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1 BIOLOGICAL AND MEDICAL ASPECTS OF MICROWAVES 

by Christopher Dodge 

SUMMARY: A review is presented of recent Soviet re
search on the effects of microwaves on the state of 
the nervous system, based on 12 articles publishedby 
prominent authors in this field during the period 
1958-1964. Experimental methods, inst rumen tat ion, 
and various observed effects of microwaves on the an
imal and human nervous systems are discussed*. 

Unfortunately, few articles on the biological effects of microwaves 
have included detailed descriptions of the methods, instruments, and condi
tions of microwave irradiation processes. However, two investigators 
·[1, 2) recently provided detailed descriptionf? of the devices and irradiation 
conditions-used during investigations of the· effect of pulsed and nonpulsed 
microwaves on neural and neuromuscular preparations. A device developed 
by Presman and Kamenskiy [2] for·irradiating isolated neuromuscular pre
parations is shown in Fig. 1. 
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Fig. 1. Basic diagram for irradiating a neuro-
:muscular preparation with 10-c~ microwaves by 
dosing the power flux density 

l - Microwave generator; 2 and 3 - cable and 
wave~uide; 4 - attenuator; 5 - power indicator; 
6 - microammeter; 7 - horn; 8 - absorption 
plates; 9 - neuromuscular preparation; 10 - fi
nal screening absorption plate. 

*A m~re· e~tensi~e review of Soviet literature in this field is being prepared 
under Wf,._2.2 and will appear as an ATD report in the near future • 
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The basic dimensions of the irradiation chamber are 130 x 45 mm. 
A photograph of the chamber is shown in Fig. 2. 
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Fig. 2. Polystyrene chamber'fot studying the ex
citability of n. ischiodicus and n. gastrocnernius 
preparations during irradiation with microwaves 

1 - Plexiglass block; 2 - clamp; 3 and 4 - plat
inum electrodes. 

F-:ig~ 3 a.hows another ·variant of the device shown in Fig. 1. 
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Device for irradiating neuromuscular prep
with measured doses of microwave power 

1 - Microwave generator; 2 - cable; 3 - waveguide 
pickup; 4 - attenuator; 5 - power indicator; 6 -
microammeter; 7 - measuring segment; 8 - impedance 
transformer; 9 - bent waveguide; 10 - horn; 11 -
radiation chamber; 12 final screening absorption 
plate. 
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This device differs from the one shown in Fig. 1 in that it is equipped with 
a measuring segment (7), impedance transformer (8), and bent waveguide 
(9). 

More recently, Kamenskiy [l] has further developed the above system 
to provide for better thermal control and screening*. 

Effects of Microwaves on Neural and Neuromuscular Preparations 

Relatively fl"w articles have been published on the effects of micro
waves on isolated-neural preparations, arid even in these the parameters of 
irradiation have not been sufficiently described to permit the reader to e
valuate the observed effects. Lobanova and her associates [3] studied the 

.-• effects of pulsed microwaves in the 10-cm range (10 mw/cm 2
) on the morph

ology of interneuron connections of the cerebral cortex of rats. In this in
vestigation, the duration of exposure to radiation was not specified, but was 
referred to as being "prolonged." An investigation of the cerebral cortex, 
treated according to the Golgi-Bubanet method, revealed that the fine pro
jections of dendrites on nerve cells were disappearing and in some cases 
showed thickening and swelling as a result of prolonged exposure to pulsed 
microwaves, Apical dendrites leading to upper associative layers of the 
cerebral cortex were especially altered. As the number of exposures to 
irradiation increased, the process of dendrite deformation extended deeper 
into the cortex toward the body of nerve cells. It is· theorized that these 

. projections act as receptors,. However, the changes observed were judged 
to be nonspecific, since in earlier studies the authors had noted similar 
changes in axodendral connections of the cerebral cortex when animals were 

<> exposed to toxic substances such as arsenic, aniline, and lead. These data 
would indicate that changes in higher nervous activity as a result of expos
ure to microwaves are due to morphological alterations in the interneuron 
associative connections of the cerebral cortex. They also indicate that the 
effect of 10-cm microwaves {10 mw/cm 2

) is basically nonthermal. 

In an investigation by Kholodov [ 4], the effect of microwaves on brain 
bioelectricity was studied. Sections of the cerebrum and midbrain of rab
bits were exposed to UHF {1000 v/m for 2-3 min, repeated at 20-40 -min 
intervals). The area-of the sections was 5 x 15 mm, and the depth was 
·5- 8 mm; the sections were removed from the sensory-emotor area of the 
cortex by loops of steel and copper wire. The results of the test .are shown 
in Fig. 4. 

*For description and diagram, see "The influence of microwaves on the 
functional condition of the nerve. 11 FSB, v. 1, no. 2, 1965 
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.. . A comparison between the reaction of the intac!, isolated, and corti-
·cal sections of the brain to UHF is given in Table 1. 
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Fig. 4. Electrical activity1 of a neuronally isolated' 
region of the brain cortex (1-2), before irradiation 
(I) and during irradiation (II). Under the influence 
of UHF, the electrical activity of the section: in
creases (A), -depending upon its original level of ac
tivity, even though the electrocorticogram of an in
tact lobe does not change (3-4); shows a decrease (B); 
or acquires a rhythmic hature (C), ind~pendent of res
piration 

Table 1. Reactions of briin sections to UHF 

Object No. of No. of No. of <Belia- Mean iatent 
investigated animals tests reactions bility, % period. sec 

Int.act brain 12 67 30 45 53 

Isolated 8 57 26 .45, 34 
brain . 

Cortical 16 98 51 52 27 
section 

It is apparent from Tabi'~ 1 that the latent period of a neuronally isolated 
section of the brain was shorter than in an intact brain. Unfortunately, the 
parameters of irradiation were not sufficiently described to determine whe-

. ther .the observed effects were thermal or nonthermal in-nature. 
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In a very carefully controlled investigation [l], Kamenskiy studied 

the functional condition of the frog nerve (n. ischiadicus) under the influence 

of pulsed and nonpulsed UHF. An apparently nonthermal effect was obtained . 

when the nerve was exposed to pulsed UHF at sufficiently high frequency 

( ~ = 10 cm; impulse duration, 1 µsec; frequency, 700 impulses/ sec; 12 · 
2 . 

mw/cm )*~ · 

Effects of Microwaves on the Nervous System and Behavior of Animals 

. 
Numerous articles and reviews have been published on the effects of 

microwaves on intact experimental animals. In an investigation conducted 

by Kholodov·[5], the bioelectricity of the rabbit brain was studied during . 

irradiation by microwaves. The rabbits were situated so that their heads 

were located between two 10-cm electrodes placed 12 cm apart so that the· 

whole head of the animals would be irradiated, • A 1000-v/m field was pro-
duced between the electrodes by a UHF-2m-40 generator. Biocurrents fr.om _______________ _ 

"' 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. 5. 
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Fig, 5, · Changes in the EEF of the; rabbit under the act::ton of a 

UHF field (Arrows indicate when UHF generator was. switch~d on 

and off) 

A rise in the amplitude and a reduction in the frequency o_f 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 reactions had an average latent period of 40 sec, with 87-

sec periods occurring occasionally. Under the influence of a 1000-v/m · 

*For a detailed description of this investigation, see "The influence of mic

rowaves on the functional condition of the nerv:e,11 FSB, ·v. 1, no. 2, 1965 
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· · field, there was increased excitability of the cortical end of the visual an
:aiyzer, The aftereffect of UHF radiation lasted 10-15 min. 

Sazonova [6] studied the effects of a stronger field (100,000 v/m, 50 
cps) on the work ability of rabbits which had been injected with dibasol, no
vocain, or aminazine, For each experimental rabbit there were two con
trols, one of which wa~ injected with a physiological solution and exposed to 
microwave radiation, while the other was injected with a drug but not ex
posed to microwaves. 

Experimental animals injected with various drugs were exposed to 
microwaves. for 1 hr/day, 6 days/week, for a month. The load factor con
sisted of an 82-g weight attached to the working extremity and recorded by 
an ergogram. Figs. 6, 7, and 8 show the effects of a 100,000-v/m electro
magnetic field on the motor work ability of rabbits injected with ·drugs which 
either strengthened or weakened the influence of the central nervous system •. 
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Fig.:t. Effect of· electromagnetic field on motor work ability 

A·-- Motor training combined with aminazine injections (1) ·or 
dummy injections (2); B - motor training with aminazine (1) or 
amin·azine plus the action of the field • 
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Fig. 1 . Motor training with a 
novocain block (1) administered 
in the spinal region or (2) 
combined with the action of an 
electromagnetic field 
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The data indicate that the process of motor training is influenced by 

the central nervous system and that during compulsory work this influence 

contributes to the development of fatigue. Weakening the influence of the 

. __ reticular __ formation (tests with aminazine) or eliminating other influences 
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Fig. 8. Effect of electromagnetic field on motor 

work_ ability 

A - Motor training combined with dibasol injec
tions (1) or dummy injections (2); B - training 
with dibasol (1) or dibasol plus the action of 
the field. 

(11ovocain blocks fwiifcte-lay-the deve-lopment of faffgue~ Consequently, the 

influence of an electromagnetic .field on the work ability of the motor sys

tem during training takes place with the participation of the central nervous 

system. Strengthening the influence of the central nervous system on the 

motor mechanism enhances the effect of an electromagnetic field., whereas 

weakening this influence has a reverse effect. It should be noted that the 

author gives very few details on the parameters of ·irradiation or the instru-

. ments used in his experim.ent. 

Kholodov [7], in discussing the effects of electromagnetic fields on 

the central nervous system, claims that most studies on the 11 specifid' non

thermal action of VHF fields with intensities below 10 mw / cm2 have been 

made by Soviet scientists. He states that it has been proven that brief ex

posure to fields of this intensity intensifies conditioned reflexes to different 

stimuli, while prolonged exposure inhibits them. In one study, unilateral 

irradiation of an animal with a VHF field produced more pronounced chang

es in the bioelectricity of the cerebral cortex on the irradiated side than on 

the unirradiated side, a result which indicates the direct effect of the field 

·on the brain .. The data from physiological experiments agree with the re

sults of morphological studies. Following VHF irradiation, reversible 

structural alterations were found in the cerebral cortex and diencephalon, 

which indicate that these structures are particularly sensitive to microwaves. 

Through modern methods of physiological and physical research, it seems 

lik~ly that many (and perhaps all) electromagnetic fields have a direct 
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influence on the central nervous system. Thus far, effects have been de

scribed for magnetic fields, 50-cps electromagnetic fields, UHF, VHF, 

· and ionizing radiation. 

· Presman [8) also feels that microwaves of low intensity (10-15 

mw / cm 2 ) have been shown to have a II specific" or nonthermal effect on an

imals. He feels that the approach of Soviet and non-Soviet scientists to 

studies of the biological effects of microwaves differs. Non-Soviet scien-_ 

tists have considered only the thermal effect of microwaves and have con

ducted experiments at such high radiation levels that there could only be a 

heating effect. Soviet scientists, on the other hand, have demonstrated 

that chronic• irradiation with low-intensity microwaves does not have a 

thermal effect and induces noticeable functional changes in the cardiovas

cular system and the nervous system, as well as in the behavior of the an

imals. 

The Effects of Microwaves on the Human Organism 

Soviet concern for the medical safety of personnel working in the vi

cinity of microwave generators has increased in recent years. Among the 

most active institutions in this field is the Institute of Hygiene and Occupa

tional Diseases of the Academy of Medical Sciences. Sadchikova and her 

associates [9) studied 266 men and 125 women who served as technicians, 

.. assemblers, and repairers of centimeter-wave generators. Three groups 

were considered: l} 184 people who were exposed to periodic intense radia

tion (3-4 mw/cm 2 ); 2) 129 people who were exposed to less intense radia

tion (tenths of a mw / cm 2 ); 3) 7 8 people who were exposed to weak radiation 

(from hundredths to tenths of a mw / crr.2 ). The results of the clinical inves-

tigation are given in Table 2. 

Table 2. Changes in the' nervous- system as a result of 
- exposure to microwaves 
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TABLE 2 

Changes observed (in% of subjects studied) 
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The author concludes that short-term exposure to centimeter waves of sig

nificant intensity brings about shifts in the nervous and cardiovascular sys

tems. Cardiovascular shifts are characterized by hypotonia and bradycar

dia. No speculation is made on whether the data reflected the thermal or 

nonthermal effects of microwaves. 

Bartonicek and his coworkers [10] studied the effects of centimeter 

waves on human biochemistry. The exact intensity and conditions of radia

tion were not described, but it can be assumed that the people examined 

.were technicians working around high-frequency generators. It was found 

that there were hemodynamic shifts in workers 20-30 years old. These 

shifts were manifested by a significant increase in diastolic pressure. Of 

a total of 27 blood sugar curves- obtained from the irradiated workers, 7 

were flat, 7 were prediabetic, and 4 indicated slight glycosuria. In some 

cases the final blood sugar level was lower than the initial value. The lac

tic acid content of workers was found to be_ lowered in 2. 5 times as many 

cases as it was found to be increased. The distribution of lactic and pyruv

·ic acid and creatinine excretions is shown in Table 3. 

Table 3. Distribution of pyruvic ·and lactic acid· and 

creatinine excretions 

Pyruvic acid Lactic acid Creatinine 
number % number % number % 

No. of mea- 40 100 •. o 35 100.0 34 100.0 
surements --

Normal 28. 70.0 14 40.0 14 41.2 

Increased I 4 10.0 6 17.2 6 17.6 

Lowered 8 20.0 15 42.8 14 41.2 

Averages 0.77 mg% 14 mg% 1.33 mg% 

Controls 0.65 mg% 17 mg% 1.30 mg% 

Established 0.5-1.0 10-20 1.2-1.8 
standard 

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 the various mesodien

cephalic lesions which occur in the early stages of changes brought on by 

exposure to centimeter waves. 

Having reviewed various Soviet and non-Soviet sources, Presman [8] 

concluded that nonthermal microwaves in the decimeter- and millimet_er:.. 

wavelength range affect the cardiovascular system, causing hypotonia, 

bradycardia, and myocardial dystrophy. These findings agree with the da

ta _of Bartonicek [10] and Sadchikova [9]. The most pronounced cardiovascular 
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shifts are observed when subjects are exposed to millimeter waves; most 

of these shifts are reversibl'e, however. The maximum permissible inten

sities of microwave irradiation for workers differ from those considered 

acceptable in the United States, providing for not more than 0.01 mw / crnl

per day, 0.1 mw/cm2 for 2 hr, and 1 mw/cm2 for 15- 20 min while wearing 

protective goggles. The U. S. maximum permissible intensities provide 

for 10 mw / cm2 per day, a level 1000 times greater than the corresponding 

Soviet value. 

- ' 

Korsun and his associates [11] studied the condition of military per-

sonnel who worked in the vicinity of radar generators producing high-fre

quency pulsed UHF fields. Of 111 men investigated, 43 had worked in the 

radar installation for more than one year and 68 had worked for up to one 

year. The remaining 46 men were used as controls. The subjects were 

from 20 to 25 years old. Increased pulse was observed in 67% of the cases 

examined, while 33% showed decreased puls·e rates. The symptoms of bra-, 
dycardia observed by other investigators were thus not evident in ·this situ:-

. ation. Arterial pressure showed a tendency to rise in 61. 7% of the cases 

(15-20 mm Hg) as compared to the level prior to irradiation. A tendency 

toward lowered pressure was observed in 23.4% of the cases, and 14. 9% 

show_ed no change. It should be noted that increased arterial pressure oc-

. curred, 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 vicinity of radar sets, 75% showed 

decreases in erythrocytes and hemoglobin, and 62.5% showed a tendency 

towards leukopenia. In conclusion, the authors felt that they had failed to 

show that pulsed UHF was reEponsible for the observed functional shifts. 

Hypotonic, neurotic and other reactions were attributed to fatigue and poor 

work-rest cycles. , The majority of personnel showed normal working abil

ity for the first 2-3 hr, followed by visual fatigue, weakness, headache, 

. and general fatigue which became most noticeable at the 4th hr of work . 

'--··-·--··---- . In ·evaluating"·w-orking conditions around radar .. stations, Loshak '(12] 

made· a dosimetric survey with a D0-1 11 Medik11
, of dispatcher, survey-dis

patcher, and landing radars of the Civil Air Fleet. The,quantitative results 

of the survey are given in Tables 4 and 5. 
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Table 4. Magnitude of UHF field (µw/cm 2 ) being gen
_erated during work at RLS (radar stations) ~ith cir
cular field, in relation to distance to antennas, 
height of installations, and angle of their slope 

1 
. Height of antenna installation g s C1l on the ground · I 6 "' I 7 ,.. \g"' I 13 14 

~2§-~-~a~n=g=le~o~f~i=n~c=l=i=n~a~t=io~n~o~f~a~n=t~e=n=n=a~(d~e~g~r~e~e~s~)~-~~-

~ ~ ~ -· I -2 I o I +2 I +4 I -4 I -4 I -2 I o I +21 +41-41-41-21 o I+; 
1, 

f 
I 
1, 

50 
100 
2 
4 
00 
00 

5 600 500 
5000 4 800 
3,100 310 - -

340 300 
'Ii 600 4100 

36 29 - ·-
I 

250 2 000 I 000 110 50 28 20 501 30 25 7 2 
3200 4 500 4 400 1500 170 160 120 75 60 30 7 

.26 6000 4800 2300 300 35 20 750 600 45 12 " - 200 163 31 11 4.6
1
2.a llOI·- _ - -

. - .. ·--

Table 5, Magnitude of UHF field (µw/cm 2 ) being gen
erated during work at landing and dispatcher radar 
stations, in relation to distance to antennas, height 
of installations,· and angle of their slope 

ODRL Station I DRL Statiqn IPRL Station 
·S Hei ht of antenna installation QJ 

' (J groun I l1l I 3M I 6 M \ 7 M I /9 M 3 M I 6 M I II M I i~ouna : i:: s·co 
\ \ C1loi:: 

Angle of inclination'of ant~nn~ . : ~J Hi:: 
' .. , ~ (IJ 

l1ower l1owe11Dwe41owe~lowe1 ~ I o• I O" : I workers 
l. •H ~ 
·A g lowe~ 
I 

10 26,4 15,4 5,6 I 2,4 0 0 0 0 0 150 
25 13,0 ll ,3 10,0 3,8 0 ,0 4,0 3,8 0 80 
50 6,4. 10,8 . 9,0 6,5 4,8 3,0 ll,O 6,0 1 34 

100 4,0 8,6 2,0 7,0 4,8 4,1 3,6 2,7 10 18 
200 2,9 6,7 4,0 1,5 2,4 1,4 .o 

_ It was concluded from the survey that the staffs of radar stations in 
the Civil Air Fleet are subjected to direct and dispersed UHF of constant 
and variable intensjties which may vary from 1 to several µ. w /cm~ Conse
quently, 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 sug
gest that safety zones should be established ar.ound such antennas and that 
methods for measuring irradiation levels in their vicinity should be based 

. on theoretical calculation and health-monitoring determinations. 
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