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Abstract-Concern over the possible hazards of exposure to microwave radiation has lately 
been on the increase. Increasing industrial and commercial use of microwave generators 
for heating and cooking, increasing power of radar sets, and expansion of the broadcasting 
industry have resulted in more widespread interest in the possible biological effects of these 
electromagnetic radiations. A critical review of the literature on biological effects of microwave 
irradiation is presented along with an analysis of the present status of standards and hazard 
evaluation. 

INTRODUCTION 

ONLY OVER the past two decades has the poten
tial hazard of microwave irradiation come to 
any significant degree of . attention. This 
is not to say that its potential hazard had not 
been recognized. As early as 1926 Duke
Elder suggested that electromagnetic radiations 
at the "long wave lengths" might be catarac
togenic. <1> He cites production of cataracts by 
Leyden jar discharge as early as 1888. With 
the coming of the Second World War and 
increasing ·use of microwaves in radar, some 
concern was expressed as to the hazard to the 
radar operators and repair men. Indications 
at the time seemed to indicate that there was no 
hazard to humans. <2,3> In the post-war and 
Korean Conflict period, however, evidence 
began to accumulate pointing toward a definite 
hazard existing, based on exposure of animals 
to rather intense irradiation. <4-s> During the 
1950 s, greater interest was shown in the micro
wave hazard problem culminating in 1957 
with the establishment of the Tri-Service Ad 
Hoc Committee by the Air Force in 1957 to 
study the potential hazards associated with 
exposure to microwave fields and to establish 
safe exposure levels. <9> A maximum safe ex
posure level of0.0 1 W /cm2 was established on the 
basis of this committee's recommendation. UO> 

* This paper is based on work performed under 
contract with the U.S. Atomic Energy Commission 
at the University of Rochester Atomic Energy 
Project and has been assigned Report No; UR-49-
1314. 
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Over the past few years, the problem of 
potential hazards from microwave radiation 
has come sufficiently to the fore to be considered 
in legislation by the Congress of the United 
States. <11,12 > With the increasing use of micro
wave ovens for cooking, both commercially 
and in the home; with the use of microwave 
diathermy as a therapeutic tool; and with the 
ever-increasing power output in radar systems, 
even into the megawatt range, it is obvious 
that standards must be set to control the use 
of microwave devices and to safeguard the 
public from potential hazards in their use. 
It is appropriate at this time to review the 
presently available information concerning the 
biological . effects of microwave radiation and 
to point out deficiencies in our knowledge, 
clarification of which is necessary before any 
sound and reasonable standards can be set for 
microwave exposure. 

CHARACTERISTICS OF MICROWAVE 
RADIATION 

Microwave radiation falls in the band of 
wavelengths from roughly 30-300,000 MHz, 
overlapping at the ends with the radio and 
infra-red portions of the spectrum. This 
corresponds to wavelengths from the millimeter 
through the meter ranges. Photon energies in 
these ranges are approximately 10-5 eV per 
photon. <13> The significant portion of this 
range, as a physiologic hazard, is the 1 cm to 
100 cm range, frequencies between 300 MHz 
and 30,000 MHz. U4> 

Power outputs of microwave generators range 
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from less than 100 W (measured at the wave
guide) for diathermy apparatus to millions 
of watts for high power radar sets. US> Exposures 
are generally measured in terms of the power 
flux, i.e. watts per square centimeter (W/cm2). 

This parameter varies with the type of antenna 
(focusing or non-focusing), with the inverse 
square of the distance from the focal point and 
with reflections or perturbations of the field 
caused by objects in the field. The duty cycle 
of the generator, i.e. the percentage of time 
the power is actually on, is also an important 
parameter and varies from 0.1 % for radar to 
100 % for an oven or diathermy apparatus. <I4> 

ENERGY ABSORPTION IN TISSUE 

When a microwave beam impinges on a 
target any one or a combination of three things 
may occur. It may be reflected; it may be 
absorbed; or it may pass completely through 
the target. The actual effect depends on the 
wave length of the radiation and the orientation, 
composition, and thickness of the target. 
When the target is a biological organism the 
presence of fur or hair and clothing, as well as 
the relative distribution of skin, fat and facia 
are significant variables in determining the 
amount of energy absorbed. In general, 
for the frequency ranges below I 000 MHz 
or above 3000 MHz approximately 40 % of the 
incident energy is absorbed by tissue. In the 
l 000-3000 MHz range absorption varies 
from 20 % to 100 % depending on the above 
factors. The depth distribution of energy is 
primarily in the skin for frequencies greater 
than 3000 MHz and is diffuse for frequencies 
less than 500 MHz. Depth distribution is var
iable for frequencies between 500 MHz and 
3000 MHz. Microwave energy absorption 
in tissue has been analyzed both theoretically 
and experimentally by SCHWAN and PIER
SOL. U 6,17 > Because of the many variables 
operating, microwave energy absorption can 
in no way be assessed on the basis of power 
output of the microwave generator. <14 > 

The energy of a microwave quantum is 
insufficient to produce ionization or excitation, 
being only about 1/400,000 that of an ultra
violet photon or about 10-5 eV. The only 
possible effects are a uniform volume heating 
due to movements of ions in the field or changes 

in the magnetic orientation of molecules 
which may be observed as pearl chain formation, 
as manifest by the lining up of red and white 
blood cells or bacteria along magnetic lines 
of force, or as dielectric saturation, in which 
protein side chains orientate along lines of 
force. The primary effect, however, is that 
of heating the tissue which, depending on 
relative water concentration and the presence 
of interfaces, may produce temperature differ
entials between tissues. ns.19) 

THERMAL VERSUS NON-THERMAL 
EFFECTS 

A great deal of controversy has arisen con
cerning the relative importance of thermal and 
non-thermal effects of microwave radiation. 
Thermal effects have been well demonstrated 
and documented but the evidence for a non
thermal effect is at best only suggestive. 

Even the earliest work demonstrated con
siderable temperature rise in the eye on exposure 
to microwaves. <2> The work of Carpenter has 
demonstrated cataract production with temper
ature increases small enough - to suggest a 
non-thermal effect. <20> IMIG et al. have found 
a temperature rise in the testes resulting in 
tubular degeneration similar to that found sec
ondary to heating of the testes by other means. <5> 

Death due to hypertherinia with resultant 
degenerative lesions has been shown by Bov
SEN. <21> MICHAELSON et al. have also well 
demonstrated the hyperpyrexic effect of micro
wave exposure and the pathological effects 
produced; in addition, they have shown ther
mal burns of the skin of dogs used in their 
work. <9,22> 

Non-thermal effects of electromagnetic radi
ations of the "long wave lengths" on the lens 
of the eye were suggested as early as I 926 by 
Duke Elder. He postulated a mechanism 
consisting of an increased !ability of colloids 
leading to derangement in metabolism resulting 
in protein coagulation. <1> If non-thermal effects 
are present, they must be due either to pearl 
chain formation or dielectric saturation. Pearl 
chains are easily broken by gentle agitation and 
it has been shown that they are of no biological 
significance as a microwave effect. <23> Dielectric 
saturation, however, can break hydrogen bonds 
and secondary links and may alter hydration 
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of proteins leading to a non-thermal denatur
ation and precipitation of the protein.WO 
Non-thermal biological effects might be possible 
by this mechanism. 

Considerable experimental evidence has been 
put forth as supporting the conclusion that 
there is, indeed, a non-thermal effect of micro
waves. Much of this evidence has been since 
criticized as not really demonstrating an absence 
of thermal effect. Dosimetry and thermometry 
frequently are quite questionable. The re
mainder of the evidence, which may be con
sidered as experimentally sound data, is, at 
best, only suggestive of non-thermal effects 
on the basis that temperature rises noted have 
been held by the authors to be insufficient 
to produce a thermal effect. 

Evidence presented for a non-thermal effect 
has generally been in one of several areas, 
microscopic, biochemical, cataract production, 
and neurological. Pearl chain formation with 
blood cells and bacteria has generally been held 
to be insignificant biologically. n4,23> The 
bactericidal effect and chromosomal aberrations 
described by HELLER and TEIXIERA-PINTo<24> 
are probably thermal in nature. n 4> Several 
metabolic defects, especially in relation to the 
lens of the eye, have been described. DAILY 
et al. have found a decrease in ATPase and 
pyrophosphatase in lenses in which cataracts 
have been produced. <25> RICHARDSON et al. 
have noted that alloxan diabetes decreases the 
threshold for cataract production and suggest 
a metabolic effect. <26> A decrease in ascorbic 
acid and glutathione content in the lens has 
been described by MEROLA and KINOSHITA, 
working with CARPENTER's group. <20,27> The 

. 'ascorbic acid decrease inay be demonstrated 
before any visible evidence of cataract formation. 
The suggestion of a non-thermal effect in 
cataractogenesis comes from the work of 
CARPENTER et al. <20,28> He bases this conclusion 
on the fact that repeated "subthreshold" 
exposures will produce cataracts with a smaller 
rise in intraocular temperature than a single 
larger exposure with a greater rise in tempera
ture which does not produce a cataract. He 
concludes that there is no critical intraocular 
temperature for cataract production nor a 
very appreciable temperature rise necessary; 
therefore, the cataractogenic effect must be 

non thermal. <20> The majority of work in neuro
logical and neuroendocrine effects of microwaves 
has been by Russian and other East European 
investigators. <29,3o> Much of this work is 
Pavlovian in nature and describes changes in 
conditioned reflexes in animals<29> or neur
asthenic responses in microwave workers. <30> 
MICHAELSON et al. have also described neuro
logical and endocrine effects in dogs but believe 
them to be thermal in nature. <9,22> Motor 
paralysis has been produced in small animals 
but disappears when the exposure is terminated. 
It has been suggested that this may be a 
resonant effect on the electrical conduction 
of nerve. <14> 

SPECIFIC EXPERIMENTAL EFFECTS 
Whole body effects produced by microwave 

irradiation are essentially those of heating. 
Hyperpyrexia is produced when the experimen
tal animal's thermoregulatory capacity is ex
ceeded. The physiological response of the 
animal consists of acidosis, hyperpnea and 
lacrimation progressing to tetany and finally 
death due to respiratory arrest. Pathological 
changes described in animals in which death 
has ensued are quite similar to those found due 
to fever. <19,14> These are primarily degenerative 
changes in the brain, kidneys, and heart. <21> 
In animals sacrificed prior to death after micro
wave exposure a generalized congestion of the 
organs has been noted. 19> Direct thermal burns 
of the skin have been produced in some cases. <9> 
The effects on animals irradiated at sub
lethal levels appear to be those typical of 
"stress syndrome" as a response to thermal 
hypothalmic-hypophysial stimulation. This is 
expressed as a decrease in eosinophils and 
lymphocytes along with a rise in granulocytes. 
These effects have been investigated and 
discussed by MicHAELSON.122 > Neurological 
and neuroendocrine effects may also occur 
by this mechanism. Among the effects in this 
category is an increase in thyroid gland 
activity as manifest by an increased !131 up
take. <9,3o> Reversible changes in conditioned 
reflexes manifested as a diminution of positive 
conditioned reflexes and a decrease in dis
crimination have been described by LIVSHITS. <29> 

Only two specific effects have been described 
at exposure levels in which thermal damage 
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to the whole animal would not be significant. 
IMIG et al. have demonstrated testicular degen
eration as a result of microwave irradiation. 
Degeneration of tubules and coagulation similar 
to that found in burn necrosis were produced 
with a rise in testicular temperature from 29 
to 35°C. Sertoli and interstitial cells remained 
intact. These effects arc similar to those 
produced by infra-red, hot baths or experi
mental cryptorchidism. <5) The reason for this 
effect has been attributed to the relatively poor 
vascular supply to the testis which is, therefore, 
less able to dissipate the excess heat. 

The second, and by far best studied, specific 
effect of microwave irradiation is the production 
of opacities in the lens of the eye. MONCRIEFF 
et al., in 1932, failed to produce cataracts in 
dogs exposed to diathermy. Their animals 
were killed at the conclusion of their exposure, 
however, so that they would have missed any 
latent effect. <2) Since that time many different 
investigators have produced cataracts or opac
ities under many different types of experimental 
conditions, so much so, in fact, that results of 
different investigators are generally in no way 
comparable. Different types of animals have 
been exposed to many different wave lengths at 
different power levels generated by different 
equipment. They have been exposed within 
wave guides, in near and far field, and with their 
eyes coupled to wave guides. Perhaps the 
greatest discrepancy is in dosimetry. Due to a 
lack of standard dosimeters, each investigator 
has designed his own method of dosimetry. 
Results, therefore, are in no way comparable. 
In general, two types of cataracts may be 
produced. At high power densities anterior 
cortical opacification may be produced and is 
apparent immediately after the exposure. In 
many cases inflammation of the external 
structures of the eye is also produced. There 
seems to be no question that this type of cataract 
is a result of a thermal effect on the lens. The 
second type is more typical of microwave 
irradiation at lower power densities in the 
range of 100 mW/cm2 and is similar to the 
"radiation cataracts" described by COGAN 
et al. <31> These consist of granular or vesicular 
lesions_ appearing at the posterior pole of the 
lens and may be quite small and clinically 
insignificant or large and affecting vision. 

These appear with a latent period of 2-14 days 
and in many cases are found to regress with 
time. They may also progress with continued 
microwave exposure or may go unchanged. 
The most commonly used frequencies have been 
those between 2000 and 3000 MHz. There 
seems to be a threshold for opacity production 
at a power density of about 100 mW/cm2• The 
majority of work in experimental microwave 
cataracts production has been done by DAILY 
et at.< 6• 7•25•32> RICHARDSON et al., <8•261 and 
CARPENTER et al. <20•28> \,VILLIAMS et al. <33> and 
COGAN et al. <34> have also studied microwave 
cataractogenesis. BIRENBAUM et al. have com
pared microwave cataractogenesis at several 
different frequencies with results suggestive 
of a decreasing effect with decreasing fre
quency. <35> BucHANAN et al. have reviewed the 
effects of microwaves on the eye. <36> 

A number of retrospective studies have been 
done on human populations exposed to micro
wave radiation. These have been, for the most 
part, either radar operators and repairmen or 
personnel involved in production and testing 
of microwave equipment, primarily radar. 
The studies may be divided into essentially 2 
categories, those seeking general effects, and 
those specifically seeking changes in the lens 
of the eye. In 1943 Daily studied 45 men with 
microwave exposure histories ranging from 2 
months to 9 yr. Several of these men reported 
frontal headaches and a flushed heating sensation 
when standing within 3 ft of a generating 
antenna. This effect disappeared when the ex
posure was ended and in no cases were physical 
abnormalities or hematologic changes noted. 
The men had normal reproductive histories 
and no skin or hair changes were noted. <3> 

In 1958 KNAUF noted that no adverse effects 
had been observed in Air Force personnel 
exposed to microwaves. <1 5> BARRON and BAR
AFF, in 1958, studied 335 microwave exposed 
workers and compared them with a control 
population. No differences were found in 
physical inventories of the two groups nor were 
any differences in deaths, disease, sick leave or 
subjective complaints found. No blood or urine 
changes and no increase in ocular pathology 
of the microwave exposed group were noted. 
Both groups were equally fertile as determined 
by reproductive history.<37> A number of 
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effects on the human body have been described 
by Russian workers. These effects have been 
summarized by Turner in a report based on 
translation of a book by LETAVET and GoR
DON. <30> Most of these effects are subjective, 
consisting of fatigability, headache, sleepiness, 
irritability, loss of appetite and memory 
difficulties. Cardiovascular effects consist of 
!ability of the pulse and blood pressure, heart 
enlargement and murmurs and ECG changes. 
Increased 131I uptake by the thyroid, changes in 
serum proteins, decrease in olfactory sensation, 
falling hair and disruption of sexual potency 
have also been noted. Cataracts have been 
observ~d as well as psychic changes including 
unstable mood, hypochondriasis and anxiety. 
The nervous and cardiovascular disruptions 
are noted to be benign and do not lead to loss 
of work capacity. On the basis of these reports 
the Russians have set their maximum exposure 
level at 0.01 mW/cm2 ; a factor of 1000 smaller 
than the U.S. limit of 10 mW/cm2• Although 
some of these effects have been noted in U.S. 
experimental data, none (except cataracts) 
have been noted in U.S. human studies. 
This would lead one to surmise that either the 
Russian subjects have been exposed to higher 
levels of microwave irradiation than U.S. 
workers, or perhaps are more prone to the 
subjective, neurasthenic, hypochondriacal com
plaints than U.S. workers. PAZDEROVA,<38> in 
Czechoslovakia, has reviewed the Soviet bloc 
and Western literature in this field and has 
pointed out that the apparent discrepancies 
perhaps are not so great as would appear. 
She points out that the Soviet literature 
presents very little data and cannot be statis
tically analyzed; that the Soviet work is based 
a great deal on subjective rather than objective 
findings; and that dosimetry in both cases is 
rather poor and not comparable from worker 
to worker. She states that "In order to judge 
the significance of the occupational hazard 
of electromagnetic radiation more accurately, 
it will be necessary to correlate medical findings 
obtained from long-term observations of workers 
exposed to electromagnetic radiation with the 
extent of exposure." • 

Several studies of lenticular opacities in U.S. 
microwave workers have been done. ZARET 
and EISENBUD, at the Fourth Tri-Service 

Conference in 1961, reported no late lens defects 
peculiar to microwave exposure. They did 
note a statistically significant increase in pos
terior polar defects. <39> ZARET et al. reported 
a study of 475 exposed personnel and 359 
controls in which a slight, but statistically 
significant, increase in lenticular defects were 
noted in the exposed group. These consisted 
of posterior polar defects, opacification, minute 
defects and relucency. It is noted that their 
exposure and "eye score" indices are not entirely 
valid measures. <40> In 1966, CLEARY and 
PASTERNACK reported a study of 736 microwave 
workers and 559 controls. They, too, reported a 
statistically significant increase in certain types 
of lens defects. They suggest that this may rep
resent an aging effect and note that there is , 
no relationship to loss of visual acuity or 
cataract production. (<Ill MAJEWSKA has studied 
200 Polish microwave workers and 200 controls. 
He, too, notes a statistically significant increase 
in lenticular defects. Again an aging effect 
is suggested. <42> 

While all of these reports have found a 
statistically significant increase in lenticular 
defects in microwave workers, none has reported 
any clinically significant defects in terms of 
decreased visual acuity. The scoring methods 
used both for degree of exposure and lenticular 
defects in all cases are not particularly sound and 
their validity may be questionable. 

Several case reports have been made con
cerning possible microwave effects on humans. 
In 195 7, McLAUGHLIN reported "Tissue Des
truction and Death from Microwave Radiation 
(Radar)."<43> This is the only case of death 
reported in association with microwave ex
posure, and it is doubtful whether the microwave 
exposure had a significant effect, if any, in 
causing the death. It was, in fact, a case of 
acute appendicitis in which evisceration of the 
wound occurred on the tenth post-operative 
day leading to profound shock and death. 
KNAUF and KALANT both note that no other 
deaths from microwave exposure have ever been 
recorded and that deaths due to appendicitis 
and shock are not uncommon. n4 •15> 

The remainder of the cases reported are of 
cataracts occurring in microwave workers. 
These are considered to be clinically significant 
cataracts to distinguish th~m from the lenticular 
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opacities noted in the studies of larger groups 
noted above. In 1952 a letter to the editor 
of the Journal of the American Medical 
Association reported bilateral cataracts in a 
20 yr old radar repairman. The Journal editors 
replied that radar does not penetrate the 
cornea so that the cataracts could not be caused 
by the radiation.<44> Since that time several 
more cases have been reported and certainly no 
one presently would question the possibility 
of microwaves inducing lenticular opacities in 
spite of the fact that in most of the cases reported 
the role of microwaves may be quite legitimately 
questioned. 

In 1952 HIRSCH and PARKER <45> reported 
bilateral lenticular opacities in a 32 yr old 
man with rather extensive exposure at a micro
wave test bench to power densities probably 
in excess of 100 mW/cm2• The cataracts, 
however, were of the nuclear type rather than 
the posterior subcapsular which are character
istic of radiation cataracts. He was also noted 
to have uveitis and choroiditis. <45> Hirsch 
recently reevaluated this case, at which time the 
subject had had the left lens removed. There 
is a chronic uveitis and chorioretinitis in that 
eye. The cataract in the right lens remains 
stable. His exposure has been recalculated at 
several hundreds of mW/cm2 for lengthy and 
repeated periods of time. This is certainly the 
best documented case of microwave cataract
ogenesis. While it is possible that the subject's 
intercurrent ocular disease may be related 
causally rather than as an effect, this case is 
certainly suggestive of a cataractogenic effect 
·of microwaves at very high exposure levels,<46> 

KURZ and EINAUGLER reported a 51 yr old 
man with rather incidental and questionable 
exposure to microwaves who developed bilateral 
posterior subcapsular cataracts. <47> There have 
also been several cases of lenticular opacities 
reported in the Soviet literature. ZARET, 
at the 1968 and 1969 Meetings of the Aerospace 
Medical Association, reported on several new 
cases of lenticular opacities elicited by his 
studies. He accepts 5 reported cases of micro
wave cataracts prior to 1968 and presents 26 
new ones, of which only one had progressed to 
a clinical cataract with loss of vision. <4s> By 
1969 he had found 42 cases of microwave 
cataracts of which he classified 11 as advanced 

and 31 as incipient.<49> · If we accept the 5 
previously reported cases and Zaret's 11 "ad
vanced" cases as being clinically significant 
and probably at least related to microwave 
exposure, we have a total of 16 cases. It would 
be interesting to compare this incidence in 
microwave workers with the naturally occurring 
incidence of cataracts in the general population. 

DISCUSSION 

There are many unresolved dilemmas in the 
field of biological effects of microwaves. Before 
experimental data can be applied to hazard 
evaluation and standard setting as pertains to 
occupational exposures, many discrepancies 
must be resolved. These discrepancies arise 
in terms of instrumentation, experimental 
animals, and frequency variation of microwaves. 
Also to be resolved are problems of thresholds, 
cumulative effects and residual injury. 

That the frequency of microwave irradiation 
is a significant factor in determining biological 
effect is not questioned. It has been clearly shown 
that effects vary with the frequency used. 
The most significant effect in terms of cataract 
production seems to be in the 2000-3000 MHz 
range. For this reason, frequencies in this range 
probably represent a greater hazard. It is 
possible, of course, that this is only an apparent 
effect due to the fact that most of the work has 
been done in this range of frequencies. At 
lower frequencies, however, ( e.g. the 300 MHz 
range) near-lethal exposures have not pro
duced cataracts. At higher frequencies ( e.g. 
10,000 MHz) greater power densities are needed 
to produce cataracts. 

Variation in the types of generators used in the 
power outputs as well as variations in the 
conditions of exposure of the animal, i.e. near 
field, far field or within the wave guide, 
presents problems in comparing effects observed 
in different studies. The lack of a standard 
dosimeter presents a very great problem in that 
each investigator has set up his own system for 
measuring exposure. These have consisted of 
measuring temperature increases, measuring 
power outputs and calorimetric determinations 
using phantoms. This particular area of 
difficulty may be resolved to some extent with the 
use of power density meters which are now 
becoming available. 

( 
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A great deal of work in the field has been 
done using rabbits as the experimental animal. 
As man's thermoregulatory capacity far exceeds 
that _of the rabbit, or most other possible experi
mental animals, one wonders what effect this 
would have on hazard evaluation. The fact 
that most of the rabbits used have been albinos 
leads one to question what differences might 
be expected with pigmentation. It is conceiv
able that pigmented skin is more resistant to 
microwaves than it is to ultraviolet. It is also 
possible that there are differences between 
pigmented and albino eyes. CARPENTER believes 
that pigmentation is not significant but DAILY 
et al. have reported a definite difference in 
cataractogenesis between pigmented and albino 
rabbi ts. <32> 

The· presence of a threshold exposure for 
cataractogenesis seems to have been well 
demonstrated for rabbits. This threshold appears 
to be about 100 mW /cm2 although Carpenter 
has found an effect with repeated exposures at 
80 mW/cm2.<20> Whether this represents a 
cumulative subthreshold effect is essentially 
a question of semantics. As these effects are 
not noted when sufficient time elapses between 
exposures it would appear that this simply 
represents an accumulation of injuries which 
have not had sufficient time to be repaired. 
There is no evidence to indicate any true Resid
ual Radiation Injury, defined as an irrepar
able fraction of radiation injury, such as 
produced by ionizing radiation. <22> 

CONCLUSIONS 
The question of microwave hazard evaluation 

presents a very considerable problem. There 
are many areas in which presently available 
data are questionable, contradictory, or in
applicable. Many of the deficiencies presently 
extant in microwave hazards investigations 
must be eliminated before good sound data 
will be available on which to base microwave 
exposure standards. The present U.S. standard 
of IO mW/cm2 has been in effect for about 15 yr. 
This value has been.questioned many times and 
several suggestions have been made that it be 
lowered. The present Soviet maximum per
missible exposure is 0.01 mW/cm2, a factor 
of 1000 lower. It is questionable whether the 
Soviets can, in fact, function within this limit. 

This limit was reached, to a great extent, 
on the basis of psychological and neurasthenic 
response in exposed personnel which have not 
been observed in this country. It is highly 
questionable whether any of the presently 
available experimental data can be validly 
applied to humans and used as arguments 
favoring lowering of the present Maximum 
Permissible Exposure of 10 mW/cm2• Only in 
the coming years, with the development of 
better equipment for generating, measuring 
and. recording microwave energy, will this 
problem be solved. 

REFERENCES 

1. W. S. DUKE-ELDER, The pathological action of 
light upon the eye. Lancet 1, 1137, 1188, 1250 
(1926). 

2. W. F. MONCRIEFF, J. S. COULTER and H. T. 
HoLMQ,UEST, Experimental studies on diathermy 
applied to the eye and orbit. Am. J. Ophthal. 15, 
194 (1932). 

3. L. E. DAILY, A clinical study of the results of 
exposure of laboratory personnel to radar and 
high frequency radio. Nav. med. Bull. 41, 1052 
(1943). 

4. R. H. FOLLIS, Studies on the biological effect of 
high frequency radio waves (Radar). Am. J. 
Physiol. 147, 281 (1946). 

5. C. T. IMIG, J. D. THOMSON and H. M. HINES, 
Testicular degeneration as a result of micro
wave irradiation. Proc. Soc. exp. Biol. Med. 
69, 382 (1948). 

6. L. DAILY, K. G. WAKIM, J. F. HERRICK and 
E. M. PARKHILL, Effects of microwave diathermy 
on the eye. Am. J. Physiol. 155, 432·(1948). 

7. L. DAILY, K. G. WAKIM, J. F. HERRICK and 
E. M. PARKHILL, Effects of microwave dia
thermy on the eye. Am. J. Ophthal. 33, 1241 
(1950). 

8. A. W. RICHARDSON, T. D. DUANE and H. M. 
HINES, Experimental lenticular opacities pro
duced by microwave irradiation. Arch. phys. 
Med. 29, 765 (1948). 

9. S. M. MICHAELSON, R. A. E. THOMSON and 
J. W. HowLAND, Biological effects of microwave 
exposure. RADC-TR-67-461; Univ. of Ro
chester ( 1967). 

IO. Proc. 4th Ann. Tri-Service Conj. Biol. Effects Micro
wave Radiat. (Edited by M. F. PEYTON), Plenum 
Press, New York (1961). 

I 1. Radiation Control for Health and Safety Act 
of 1968. Public Law 90-602; 90th Congress, 
H. R. 10790; 18 October (1969). 



574 BIOLOGICAL EFFECTS OF MICROWAVE RADIATION 

12. Regulations, standards and guides for micro
waves. Ultraviolet radiation and radiation from 
lasers and television receivers-an annotated 
bibliography; Public Health Service Publication 
No. 999-RH-35, April (1969). 

13. S. HADUCH, P. CzERSKI and S. BARANSKI, 
Biological effect of CM and DM Waves (Trans
lation FTD-TT-61-379). Lek. Woisk.-Meis 361, 
792 (1960). 

14. H. KALANT, Physiological hazards of microwave 
radiation. A survey of published literature. 
Can. Med. Ass. J. 81, 575 (1959). 

15. G. M. KNAUF, The biological effects of micro
wave radiation on air force personnel. A.M.A. 
Archs. ind. Hlth 11, 48 (1958). 

16. H. P. SCHWAN and G. M. PIERSOL, Absorption 
of electromagnetic energy in body tissue-review 
and critical analysis. Am. J. phys. Med. 33, 371 
(1954). 

17. H. P. SCHWAN and G. M. PIERSOL, The ab
sorption of electromagnetic energy in body 
tissue. Am. J. phys. Med. 34,425 (1955). 

18. H. P. SCHWAN and K. Lr, Hazards due to total 
body irradiation by radar. Proc. Inst. Radio 
Engrs 44, 1572 (1956). 

19. E. M. ROTH (Editor), Compendium for de
velopment of human standards in space system 
design. Rep. No. XVIII, Contract NASr-115, 
Albuquerque, N.M. (1967). 

20. R. L. CARPENTER, An experimental study of 
the biological effects of microwave radiation in 
relation to the eye. RADC-TDR-62-131; Tufts 
University (AD 275840) (1962). 

21. J. E. BOYSEN, Hyperthermic and pathologic 
effects of electromagnetic radiation (350 MC). 
A. M.A. Arch. ind. Hyg. 1, 516 (1953). 

22. S. M. MICHAELSON, Pathophysiologic aspects of 
microwave irradiation. Univ. of Rochester 
Atomic Energy Project Report No. UR-49-1158 
(1969). 

23. M. SAITO and H. P. SCHWAN, The time constants 
of pearl-chain formation. Proc. 4th Ann. Tri
Service Conj. Biol effects microwave radiat. Plenum 
Press, New York (1961). 

24. J. H. HELLER and A. A. TEIXEIRA-PINTO, 
A new physical method of creating chromosomal 
aberrations. Nature, Lond. 183, 905 (1959). 

25. L. DAILY, K. G. WAKIM, J. F. HERRICK, E. M. 
PARKHILL and W. L. BENEDICT, Enzyme systems 
in the lens of the eye. Am. J. Ophthal. 34, 1301 
(1951). 

26. A. W. RICHARDSON, D. H. LOMAX, J. NICHOLS 
and H. D. GREEN, The role of energy, pupillary 
diameter and alloxan diabetes in the production 
of ocular damage by microwave radiations. 
Am. J. Opthal. 35,993 (1952). 

27. L. 0. MEROLA and J. H. KINOSHITA, Changes 
in the ascorbic acid content in lenses of rabbit 
eyes exposed to microwave radiation. Proc. 4th 

Ann. Tri-Serv. Conj. biol effects microwave radial. 
Plenum Press, New York (1961). 

28. R. L. CARPENTER, D. K. BIDDLE and C. A. 
VAN UMMERSEN, Biological effects of microwave 
radiation with particular reference to the eye. 
Proc. 3rd Int. Conj. Med. Electron, London ( 1960) 

29. H. N. LIVSHITS, Conditioned reflex activity in 
dogs under local influence of UHF field upon 
certain zones of the cerebral cortex. Biophysics 
2, 198 (1957). 

30. J. J. TURNER, The effects of radar on the human 
body; results of Russian studies on the subject 
(1962); (Summary based on A. A. LETAVET 
and Z. V. GoRDoN, Editors. The biological 
action of Ultra-High Frequencies, Moscow, 
1960) A.S.T.I.A. AD 278172. 

31. D. G. COGAN, D. D. DONALDSON and A. B. 
REESE, Clinical and pathological characteristics 
of radiation cataract. A.M.A. Archs. Ophthal. 
47, 55 (1952). 

32. L. DAILY, K. G. WAKIM, J. F. HERRICK, E. M. 
PARKHILL and W. L. BENEDICT, The effects of 
microwave diathermy on the eye of the rabbit. 
Am. J. Ophthal. 35, 1001 (1952). 

33. D. B. WILLIAMS, J. P. MONAHAN, w. J. NICHOL
SON and J. J. ALDRICH, Biological effects studies 
on microwave radiation. A.M.A. Archs. Ophthal. 
54, 863 (1955). 

34. D. G. COGAN, s. J. FRICHER, M. LUBIN, D. A. 
DONALDSON and H. HARDY, Cataracts and 
ultra-high-frequency radiation. A.M.A. Archs. 
ind. Hlth 18,299 (1958). 

35. L. BIRENBAUM, I. T. KAPLAN, w. METLAY, 
S. W. RosENTHAL, H. SCHMIDT and M. M. 
ZARET, Effect of microwaves on the rabbit 
eye. J. Microwave Power 4, 232 (1969). 

36. A. R. BucHANAN, H. C. HEIN, and J. J. KRAus
HAAR, Biomedical effects of exposure of electro
magnetic radiation. ASD tech. Rep. 61-195 
(AD 265 279) (1961). 

37. C. I. BARRON and A. A. BARAFF, Medical 
considerations of exposure of microwaves (Radar). 
J. Am. med. Ass. 168 (1958). 

38. J. PAZDEROVA, Effects of electromagnetic radi
ation of the order of centimeter and meter waves 
on human's health. Pracovni Lek 20, 10 (1968). 
Transl. by ALICE MARos1 (Edited by F. G. 
HIRSCH) Lovelace Foundation. 

39. M. M. ZARET and M. ErsENBUD, Preliminary 
results of studies of the lenticular effects of 
microwaves among exposed personnel. Proc. 
4th Ann. Tri-Serv. Conj. Biol. Effects Microwave 
Radial., Plenum Press, New York (1961). 

G 



WILLIAM C. MILROY and SOL M. MICHAELSON 575 

40. M. M. ZARET, S. CLEARY, B. PASTERNACK and 
M. EISENBUD, Occurrence of lenticular imper
fections in the eyes of microwave workers and 
their association with environmental factors. 
RADC-TN-61-226; N.Y.U. (1961) (AD266831). 

41. S. F. CLEARY and B. S. PASTERNACK, Lenticular 
changes in microwave workers. A statistical 
study. Archs. Environ. Hlth 12, 23 (1966). 

42. K. MAJEWsKA, Investigations on the effect of 
microwaves on the eye. Polish med. J. 7, 989 
(1968). 

43. J. T. McLAUGHLIN, Tissue destruction and 
death from microwave radiation (Radar). 
Calif. Med. 86, 336 (1957). 

44. Radar and cataracts. J. Am. med. Ass. 150, 
528 (1952). 

45. F. G. HIRSCH and J. T. PARKER, Bilateral 
lenticular opacities occurring in a technician 
operating a microwave generator. A.M.A. 
Archs. ind. Hyg. 6, 512 (1952). 

46. F. G. HIRSCH, Microwave cataracts-A case 
report reevaluated. Lovelace Foundation. Albu
querque, N.M (1970). 

47. G. H. KURZ and R. B. EINAUGLER, Cataract 
secondary to microwave radiation. Am. J. 
Ophthal. 66, 866 (1968). 

48. M. ZARET, Ophthalmic hazards of microwave 
and laser environments. 39th Ann. Sci. Meet. 
Aerospace Med. Ass., Miami, Fla. (1968). 

49. M. ZARET, Ophthalmic hazards of microwave 
and laser environments. 40th Ann. Sci. Meet. 
Aerospace Med. Ass., San Francisco, Calif. (1969). 



t 

... 


