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(jj The use of higher frequency microwave generating equipment has increased con-
siderably since the development of radar and range-finder equipment in the early 

1940's. Occupational exposure criteria were not officially proposed in the United 
States until 1958 when a maximum exposure of 10 milliwatts per square centimeter 
was established for United States Air Force operations. Since then, many organiza
tions have proposed or adopted criteria which have expanded on the concept of a 
single exposure limit to incorporate other factors involved in a biological response. 
A review of representative exposure criteria used in the United States is presented 
along with those adopted in other countries such as England, Russia, and Poland, and 
others. Where criteria differ from United States guidelines, a short review of the 
scientific evidence is provided. .._ · 

I 
Introduction 

SINCE THE Ef\RLY 1940's the develop
ment and use, of higher-powered elec

tronic equipment i emitting electromagnetic 
energy in the microwave region has increased 
considerably. Although definitive boundaries 
for the microwave region have not been 
established, the ~Jnited States of America 
Standards Institute defines this region as that 
portion of the electromagnetic spectrum en
compassed by frequencies of 10 to 10,000 meg
ahertz (MHz) 1 ,,while most European coun
tries2 consider tre frequencies of 300 to 300,-
000 MHz in the microwave region. This wide 
range of frequencies serves television, radio, 
and commercial and military radar. Micro
wave energy is also used to dry thermosetting 
glues, to dry chemical and biological samples, 
to cook or heat foods in microwave ovens, 
and as a medical application in diathermy 
and microthermy. Practically no country can 
be found today without some form of micro
wave generating apparatus. 

*Present address: Swanson Environmental Consultants, 
32740 Northwestern Highway, Farmington, Michigan 48024. 

Biological effects resulting from microwave 
exposures are primarily a thermal response 
produced by the absorption of the energy and 
its conversion to heat. Areas of the body 
which cannot dissipate heat rapidly are more 
susceptible to thermal injury from microwave 
energy. Of special interest is the lens of the 
eye, where exposure may result in the produc
tion of cataracts, 3 and the reproductive or
gans, in that temporary sterility or degenera
tive changes have been reported in exposures 
involving research animals and man.4

-
6 

The amount- of heat generated in the tis
sues is primarily a function of the' strength of 
the microwave field expressed as the average 
power flow per unit area measured in milli
watts per square centimeter (mW /cm2

), the 
length of time exposed, and the type of tissue 
exposed. The type of tissue exposed is, in 
part, determined by the depth .of penetration 
of the microwave energy which is a function 
of the frequency of the energy. The lower the 
frequency, the greater will be the depth of tis
sue penetration. Thus, the range of frequen
cies from 150 to 10,000 MHz is of primary 
concern in evaluating potential hazards to 
m,1crowave exposures. 

' ' 

623 



624 

Microwave Criteria 

United States of America 

Although many differenf organizations have 
promulgated or adopted microwave exposure 
criteria in the United States,i·9 the following 
four standards are representative of the vari
ous exposure control limits employed in the . 
United States in the past ten years. The re
maining standards represent a majority of the 
existing criteria used throughout the world. 

Tri-Service Conference-1957. The first 
microwave exposure standard to gain wide
spread usage, and to be considered by seg
ments of the United States Government, was 
presented in July, 1957, at a Tri-Service (U. 
S. Army, Navy, and Air Force) Conference 
on the Biological Hazards of Microwave Ra
diation.10 

Information presented at this Conference 
was based on observations and tests at ran
dom frequencies and at differing power den
sity levels performed by various investigators. 
It was the opinion of those participating in 
the Conference that there were not sufficient 
data to determine safe exposure levels for 
each frequency, or ranges of frequencies, 
within the microwave region; therefore, a 
level of 10 mW /cm2 was selected for all fre
quencies. The U.S. Air Force, in ad~ptin_g 
this exposure level in May, 1958, applied 1t 
to the frequency range of 300 to 30,000 
MHz11 and established it as a maximum per
missible exposure level which could not be 
exceeded. The only factor considered in this 
criterion is the power density level. Such fac
tors as time of exposure, ambient environ
mental temperatures that could have an in
creased or decreased effect on the body's ther
mal response, the frequency of the microwave 
energy, effects of multifrequency exposures, 
differing sensitivity of various body organs, 
and effect of air currents on cooling the body 
are not considered, although they are all rec
ognized as factors that might affect biological 
response. 

Bell Telephone Laboratories-1960. The 
Bell Telephone Laboratories reviewed the 
data concerning the biological effects of mi
crowaves and qualified the military's maxi
mum exposure level of 10 mW/ cm2 to estab-
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lish in 1960 the following criteria: 12 

"l. Power levels in-excess of 10 mW /cm2 

are potentially hazardous and person
nel must not be permitted to enter 
areas where major parts of the body 
may be exposed to.such levels. 

2. Power levels bet\yeen 1 and 10 mW/ 
cm2 are to be considered safe only for 
incidental, occasional or casual ex
posure, but are not permissible for ex
tended exposure. 

3. Power levels under 1 mW /cm2 are 
safe for indefinitely prolonged ex
posure." 

These criteria were based on data that in
dicated the formation of cataracts at power 
density levels of 100 mW /cm2 and on the 
lethal effect of 50 mW /cm2 on dogs, rabbits, 
and rats with only a 40% absorption of inci
dent energy. 

U.S. Army/Air Force Standard-1964 and 
1965. In 1964, the U.S. Air Force established 
additional microwave exposure criteria which 
began moving away from the c?n?ept of a 
maximum permissible exposure limit to that 
of a time-weighted average.13 In the case of 
pulsed radar systems, the time on, ti~e o~, 
could be averaged if the power density did 
not exceed 100 mW/cm2

• 

In 1965, the U.S. Army and Air Force de
veloped an exposure standard14 which per
mitted under certain conditions, personnel 
expos~res to microwave energy in excess of 
10 mW /cm2

• This standard was the first to 
relate completely the individual's exposure 
time to the incident power density. The two 
parameters are related by the formula: 

Tp = 6000/W2 

where T P is permissible exposure time i!1 
minutes during any 1-hour period, and W is 
power density that the worker is exposed to in 
milliwatts per square centimeter.2 This stan- _ 
dard is applicable between exposure levels of 
10 and 100 mW/cm2

• At an exposure level of 
10 mW /cm2 the allowable exposure time is 
60 minutes per hour, or continuously, but at 
100 mW /cm2 the allowable exposure time is 
0.6 minute per hour. In actual applications, 
the standard states: "It is not feasible to con
trol limited exposures of less than 2 minutes, 
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and consequently this formula should not be 
applied to intensities over 55 mW /cm2

." 

If workers are exposed to power densities 
greater than 10 mW /cm2, this criterion re
quires that they receive a specific preplace
ment and periodic medical examinations: The 
medical surveillance program should include 
a routine physical examination and a compre
hensive ophthalmological examination that in
cludes an evaluation of ocular motility, me
dia, and fundus, and corrected visual acuity 
for near and far vision and a slit-lamp exam
ination of the lens with the pupil widely di
lated. 

United States of America Standard-C-
95.1. 1966. The United States of America 
Standards Institute (USASI) in November, 
1966, developed a standard _entitled Safety 
Level of Electromagnetic Radiation with Re
spect to Personnel.1 This standard sets the 
protection guide at 10 mW /cm2, as averaged 
over any possible 0.1-hour period. This stan
dard is based on a power density of 10 mW/ 
cm2 for exposure times greater than 0.1 hour, 
and on an energy density of 1 milliwatt hour 
per square centimeter (mWh/cm2

) for peri
ods less than 0.1 hour. The energy-density 
concept is a time-weighted exposure criterion 
by which the allowable exposure time in 
hours per 0.1 hour can be determined by di
viding 1 mWh/cm2 by the incident power 
density, expressed in milliwatts per square 
centimeter. Thus, for a power density of 60 
mW /cm2, the allowable exposure time (ET) 
lS 

1 mWh/cm2 1 
ET = ----- = - hour, 

60mW/cm2 60 
or 1 minute per 0.1 hour. 

In addition to considering exposure time, 
the USASI standard attempts to consider en
vironmental factors that may affect biological 
response. The USASI standard guide num
bers are applicable for moderate environ
ments; however, "Under conditions of mod
erate to severe heat stress the guide number 
given should be appropriately reduced. Un

. der conditions of intense cold, higher guide 
numbers may also be appropriate after care
ful consideration is given to the individual sit-

uation." The standard also indicates that ex
posures to microwave energies characterized 
by a power level smaller by a factor of 10 will 
not result in any noticeable effect on man
kind. 

United Kingdom 

Standards recommended by British officials 
are found in the booklet Safety Precautions 
Relating to Intense Radio-Frequency Radia
tion.15 These recommendations cover radio
frequency equipment operating in the fre
quency range of 30 to 30,000 MHz. This doc
ument limits continuous daily exposure to an 
upper permissible limit of 10 mW/cm2 with 
no reference to a time-weighted average. 
Where the radiation is pulsed, the level 
should be averaged over the pulses including 
any intervals between the pulses. Further, if 
it can be shown, beyond a doubt, that no ra
diation intensity of 1 mW/ cm2 can be at
tained at any point where anyone may rea
sonably and normally have access, then radia
tion measurements do not have to be made, 
Subsequent sections cite precautions for ( 1) 
the public, prohibiting access to an area of 
radiation intensity exceeding 10 mW /cm2

; 

and (2) research, experimental, and testing 
personnel, providing the same limitations, but 
pointing out special precautions which might 
not be necessary. · 

In the event of an overexposure exceeding 
10 mW /cm2, a medical examination is re
quired along with measurements of the radia
tion intensity to which the individual was ex
posed. 

France 

Military guidelines have been the subject 
of a recent decision16 by the Ministry of 
Armies fixing microwave exposure criteria 
similar to the U.S. Army/ Air Force standard 
of 1965. Thus, French military norms fix a 
safety limit of 10 mW/ cm2 for exposure of 1 
hour or longer. The formula Tp = 6000/W2 

is used for periods of exposure less than 1 
hour where power levels are between 10 and 
100 mW /cm2, but, in fact, a 55-mW /cm2 

limit is recognized, owing to the difficulties in . 
controlling exposures of less than 2 minutes' 
duration. For rest areas and public areas, a 
limit of 1 mW /cm2 is considered desirable. 
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Poland 

A large amount of research on the health 
effects of microwave radiation has been con
ducted in Poland, especially at the Institute 
of Occupational Medicine in Lodz. 6 On the 
basis of clinical and experimental research, 
Polish officials set levels of permissible inten
sity for microwave radiation with frequencies 
between 300 and 300,000 MHz. These levels 
were officially published in an Order of the 
Council of Ministries17 in 1961 and contain 
many prescriptions for work with microwaves. 
The principal articles state: 

"The following maximum allowable mean 
values of the power intensity of the electro
magnetic field of microwaves are laid clown 
for areas where people are present: 

l. Intensity 10 µ W /cm2-no limitation for 
time of work or sojourn in this field. 

2. In tensity between 10 and 100 µ W / cm 2 

-cumulative time of work or sojourn 
not to exceed 2 hours in every 24 hours. 

3. Intensity between 100 and 1000 µ W / 
cm2-cumulative time of work or so
journ not to exceed 20 minutes in 24 
hours. 

No person sha·ll remain in an electromag
netic field of an intensity exceeding 1000 
µ W / cm2 unless in cases of emergency and on 
the condition that special protective measures, 
as decided for each case by the person in 
charge of the undertaking, are taken." 

Other articles of this order include items 
requiring an annual medical examination for 
exposed workers, safe placement of micro
wave generating installations, protective 
screening, personnel protection, site surveil
lance, and safety education. 

The medical standards which must be ful
filled prior to work with microwaves are list
ed in a 1963 regulation of the Minister of 
Health and Social Welfare.18 This regulation 
forbids work with microwave radiation for 
young people (age not provided), pregnant 
women, and other people suffering from cer
tain diseases which are listed in the regula
tion. Preplacement medical examinations are 
required for all workers who will be exposed 
to microwaves and include neurological and 
ophthalmological examinations. 
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Union of Soviet Socialist Republics 
The vast amount of research and expen, 

ences with microwaves in the Soviet Union 
was recently reported on by Professor Z. V. 
Gordon of the U.S.S.R. Institute of Occupa
tional Health and Hygiene.19 Microwave ra
diation is now used on a wider scale ap
proaching the experiences of other industrial
ized countries. This fact has promoted the 
need for regulations specifying maximum per
missible intensities and preventive measures 
consistent with Soviet research and philosophy 
of worker health protection. Frequencies be
tween 300 and 300,000 MHz are considered 
as microwave, and the following values are 
listed as maximum permissible intensities for 
frequencies greater than 300 MHz. 

10 µW/cm 2 for a working day 
100 µW /cm2 for 2 hours daily 

1000 µW/cm 2 for 15 minutes daily 
The U .S.S.R. is also one of the first to pro

pose exposure standards for low-frequency 
electromagnetic radiation, which heretofore 
had been considered as having no effect on 
the human body. These levels are: 

Medium wave 
(100 kHz- 3 MHz)-20volts/meter 

Short wave 
3 MHz- 30 MHz) - 5 volts/meter 

Ultra short wave 
( 30 MHz-300 MHz)- 5 volts/meter 

Medical examinations also are regulated in 
the Soviet Union for persons exposed to elec
tromagnetic radiation. Medical counterindi
cations are enforced so that workers are not 
allowed to be exposed to microwave radiation 
if specified diseases exist. Heavy emphasis is 
placed on blood disorders, neurological dis.
turbances, and chronic eye diseases. 

Preventive mea~ures of an engineering na
ture are utilized by Soviet health and epi
demiological centers to ensure compliance 
with their health regulations. Decreasing the 
amount of radiated energy, reflective and ab
sorptive screening, and personnel protection 
measures are all reported to be widely used 
for personnel operating microwave equip
ment. Where equipment is used for thermo
machining, for drying dielectric material, and 
for other industrial processes, the Soviet regu
lations specify area requirements for installing 
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the genera.ting equipment. For example, new 
generators require a separate room with an 
area greater than 25 square meters where the 
power of the generator is greater than 40 
kW. 6 

· Czechoslovakia 
Human exposure criteria in Czechoslovakia 

was officially cited in a 1965 regulation20 

which set the following exposure levels for 
microwave radiation in frequencies greater 
than 300 MHz: 

25 p,W /cm2 (continuous generation) 
10 p,W/cm2 (pulsed generation) 

However, an extensive review of the litera-
. ture and the results of Czechoslovakian ex
periences were published in 1968 by Marha, 
et al. 2 This book has stimulated a review of 
the existing standard resulting in a new pro
posal20 which was placed in the legislative 
process during 1968. This new proposal cov
ers both high frequencies and microwaves, 
with the latter being defined as the. range 
from 300 to 300,000 MHz. In this range, the 
new proposal uses values which are a multiple 
of energy flow per unit area and time. The 
proposal states: 

"1. The following values are considered 
for workers with vf (high frequency) and vvf 
(microwave) as tolerable doses of radiation 
not to be exceeded in the working place dur
ing one calerldar day: 

• • • c. for continuous generation in the 
vvf (microwave) frequencies-val
ue = 200 
where the energy is expressed in 
microwatts per square centimeter 
and the time in hours [ N ( p, W / cm 2 

) 

X t (hours) < 200; therefore 
eight hours working time cor
responds to an average energy flow 
of 25 p, W /cm2

]. 

d. for pulsed generation in the vvf 
( microwave) frequencies - value 
= 80 
where the energy is express~d in 
microwatts per square centimeter 
and the time in hours [N (p,W /cm2

) 

X t(hours) < 80; therefore eight 
hours working time corresponds to 
an average pulse energy flow of 10 
p,W /cm2

]. 

"2. The following values are considered 
for the general population and other workers 
not employed in generation of electromag
netic energy as tolerable doses of radiation 
not to be exceeded at the person's location 
during one calendar dav: 

• • • c. for continuous generation in the 
vvf (microwave) frequencies-val
ue = 60 
where the energy is expressed in 
microwatts per square centimeter 
and the time in hours [N ( p, W / 
cm2

) X t(hours) < 60; therefore 
twenty-four hours exposure time 
corresponds to an average energy 
flow of 2.5 p,W /cm2

]. 

d. for pulsed generation in the vvf 
(microwave) frequencies - value 
= 24 
where the energy is expressed in 
microwatts per square centimeter 
and the time in hours [N(p,W /cm2

) 

X t(hours) < 24; therefore twen
ty-four hours exposure corresponds 
to an average pulsed energy flow of 
1 p, W / cm2

]." 

Further articles of this proposal define con
tinuous and pulsed generation, where contin
uous generation is defined as operation with 
the ratio of on to off time as 0.1 or greater. 
Another section of the proposal outlines a 
standard method for measurement of electro
magnetic radiation with Czechoslovakian 
measuring equipment. 

West Germany 
The German Association for Radar (Direc

tion Finding) and Navigation has published 
a guide21 which is considered authoritative in 
the Federal Republic of Germany. This 
guide, entitled Health Damages by Radar and 
Similar Appliances and Their Prevention, sets 
the critical limit of microwave radiation in
tensity at 10 mW /cm2 for human exposure. 
No allowance is made for time of exposure. 

N. V. Philips-Eindhoven, Nether lands 

Private industry was requested to supply 
information for this survey. Philips appears 
to be the only European industry with exten
sive criteria outlined for the protection of 
their employees. Their Labour Protection 



Department issued a safety· regulaiion 22 for 
work with microwave radiation (30 to 300,-
000 MHz) in 1967 which must be complied 
with in the Netherlands by Philips' employees. 
This regulation states: 

"Radiation intensities higher than 10 mW/ 
cm2 should be considered dangerous. Safety 
precautions should, however, be based on a 
permissible level of 1 mW /cm2 (average val
ues)." 

Further clarification of these values by the 
Philip's Industrial Medical Department 
places the limit for human exposure at 10 
mW /cm2 for radiation lasting longer than 6 
minutes and at 1 mWh/cm2 for all radiation 
of less than 6 minutes' duration.23 Medical 
examinations, protective clothing, warning 
signs, and other measures are included in 
their protection program. Using these guide
lines the medical department has not detect
ed any harmful effects to the eyes or bodies of 
Philips' workers who are engaged in the pro
duction of radar sets and microwave ovens. 

Summary 

A review of microwave exposure criteria 
used in the United States and other western 
countries in the past ten years indicates a gen
eral acceptance of a power density exposure 
level of 10 mW /cm 2

• The U.S.S.R. and Po
land specify permissible levels lower by a 
factor of 1000 at 10 p,W /cm2, while Czecho
slovakia has proposed a sliding scale allowing 
25 p,W /cm2 for an average working-day ex
posure. The basis for these differences was 
not discussed in this paper, but in general 
they arise by the acceptance of data showing 
nonthermal functional changes from micro
wave radiation exposure of animals and hu
mans. 

The first standards developed in the United 
States considered the 10 mW /cm2 value to be 
a maximum permissible level which should 
not be exceeded. These standards considered 
only the power density level of microwave en
ergy and did not consider other factors affect
ing biological response such as multifrequency 
exposures, time of exposure, frequency used, 
and· environmental factors such as the heat 
load or cooling. capacity of the workplace. 
Several countries have maintained this con
cept of a permissible value, while others have 
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incorporated exposure time. The two latest 
exposure criteria which have been developed 
in the United States since 1965 permit ex
posures to power densities in excess of 10 
mW/ cm2

; however, the duration of such ex
posure is limited. This concept has been ac
cepted by France for military guidelines. 
Czechoslovakia has also accepted this newer 
concept incorporating exposure time by pro
posing a sliding scale of allowable radiation 
intensity but retaining their much lower al
lowable daily exposure level as the starting 
point. 

In applying the concept of a time-weighted 
exposure the health specialist must consider 
how far the dose-time relationship can be ex
trapolated. The biological response to ex
tremely high microwave power densities, even 
though such exposure may be for a very short 
time period, must be considered. The effects 
of severe heat stress or intense cold on the 
body's cooling capacity are noted in the latest 
United States standard, although definitive 
recommendations for applying the concepts 
are not provided. Future standards should 
reflect environmental stress as well as other 
factors found to affect the biological response 
to microwave energy. 
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Health Surveillance of Microwave Hazards 
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@ Since the early 1940's, industrial use of electronic equipment that emits electro-
magnetic energy in the microwave region has increased. Concurrent with this 

growth has been the development of data on the biological effects of this form of 
radiant energy and the establishment of exposure criteria. Of equal importance in 
protecting the health of exposed persons is the evaluation, by qualified occupational 
health personnel, of the electronic equipment as it is used in the workplace by 
reliable and accepted environmental health techniques. 

Various local, state, and federal health programs and survey techniques and 
instrumentation are reviewed. Standardization of survey techniques is suggested, and 
recommendations are presented regarding future activities in establishments where 
persons may be potentially exposed to microwaves from ovens and other commercial 
and industrial sources of energy. 

Introduction 

T HE USE OF ELECTRONIC equip
ment which emits electromagnetic en

ergy in the microwave region of the electro
magnetic spectra is rapidly expanding as 
newer applications are developed. As a re
sult, an increasing number of industrial 
workers and consumers are being exposed to 
potential health hazards associated with the 
use of these devices. 

As with many rapidly developing industrial 
processes and consumer applications, expand
ing use of such equipment may be accom
panied by lack of knowledge or neglect on 
the part of the user of the potential hazards 
associated with its operation and the basic 
principles of health protection practices in
volved in its safe use. To assure the manu
facturer, distributor, and consumer that he 
has the best and latest information on health
protective techniques for controlling potential 
health, hazards,· exposure criteria acceptable 
to local, state, and federal governmental or
ganizations, as well as to the industry and 
the consumer, must be developed. These ex
posure criteria and standards must be based 

on adequate data on the biologic effect of the 
physical and chemical agents produced from 
operation of the devices and standardization 
of survey techniques and instrumentation. 

The exposure of an increasingly larger seg
ment of the industrial and general population 
to microwave energy is of growing concern. 

This report summarizes criteria and pre
sents survey techniques utilized in state and 
local governments. Methods for further re
finement of these techniques are suggested. 

Present Practices 

In all states and in the Commonwealth of 
Puerto Rico and the District of Columbia, de
partments of health or other appropriate 
agencies at the state, county, or municipal 
level of government were contacted concern
ing their present activities relating to poten
tial health hazards from microwave energies. 
Also considered was the use of criteria within 
their jurisdictions, legal authority to require 
compliance, and techniques employed for 
calibration of equipment and survey tech
niques. 

In those states where it could be deter
mined that both the occupational health and 
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radiological health activities were concerned 
with the problem, both agencies were queried. 
A total of 111 organizations, including several 
universities, were included in the survey. 

Forty of the fifty-two state governments 
( including Puerto Rico and Washington, 
D. C.) replied to the questionnaire; two of 
these were too late to be included in the data 
presented. The governmental organizations 
included in the survey represent 82% of the 
working population of the United States. 

Twenty-seven states indicated that they had 
some legal authority to require compliance 
with their recommendations for control of 
microwave hazards. This authority was al
most without exception based on general pub
lic health or labor laws. Only one state in
dicated that it had legal authority to require 
compliance with recommendations for con
trol of microwave hazards only if an employee 
was subjected to these hazards by an em
ployer. 

Several states indicated that enabling leg
islation has been or will be proposed to the 
state legislature for the control of hazards 
from lasers and other nonionizing radiations, 
which may or may not include microwave 
energy. 

State governmental organizations indicated 
that a total of 270 requests had been received 
to evaluate microwave exposure conditions, 
or to obtain information during the three
year period between October 1965 and No
vember 1968. Over half had been received 
by one state government representing ap
proximately 10% of the nation's working 
population. 

A number of states, 9 out of the 38 report
ing, indicated that microwave criteria were 
utilized by their organization for the pur
poses of making recommendations for control 
of possible health hazards from microwave 
energy. In fact, one state with several official 
organizations interested ,in the health hazards 
from microwave devices reported that three 
different criteria were used. One of the state 
organizations reported that it used two dif
ferent criteria; another criterion was used by 
a different official agency, and the last official 
agency reporting from that state indicated 
that they did not use any criteria. One other 

state indicated the use of two different cri
teria. 

Seven states indicated that they used 10 
mW /cm2 for making recommendations for 
control of possible health hazards. Three 
states use levels of exposure proposed by Bell 
Laboratories.1 These criteria are: 

1. Power levels in excess of 10 mW /cm2 

are potentially hazardous, and personnel must 
not be permitted to enter areas where major 
parts of the body may be exposed to such 
levels. 

2. Power levels between 1 and 10 mW/ 
cm2 are considered safe only for incidental, 
occasional, or casual exposure, but are not 
permissible for extended exposure. 

3. Power levels under 1 mW /cm2 are safe 
for indefinitely prolonged exposure. 

Two states indicated the use of 10 mW/ 
cm2 for continuous exposure; for pulsed 
microwave systems the time-on, time-off could 
be averaged if the power density did not ex
ceed 100 mW /cm2

• 

The 38 states reported that 129 microwave 
surveys were made between October 1965 
and November 1968. Additionally, 82 sur
veys made in one state included lasers grouped 
with microwave devices, and New York re
ported the resuhs of their survey between 
1959 and 1964, which included 181 micro
wave devices. 

The total from 38 states for the three-year 
period vy,as 211 surveys. This figure must be 
compared with the 56 surveys completed dur
ing the same time period by Pinellas County, 
Florida Health Department. Pinellas County 
represents approximately 0.2% of the work
ing population of the nation as reported by 
U. S. County Business Patterns. 2 

A realistic estimate of the number of work
ers and general public potentially exposed to 
microwave energy cannot be made on the 
bases of data collected in this survey; how
ever, it should be noted of 268 surveys re
ported in this paper (including the 1959 to 
1964 data from New York State) that 4650 
workers and 8000 consumers were potenti~lly 
exposed to microwave energies according to 
the reporting agencies. In another sta~ repre
senting about 5% of the nation's working 
population,2 it was estimated that a substan- I 

i 

j 
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tial number of microwave ovens were in use, 
numbering at least several thousand. 

Only 7 states reported that equipment was 
available in their organization to make micro
wave surveys. In several states equipment 
was used on a loan basis from the Bureau of 
Occupational Safety and Health (U. S. Pub
lic Health Service) or other federal agencies. 
One state reported the use of fluorescent 
tubes for checking the presence of leaks 
around oven doors and indicated that the 
lack of properly calibrated test equipment 
was the r·eason for not attempting surveys of 
a more sophisticated nature. 

None of the states indicated that they used 
a standardized survey form, which in turn 
would indicate that the technique employed 
in a survey was left to the discretion of the 
surveyor. The Pinellas County Health De
partment returned a survey form for micro
wave evaluations which would. provide some 
uniformity and comparability from one sur
vey to the next. In surveys of microwave 
ovens, all states that reported conducting 
such surveys indicated that they surveyed the 
door seals for leaks. At this point, however, 
any similarity between survey techniques 
quickly ends. 

None of the states reported having the 
capability for calibration of instruments for 
the evaluation of microwave exposures. 

In very few surveys were any attempts 
made to determine if the oven could be op
erated with the door interlocks defeated. 
None of the survey techniques included sur
vey measurements with the oven cabinet re
moved, a situation which might be encoun
tered i~ a repair operation; the hazards ,)f 
this situation have previously been reported 
by the authors. 3 

Discussion _and Recommendations 

The results of this survey indicate an ap
parent awareness, on the part of the public 
health officials of this country, of the poten
tial health hazards associated with micro
wave radiant energy. Along with such an 
awareness, however, there appears to be a 
lack of activity on the part of most state 
and local health groups in conducting sur
veys to evaluate the magnitude pf the prob-
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lems. This lack of activity appears to stem 
from several reasons, the most significant of 
which appear to be: ( 1) the lack of reliable 
field survey equipment at the state and local 
level with which to conduct surveys; (2) if 
equipment is available, the lack of reliable 
procedures for calibrating such equipment, 
short of returning it to the manufacturer at 
periodic intervals; (3) a considerable .amount 
of confusion with regard to the appropriate 
standard(s) to be applied in a given situation; 
and ( 4) the absence of a standardized tech
nique for conducting surveys. 

The recommendations to be made as a 
result of this survey are designed to eliminate 
the above-mentioned problems, which in turn 
should eliminate most of the road blocks 
which have delayed an assessment of the sig
nificance of the microwave exposure problem. 
The following recommendations are made: 
( 1) Studies should be conducted by a dis
interested group to evaluate the reliability 
and accuracy of the presently available equip
ment for the measurement of microwave 
energy. (2) Such studies should also evaluate 
presently available methods for calibrating 
microwave equipment and determine whether 
the centralized laboratories should be estab
lished to provide microwave calibrating ser
vices, or whether such calibration should. in
deed be accomplished by the using orga
nizations (3) Although many groups and or-

. ganizations in the United States have recom
mended microwave exposure standards,1• 4 - 6 

no two are completely in agreement, and al
most without exception such standards are 
designed for occupational exposure. Further 
experimental work. in this field is required, 
especially as it pertains to safe exposure levels 
for the general population. ( 4) It is im
perative that standardized survey techniques 
be developed and subsequently be put into 
use by the various official health and safety 
agencies which have the responsibility for 
evaluating exposures to microwave energy. 

The standardization of equipment, calibra
tion techniques, and survey formats will con
tribute significantly in assessing the problem 
of man's exposure to i;nicrowave energy in 
his home, his workplace, or his general en
.vironment. 
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Evaluation and Control of Exposures in 

Repairing Microwave Ovens 

VERNON E. ROSE, GERALD A. GELLIN, M.D., CHARLES H. POWELL, Sc.D., 
and H. G. BOURNE* 

Bureau of Occupational Safety and Health, Environmental Control Administration, 
1014 Broadway, Cincinnati, Ohio 45202 and Division of Occupational Health, 

Ohio Department of Health, 741 E. Broad Street, Columbus, Ohio 43205 

@ Consumer exposures to m_\crowave ovens have received considerable attention; 
however, there was only one report found in the literature concerning occupa

tional exposure of oven repairmen. In repair and testing such ovens, the workmen 
must remove the casings and jump the s~fety interlocks. The, workers are required 
to place their faces and bodies close to the energized magnetron. The medical evalua
tion of eight such repairmen is discussed in relation to the potential biologic side 
effects of such. radiation, which include cataracts and thermal damage to the skin 
:md deeper structures. Environmental evaluations revealed' microwave levels in excess 
of 10 mw/cm2

, at the repairman's face and body. A simple, effective, and inexpensive 
control measure, using copper mesh screening, is described. This control reduces 
the worker's exposure to a level well below 10 mw/cm2 and allows· him to con
tinue visually observing for malfunctions in and around the magnetron. 

Introduction 

THIS PAPER REPORTS data from a 
clinical study and environmental ,survey 

involving microwave· oven repairmen. The 
investigation was conducted in cooperation 
with the Ohio Department of Health. · 

The term microwave is applied to an ·arbi
trary range of the eiectromagnetic spectrum 
generally agreed to encompass wavelengths of 
from 3000 to 0.3 centimeters, or the equival
ent frequencies from 10 to 100,000 mega
hertz (MHz). This range of frequencies in
cludes radio and television commercial broad
cast bands; the X, S, and L commercial 
and military radar bands; and certain fre
quencies designated for medical treatment 
and use in microwave ovens.' 

*Division of Occupational Health, Ohio Department of 
Health, 741 E. Broad Street, Columbus, Ohio 43205. 

Mention of commercial product or concern does not 
constitute endorsement by the U. S. Public Health Service. 

Biological responses to microwaves are pri
marily thermal ;2 however, reports in the liter
ature indicate that other responses may also 
occur. These nonthermal responses are 
thought to include electrical an'd magnetic 
field effects, which may affect the molecular 
structure of normal tissue, and specific bio
logical effects, such as changes in electro
phoretic patterns, increases in antigenic ac-• 
tivity, and the production of cataracts in the 
lenticular tissue· of the eyes. 3 Biological re
sponses in laboratory animals were found to 
be the most severe and to last longest at _wave
lengths of around 10 centimeters.4 Exposure 
control for those .working with microwave 
sources in the past utilized the concepts of 
distance and shielding and, more recently, the 
concept of time of exposure. Maintenance 
of proper distance and shielding decrease in
cident energy levels; decreasing the exposure 
time reduces the total dose. to the individual. 

One of the first exposure cr~teria pi;.oposed 
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FIGURE 1. Exposure vs power density. 

a max:mum exposure level of 10 milliwatts 
per square centimeter (mw /cm2

) ,
5 regardless 

of wavelength, site of exposure, duration of 
exposure, ambient environmental tempera
tures, or other environmental factors. The 
Russian maximum permissible intensities are 
reported to be 0.01 mw / cm2 for a full work
day of 8 hours, 0.1 mw/cm2 for 2 hours or 
less per day, and 1.0 mw/cm2 for periods not 
exceeding 20 minutes while the worker is 
wearing goggles. 6 Recent American recom
mended standards include the two-phase 
standard as proposed by the C-95 Committee 
of the United States of America Standards 
Institute (USASI) .7 This standard is based 
on energy density of 1 mil!iwatt-hour/cm2 

for exposure times up to 0.1 hour and on 
power density of 10 mw/cm2 for time periods 
of 0.1 hour or more. Also there is the latest 
U.S. Army and Air Force criteria of 

Tp = (6000/W2
) 

where TP is permissible exposure time in 
minutes during any 1-hour period and W is 
power density that the worker is exposed to in 
mw /cm2

• The army criteria8 is applicable be
tween exposure levels of 10 and 100 mw/cm2

• 

Figure 1 illustrates the difference between 
these last two criteria and shows that the 
only apparent point of agreement occurs at 
expost~re levels of 100 mw /cm", under which 

both criteria set 0.6 minute as the recom
mended exposure time. It should be noted 
that under the USASI criteria the recom
mended exposure time is 0.6 minute per one
tenth of an hour (6 minutes), whereas the 
Army-Air Force criteria limits exposure to 
0.6 minutes per hour. Most of the standards 
proposed and the research work conducted 
on biological effects have been associated 
with work in radar and range-finder opera
tions. 

A review of the literature9 indicates some 
concern with consumer exposure to energies 
from microwave ovens, mainly . because of 
faulty door seals, but only one case involving 
an oven repairman has been recorded.10 That 
case involved an oven repairman who turned 
on the unit with the door open. He subse
quently filed a claim for injury specifying 
burns in the region of the lower abdomen and 
possible sterility. The latter claim was dis
allowed. The exposure of this occupational 
group as compared to the consumer must be 
assumed to be greater, and consequently, a 
greater likelihood of overexposure is possible. 

Microwave Ovens 

Microwave ovens operating at 2450 MHz 
( 12.3 centimeters) utilize the biological re
spo~se of energy absorption and conversion to 
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thermal energy to cook food or warm pre
cooked frozen meals. Since 1945, when it was 
discovered that the output of a laboratory 
radar device would pop popcorn in a paper 
bag, the development of these ovens has in
creased to the point that models are being 
developed for use in the home.11 

In modern ovens, the microwave source is 
a magnetron, the output of which is fed by a 
horn or waveguide into the cooking cavity. 
The electrical components of the oven, in-· 
eluding the magnetron, are enclosed by a 
metal cabinet which, when removed from the 
oven, disengages electrical safety interlocks. 
In some models these interlocks are incorpo
rated into the cooking cavity door-interlocks 
found in all ovens. The door and cabinet 
interlocks are designed to insure that before 
the magnetron can be energized to produce 
microwaves, the unit is sufficiently shielded to 
protect the user. 

Discussion 
Case History 

A 40-year-old white man was first seen in 
November, 1967, with complaints referable 
to the skin, eyes, and genitalia. He has been 
the supervisor and chief repairman of auto
mated vending machines and microwave 
ovens for over 5 years in a firm specializing 
in such devices. Periods of exposure to micro
~ave ovens during repair work were frequent, 
varying from few to no hours per day to most 
of a working day. . 

Skin problems began in August, 1965, with 
an acute, transient scrotal and groin derma
titis that lasted a few weeks. Since the sum
mer of 1966, he has had about twelve episodes 
of a rash on his lower abdomen and · right 
thigh. The affected area would itch and burn, 
and it appeared to be blotchy and red, with 
"bumps" and "cords" under the skin. Lesions 
faded without scarring after 4 to 6 weeks. 
The areas involved were the closest portions 
of his body to the working level of the micro
wave ovens. He claimed that sometimes he 
sensed heat on the skin involved when he 
repaired these ranges. 

For the past .1 to 2 years he has noted fail
ing vision, and has had to wear glasses for 
the first time. Although he does.not recall eye 
irritation directly related to .. the repair of 

microwave ovens, he has experienced "burn
ing" of the eyes in the past 2 years. 

Since March, 1966, he has noted the de
velopment of indurated nodules in his penis, 
leading to deviated and pain.ful erections, and 
finally, to impotence. 

Other than an allergy to penicillin and a 
peptic ulcer of the stomach, under medical 
treatment with antacids since 1965, his health 
has been good. He abstains from alcoholic 
beverages and smokes a pipe only. 

Physical examination revealed a tall 
(6'8¼") 187-16, alert man with acneiform. 
scars and papules on his face and back. There 
were solar degenerative changes with mild 
atrophy and telaniectasia on his cheeks and 
neck. 

On the right upper anterior thigh, in an 
area 9 x 9 cm were serpiginous, mottled, red
dish-blue and brownish-red, smooth, · flat 
patches composed of discrete, nonblanching 
macules and papules. The abdominal skin was 
normal. There were no varicose veins or leg 
edema. 

At the base of the penis and on the dorsum 
and sides of the penile shaft, proximal to the 
corona, ·were slightly tender, firm, ill-defined, 
smooth,.deeply-embedded oval plaques, which 
were not movable and produced no alteration 
to the overlying skin. 

Medical Evaluation 

EYES. On November 9, 1967, the patient 
was seen by Dr. Taylor Asbury, Professor and 
Chairman, Department of Ophthalmology, 
University of Cincinnati, College of Medicine. 
There was no evidence of cataracts, retinal 
abnormalities, or increased intraocular pres
sure. There was a refractive error with acuity 
of 20/35 in the right eye and 20/50 in the 
left eye. The reduced accommodative power· 
noted was possibly related to physiologic 
aging-induced· presbyopia. 

SKIN. Biopsy of the active lesions on the 
right thigh on November 9, 1967, revealed 
an inflammatory reaction, related primarily 
to the blood vessels, at all levels of the skin 
down to subcutaneous fat. The blood vessels 
were encroached upon and distorted due to 
edema and the mixed infiltrate of lympho
cytes, .eosinophiles, and polymorpho-nuclear 
leukocytes .. There was extravasation of red 
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FIGrRE 2. Oven with safety interlocks jumped. 

blood cells and pyknotic nuclei. The impres
sion -Jf an angiitis ( vasculitis) was concurred 
in b~· the Armed Forces Institute of Path
ology, Washington, D. C. ( communication of 
Drs. B. Highman and E. B. Helwig, January 
9, 1968). 

GENITALIA. A sperm count and bilateral 
testiolar biopsy were performed .in Dayton, 
Ohio, in December, 1967, by Dr. Frank A. 
Beltran, urologist. 

SPERM Couwr. A volume of 1 cc indicated 
40,00),000 spermatazoa, 60% with excellent 
motiEty and 10-15% with abnormal forms. 
(Normal is 3 to 7 cc with from 60 to 200 
million spermatazoa per 1 cc; at least 75% 
with usual shape and motility. Sterility is 
usuatry associated with a volume of less than 
3 cc rnd a sperm count below 60 million per 
1 cc) .12 

TEE-TICULAR BIOPSY. The seminiferous 
tubules were normal with no significant 
atrophy. The total number of spermatazoa 
seemed decreased. A number of Sertoli cells 
had v3.cuolation ( courtesy of Dr. Erlo Roth, 
pathologist, Kettering Memorial Hospital, 
Kettering, Ohio) . 

Envirc-nmental Evaluations 

Environmental evaluation revealed that 
ovens were seldom repaired in the field, but 
were generally returned to the main repair 
shop for se:-vice. In the' shop procedure, the 
repairman removes the outer metal casing 

FIGURE 3. Protective cage in place. 

or cabinet, and thereby disengages the elec
trical "safety" :nterlock system. To operate 
the oven under such conditions, the repair
man then inter:ioses a foreign metal object 
( usually a scre ... vdriver) in the interlock gap. 
This completes the electrical circuit, and the 
oven can be operated through its varibus 
cooking cycles with an integral part of- the 
system ( the protective shield) removed. 
.. This procedure is commonly · known as 
"jumping the safety interlocks."· Figure 2 
illustrates an oven in this ·condition. Jn fol
lowing this prncedure, the repairman's face 
and body are approximately· 24 inches from 
the magnetron. The repairman works this 
close to the oven so that he can observe its 
operation and note the occurrence and loca
tion of any :nalfunction or short circuiting. 
Neither environmental controls nor protective 
measures are in use· during this operation. 
The minimum exposure time experienced by 
the repairman per job was approximately 4 
minutes, or the summation of operating the 
oven through all of its cook cycles. If any 
trouble or malfunctions were encountered, the 
exposure time could be increased to a point 
limited only by the operating cycle of the 
magnetron, which is a function of the cooling 
capacity of that particular unit. 

Potential hea~th hazards of primary con
cern were exposures to microwave energies at. 

' 



American· Industrial Hygiene Association Journal 141 

2450 MHz and the possibility of the emission 
· of ionizing radiation as ultrasoft (grenz) rays, 
which could be produced by the magnetron 
when it operates at a plate voltage of 6300 
volts. 

Measurement of Microwave Energy 

Microwave measurements were made with 
a Ramcor Densiometer, Model 1200A, which 
had been previously calibrated at 2450 MHz .. 
Energy levels at a distance of 18 inches from 
the magnetron averaged 22 mw/cm 2 at the 
worker's face and 20 mw/cm2 at his abdomen. 
At _24 inches, the levels dropped off to 20 
mw/cm2 (face) and 18 mw/cm2 (abdomen), 
and at 36 inches they were 12 and 10 
mw /cm2, respectively. The repairman used 
an 8-watt fluorescent bulb to check for leaks 
around doo.r ·assemblies. It was shown that a 
bulb of this type, hand-held, would glow 
steadily in energy fields of 18 to 20 mw /cm" 
.and would flicker in fields of 6 to 8 mw/cm2

• 

Determinations of ionizing radiation were 
made with a Victoreen 440 survey meter. The 
instrument was not radio-frequency (RF) 
shielded and, accordingly, gave erratic read
ings around the magnetron. Film badge dosi
meter packets were mounted around the work 
area for a period of one week, during which 
time several ovens were repaired. Subse
quent processing and evaluation of the badges 
did not reveal any measurable levels of ion
.izing radiation. 

.Environmental Control of Microwave Energy 

A control device developed for this opera
·tion consisted of a wooden frame, approxi
mately 12 inches deep, 12 inches high, and 
24 inches wide covered with ordinary copper 

.mesh screening on all sides except one. This 
cage is placed on top of the oven as a pro, 
tective device that allows the repairman to 
observe the functioning of the oven. Figure 3 
illustrates the cage in use with .an oven. 
Energy levels were reduced to a maximum of 
5 mw/cm2, except at certain points where the 

. cage did not make firm contact with the oven 
frame, or where the screening material had 

· been overlapped at a seam. In these cases, 
excessively high readings (greater than 25 

:inw/cm2
) were observed. A subsequent 

: model, which used a screening overlap along 

all edges and which has seams only at a fram
ing member, proved to be more than adequate 
as a controL It is important that a device of 
this type be connected to a satisfactory elec
trical ground to reduce the hazard of elec~ 
trical shock. 

Conclusions 

GENERAL. The supervisor and chief repair
man of microwave ovens had several ab
normal conditions; the relationship of those 
conditions to microwave radiation is specu
lative. 

EYES. The changes in visual acuity are 
commonly seen in the normal population. 
Cataract formation and retinal abnormalities 
usually reported as a consequence of expos
ure to microwave radiation were not . seen 
in this case.13 

qENITALIA. This m~,n had Peyronie's dis
ease, or plastic induration of the penis. This 
condition has been reported frequently since 
its description by Peyronie in 1743,14 and 'has 
not heretofore been ascribed to ·microwave 
energy exposure. Therefore, its relationship to 
such energy might be only fortuitous. The 
impotence associated with reduced spermato
genesis and altered Sertoli ce!ls might also be 
coincidental. However, we cannot discount a 
true causal_ relatibnship t~ the micro~aves. 
Degenerative testicular changes, which have 
been induced in experimental ·animals, were 
not seen. 15 

SKIN. The clinical appearance was that of 
a thermally-induced erythema ab ignft versus 
vasculitis. The latter was seen histologically. 
The absence of skin lesions on the body, other 
than on the lower abdomen and anterior 
thigh, with a negative history of drug inges
tion, tended to rule out drug allergy. The 
_mixed infiltrate and hemorrhage into the skin, 
with small medium-sized blood vessel inflam-

.· mation down to the level of the subcutaneous 
fat, suggest a relationship with incident micro
wave energy. Similar experimentally-induced 
microwave damage has been seen in animals, 
and. in the viscera ( intestinal organs) in the 
fatal human case reported by McLaughlin.16 

EXPOSURE OF WORKERS. Seven coworkers 
of -the subject were examined on November 
13, 1967. Their ·exposure to microwave energy 
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ranged from insignificant ( since they worked 
10 to 20 feet from these ovens) to several 
hours a day of direct exposure while they re
paired the radar ranges for varying periods 
up to 5 years. Four had visual complaints 
ranging from tiredness, watering, and burning 
to decreasing acuity, but these were not al
ways related to the work environment. No 
gross ocular abnormalities were seen, but slit
lamp examinations for cataracts were not 
available. There were no skin or genital com
plaints, nor were abnormalities of these areas 
seen. 

Summary 

One of eight workers in a repair shop for 
microwave ovens was noted to have a recur
rent, blotchy, hemorrhagic eruption on abdo
men and thigh, which was histologically an 
anglitis ( vasculitis) . There was no known 
cause; but its anatomic localization, patho
logic picture, and temporal relation to the 
subject's work suggested the possible causal 
role of microwave energy. 

Adequate protection can be afforded the 
worker by use of a simple, inexpensive de
vice to intercept and absorb the microwave 
energy. The device is a wooden frame covered 
with copper mesh screening which is placed 
on the oven to shield the worker from the 
microwave energy. Such a device can reduce 
microwave energy to levels less than 5 
mw/cm2

• 
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