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FGREWORD 

In addition to the widespread use for military and 1 

communications purposes, microwaves are finding 
increasing applications in industry, commerce, and most 
recently, in the home. This report briefly describes the 
principal uses of microwaves and presents information 
from a 1 it er at u re review pertaining to the nature of 
biological effects. -

The report is intended as a guide for those 
concerned with the potential hazards of microwaves: The 
conclusions of a relatively large number of experiments 
and obs er vat ions concerning biological effects are 
discussed. We hope that the information presented will 
be helpful in the de v e 1 o pm en t of ,s..t ndards for the 
protection of the public health. 

lson, 





BIOLOGICAL ASPECTS OF MICROWAVE RADIATION 

Introduction 

The widespread use of microwave generators for military, 

radio-navigation, tracking, communications, food ovens, and· 
. ·- -

other industrial purposes poses a potential hazard to the health 

of personnel. concerned wi,th their operation and to those who might 
l 

be exposed in some manner to the energized beam. Microwave genera

tors produce not only microwaves but also X-rays and small amounts 
I 

of ultraviolet radiation which may constitute a local hazard. 

Modern high powered radars are capable of producing high power 

densities at appreciable distances from the sources. The potential 
I 

hazards of these devices were recognized early in their development 

and concern for health haza~ds dates back to the early days of· 

World War II, when Daily conducted his original studies on the 

U.S.,Navy personnel engaged in the operation and testing of rela

tively lowpowered radar. 1 Although this study revealed no evi-

\ dence o~ radar-induced pathology in human beings, somewhat later 

studies utilizing experimental animals revealed that caiaracts, 
. ' \ 

corneal opacities, testicular degeneration and hemorrh~ic phenomena 

could be produced by exposure to microwaves. 2-4 During this period 
' 

(1951), cataracts were first observ~d in a technician1 operating a 

microwave generator. 5 Several symposia have been'held in recent 

years to discuss the various aspects pf t~e potential hazards.
6-10 

Evaluation of the experimental data led to the recommendation of 
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a maximum safe exposure limit for whole body microwave radia

tion. The limit of 10m.W/cm
2 

for the average power density for 

continuous exposure was adopted generally, although it is not 

a universally accepted standard. Sufficient data were not 

available to determine the safe exposure level for each frequency 

throughout the microwave range; therefore, one level was set for 

all frequencies. The following remarks are concerned with the 

nature of the biological effects and.the regulations established 

for the maximum safe levels,, of exposure. 

Nature of Microwaves 

Microwaves are electromagnetic radiations, intermediate in 

frequency and wave length between conventional radio waves and 

far infrared waves. The approximate physical characteristics 

of this type of radiation are: (1) frequency, 30-300,000 mega

hertz; (2) wavelength, 1000-0.06 centimeters; (3) energy content, 

10-7-10-3 electron volts per photon. The exact differentiation 

as to frequency and wavelength is a matter of definition and 

' common usage. Existing radar systems utilize freq~encies ranging 

from approximately 100 through 100,000 megahertz. Included also 

in the microwave range are frequencies used in television signal 

relay, long distance telephony, microwave ov~ns and electrotherapy. 

Frequenices of interest with respect to biological hazards are 

those lying between approximately 100 and 30,000 megahertz. 

Possible hazards at frequencies ~ess than 100 MHZ have not been 

adequately investigated. 
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The energy value per quantum is characteristic for each 
I 

type of electromagnetic radiation, and is inversely related 

to the wave length. Microwaves have ccmpa.ra.tively low quantum 

energy; for example, one quantum of ultraviolet radiation of 

2536A.0 wavelength has 400,000 times a! much energy as one quantum 

of 10cm microwave radiation. The number of quanta for a given 

wavelength may be increased by incres.sing the :flux density; how-
. <., 

ever, the energy per quantum remains unchanged. Changes in mole-

cular state depend upon the quantum energy of the radiation rather 

than on the number of those particular quanta. The energy values 

'for microwaves are much too low to produce ionization as seen 

following X-ray and gamma radiation. The only transitions 

between energy levels in the molecular state that can be effected 

by microwaves are the extremely small transitions associated with 

heating and magnetic orientation. 

Microwave radiation may be either the continuous wave type 

found in communication systems or the pulsed type utilized for 

radar installations, industrial and medical equipment. From a 

hazard standpoint, the pulsed energy may be considered of greater 

significance because of factors !uch a1 duty cycle, higher power 

density and energy distribution. On striking an object, micro-

~~ waves may be transmitted, refracted,~absorbed or any combination 

of these depending on the nature of the :material interposed in 
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the path of the radiation. When the target is a human being, 

determination of the portion of the incident energy that is 

absorbed is complicated by the inhomogeneity of the target, 
,.; 

differences in sensitivity of organs and tissues, body mass in 

relation to the exposed area, and frequency of the microwaves. 

Mode of Action.on Biological Tissues 

Although the exact nature of the biologic effects of micro

wave radiation is not completely understood most of the experi

mental data support the concept that the effects are primarily 

. 11-12 
due to local or general hyperthermia. The heating effect 

of electromagentic radiation on humans was first demonstrated in 

1~90 by D'Arsonval. Since that time, microwaves have been used 

in diath~rmy for heating tissues for therapeutic purposes. Most_ 

of the biological effects are probably the result of the conver

sion of electromagnetic energy into heat energy within the tissue 

itself. Since temperature is related directly to the rate and 

extent of molecular vibrations, a large part of this increase 

in temperature is due to increased vibration of polar molecules. 13 

Even though the overall electrical effect of a polar molecule is 

neutral, as in the case of water, the distribution of charge 

within the molecule is asymmetricai. 14 In an applied electrical 

field, the polar molecules tend to line up and vibrate. They 

oscillate (vibrate) with greater amplitude th~n normal thermal 

- 4 -



vibrations only if the field oscillates such as is the case 

with microwave radiation. It has been pointed out that heat 

generation (and microwave absorption) is greatest in those 

tissues with a high content of water and is also enhanced 

locally in the areas adjacent to bone or tough fascial planes 

. 16-17 which act as reflecting surfaces. 

The separation of thermal and non-thermal effects of the 

absorption of microwaves in biological systems is very difficult. 

Several investigators have pointed out the possibility that 

microwaves may interact with biological material without the 

production of a significant a.mount of heat. According to Russian 

workers, exposure of animals to microwaves of low intensity, 

which do not produce any appreciable thermal effect, lead to 

functional changes mainly in the nervous and cardiovascular 

systems (changes in excitation and inhibition relationships in 

cerebral cortex, change in rhythm of cardiac activity, nature of 

electrocardiagram, etc.). 18 Other reported non-thermal inter

actions include pearl chain formations, 19 mutations in exposed 

garlic root tips, 20 changes in paper electrophoretic pattern of 

human gamma globulin, 21 sounds heard by several people which 

correspond to the frequency of modulation of an incident microwave 

beam22 and occasionally epigastric distress in humans. 23 Thus, 

there is evidence of biological interaction with electromagnetic 
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fields in the absence of appreciable tissue heating (although 

it is still questionable whether some of these are unrelated 

to heating effects), but their clinical significance to man, 

if any, is not known. 

Physical Factors Influencing Tissue Damage 

The type of body tissues and the degree of damage affected by 

microwaves depend in general on the frequency of the radiation, 

the intensity of the beam, length of exposures, the dielectric 

constant, and thermal conductivity of the tissues. The percentage 

of absorbed energy and distribution of energy in the skin, fat 

and deep tissues are determined by the tissue dielectric proper

ties which vary with the frequency. 24 The depth of penetration 
t~-

decreases "with an increase in frequency (or decrease in wavelength). 

It has been postulated that the depth of penetration of microwaves 

in human tissues is of the order of 1/10 of the wave length. 25 

At frequencies less tha 150 MHZ, the body is transparent to the 

radiation with no appreciable absorption occurring. Between 

150 and 1000 MHZ, the energy is absorbed by the deeper tissues 

due to the penetration. From theoretical considerations and 

experiments on phantoms, it has been shown that the proportion 

of energy absorbed is approximately 40% of the incident energy 

arriving at the body surface for frequencies in this range. This 
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energy range is potentially the most hazardous with respect to 

whole body heating because there is little or no heating of 

the skin where thermal receptors would be stimulated. Radiation 

·at frequencies between 1000 and 3000 MHZ is subject to varying 

degrees of penetration and is absorbed in both superficial and 

deeper tissues depending upon tissue characteristics. The per

centage of incident energy absorbed varies from approximately 

20 to 100% because of tissue factors governing impedance values. 25 

Absorption coefficients for body tissues depend on the water con

tent. For example, skin, muscle and internal organs all have a 

high water content and high absorption coefficients; whereas, 

bone, fat, and yellow marrow have a low water content and low 

absorption coefficients. The eyes are most susceptible to fre

quencies around 3000 MHZ where production of cataracts is an 

important consideration. For higher frequencies only superficial 

penetration occurs with heating of the tissues in much the same 

manner as for infrared radiation or direct sunlight. Except for 

the eyes, the sensation of warmth provides a warning mechanism 

for the individual exposed. The percentage of energy absorbed 

may approach 40% with the remaining portion being largely reflected. 

In addition to frequency, the hazards potential of microwave 

radiation is dependent upon the intensity of the radiation and 

the length of exposure. The thermal response to microwave radia-
/ 

tion is a function of the energy input or flux density. The fact 
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that the amount of heating_in tissues can be controlled by 

regulating the intensity and length of exposure forms the basis 

for the clinical ~se of microwave diathermy and the development 

of microwave ovens. The design of the antenna or reflector used 

in transmission affects the concentration of the energy and the 

potential hazard. The designs used in radar and diathermy con

centrate the energy into a relatively small, narrow beam whereas 

those used in communications tend to disperse the beam so that 

the energy per unit of cross sectional area is exceedingly small. 

Also, in regard to radar exposure, the length of exposure is 

somewhat complicated because of the pulsed nature of the trans

mission. The importance of the length of time between exposures 

26 
of pulsed microwaves has been demonstrated in animals. Deichmann 

found that at 24,ooo MHZ and a power density of 300 rrM/cm
2, a rat 

could be killed by receiving 16 minutes of actual exposure on a 

schedule of one minute of exposure and one minute of nonexposure 

in alternation. However, if an animal was given one minute of 

exposure followed by five minutes of nonexposure in alternation, 

it would take approximately 34 minutes of actual exposure to 

produce a lethal effect. The longer interval of time between 

exposures allowed for some adjustment by the heat regulatory 

mechanisms in the animal body and some dissipation of heat. 

Whole Body Exposure 

When the whole body is subjected to microwave irradiation, the 

heat results from energy absorption must be dissipated by various 
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means at the disposal of the body including radiation, conduction 

and evaporation of perspiration. If the body cannot dissipate 

the heat energy as fast as it is produced, the temperature of 

the body will rise. The amount 9f heat the human body can trans

fer is, under normal circumstances, about 10 rrM/cm2 •11 This may 

be raised about ten fold under very favorable circumstances. 

From the standpoint of whole body heating, the frequencies between 

150 and 1200 MHZ are most important since most of the energy 

received is absorbed by a:rid heats the deeper tissues.27 

The problem of heat dissipation is complicated by the fact 

that for each degree of temperature rise above normal the basal 

metabolic rate increases by as much as 14 percent. This increase 

in basal metabolic rate demands an increase in the blood circula

tion and respiration, as well as a 50 to 100 percent increase in 

the supply of oxygen to the tissues to maintain cellular activity. 

The condition is aggravated by the reduced capability of hemoglobin 

to combine with oxygen and by the increased blood circulation rate, 

which reduces the time available for oxygen transfer in the lungs. 

During the rise in temperature, reactions indicative of a non

specific pituitary-adrenal response to stress occur, including a 

sharp decrease in eosinophils and lymphocytes, and a rise in leu-
28-30 

kocytes. Since the whole body will tolerate only a limited 

increase above normal temperature, an excessive rise in temperature 
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due to microwave irradiation will ·produce tissue damage indis

tinguishable from that due to fever of any origi~.4, 17,31,32 

Pathological changes found at autopsy following death due to 

severe hyperpyrexia include diffuse degenerative changes through

out the body, myocardial degeneration and necrosis, hemorrhagic 

lesions in the gut, respiratory tract, liver and brain. Fatally 

exposed animals develop acidosis, hyperpnea, tetany, and finally 

die of respiratory arrest. 

It is difficult to define safe exposure limit with respect 

to the production of hyperthermia resulting from whole body micro

wave .;irradiation. From the accumulated experimental data it 

becomes clear that each species differs in terms of relative 

sensitivity to whole body radiation. Thus it would be inaccurate 

to extrapolate to man from data obtained from animals; however, 

this information does provide guidelines. The great variability 

is due to many factors such as thickness and texture of the animals' 

hair coat and skin, the ratio of surface area to body mass, body 

size in relation to wavelength employed, etc. Also the mechanisms 

of thermo-regulation and their efficiency vary in different species 

and in this respect man is perhaps the best protected of all 

animals. Human beings, for example, exposed to a flux of O •. 22 W / cm2 

for 48 minutes showed a slight fall in rectal temperature due to 

the efficiencyof the sweating mechanism in the dissipation of heat. 33 
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In contrast, rabbits can tolerate an indefinite exposure to a 

flux of 0.01 w/~m2 with no rise in body temperature,
34 

but 

show a 1°c rise with a flux of only 0.02 W/cm2 and some deaths 

from hyperthermia occur in two hours at a power density of 

/ 
2 4,33,35 · . 

0.03 W cm. Ely and Goldman using 10-cm microwave radia-

tion with a flux of 0.1 w/cm2 produced lethal fevers in rats, 

rabbits, and dogs. 33 Ely and Goldman postulated that the human 

could tolerate a higher flux than fur-bearing animals. They· 

estimated that 100 mW/cm2 would be required to maintain a human 

0 36 
body temperature rise of 2 C. 

Critical Organs 

Experimental evidence has established that certain organs (eyes, 

testicles, gall bladder, urinary bladder, and portions of the 

gastrointestinal tract) of the body are more susceptible than 

others to microwave radiation. This increased susceptibility is 

due to difference in the magnitude of blood flow which effects 

the rate of heat removal from the~e tissues during exposure. 

Experimental evidence indicates that the eyes and testicles are 

the most vulnerable to microwave radiation. Similarly in the 

case of localized irradiation of a single organ or tissue, the 

dissipation of heat is dependent chiefly upon the magnitude of 

blood flow through the part. A temperature rise resulting from 

moderate irradation of th~ normal human arm or leg is self-limited. 

in that the temperature rise which reaches a maximum of 10 to 20 
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minutes is then reversed by a marked local increase in blood 

flow. 17 In relatively ischaemic tissues, such as the eye and 

testes, continued irradiation can result in local temperature 

rises of as much as 10 to 20°c for a lol'lger duration. 33 , 37-3S 

A. Eye 

Within the critical wavelengths, the potential hazard to 

the eye is one of the most serious aspects of microwave exposure. 

In addition to the relatively poor blood supply, the cavities near 

the eye and high electrical conductivity of the intraocular fluids 

and the consequent short penetration of electromagnetic radiation 

in the eyeball (depth of penetration is approximately inversely 

proportional to the electrical conductivity within frequency and 

conductivity limitations) affect the eye's ability to conduct 

excessive heat to other parts of the body. The lens, being avas

cular and enclosed in a capsule, is at a disadvantage by not having 

a cooling system (vascular system) as other tissues. Not having 

available macrophages to remove dead cells or replacement cells, 

it cannot repair itself as occurs in reparative processes else

where in the body. Thus, damage to the lens is generally irrever

sible. Depending upon the dose, the damaged cells slowly lose 

their transparency and the opacity may not occur Uliltil sometime 

after exposure. Microwave irradiation may also produce damage to 

other ocular structures such as the conjunctiva, cornea, and 

. . 39-40 
iris. 
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Microwaves have been shown to produce cataracts in a variety 

2 3 37 38 39 41 
of experimental animals. ' ' ' ' ' , and have also been impli-

cated in the induction of cataracts in man following accidental 

45-48 42 
exposure. In 1952, Hersch reported the first case of 

cataract formation in a technician operating a microwave generator 

in the 1500 to 3000 MHZ range, whose eyes were exposed in his daily 

work for approximately one year to a power density of 0.1 W/cm2 • 

The amounts of energy delivered to this man's eyes were in the 

order of hundreds of joules per square centimeter. 45 Zaret reported 

three cases of cataracts in individuals who had histories of repeated 

exposures to microwave radiation. All of the cases were discovered 

after a time lapse and the power densities were_ retrospectively 

2 2 
estimated to have ranges from 350 mW/cm to several Watts/cm. 

A crude relation between the power density of microwave radiation 

delivered to the eye and the time of occurrence of cataract fo~

tion was established. Where the lens was believed to be exposed 

repeatedly to 5 W/cm2 , the cataract was fully formed in two months . 

. I 2 Where the lens was believed to be exposed repeatedly to 500 mW cm, 

many months passed before early opacifications appeared-and many 

years passed before the cataract was fully formed. In addition to 

these three cases, Zaret has reported several other cases which 

are discussed in another section of this paper. 

There is some disagreement as to the lowest effective inten

sity required to produce cataracts in experimental animals. It 
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has been established that a power density of 0.1 W/cm
2 

applied 

directly to the eye can be tolerated for hours at a time with 

33 35 37 46 46-47 
no production of cataracts. ' ' ' Carpenter stated 

that a ten-minute exposure at 0.28 w/cm2 will cause opacities 

while Ely et al. indicated that an indefinite exposure at a 

2 
density of 0.2 W/cm does not cause any damage. Williams et 

37 al. demonstrated cataract formation with a single exposure of 

five minutes at 0.59 w/cm2, 20 minutes at· o.40 w/cm2, 40 minutes 

at 0.32 W/cm
2, and 90 minutes at 0.29 W/cm

2. Vitreous tempera-

o 0 
tures between 53 and 49 C, respectively, were characteristic 

of threshold exposures between 5 to 25 minutes duration. The 

level represents a 10° to 14°c eleviation of vitreous temperature 

above normal and agrees well with the range of 51° to 55°c which 

was found _significant in opacity production by Richardson. 48 

Damage to the eye is especially pronounced at wave lengths around 

12 cm.49 Temperature graphs give the location of the temperature 

maximum for this wavelength (12 cm) near the center of the eye. 

46-47 Carpenter has presented evidence that pulsed radar waves 

with a high peak power are more effective in producing cataracts 

in the rabbits' eye than continuous output of the same average 

power. A single 20 minute exposure to radar (frequency, 2500 MHZ) 

on a 50% duty cycle, with a peak power of 0.28 w/cm2 (equivalent 

to continuous power of 0.14 W/cm2) produces opacities in eight 

out of twelve rabbits, while a 20 minute exposure to continous 

2 
power of 0.14 W/cm did not pr9duce opacities. 
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An important practical question, on which there are con

flicting opinions, concerns the possibility of cumulative damage 

to the lens from repeated subthreshold irradiation. Most inves

tigators agree that there is a critical intraocular temperature 

which must be reached before opacities develop. This temperature, 

as reported by various authors, ranges from 45 to 55°c. Obviously 

no cumulative rise in temperature can occur if the intervals 

between exposure exceed the time required for the tissue to return 

to normal temperature. The cumulative effect to be anticipated, 

therefore, is the accumulation of damage resulting from repeated 

exposures each of which is individu~lly capable of producing some 

degree of damage. However, Carpenter47 states that if the eye·is 

subjected to repeated subthreshold ~xposures cataracts may develop 

with the time interval between· successive exposures being the 

most important factor in the production of a cumulative effect. 
50-51 -

Cleary et al. found that although repeated subthreshold 
I -

exposures may produce minimal types of lens changes it did not 

appear to increase the incidence of cataracts in Army and Air Force 

personnel following occupational exposure. 

B. Testicles 

The testicles are extremely sensitive to elevations in tem

perature. It has been found, as in cases of undescended testes, 

that spermatogenesis can take place only at temperatures below 
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that of the body core. Norm.al hum.an testicular temperatures 

below that of the body core. Norm.al hum.an testicular temperatures 

average 2°c (3.6°F) below body temperatune although this varies 

from indiVidual to individual and varies in the same individual from 

time to time depending upon age and environment. 12 Of the various 

organs ,:etudied, the testes appear to be the most sensitive in terms 

of the minimum exposure required to produce a minim.al change 

(reduction in sperm.atocytes and damage to cells lining the semi

niferous tubules). In a study utilizing dogs, rabbits, and 

rats, El~ et. ai. 33,36 tried to determine the threshold value 

in terms of the lowest power density required to produce a 

minimal change in the most sensitive animal in the group. For 

this criteria, an exposure rate of 0.01 W/cm2 was considered 

the threshold for testicular damage, on an indefinite exposure. 

It should be noted that the threshold for testicular damage in 

this study, 0.01 w/cm2 , in the same power density as the generally 

accepted exposure guideline. However, the authors stressed that 

the damage observed at such low levels of power is slight, almost 

certainly fully recoverable, and in no way different from that 

. due to other common forms of heat that might be applied to the 

testes. Others have found evidence of testicular damage in rabbits 

when the testicular temperature was raised to 35°c.52 

- 16 -



The pathological changes found in the testes include a 

degeneration of the epithelium lining the seminiferous tubules, 

and a sharp reduction in the numbers of maturing spermatocytes 

33,36,52,53 
in the lumen. The distribution of damage is irregular 

with adjacent tubules oft~n showing~rkedly different degrees 

of degeneration. The reduction in testicular function due to 

heating appears to be temporary and probably reversible exc~pt 
/ 

_,/ 

in severe cases. Because of the paucity of information, any 

statement concerning the genetic implications of microwave radia

tion would be premature. 

A general resume of the biological effects of microwaves is 

given in Table 1. 

Cumulative Effects 

An important consideration in the control of microwave hazards 

is the possibility of cumulative damage resulting from repeated 

exposure. Experimental data in this area of whole body radiation 

is limited and the observations are influenced by the exposure 

characteristics and by species differences. Prausnitz and Suss

kind54 studied the pathological and longevity effects of chronic 

whole body exposure on two hundred male mice. These animals were 

exposed daily for 59 weeks to 0.10 W/cm2 (9270 MHZ) for 4.5 

minutes. The treatment produced an average body temperature 

rise of 3.3°c. No significant differences were found in body 
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Table 1 

Resume' of Biological Effects of Microwaves 

Frequency 
MHz 

Wavelength 
(cm) 

Less than 150 Above 200 

150 - 1,200 

1,000 - 3,300 

3,300 - 10,000 

Above 10,000 

200 - 25 

30 - 10 

10 - 3 

Less than 
3 

Site of Major 
Tissue Effects 

Internal body 
organs 

Lens of the 
eye 

Top layers of 
the skin, lens 
of the eye 

Skin 

- 18 -

Major Biological 
Effects 

Body is transparent 
to waves above 200 cm 

Damage to internal 
organs from overheating 

Lens of the eye particu
larly susceptible and 
tissue heating 

Skin heating with the 
sensation of warmth 

Skin surface acts as 
reflector or absorber 
with heating effects 



weight, hemogram or longevity. In.creased incidence of testicular 

degeneration and neoplasms of the.white blood cells were observed. 

In another study two fema~beagle dogs were exposed to microwave 

radiation of 24,ooo megahertz at a power density of 20 mW/cm
2•55 

Over a period of 20 months, one dog was exposed for a total of 

.2631 hours (6.7 hours per day on five days of the week) and the 

other dog was exposed for a total of 3970 hours (16.5 hours per 

day on four days of the week). No significant changes were fdund 

in the par~eters (hemogram, blood chemistry, eyes) studies with 

the exception of subnormal body w~ht. Both animals reproduced 

normally although there was one or more "stillborns" in each 

litter. The data obtained on man is based on microwave exposure 

situations where the amount of the body exposed, field intensities, 

and duration of exposure cannot be accurately determined. Daily1 

conducted the first studies on United State Navy personnel who 

were exposed over a period of time in the operation and testing of 

relatively low powered radar. No evidence of radar-induced patho

l9gy was found. Lid.man and Cohn
56 

examined the blood of 124 men 

who had been exposed to microwaves for periods from two to 36 

months. They concluded there was no evidence of stimulation or 

depression of the erythropoietic or leucocytic systemsof these 

men. In another study of a, large group of radar exposed employees 

along with a control group were put under a four-year surveillance 

57 
program. During this period they underwent repeated physical, 

eye, hematological and other laboratory examinations. These 
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examinations failed to detect any significant changes. Fertility 

studies revealed essentially the same findings for both groups. 

46,48 
Zaret conducted an extensive study of the frequency of 

occurrence of lenticular imperfections in the eyes of a sample 

of 736imicrowave workers and a control sample of 559 individuals 

engaged in installation, operation and development of microwave 

equipment. The exposure ranged from a few days to almost 18 years 

with a wide range of frequenices and power outputs varying from 

less than a watt to several kilowatts. No late lens defects were 

found to be peculiar to microwaves. Significant increases in the 

occurrence of lens defects were found in the exposed groups as 

compared to the control group. This study further concluded that 

the extent of minor lenticular imperfections does not serve as a 

clinically useful indicator of cumulative exposure to microwave 

radiation. As of May 1967, Zaret has reported 26 new cases of 

lenticular damage_,from microwaves. 59 In contrast to the experi

mental data available in the United States, the Russians60 have 

reported a large number of general effects in humans due to chronic 

exposure to microwaves. The general effects of chronic exposu:re 

include bradycardia, hypotension, hyperthyroidism, central nervous 

system exhaustion decrease in the sense of smell, increase hista;,. 

mine level in the blood, lenticular changes and changes in intra

ocular pressure. The effects tended to vary with the intensity of 

the radiation. The significance of this discrepancy between 

experimental results remains to be determined. Also a major drawback 
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of the human studies which especially illustrates the need for 

further research is the limited sample size on which the findings 

are based. The numbers of people observed are miniscule so far 

as epidemiologic surveys go. The only human epidemiologic evidence 

to date, for possible genetic damage as a result of microwave 
61 

exposure is in the study of Sigler et al. · There was an increased· 

incidence of Mongolism in children of fathers having prior exposure 

to radar. 

Maximum Permissible Exposure Levels 

In the development and use of microwave equipment a major concern 

of both military and civilian authorities was the establishment of 

safe limits of exposure for personnel engaged in their operation. 

2 In 1953, Schwan recommended that microwave radiation of 10 mW/cm 

be accepted as a tolerance dose. Subsequently after a review of 

all the experimental data on animal exposures available at that 

time, it became apparent that an exposure to a power density of 
J 

approximately 0.1 w/cm2 was necessary in order to produce any effect 

_ of biological significance. Whole body or loc~lized exposure at 

this power density had been s~own to produce either hyperthemia or 

damage to organs such as the eye or testes. Because of the uncer

tainties concerning the possible effects of certain variables, it 

was decided to include a safety factor of ten in the proposed safe 
·2 

level. On this basis a maximum safe exposure level of 10 W/cm 

was promulgated. This level was to be interpreted in terms of' 
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Institution or 
. Country 

60 
u.s.s.R. (1958) 

61 
Poland (1961) 

Post Office of 
Great Bri tian 
(1960) 62 

u.s. Army and Air 

Force (1965) 24 

u.s. Standards 
Institute63 
C95.l - 1966 

TABLE 2 

· Maximwn Permissible Intensities 

Frequency 
MHz 

300 .- 30 ,ooo 

Over 300 

30 - 30 ,ooo 

,. 

Maximum Permissible 
Intensity in mW/cm2 

- 22 -

0.01 
0.1 
1 

0.01 
0.1 
1 

10 

10 

10 - 100 

Over 100 

10 

lmW hr/cm2 

Whole working day 
2 - 3 hours daily 
15 - 20 minutes daily 

Whole working day 
2 - 3 hours daily 
15 - 20 minutes daily 

Continuous daily expo-
sure in _case of pulsed 
waves, an average over 
the complete train of 
pulses 

Maximum permissible 
level for continuous 
exposure 
limited occupancy expo-
sure time (minutes = 

6000 
(XmW/cm2)2 

Denied occupancy 

For periods of 0.1 hours 
or more 
during any 0.1 hour 
period 



the ambient energy level without reference to frequency or 

duration of exposure. The value was accepted generally and formed 

the basis for working levels in industry and the armed services. 

Table 2 presents the maximum permissible intensities reported 

for several countries. Attention is called to the very stringent 

exposure levels for certain countries. These values range from 

100 to 1000 fold less than those used in the United States. 

Recently the United States Army and Air Force and the C-95 Com

mittee of the United States of America Standards Institute have 

adopted new standards which equates the power density to the . 

length of exposure. This new standard permits exposure to levels 

greater than 10 mW/cm2 for a given interval of time. This revision 

of the standard to allow exposure to higher power density levels 

became necessary because of the increased power output of newer 

microwave systems. The Standards Institute regulations allows 

exposures up to 1 mW hr/em2 for any 0.1 hour period. For example, 

if a worker is exposed for 0.1 hour (six minutes) during a one 
2 hour period, he may receive 10 mW/cm; if he is exposed to 0.01 

hour (36 seconds) during a one hour period, he-may receive 100 
. : . ' 2 mW/cm2 • For periods of 0.1 hour or more the level is 10 mW/cm. 

The Army-Air Force regulations permit exposures exceeding 10 mW/cm2 
. I 

based on the,following equation: 

= 6000 
w2" 
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Where: 

= permissible exposure time in minutes during any 
one-hour period. 

W = power density in the area to be occupied (mW/cm2) 
,.l 

The Standards Institute specified no upper limit for the power 

density whereas the military standards prohibit any exposure over 

100 mW/cm2 . Figure 1 shows exposure in minutes versus power density 

for the standard of 10 mW/cm2, the Standards Institute 1 mW hr/cm2 

and the military 6000. For a single discrete exposure, the Stan-
~ 

dards Institute would be more conservative for levels below 100 

mW/cm
2 

and less conservative for levels above 100 mW/cm2 where the 

military permit no exposure. The two are in agreement at 100 mW/cm2 

and have their greatest divergence at six minutes where the exposure 

2 
the Standards Institute would allow 10 mW/cm and the military, 

2 
32 mW/cm. 

Discussion and Conclusion 

Microwave systems have become a part of our way of life and exposure 

is not limited to military personnel, nor persons engaged in the 

fabrication of this equipment. Besides communications and naviga

tional uses, microwaves have been utilized in a variety of commer

cial processes that require heating and drying, such as drying of 

photograhic film, potato chips, and glue binders in plywood. 

Probably the greatest·area of advancement is in the use of microwave 

heating in food preparation. Microwave ovens are popular in 
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commercial restaurants, self-service, food vending establishments, 

and now are available for home use. Some estimates put the 

microwave oven purchases as 25% of all ovens bought in the United 
64 

States by 1976, or approximately 1.8 million ovens. Although 

the magnitude of the potential hazard of microwave ovens is less, 

many operators of these units are not aware of the potential 

health hazards and precautionary labels are not displayed on the 

ovens to warn the operators.65 

Although the biological effects of microwaves have been 

studied, certain areas, such as the possibility of cumulative 

effects from subthreshold exposures, functional changes from low 

intensity irradiation as reported by the Russians and possible 

nonthermal changes need further clarification. Large gaps also 

exist in the current knowledge of possible genetic implications 

and the actual long-term effects, if any, of microwave radiation 

on hum.ans. 
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