol injections 
(1) or dummy injections (2); B - training with 
dibasol (1) or dibasol plus the action of the field.

fatigue. Weakening the influence of the reticular formation 
(tests with aminazine) or eliminating other influences (novo
cain blocks) will delay the development of fatigue. Conse
quently, the influence of an electromagnetic field on the
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Motor Activity of Birds in a Permanent Magnetic Field

Table 1.

No. Species
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The table shows that a permanent magnetic field increased 
the motor activity of birds and that this increase in activity

Field 
Duration

9
9
9
9
9

2
2
2
2
2

rio. of 
Tests

28
100

12
2
94
1

25
89

0
0
2
0
0
2
7
02
0
0
1

No
Effect

0
0
1
0
0

0
0
0
0
0

1
2
3 4

1
7
51
6

12
2
64
1

1
5
51
5

1
4

(b.35 
distance

Total%
6. 
k 
9. 

10.
20 

100 
W

_____ Motor
Increased

17
85 
W

Activity
Decreased

0
0 T

Total 
S 

Total %
3

15 IT

Greenfinch no. 2 Titmouse no.l 
" no.2

Chaffinch no.l 
Crossbill no.l

Bullfinch no.l 
" no. 2
" no. 3" no. 4

Greenfinch no.l

The authors exposed five species of passerine birds to 
permanent magnetic fields under various light conditions to 
determine what changes the field brought about in their motor 
activity. Movements of the birds were recorded kymographically. 
The magnetic field was created with Helmholtz coils which were 
placed on top of the cages and attached to a storage battery 
(6.35 v; 132 ma). The diameter of the coils was 50 cm, and the 

between them was 20 cm. The field strength was 
0.6—1.7 oh. No heating or vibration was noted. The motor 
activity of the experimental birds was monitored for several 
days before and after the magnetic field had been in operation. 
Two series of experiments were conducted: 1) birds were exposed 
to a magnetic field for 2 hr; 2) birds were exposed to a mag
netic field for 9 hr. To eliminate artifacts and to clarify 
the effect of the magnetic field, experiments were performed 
under constant light, either direct or diffused. The experiments 
were conducted between December 1955 and April 1956 and between 
October 1956 and December 1957. The results of all experiments 
are given in Table 1.

Sazonova, T. Ye. The influence of a high-gradient, 
low-frequency, electromagnetic field on the working 
ability of an altered motor structure. IN: Leningrad. 
Universitet. Vestnik, no. 15, 196^, 82-86.

The Effect of a Permanent Magnetic Field 
on the Motor Activity of Birds
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birds.
1964, 224-229.

was essentially independent of field duration. No species or 
seasonal differences were noted. The experiments showed that 
a strong magnetic field combined with strong artificial light 
increased the level and the dynamics of motor activity. Birds 
under the sole influence of artificial light ceased to be 
active when the light was turned off. However, under the 
additional influence of a magnetic field, turning off the 
light did not alter the level of motor activity even for a 
short period after the coils had been turned off. 
would indicate that birds are able to perceive a magnetic 
field similar in intensity to the terrestrial field.
this does not mean that birds use a magnetic field as a navi
gation aid.

Ei'darov, A. L., and Yu. A. Kholodov. The effect of 
a permanent magnetic field on the motor activity of

Zhurnal obshchey biologii, v. 25, no. 3,
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Review on the Role of the Nervous System in Reactions 
to UHF

In reviewing 76 Soviet articles and 20 Western sources, the author attempts to elucidate the role of the nervous system 
in physiological reactions to UHF fields. He concludes that 
experiments have shown that the reaction of organs and tissues 
to the influence of UHF are characterized by local phenomena which reflect a cell and tissue reaction to the fields. The 
reaction of the organism as a whole to UHF takes place with the participation of the nervous system.

SECTION IV. DISCUSSIONS AND REVIEWS ON BIOLOGICAL EFFECTS, 
EXPERIMENTAL METHODS AND MECHANISMS OF THE ACTION OF MICRO-WAVES(1957-1964)

The nervous system participates in the reaction of the 
organism to UHF in many ways. There seems to be.little doubt that the reflex mechanism plays an important role in this Reflex responses can be characterized as primary 
and secondary; primary reflex responses involve the direct 
reaction of one organ or another to UHF, while secondary af
fect the physiological condition of the whole organism. An 
example of the secondary reflex response to UHF is hyperglycemia, which is observed in animals exposed to these fields. 
However, in most cases, when the extremities of animals have been denervated, this reaction has not been found.

In studying the thermal effects of UHF, it has been possible to show that under low (nonthermal) intensities, there is a distinct nervous reaction to the field. Of particular significance, in this respect, have been experiments on cardiovascular function. In spite of contradictory results, the role of the nervous system in reactions to UHF has been established along with reactions of the vascular walls and cardiac muscles. There is also evidence that the reaction of the organs of nutrition and secretion to UHF takes place with the 
participation of nervous regulation.

In addition to reflex mechanisms, there is a spontaneous effect by UHF on various parts of the nervous system, 
time of writing, experimental materials indicate that UHF acting on nervous centers alters the function and the trophism 
of organs and tissues. These findings have established that 
UHF fields produce functional dislocation in all links of the 
central and peripheral nervous systems.

The role of the nervous systems in 
reactions to UHF electromagnetic fields, 
no. 3, 1957, 387-389.
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Approximate dosimetry can be achieved by using a horn 
source at a given distance from the object and by measuring 
the radiation intensity at the site of irradiation. IPP-1O 
and 31-IM units are used fbr dosimetry. In one test, rats 
were placed 1 m from a conical horn 50 cm long and 25 cm in

Radiation sources types A and B have hemispherical re
flectors 10.2 and 15.2 cm in diameter and thus, maximum 
energy emitted from them falls on the periphery of a circu
lar surface. Type C is conical, and its maximum energy falls 
in the center of an elliptical surface.

Three approaches to irradiating small animals with centi
meter waves are considered according to dose: 1) relative 
dosimetry; 2) approximate dosimetry; 3) accurate dosimetry.

When relative dose conditions are desired, the Ray
theon Microtherm apparatus is most often used. This magne- 
tron generator operates at 24OO—2500 mc/s with a maximum 12-cm 
wave output of 125 w. Three types of radiation sources are 
used, and their dosage characteristics are shown in Fig. 1.

c
Fig. 1. Irradiation intensity distributions 
for: a - Type A source 2-5 cm from object: 
b - Type B source at 5.08 cm; c - Type C 
source 5-08 cm away
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When very accurate dosimetry is desired, the object to be 
irradiated is placed in a chamber attached to a horn source. 
Such a system consists of a generator, attenuator, directional 
section, power meter, measuring line, matching device, curved 
guide, horn, and irradiation chamber.

Review of the Effect of UHF Fields on the Functions of 
the Nervous System

Each of the three methods described has its advantages. The microtherm method is best when small areas are to be ir
radiated and relative dosimetry is sufficient. Approximate 
dosimetry is desirable when several small animals are to be 
simultaneously irradiated. The third method of dosimetry is 
best when comparative accuracy is necessary.

In analyzing 80 Soviet and 11 non-Soviet sources, the author concludes that the mechanism of UHF as it affects the 
functions of the nervous system is extremely complex. In making an analysis of UHF effects, it is necessary to consider 
the direct action of UHF on nerve centers, generalized and 
localized changes in circulation, changes in spinal fluid 
pressure, and dermal and muscular reflexes.

A study of the reflex activity of dogs exposed to high- intensity UHF has shown that there is a rapid rise in body temperature and significant defensive reactions. Under these 
high-intensity conditions, the pain effect dominates. When 
a dog, in which conditioned feeding and defensive reflexes 
had been developed, was exposed to an intense UHF field, the 
former reflexes were retarded while the latter were retained. 
However, this reaction is not peculiar to UHF, as the same 
effects occurred when other excessive stimuli were introduced.

diameter. A chamber containing the animals was arranged so that its front was on the axis of the horn. A receiving horn 
was then situated so that it replaced the front end of the 
chamber. The radiation intensity at the center and edges of 
the chamber were found to be virtually identical. In other tests, animals have been suspended freely in cages or slings, 
depending upon their size, and placed at definite distances from 
a horn source. A Hewlett-Packard i;30-c unit was employed to 
measure radiation intensity using a directional horn and attenuator. The irradiation region was delimited with sheets 
of absorbing material (not specified).

Presman, A. S. Methods of experimentally Irradiating 
small animals with centimeter waves. Biofizika, no. 3, 1958, 335-338.
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The effect of an ultrahigh-freauency
Bio-

The author reviewed Soviet and non—Soviet literature and 
data compiled at the Scientific Research Institute of Indus
trial Hygiene and Occupational Diseases. It has been estab
lished that periodic exposure to high-intensity UHF produces 
non-specific functional shifts in the central nervous system, 
which are characterized by asthenic or asthenoneurotic reac-

Livshits, N. N. 
field on the functions of the nervous system, 
fizika, no. u, 1958> 409-4-21.

Much evidence is available attesting to reactions by the 
cortex to UHF when doses used produce no perceptible defensive 
reactions. Many experiments indicate that reactions to UHF 
depend upon the area irradiated. When bitemporal regions are 
exposed to UHF, no visual changes occur. However, when UHF is 
applied directly to the eyes, the critical frequency of image 
merging is altered. Similarly, when auditory zones of the 
cortex of a dog with strong higher nervous activity were 
exposed to UHF, conditioned reflex shifts were restricted to 
the auditory analyzer. When the frontal lobes and cerebellum 
were exposed to UHF, changes took, place which altered the con
ditioned reflex activity of various analyzers. The fact that 
reactions depend upon the area exposed to UHF indicates that 
sensation of pain, circulatory shifts, intracranial pressure 
changes, and altered skin and muscle reflexes produced by 
low-intensity doses are not decisive, whereas such fundamental 
factors as changes in the functional state of nerve centers 
are very significant.

Up to the time of writing, no experiments had been per
formed to answer the question of whether functional changes 
produced by UHF are a function of the direct action of the 
field on nerve tissue or whether they are the result of 
vascular changes. It seems probable that both these factors 
contribute to functional changes resulting from exposure to 
UHF. When any force acts on the nervous system, two effects 
are observed: nonspecific effects, which can be produced by 
any agent, and effects peculiar to the agent used.

There is no doubt that UHF has a nonspecific effect on 
nerve centers. One of the nonspecific effects is the Seche- 
nov inhibition, which can be produced in a variety of ways. 
The fact that the nervous system reacts to ionizing radiation 
in the same way it does to UHF also attests to the fact.that 
the nonspecific effect by UHF should not be overlooked. A 
detailed study made in 1954 revealed marked differences in the 
responses of the nervous system to pulsed and nonpulsed UHF, 
conditions of exposure being the same in both cases.
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The Use of Microwaves for Therapeutical and Biological Purposes

The problem of the biological action Nauchno-issledovatel' skiy institut
Trudy, no. 1,

Thus, changes in the conditioned reflex activity of animals 
as reflected by their reaction to sound stimuli indicate a weakening of stimulation processes in the central nervous system following prolonged exposure to low-intensity UHF.

The author concludes that clinical and biological investi
gations have definitely established that the effects of low- 
intensity UHF are nonthermal in nature.

In animal experiments, the author established by body 
temperature measurements conducted on animals exposed to whole
body irradiation that a UHF intensity of 10 mw/cm2 or less 
produces no thermal effect. The stamina of rats exposed to 
fields of this intensity was significantly less than that of 
the controls. In these investigations, which were primarily 
chronic in nature, the central nervous system was found to be 
the most sensitive and reacted earliest to low-intensity UHF. 
Initial shifts in nervous activity are reflected by Increased 
stimulation, followed by a subsequent weakening of inhibition 
processes. As the amount of radiation is increased, there is 
a decrease in the working capacity of cells of the cerebral 
cortex which culminates in protective inhibition and the complete absence of positive conditioned reflexes. The functional disruptions in nervous processes are accompanied by dis
ruption of interneuron connections in the cerebral cortex.

Gordon, Z. V. 
of UHF. IN: gigiyeny truda 1 profzabolevaniy.I960, 5-7.

In discussing the development of microwave technology, 
the author states that experimental studies in the Soviet Union and abroad have established that along with a thermal 
effect, microwaves also have a so-called "specific" effect. 
A number of investigators have shown that the irradiation of certain microorganisms and tissue cultures with low-intensity 
microwaves, which do not cause a significant increase in temperature, leads to changes which do not occur when the same preparations are heated up by other methods. Other investigators have observed functional shifts in the nervous

tions. Investigations of olfactory excitability during low- 
intensity UHF radiation have revealed that there is an Initial 
increase followed by a decrease in sensitivity. Disruptions 
of endocrine and humoral processes have also been observed 
during the early stages of irradiation.
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From the fact that certain investigators have detec
ted changes in nerve cell characteristics, there is 
basis for considering the effect of pulsed and modu
lated microwaves as intermittent stimuli of the 
nervous system.

The effective application of the specific action of 
microwaves is possible only if the mechanism of action is 
established. In this respect, certain experiments are of 
interest, having shown an apparent resonant absorption of 
microwaves by methylpalmitate molecules at a frequency of 
5.1O9 cps.

It is possible that there is resonant absorption of 
microwaves by complex protein molecules, particularly, 
enzyme molecules. The results of such absorption 
could be changes in molecular structure.

Irradiation of such preparations as blood, tissue 
cultures, and microorganisms which possess a higher 
coefficient of microwave absorption and which heat 
up to a greater degree than other media. For instance, 
it is possible that selective "microheating" may 
take place even when "macroheating" of the nutrition
al medium is not noticeable. Such a differential 
process of microheating could lead to changes in 
metabolic processes.

and cardiovascular system as a result of exposure to 10—12-cm 
UHF at nonthermal intensities of 5—10 mw/cm2. Data such as 
these are of interest from the standpoint of microwave therapy, 
where specific effects could positively influence various parts 
of the central and autonomic nervous systems depending upon 
the type of disease. Of particular Interest is the effect 
produced by pulsed microwaves, which have been shown to be 
more biologically effective than nonpulsed microwaves.

The following are suggested approaches which could be 
considered in elucidating the specific effects of microwaves;

Ion and dipole molecule oscillation due to the action 
of microwaves cannot „ help but exert an influence on 
processes of ion and protein hydration, the state of 
boundary electric layers, and the concentration dyna
mics of ions and their activity. All this must lead 
to changes in the functional characteristics of 
cell excitability. Such changes could be the basic 
explanation of the observed specific effects of 
microwaves on the nervous system.
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Among the most useful steps in establishing cooperation 
between investigators in biology, medicine, and radiophysics 
would be the establishment in radiotechnical institutes of 
special laboratories devoted to the use of microwaves in biol
ogy and medicine.

No less important will be the problem of developing wide- 
frequency range microwave generators which can operate from 
hundreds to tens of thousands of megacycles with calibrated 
power output (several tens of watts) and with the ability to 
be modulated from an external source. With the help of these 
generators it will be possible to establish the most biologi
cally effective waves and their duration and impulse frequen
cies.

Measurements of the complex dielectric permittivity of 
various biological structures in the microwave range may shed 
some light on the structure of biological molecules. Of parti
cular interest will be the development of methods which will 
permit tissue dielectric constants to be determined in situ.

To study the specific effects of microwaves, biotechnical 
parameters must be developed to study the above considerations. 
An important radiotechnical problem will involve the develop
ment of an apparatus for studying the resonant absorption of 
microwaves in the tissues of living organisms. Unlike other 
devices used in radiospectroscopy, this device must be able 
to operate in an extremely wide range of frequencies, from 
tens to tens of thousands of megacycles.

In experiments with humans and animals on the thermal 
effect of microwaves it was found that an increase in tempera
ture was observed when irradiation intensity exceeded 
10—15 mw/cm2. The thermal effect of microwaves is proportion
al to the intensity and duration of irradiation and to the

The article surveys Soviet and non-Soviet literature. The 
following aspects of the biological effect of microwaves are 
discussed at length: 1) the thermal effect of microwaves, 2) 
experimental studies of the effect of microwaves on the organism 
of animals and microorganisms, and 3) the effect of microwaves 
on the human organism.

Presman, A. S. Microwaves in physiotherapy and bio
logical investigations. IN: Elektronika v meditsine 
(Electronics in medicine). Moscow-Leningrad, Energo- 
izdat (A. I. Berg, editor), I960, 219-227.
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produces a considerable thermal effect and 
of the 
sis of tissues, and lenticular opacity.

Irradiation of animals with microwaves of high intensities 
results in injuries 

brain and testes, internal hemorrhage, burns and necro-

Tests of the action of microwaves on humans have beencon- 
ducted in the USSR during the past six years, 
persons were subjected to irradiation with microwaves of non- 
thermogenic intensities ranging from decimeter to millimeter 
wavelengths. The irradiation affected the cardiovascular 
system causing vascular hypotonia, bradycardia, etc.

The most pronounced changes were observed when subjects 
were exposed to irradiation with millimeter waves (marked

Irradiation of animals with low-intensity microwaves 
results in functional injuries, chiefly in the nervous system 
and in the cardiovascular system. The changes were observed 
both in chronic and in single exposures to radiation.

The experimental data on the "specific" (nonthermal) 
effect of irradiation with microwaves on enzymes in vivo 
on tissue cultures, and on microorganisms are of considerable 
Interest, but these data are Insufficient to make any definite 
conclusions.

Soviet and non-Soviet scientists have different approaches 
to the study of the effect of microwaves, 
scientists have considered the action of microwaves only in 
regard to the thermal effect and have conducted experiments 
at such high radiation intensities that the thermal effect 
was quite evident. Soviet scientists have demonstrated that 
chronic irradiation of animals with microwaves of very small 
intensities induced noticeable functional changes although 
there is no thermal effect. Irradiation with microwaves of 
10—15 mw/cm2 (nonthermogenic) results in a nonthermal or 
"specific" effect.

size of the irradiated area. The temperature of irradiated 
tissues Increases to a certain level and then remains constant 
because of thermoregulation. The increase in temperature is 

_not uniform in different layers of tissues because of the 
difference in the degree of absorption of wave energy, heat 
conductivity, and the blood supply of the tissues. It is 
considered that the most probable nature of the temperature 
rise in tissues is an increase in temperature of the skin 
surface, a decrease in the subcutaneous fatty tissue, an 
increase in the external muscles, and a gradual decrease 
further inside the body. Irradiation intensifies the blood 
flow rate in proportion to irradiation Intensity, irradiation 
duration, and temperature increase. The total and local ir
radiation of humans and animals with microwaves of intensities 
of less than 10—15 mw/cm2 does not produce a thermal effect.
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Review of the Effect of EMF's on the Central Nervous 
System

Presman, A. S., Yu. I. Kamenskiy, and N. A 
Biological effect of microwaves. T’\ *' ‘ 
biologii, v. 51, no. 1, 1961, 84-103.

Levitina.
Uspekhi sovremennoy

3) irradiation for 15—20 min. -
 . ' „ „„ , U. S. maxi

mum permissible intensities are given as 1 and 0.1 mw/cm2.
The mechanism of the nonthermal action of microwaves is being 
studied further.

vascular hypotonia, bradycardia, and dystrophy of the myo
cardium). Most of the functional disturbances, however, 
were reversible. They disappeared after a certain period 
(several weeks to several months). In another group subjected 
to systematic irradiation with microwaves, vegetative disturb
ances, hypotonia, dystrophy of the myocardium, and lenticular 
opacity were observed. The effect of radiation on the peri
pheral blood was manifested as an Increase in the number of 
leukocytes (by centimeter waves). Biochemical changes were 
also noted, namely an increase in the total protein and globulin 
content in the blood serum and a decrease in the albumin- 
globulin coefficient. The maximum permissible 
intensities in the USSR differ from those accepted in the 
USA. Soviet values: 1) irradiation during a full workday - 
not to exceed 0.01 mw/cm2; 
not to exceed 0.1 mw/cm2;
up to 1 mw/cm2 while wearing protective goggles.

Most of the studies on the "specific" nonthermal action 
of VHF fields with intensities below 10 mw/cm2 have been made 
by Soviet scientists. It has been proved that brief exposure 
to this action intensities conditioned reflexes to different 
stimuli, whereas prolonged exposure inhibits them. Experiments 
showed that irradiation of humans and animals brings about a 
change in the sensitivity of auditory, photic, and olfactory 
stimuli. A study of the structure of receptors of the skin 
and of the digestive and circulatory system revealed slight 
changes after exposure to VHF.

It was found that unilateral irradiation of an animal 
with a VHF field produced more pronounced changes in the bio
currents of the cerebral cortex on the irradiated side, which 
indicates that VHF exerts a direct action on the cerebral 
cortex. Changes in conditioned-reflex activity following 
exposure to weak radiation indicate high sensitivity of the 
cerebral cortex to the action of a VHF field. On the other 
hand, the occurrence of low-velocity waves in recordings of 
biocurrents of the cerebral cortex , the inhibition of reflex 
activity, and the occurrence of different autonomic reactions
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attest to the effect of the VHF field on the diencephalon in 
which the higher autonomic centers are located.

The various electromagnetic fields range in frequency of 
oscillation between constant electric and magnetic fields and 
gamma rays; VHF oscillations are located between those of UHF 
and those of infrared (thermal) rays. Until recently, the 
physiological effect was known for only 2, small adjacent, 
parallel types of electromagnetic oscillations, sensed by 
man as light or heat. Modern methods of physiological and 
physical research have led to the conclusion that many, and 
perhaps all, electromagnetic fields produce a direct effect 
on the central nervous system. This effect has been described 
for magnetic fields, electromagnetic fields of 50-cps frequency, 
UHF, VHF, and ionizing radiation. Just a part of the oscil
lations of the visible spectrum could affect not only the 
retina but also the central nervous system. In turn, all the 
other oscillations, usually imperceptible^ may sometimes be 
perceived as luminescence, because oscillations exert their 
strongest effect on the region of the diencephalon closely 
connected with the organ of vision.

Since the constant magnetic field produces the same kind 
of effect as the variable field, it may be assumed that the 
similarity is due to the magnetic component of the electro
magnetic oscillations. However, a complete description of 
the mechanism of the transformants of the energy of an electro
magnetic field into stimulation of the nervous system by 
direct action will be possible only after the completion of 
research on the biological effects of VHF, currently being 
conducted in many countries.

The data of physiological experiments agree with the 
results of morphological studies. After irradiation with 
VHF, reversible structural changes were discovered in the 
cerebral cortex and the diencephalon. It may be assumed that 
these parts of the brain are highly sensitive to the effect of 
the VHF field, although other parts of the central nervous 
system will be affected by increased intensity or prolonged 
action of the field. The mechanism of the direct action of 
a VHF field of nonthermal intensity on the central nervous 
system has not yet been determined. However, it has been 
established that the effects described were produced by 
electromagnetic fields which were not necessarily VHF.

Kholodov, Yu. A. The effect of an electromagnetic 
field on the central nervous system. Priroda, no. 4, 
1962, IO4-IO5.
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In reviewing 25 Soviet and 14.3 non-Soviet sources, the 
author attempted to elucidate the biological mechanism of 
microwaves in various invertebrate and vertebrate organisms.

Review of the Mechanism of the Biological Effect of 
Microwaves

Current theories on how microwave energy is absorbed into 
tissues hold that the body, human or animal, reflects 70—80% 
of meter waves, 55—60% of decimeter waves, and 4O—55% of 
millimeter and centimeter waves. Microwave absorption in 
tissues is a function of ionic conduction and relaxation waves 
of dipole molecules. Both processes account for the trans
formation of microwaves into thermal energy. The shorter 
the length of microwaves, the greater the amount of tissue 
absorption due to dipole losses. In the 10-cm range, the 
percentage of absorption attributable to this phenomenon is 
50% and in the 3 cm range, 98%. Microwaves penetrate tissues 
with a high water content, such as the blood, skin, muscles 
and the brain, to a depth of 2—4 cm in the meter range, 1—2 cm 
in the decimeter range, and 6—8 mm in the centimeter and 
millimeter ranges. The author feels that it is incorrect to 
regard the biological effects of microwaves and other heat- 
producing agents, such as IR, as equivalent because the proces
ses of transformation of energy into heat differ in the two 
agents.

One probable mechanism of the microwave effect on nerve 
cells may take place in the cell membrane where microwaves 
would be initially received. A natural result of this process 
of microwave reception would be an Increase in the excitation 
of the nerve cell. This is based on theoretical and experi
mental data, on the detection properties of tne nerve sheath, 
and on the fact that even paramecia have been shown to be 
sensitive to the effects of microwaves.

In analyzing clinical and experimental data, it has become 
apparent that there are three types of biological effects induced 
by microwaves. These are called the reversible, irreversible, 
and specific effects. The reversible effects of microwaves are 
characterized by functional changes in the human or animal 
organism which occur after chronic exposure to low, nonthermal 
intensities and return to normal when the organism is removed 
from the action of microwaves. There is substantial reason to 
believe that the reversible effect of microwaves is the result 
of the direct action of microwaves on skin receptors or cells 
of the brain or spine. Direct stimulation coupled with a change 
in excitability may be the initial type of physiological reac
tion on the part of these structures to microwaves. However, 
this cannot be regarded as a specific reaction to microwaves, 
since the nature of the reaction depends mostly on the irradia
tion conditions rather than on wavelength.
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A change in cell-wall permeability is another possible 
mechanism of the reversible excitatory effect of microwaves. 
Oscillations of water molecules and the hydration of protein 
molecules on the surface and water molecules in the vicinity 
of the cell wall resulting from the effects of microwaves must, 
to some degree, influence cell permeability and, therefore, 
lead to a change in cell excitability. It should be noted 
that there is not yet any experimental data to confirm this 
hypothesis.

Although the majority of experimental data have failed to 
reveal any particularly dominant effect on any one excitable 
structure, some experiments have shown that animals react more 
strongly when different parts of their bodies are irradiated. 
Of particular interest is the sensitivity to microwaves of the

microwaves, 
microwaves reflects an increased afferent function of thermal 
and sensory skin receptors. An increase in afferent impulses 
from these receptors would, in turn, increase hypothalamic- 
hypophyseal activity more than other thermal agents. However, 
microwaves act directly on cerebral structures, and experiments 
have shown that the thermal lethality of animals of radiation 
in the cephalic regions is higher than that of radiation in 
other body areas. This indicates that the stress effect of 
microwaves is more severe when radiation falls on cerebral cells. 
Other authors feel that there is a physiological interrelation
ship between the effects of ionizing and microwave irradiations. 
In general, the effects of infrared rays are manifested much 
later than those of microwaves. It should be stressed that 
the irreversible microwave effect does not greatly differ from 
other biological effects produced by microwaves. Depending 
upon irradiation conditions (intensity and duration) a rever
sible microwave effect can become irreversible.

The irreversible effect of microwaves takes place in the 
form of organic changes in tissues and organs exposed to medium 
and high radiation intensities which cause substantial

It would appear from experimental data that morpho
logical and anatomical indices of microwave lethality differ 
from those produced by other agents such as IR. Some investi
gators believe that this reflects a thermal-stress effect of 

The author believes that this stress effect of

Another possible mechanism of the microwave effect may 
be a change in the potassium-sodium gradient between the cell 
and the extracellular medium. An analysis was made of 
preliminary data of an experiment conducted by the author in
volving the comparative electrical conduction of blood serum 
and Ringer's solution after irradiation by microwaves and 
infrared rays. It was found that microwaves caused a relative 
increase in the electrical conductivity of both solutions 
compared to their conductivity when irradiated by IR, even 
though the temperature of both solutions was the same during 
irradiation.
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The author concludes that studying the biological mecha
nisms of microwaves over a wide frequency range could prove 
very fruitful in clarifying the specific nature of the proces
ses, regulation, and interrelationships between biological 
systems.

Another possible example of the specific effect would be 
the resonance absorption of microwaves by protein molecules. 
Some authors have expressed the belief that resonance absorp
tion is possible in fatty-acid esters and glycerides. Others 
have suggested that resonance absorption takes place in enzyme 
molecules. However, to date experimental data is clearly in
adequate for making a definite hypothesis about the specific 
effect of microwaves in this area.

Presman, A. S. Problems of the mechanism of the bio
logical effect of microwaves. Uspekhi sovremennoy 
biologii, v. 5, no. 2, (5), 1963, 161-179.

olfactory analyzer of man and animals. It has been suggested 
that there are two ways in which microwaves can affect the 
cerebral cortex: through the olfactory analyzer and directly 
through the diencephalon. Another structure particularly 
sensitive to microwaves is the human auditory analyzer. One 
experiment revealed that people were able to perceive pulsed 
microwaves (150—10 cm; t = 1—6 usee; f = 600—2500 pulses/sec; 0.03 mw/cm2) in the form of whistling, humming, or clicking 
sounds. This "radio sound" was heard equally well by both 
healthy and deaf people (50 db hearing loss). It was perceived 
somewhere behind the head and disappeared only when the tempo
ral area was shielded. This might be considered as one 
example of the specific effect of microwaves.

A possibly more reliable approach in elucidating the 
mechanism of the specific microwave effect is the considera
tion of the role of electromagnetic fields in biological pro
cesses. The author believes that various processes of regula
tion and interconnections in the living organism not only go 
through neuro-humoral pathways but also through electro
magnetic fields over a broad frequency range. This has been 
borne out by experiments where certain organs and tissues of 
animals have been shown to emit electromagnetic waves. Further
more, contracting human muscles have been found to emit 
electromagnetic waves at frequencies of tens to 150 kc/sec. 
The greatest emissions have been noted in small muscles, 
medium emissions in the gastrocnemius, but no emissions have 
been noted in head muscles. Variations in electromagnetic 
emissions have been found to occur, according to the age and 
heat of subjects. Another experiment, where isolated, pulsa
ting, heart-muscle cells were shown to be controlled by a 
leader cell, suggests that the leader cell may be a "master 
oscillator" of signals which set the pulse rhythm for other 
myocardial cells.



act

Pulsed EMF (5—if.0 me) has been found to produce chromo
somal aberrations and changes in nuclei of plant root cells.
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The Role of Electromagnetic Fields (EMF) In Living 
Processes

Electromagnetic fields from high to superhigh frequencies on the nervous systems of man and animals and evoke changes 
in the functional state of various parts of this system by disrupting the normal regulation of various physiological func
tions. It has been established that the reaction of the nervous system to EMF is due to the spontaneous effect of 
these fields on skin receptors or brain cells. The difference between these two systems is in their function; receptor cells 
react to any external intensive force (EMF), while brain cells 
react to specific coded signals transmitted by receptor cells, which are protecting themselves from the external force.

It has been established that ultrahigh- and superhigh- 
frequency electromagnetic fields have both a thermal and "specific" or nonthermal effect on the organism. Likewise, 
the physiological activity of some organs has been associated 
with the generation of various frequencies of electromagnetic 
fields. The author discusses the possibility of these being 
some kind of regulation and interaction in the organism by means of EMF. These interactions probably occur in the orga
nism from the molecular to the systemic level and take place in accordance with the nervous and humoral function. In discussing this possibility, the specific effects of EMF on the nervous system, the growth and development of tissues, and 
the state of protein molecules, as well as the generation of 
EMF by living systems, are discussed.

The effects of various frequencies of EMF (from IO10 to 
109 cps) on the growth and development of tissues have been 
studied. It has been found that EMF stimulates the growth of embryonic tissues, inhibits the growth and resorption of malig
nant tumors and disrupts metabolic processes in the heart of chick embryos. UHF decreases the amount of ascorbic acid and glutathione in the crystalline lens, disrupts spermiogenesis, and brings about complete Inactivation of bacteria.

The ability to spontaneously perceive even the weakest of electrical and magnetic fields has been found in some species of fish. Recently, it was discovered that man could also per
ceive EMF when his temporal region is irradiated with various frequencies (3.109—2.10s cps; O.lj. mw/cm2 ). Perception of these fields was characterized by sensations of whistling and buz
zing depending upon the intensity and modulation of the field. Even deaf people have been found capable of perceiving EMF 
in this manner.
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enzyme 
antibody.

Presman, A. S. 
life processes.

The resolution of various practical and theoretical 
problems Involved in the design of high-frequency apparatus 
for physiotherapy requires a knowledge of the electrical 
parameters of human body tissues.
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Electric Parameters of Biological Tissue in the Microwave 
Range

The possible role of EMF in life processes has been little 
studied and the author feels that the above hypothesis merits 
serious discussion and experimentation.

It has been established in experiments with isolated 
cardiac cells that each cell possesses its own rhythm of 
pulsation, but that aggregate cells pulse at the same fre
quency as a "leader cell. It is therefore possible to con
sider the "leader cell" as a generator of signals which 
govern the pulse rhythm of the remaining cells.

It was proposed not long ago that intracellular processes 
involved in protein synthesis are controlled with the help of 
EMF. The theory holds that DNA molecules act as generators of 
of radio frequencies, RNA as amplifiers of these signals, 
and amino acids and enzymes as signal carriers. The cell 
wall is characterized as a noise filter. In connection with 
this theory, it is interesting to consider such problems as 
the development of mitosis, the integration between the 

and the substrate, and between the antigen and the 
It is suggested that EMF interractions 

on the molecular level and between molecules sufficiently 
close to one another.

The role of electromagnetic fields in 
Biofizika, no. 1, 1964, 131-134.

UHF brings about a change in the polarization level of glyco
gen solutions. A resonant effect of IMF has been observed in 
gamma-globulin solutions; at definite frequencies (in the 
13—15-mc range), the electrophoretic diagram of the solution 
is changed, and its antigenic activity is Increased. It is 
said that changes in the activity of protein molecules in an 
EMF take place as a function of energy absorption associated 
with fluctuations in the proton configuration of molecules.

Some animals possess the ability to generate EMF. Some 
fish generate low-voltage electrical impulses of various dura
tions and frequencies. It has been found that as a current 
passes along the nerve of a frog, corresponding electric- and 
magnetic-field impulses are generated around the nerve. 
Recently it was discovered that a contracting human muscle 
emits EMF of various frequencies (from tens to hundreds of kc)..
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Thus, the study of processes involved in the action of 
electrical energy on biological objects, as well as the study 
of the molecular structure of these objects, requires a know
ledge of their electrical parameters over a wide frequency 
range.

Quantities Characterizing the Electrical Properties of 
biological Objects

The high-frequency energy produced by generators used in 
physiotherapy is absorbed in the patient’s tissues; which are, 
as it were, the generator load. The knowledge of the electri
cal parameters of this load promotes the proper design of 
physiotherapeutic apparatus, the development of dosimetric 
techniques, and the solution of other instrumentation problems.

The results of measurements of the dielectric permeability 
of blood plasma and the cerebrospinal fluid during and after 
partial thermal denaturing can be used in conjunction with 
other clinical diagnostic methods. The measurement of the 
frequency dependence of the impedance of a cell suspension 
in the microwave range may provide data on the conductivity 
of biological cell membranes, and this, in turn, is of great 
importance in the study of ion-exchange processes between 
intra-cellular and extracellular media.

Maxwell's equations for the propagation of waves in a 
medium of zero conductivity and in a medium of conductivity 
o, assuming a sinusoidal variation of the field with respect

As is known, biological tissues are dielectrics with 
relatively low resistivities. The dielectric permittivity 
commonly used to describe dielectrics turns out to be in
adequate in this case.

The knowledge of the electrical parameters of tissues is 
of great importance not only for the physiotherapy and investi
gation of the biological effects of electromagnetic energy, but 
it is also required in a number of other branches of biology 
and medicine. For example, in cardiology, by using known 
tissue parameters at low frequencies, it is possible to analyze 
the distribution of currents and potentials generated by the 
heart.

Of great importance in the application of high-frequency 
oscillations to biological objects is a knowledge of the reg
ularities Involved in the reflection, absorption, and distri
bution of energy in the object. The study of these regulari
ties also require a knowledge of the electrical parameters of 
tissues.
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Let us consider the relative values of the dielectric 
permittivity in a practical system of units:

1 
36'-rr«1 09;

The dielectric can also be characterized by the propa
gation constant y defined in the case of a medium without 
losses in the rationalized Mx system as

is the relative dielectric 
e" is the loss factor.

—— = t8», <»*(

Dielectric quality is often evaluated in terms of the 
';ity e"/e' , which characterizes the ratio of the conduc

tion current to the displacement current in the dielectric:

is the electrical constant in the practical (ration
system of units: e' 

permittivity of the substance;

e is replaced

The properties of the dielectric in this case are 
determined by the quantities e and c.

a is the conductivity in

to time, differ in the fact that the quantity 
by the complex dielectric permittivity e*:
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and for a medium with losses as

is a complex quantity,y also has a real and an

is the phase constant.where

Let us express tg<5 and 6:

where

(h/m) for a nonmagnetic medium.
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imaginary part:

and a in terms of a

a is the damping factor and B

n = 4TT.1o7

By some simple transformations, it is possible to find the relationship between a and B on the one hand, and e1 and 
e" on the other.

Thus, biological tissues, like any dielectric, can be 
characterized in terms of any of the following pairs of quantities: £ and a, e« and e", a and B, e and tg<s. Knowing one 
of these pairs, it is possible to compute the other quantities quite easily.

. 2aP ■">■«,



Mechanisms of Electrical Energy Absorption by Biological Tissues

where
1

'<1

rt. — —----

Let us examine the mechanisms which produce the conver
sion of electromagnetic field energy into heat in biological 
tissues. As is known, there is no electron conduction in 
such dielectrics. One of the most important mechanisms pro
ducing the heating of biological tissues in a field is ionic 
conduction,which occurs due to the presence of electrolytes 
in tissues. In the range of decimeter and centimeter waves, 
ionic conduction is not resonant if the electrolyte is homo
geneous. In biological tissues, there is a marked dependence 
of ionic losses on frequency. This is due to the fact that 
in tissues with a high water content, the intracellular fluid 
is separated from the extracellular fluid by thin nonconduc- 
tlve membranes. The resistance of these membranes drops with frequency due to increasing capacitance currents, so that the 
contribution of the Intracellular fluid to the total ionic conductivity of the medium increases with frequency.

where e0 is the dielectric permittivity of the system at the very low frequency corresponding to the capacitance
cq = ci + C2* e~ dielectric permittivity at the veryhigh frequency corresponding to capacitance C ; a is the conductivity at the very low frequency corresponding to resis
tance ; aa is the conductivity at the very high frequency corresponding to the parallel connection of and .
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To these equations correspond equations for the electrical parameters of the dielectricso and e:

^3 Ar= —; *>= 7-;0, /?,

Figure 1 shows a simplified diagram of a heterogeneous 
dielectric from which the effect of membranes can be estimated. The membrane is represented by capacitance C2, the intracellular fluid by resistance R2, and the extracellular fluid by resistance R} and capacitance Cj. The dependence of the impedance of such a circuit on frequency can be represented 
by means of two equations for the equivalent capacitance and conductivity:

o — a
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As the frequency increases, the effect of another mecha
nism of energy absorption by the medium becomes evident. 
This mechanism is associated with the polar structure of 
water molecules. The polar molecules of water do not orient 
themselves in the field instantaneously. The rate of orlen-

Fig. 1. Simplified 
electrical diagram 
of a heterogeneous 
dielectric

Fig. 2. Schematic repre
sentation on the depend
ence of e (a) and o(b) on 
frequency with structural 
or polar dispersion

The time constant T is identical to the time constant 
for R2 and C „ connected in series.

At higher or 
lower frequencies, differing tens of times from f^,, quantities 
e and o approach constant values. For biological tissues with 
a high water content, the chief change in the parameters occurs 
in the 100-kc 10-mc range. This is the so-called g-dispersion 
region (for "structural'' dispersion region).

The dependence of quantities o and e in the frequency 
range is shown in Fig. 2, whence we see that there .is pro
nounced dependence of parameters on frequency, 
change occurs at the frequency:

o,t to



(y-dispersion).

and
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It should be noted that in addition to polar dispersion 
due to water, there can be a minor amount of polar dispersion 
brought about by protein molecules. Since these molecules 
possess considerable size and weight, their characteristic 
frequency is considerably lower, equal to about 1 me.

The last mechanism which is in evidence in the action of 
a field on biological tissues consists in the resonant ab
sorption of energy by molecules and groups of molecules. This 
problem has received the least attention so far. Only in some 
cases has resonant absorption been noted in the microwave 
range. For example, in the measurement of e* and e" of methyl
palmitate (a complex fatty-acid ether) with low power levels, 
a maximum was noted in e" at a frequency on the order of 
4000 me. The resonant mechanism of this is confirmed by the 
nondependence of the resonant frequency on temperature. 
Despite the shortage of experimental data, resonant absorp
tion remains one of the probable factors in determining the 
nonthermal, "specific" effect of microwaves on living organisms.

The effect of protein molecules is likewise manifested in 
the fact that the volume occupied by them in biological tissues 
is excluded from the overall volume in the constitution of 
the electrical conductivity. The specific weight of the 
protein molecule is about 20 g per 100 cm2 of tissue matter 
with high water content. It is also necessary to take into 
account water molecules bonded to the protein molecules 
(hydration of protein equals approximately 0.3 g of water per 
1 g of protein). If the hydrated protein molecule has an 
ellipsoidal shape and the aforementioned weight rations are 
valid, the protein reduces the e and a of the surrounding 
saline solution by about 30%.

Polar dispersion for tissues with a high water content 
begins to have an effect starting at about 1000 me. The 
characteristic dispersion frequency for water is about 16,000 me.

tation depends on the size and shape of the molecules, and 
the viscosity and temperature of the medium. As the frequency 
increases, the ability of polar molecules to orient themselves 
along the field diminishes. Debye showed that the parameters 
of the medium (dielectric permittivity and conductivity) 
determined by orientation polarization can be characterized 
by the same equations as those for structural dispersion
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General Aspects of the Electrical Properties of Biological 
‘ Tissues in the Microwave Range
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The electrical properties of biological materials were 
studied by many authors, and at the present time there is a 
fairly complete picture of the frequency and other dependences 
of these properties for various tissues. The development of 
UHF therapy techniques has led to a whole series of measurements of the dielectric permittivity and conductivity of

A = e of muscles; B = e of fat; C = Muscles; D = Fat; 
E = Frequency (me); F = Resistivity (ohm-cm).
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blood, muscles, fat, bones, and other tissues of the living 
organism. We have witnessed the discovery and description of S-dispersion, which leads to a considerable reduction of
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44 to4

Fig. 3. e(a) and e(b) of fatty and muscle tissues as 
functions of frequency.
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Biological Effects of Various Microwave Fields

In this review of Soviet and Western literature, the 
author presents tables which indicate the viability of animals 
in the thermal threshold levels of various microwave fields.

In all cases, the death of experimental animals was due 
to over-heating. A morphological examination of the animals 
revealed heavy damage to the nervous system and internal organs, 
characterized by small hemorrhages in the brain, myocardium, 
liver, and intestinal walls. Dystrophic damage to the nervous 
system as a result of exposure to microwaves explained the
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dielectric permittivity and an increase in conductivity as 
the frequency Increases from 1 kc to 30 me. Malov was the 
first to note the inadequacy of (i-dispersion as an explanation 
of the properties of blood at higher frequencies. Further 
studies, with the aid of advanced microwave techniques, made 
possible the discovery of y-dispersion and the obtaining of 
more detailed data on various biological tissues.

Livenson, A. R. Electric parameters of biological 
tissue in the microwave range. Meditsinskaya promy- 
shlennost' , v. 18, no. 6, 1964, 11|-2O. JPRS TRANSL: 
26,429

Generalizing on the results already achieved, we can 
break down all biological tissues in two groups. The first 
group includes tissues with a high water content (skin, 
muscles, internal organs), and the second group is comprised*--^ 
of tissues with a low water__conligntXl,at7)>bone, bone marrow). 
The first group of tissues is charactfsi’fzed by a relatively 
high dielectric permittivity and low resistivity. The second 
group exhibits a dielectric permittivity lower by one order 
of magnitude and a resistivity Mgtar by one order of magnitude. 
The special peculiarity of tissues with a high water content 
consists in the low variability of parameters in individual 
tissue samples. This is due to the relatively constant per
centage of water content, which essentially determines the 
basic electrical parameters of tissues. The fatty and bone 
tissues exhibit a considerable (up to and over 100$) 
range in electrical parameters. Such variability is due to 
the change in water content from sample to sample. However, 
the ratio of the dielectric peimiittivity to conductivity (at 
a given frequency) and the ratio of conductivity or dielectric 
permittivity to water content in the tissue remain relatively 
constant. Fig. 3 shows generalized curves from the data of 
various authors characterizing the dependence of e and the 
resistivity of e-fatty and muscle tissues on frequency.
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Wavelength

Table 2.

Wavelength ferg/cn3)
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Medium 
Short 
Ultrashort 
Decimeter 
Centimeter 
Millimeter

Medium 
Short 
Ultrashort 
Decimeter 
Centimeter 
Millimeter

Threshold 
intensity

,-6 
6

,-6 
6

Exposure time to 
onset of lethal 
effect (min)

The viability of rats exposed to various 
microwave fields

2830 x 10-6
1100 x 10~6
1100 x lO-

SS x 10-
33 x IO’
33 x 10-

nonlethal
100

5
60
15

180

Thresholds of the integral thermal effect
Energy intensity

less than 8000 v/m 
2250 v/m 
150 v/m 

1(0 mw/cm2
10 mw/cm2
7 mw/cm2

Energy intensity 
(erg/cm 3)

A study of the thermal thresholds expressed as a function 
of wavelength revealed that millimeter waves have the great
est thermogenic effect. In general, as the wavelength decreases, 
the amount of energy required to produce a thermal effect also 
decreases.

As in previous reports, the author concludes that the 
primary biological reaction of the organism to microwaves is 
characterized by shifts in the central nervous system reflec
ted by alterations in cerebral biopotentials, conditioned 
reflex activity, response to sound stimuli, and morphological 
and histochemical changes.

2830 x
221 x 10-5 

0.995 x 10-6 
13.2 x 10-6
3.3 x 10-6

2.31 x 10-5

rapid onset of death. The proliferative reactions of reticulo
endothelial cells and brain microglia was lacking. Possibly 
this compensatory adaptive reaction moderates the consequences 
of very high-intensity radiation. On the other hand, proli
ferative reactions are observed as a result of exposure to 
nonlethal radiation intensities.
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“ SHF Dosimetry and Nonthermal Threshold Determination

in the 3-cm range produced
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This abstract will deal primarily with that portion of 
the article devoted to nonthermal threshold determinations. 
To measure nonthermal intensity values of SHF in the 3-cm 
range, a waveguide assembly similar to that used by A. S. 
Presman was used. It 'was possible to determine energy absorp
tion in a living subject with 57“ accuracy.

The author disagrees with A. S. Presman1s theory of the 
mechanism of SHF absorption, that 90^ of the absorption of 3-cm 
field energy occurs as dipole molecule oscillation, due to the 
high water content of living tissues. Since dipole oscillation 
is characteristic of pure water, while tissue water holds salts 
and other substances in solution, the author feels that energy 
absorption in tissue would take the form of processes more 
complex than dipole oscillation alone.

Gordon, Z. V. Problems of industrial hygiene and 
the biological action of various ranges of radio
waves. Akademiya meditsinskikh nauk. Vestnik, 
no. 7, 1964, 42-49.

These tests showed that SHF in the 3-cm range produced 
no thermal effect at field intensities of 1.5—0.8 mw/cm2. 
The criterion for the establishment of the non-thermal thres
hold was the absence of heating in the subcutaneous layers 
(at a depth of 0.8 mm), where SHF fields normally induce the 
greatest heating. The threshold value of 1.5 mw/cm applies 
only to 3-cm fields

In view of the paucity of published materials on SHF 
dosimetry in biological experimentation, the author studied 
methods for measuring 3-cm SHF fields in animal experiments. 
Special attention was given to methods for quantitative de
termination of incident and absorbed energy. These methods 
make it possible to establish threshold values for nonthermal 
SHF intensities and elucidate the thermal mechanism of action of 
SHF on animals under conditions of whole body or local irra
diation. Besides biological objects, dummies were used to 
study SHF energy absorption dynamics.

In this study, rats were subjected to 28 exposures of 
irradiation. During irradiation, tissue temperatures were 
taken with MT-54 thermistors connected to a chart-recording 
potentiometer. The sensitivity of this assembly was $ 0.05 C, 
which was satisfactory considering normal temperature fluctua
tions in the animals. A group of 3 was exposed to an SHF 
field of 15 mw/cm2, to establish a definite thermal effect; 
3 more were exposed to a field of 7.5 to 3.5 mw/cm2;.and 10 
rats were exposed to a field of 1.5—0.8 mw/cm2.
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General conclusions of the entire article are that the thermal thresholds of SHF fields are influenced by wavelength, 
tissue depth of energy absorption, natural thermoregulatory 
mechanism, and, the area, anatomical features, and hemodynamics 
of the irradiate portion of the organism. The magnitude of 
SHF thermal effect during whole body irradiation is directly 
proportional to the incident energy. The thermal effect of SHF increases linearly with time during short exposures (1 to 
3 min), and can be determined as a function of the quantity 
of absorbed energy. In longer exposures (3 to 5 min), the 
magnitude of the thermal effect and the distribution of heat in tissues and organs is a function of thermoregulatory mechanisms and blood circulation.

Mirutenko, V. I. The thermal effect of SHF on animals 
and some problems of SHF dosimetry. IN: Akademiya nauk Ukrainskoy SSR. Institut flziologii. Biologi- 
cheskoye deystviye ul'trazvuka i sverkhvysokochastot- 
nykh elektromagnitnykh kolebaniy (Biological effect of ultrasound and superhigh frequency elemctromagnetic 
oscillations). Kiev, Naukova dumka, 1964, 62-79.

1---- 30 km = 10 Kc—
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3 km = 100 Kc- 
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