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Epidemiologic Studies of Microwave Effects 
CHARLOTTE SILVERMAN 

Abstract-This is a selective review of human epidemiologic studies 
and related information concerning biologic and health effects of 
microwave radiation. Following a description of the objectives and 
methods of epidemiology, the approach to microwave effects is con
sidered and two recent but not yet published studies are described, 
namely, a study of U.S. naval personnel occupationally exposed to 
radar, and a study of American Embassy personnel in Moscow. lnvesti· 
gations of several reported or suspected adverse effects are assessed: 
ocular effects, nervous and behavioral effects, congenital anomalies, and 
cancer. Suggestions are offered for further epidemiologic research. 

INTRODUCTION 

1Q PIDEMIOLOGY is the study of both the distribution 
~ and the determinants of disease ( or any health-related 

condition) in defined groups of individuals or the popu
lation [ l). The study of the distribution of disease, in terms 
of age, sex, race, geography, environment, occupation, socio
economic status, and other characteristics is essentially de
scriptive (descriptive epidemiology); investigation of the 
influence of these and other factors on disease patterns is 
analytic, a search for causes (analytic epidemiology). 

Epidemiology is one of many disciplines that search, each in 
its own fashion, for causal factors in health and disease. Since 
there are many levels of influences which lead to disease, and 
disorders rarely are due to one cause alone, many types of 
knowledge are needed. In epidemiology, a science basic to 
public health and important to medicine, the search is for 
determinants that can be modified so as t.o prevent disease or 
ill health. Interest covers the whole spectrum of disease from 
t.he inapparent or subclinical state to frank illness to death. 
Epidemiologic evidence about etiology may be incomplete or 
inconclusive but still provide a reasonable basis for preventive 
action as well as for further study aimed at improvement of 
our understanding of causation. 

In contrast to clinical medicine, which deals with individual 
cases or a series of cases, epidemiology is concerned with .all 
cases, or a representative sample of them, in defined groups of 
individuals. Cases are related to the population group and the 
time period in which they occur; the reference population is 
as necessary as the cases of interest. Several basic rates mea
sure the frequency of disease and deaths. For example, 
morbidity rates, in terms of occurrence of cases (incidence) or 
prevailing frequency of cases at a particular time (prevalence), 
and mortality rates, make it possible to compare the health 
experience of different groups of individuals. And, of great 
importance in epidemiologic studies, the same quality of in
formation is needed for cases and controls. 

In the main, methods used in search of etiologic factors are 
those for observational rather than experimental studies. A 
study may be suggested by the findings of descriptive epide
miology, clinical investigation, experimental work or other 
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sources. A tentative hypothesis is followed by demonstrating 
a statistical relationship between the condition being studied 
and certain individual or group characteristics. Then, the 
meaning of the relationship must be established. If causal 
inferences are derived, they may be tested in studies of individ
uals with the condition or characteristic compared to those 
without it. 

Two principal· approaches are used: studies can start either 
with a given population in which cases are sought over time 
(cohort, prospective), or with cases which are referred back to 
their population groups (case-control, retrospective). In epide
miologic studies, prospective and retrospective do not have the 
usual connotation of future and past time. They refer to two 
different basic methods of study and each can be concerned 
with past or current events. The essential feature of prospec
tive studies is the classification and forward (longitudinal) fol
lowup of groups of individuals with and without the character
istic of interest (exposed and not exposed, for example) to 
determine if adverse effects (related to exposure) develop over 
a period of time. In retrospective studies, one starts with 
cases of a suspected adverse effect (e.g., cataract) and with 
controls without the adverse effect, and follows back in their 
histories for evidence of exposure in the cases and not in the 
controls. There are advantages and disadvantages to both 
types of studies, as well as different indications for their use and 
differences in the type and quality of information produced. 

The strength of epidemiology is its ability to provide a direct 
measure of risk in humans. Risk estimates from nonhuman ex
perimental studies may require epidemiologic confirmation 
and for some diseases experimental studies cannot be done at 
all because there are no suitable animal models. Adequate 
risk information cannot be furnished by clinical medicine 
alone. 

The limitations of epidemiology are those of a population
based life science. Information must come from many other 
disciplines such as clinical medicine, pathology, environmental 
sciences, and statistical and social sciences. More often than 
not, data sources have been developed for other purposes. 
There can be considerable variation not only in the quality 
and quantity of data but also in the availability and complete
ness of records. And the epidemiologic method may be im
practical for detecting some low-level risks because of large 
sample size requirements and problems of identifying and 
controlling confounding variables. 

II. EPIDEMIOLOGIC APPROACH TO MICROWAVE EFFECTS 

Epidemiologic studies of microwave effects have been few in 
number and generally limited in scope. Persons occupationally 
exposed in the military services or in industrial settings have 
been the principal groups studied. A few other populations 
living or working near generating sources or exposed to medi
cal diathermy have been or are being investigated. 

Information about health status has come from medical 
records, questionnaries, physical and laboratory examinations, 
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and vital statistics. Sources of exposure data include personnel 
records, questionnaires, environmental measurements, equip
ment emission measurements, and (assumed adherence to) 
established exposure limits. Although there have been recent 
advances in dosimetry, microwave dosimetry presents formi
dable problems for meaningful assessment in most epide
miologic studies. There is at present no practical way of de
termining exposure to large numbers of individuals. 

Two cohort studies completed during the past year but not 
yet available in published form are described below. 

U.S. Naval Personnel Occupationally Exposed to Radar [2/ 

A pilot study by the Bureau of Radiological Health under 
the sponsorship of the Office of Naval Research determined 
that it was feasible to study a variety of long-term health 
effects among enlisted men occupationally exposed to differ
ent levels of microwave radiation during military service. Due 
to fiscal restraints, the endpoints of the study had to be re
duced to those which could be investigated through the use 
of largely automated military and veterans' records, namely, 
mortality, hospitalized illness in naval and veterans' hospitals, 
and disability. The study' was conducted by the National 
Academy of Sciences. 

The study population was drawn from the thousands of en
listed men trained in the use and maintenance of radar equip
ment for navigation and gunfire control in technical schools 
maintained by the Navy since World War II. Other technical 
schools also graduated large numbers of technicians similarly 
selected for educational achievement, general intelligence and 
aptitude, thus offering the possibility of selecting valid com
parison groups. The men selected for this study graduated 
during the period 1950 through 1954. The Korean War period 

was chosen for two reasons: wartime service ensured virtually 
complete ascertainment of deaths, and exposure in the l 950's 
provided a sufficient period of time for long-term effects to 
develop. 

Measurements made by the Navy offered a guide for select
ing the most highly exposed occupations. On the basis of a 
consensus decision by Navy personnel involved in training and 
operations, occupational groups were classified as probably 
maximally exposed (those repairing radar equipment) and 
probably minimally exposed (those operating radar equip
ment). Technical occupational groups probably nonexposed 
(such as engine room personnel) were considered unsuitable 
because of their exposure to heat and humidity stress. Men 
selected for the study were drawn from six Naval Enlisted 
Classifications of occupations. 

The high-exposure cohort is made up of Electronics Tech
nicians (13 078), Fire Control Technicians (3298), and Air
craft Electronics Technicians (3733). The groups in the low
exposure cohort, consisting of men trained in equipment oper
ations, are classified as Radiomen (9253), Radarmen (10 116), 
and Aircraft Electrician's Mates (1412). The study population 
of approximately 40 000 consists of about 20 000 in each of 
the two cohorts. The groups were composed predominantly 
but not exclusively of young men who entered service shortly 
after graduating from high school; the high exposure groups 
had more older men who were veterans of World War II and 
had re-enlisted. The mean age in 1952 of the total low-expo
sure men was 20. 7, whereas the average age of the high-expo
sure group was 22.l years. The airmen in both the high (mean 
age 23.4) and low (mean age 24.6) exposure groups were older 
than the men who served on ships. 

Follow-up medical information was derived from search and 

linkage of Navy and Veterans Administration (VA) records. 
The death of almost every war veteran is a matter of record in 
VA files, since applications for burial benefits are made for 
about 98 percent of war veterans. The application usually 
includes a copy of the death certificate, from which the certi
fied cause of death may be obtained. The Navy's records of 
hospital admissions were searched, and records of admissions 
to VA hospitals were available for computer search, as were 
current awards for disability compensation. The cohorts of 
over 40 000 men were followed through extant records for the 

following endpoints and time periods of ascertainment: 

Mortality 
Morbidity 

(in-service hospitalization) 
Morbidity 

(VA hospitalization) 
Disability compensation 

1955-1974 
1950-1959 

(excluding 1955) 

1963-1976 
1976. 

The lack of dosimetry of occupational exposure did not per
mit the assignment of exposure doses to any individuals in 
this study. The only measurements possible were environ
mental or arose out of efforts to reconstruct the circumstances 
of an accidental overexposure. There have been enough acci
dental exposures at estimated levels exceeding 100 mW/cm2 

to indicate that there are occupations in which some men at 
some times on certain classes of ships have been exposed well 
in excess of the 10 mW/cm2 limit [3]. Shipboard monitor
ing programs in the Navy since 1957 show that men in other 
occupations rarely, if ever, were exposed to doses in excess of 
this limit [ 4]. Radiomen and radar operators whose duties 
keep them far from radar pulse generators and antennae were 
generally exposed to levels well below 1 mW/cm2

, whereas 
gunfire control technicians and electronics technicians were 
exposed to higher levels in the course of their duties. 

In addition to occupation per se other relevant elements of 
exposure were included in the analysis, namely, length of time 
in the occupation, class of ship, and power of equipment on 
the ship .at the time of exposure. An index of potential micro
wave exposure to individuals called the hazard number was 
constructed for a sample of men in the high exposure group. 
This consisted of the· sum of the power ratings of all gunfire 
control radars aboard the ship or search radars aboard the air
craft to which the technician was assigned, multiplied by the 
number of months of assignment. Data on navigational radars, 
which had very-low-power output by comparison, were not 
available. A technician with a low hazard number had little 
opportunity for substantial exposure to microwaves, while 
men with large hazard numbers may have had substantial 
opportunity for such exposure. The distribution of hazard 
numbers by specific occupational rating showed that within 
the high exposure group the Fire Control Technicians and 
the Aircraft Electronics Technicians had much larger propor
tions of men with large hazard numbers than did the Elec
tronics Technician group. Study constraints prevented the 
determination of hazard numbers for the low exposure groups. 

Because no measures of actual as opposed to potential ex
posure were available, the so-called high exposure rosters were 
made up of a mixture, in unknown proportions, of men whose 
actual exposures varied from high to negligible. If a large pro
portion of the men had, in fact, very small exposures, the con
sequence would have been to obscure by dilution any differ
ences which might have been found had it been possible to 
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study a large group of men who actually received high expo
sures. Further, it is possible that effects involving the cardio
vascular, endocrine, and central nervous systems are transient, 
disappearing with the termination of exposure or soon there
after, or are not perceived to be of sufficient consequence to 
result in admission to hospital. 

It was not possible in this study to determine hospitalization 
outside the Navy and VA systems, nonhospitalized medical 
conditions during and after service, reproductive performance 
and health of offspring, or employment history after discharge 
from service. A subsample of living men with presumed high 
and low exposure patterns during service, however, can be 
identified for intensive individual followup. This would make 
it possible to obtain additional information about occupational 
exposure, by reviewing individual service files and by making 
direct inquiries of the men. 

B. American Embassy Personnel in Moscow [ 5 J 
The long-term microwave irradiation by the Russians of the 

American Embassy Buildings in Moscow was highly publicized 
in 1976 and led to a two-year study of possible adverse health 
effects. The purpose of the study, sponsored by the U.S. De
partment of State and conducted by the Johns Hopkins Uni
versity, School of Hygiene and Public Health, was to compare 
the morbidity and mortality experience of U.S. Government 
employees at the Moscow Embassy during the period 1953 to 
1976 with the experience of employees who had served in 
other selected, nonirradiated Eastern European embassies or 
consulates during the same time period. Eight comparison 
posts were selected for their similarity to Moscow in climate, 
diet, geographic location, disease problems and general social 
milieu: Budapest, Leningrad, Prague, Warsaw, Belgrade, 
Bucharest, Sofia, and Zagreb. 

Primary attention was given to the employees but spouses 
and children (whether or not at the embassies) and other 
dependents who had resided in the embassies during the study 
period were included in the investigation. A major effort was 
required to construct a basic list of all personnel who had 
served in any of the selected posts at any time during the 23-yr 
study period and to identify their dependents who might have 
been with them during their tours of duty at any study post. 
The final identified study population consisted of 1827 em
ployees at the Moscow Embassy and over 3000 of their depen
dents, and 2561 employees at the eight comparison posts and 
5000 of their dependents. The total study group was com
prised of 4388 employees and 8.283 dependents. 

Microwave exposure at the Moscow Embassy varied during 
the period of the study. The direction and intensity of the 
microwave signal changed in 1975 but it was always directed 
toward the upper floors of the Chancery. Maximum. exposure 
and exposed areas by time period were estimated by the State 
Department [SJ as follows: 

Exposed Area 
Time Period of Chancery Maximum Exposure 

1953 to May 3, 1975 

June 1975 to 

West Facad.e 

South and East 
February 7, 1976 Facade 

Since February 7, 1976 South and East 
Facade 

Maximum of 
5 µm/cm 2

, 9h/day 
15 µm/cm 2

, 

l 8h/day 
Fractions of 

1 µm/cm 2
, 

l 8h/day 

PROCEEDINGS OF THE IEEE, VOL. 68, NO. 1, JANUARY 1980 

Measurements of maximum exposure were made at or near 
the windows of the upper central building. Exposures accord
ing to time period were determined for individual floors in the 
living and working areas. Apartment complexes in Moscow 
distant from the Chancery were monitored every few months 
and only background levels were found. Tests for microwave 
radiation (between frequencies of 0.5 GHz and IO GHz) at 
all Eastern European comparison posts were made periodically. 
Only background levels were detected at these Eastern Euro
pean embassies. 

Once a study member was identified, tracing was done by 
means of questionnaire and telephone interviews, with nearly 
complete success despite the extraordinary mobility of the 
study population. Medical information was abstracted from 
the records of the numerous physical examinations of the 
foreign service employees and their dependents. Additional 
health data, as well as family and detailed occupational in
formation, were sought by means of an extensive Health 
History Questionnaire mailed to all employees and certain 
dependents, followed by telephone interviews. Information 
on mortality experience (living or dead) was reasonably com
plete because of the high tracing success; specific causes of 
death were obtained from death certificates and from other 
sources. 

For purposes of the study, persons in the Moscow popula
tion were divided into three exposure subgroups: the exposed 
(to other than background levels of I µm/cm 2 

), the unexposed, 
and those with questionable exposure. Information about 
individual working and living locations was not available in 
personnel records and had to be obtained from the partici
pants by the mailed Health History Questionnaire and personal 
telephone interviews. Exposure data, by location during assign
ments in the Moscow Embassy, were provided by the State 
Depa;tment for only two time periods: before and after May 
1975. Many individuals remained in the questionable category 
due to the nature of their employment at the embassy 01: be
cause they could not remember exactly where they worked 
or lived in the embassy compound. 

About one-third of the employees were followed by means 
of records and inquiries for 15-20 years and over half for 
longer than 10 years. There were approximately 50 000 
person-years of observation of the total employee group and 
18 000 person-years of observation of employees who served 
in Moscow at any time. 

Limitations of the study have been noted by the investiga
tors: identification of the entire study population w~s thought 
to be very nearly complete but confirmation of completeness· 
was not possible; compilation of dependents was incomplete, 
to an unknown degree; death certificates could not be obtained 
during the limited time period of the study for approximately 
one-third of the employees known to have died; the response 
rate to the Health History Questionnaire was low, no higher 
than 59 percent for the most responsive subgroup; classifica
tion of exposure status was inadequate; the highest exposure 

. levels were the most recent; and the size of the study popula
tion was not sufficient to detect excess risks less than twofold 
for many of the medical conditions studied, while for some 
diseases only a larger excess could be detected. 

Hundreds of factors were examined in terms of two basic 
comparisons: Moscow post versus comparison post individuals, 
and the Moscow population divided into subgroups by various 
measures of exposure to microwave radiation. No differences 
between the Moscow and comparison populations were found 



SILVERMAN: EPIDEMIOLOGIC STUDIES OF MICROWAVE EFFECTS 81 

with respect to various components of the study such as suc
cess of tracing the ascertained study population, abstracting 
the medical records, response to the Health History Question
naire, validation of the conditions and diseases reported on 
the Questionnaire, and ascertainment of deaths and acquisi
tion of death certificates. Exhaustive comparative analyses 
were made of all symptoms, conditions, diseases, and causes 
of death. 

Neither of the two studies demonstrated differential health 
risks associated with presumed exposure to microwave radia

tion but the limitations of the studies preclude conclusions 
at this time about possible microwave-related health effects. 

III. SOME SPECIFIC HEALTH EFFECTS 

A. Ocular Effects 

In some laboratory animals there is clear evidence that ex
posure of the head to microwaves under controlled environ
mental conditions will cause not only minor lens changes but 
also cataracts. Cataracts develop following a single high 
threshold dose or repeated subthreshold doses to the eye [ 6 I . 
In man, over 50 cases of alleged microwave-induced cataract 
have been accumulated, mainly by a single investigator [7). 

Numerous surveys of ocular effects in man have been made, 
especially in the U.S. Most investigations have involved 
service personnel and civilian workers at military bases and in 
industrial settings. The principal subject of interest has been 
the significance of minor lens changes in the cataractogenic 
process; cataracts (opacities impairing vision) have been in
frequently investigated; and only recently have retinal changes 
been sought. 

1) Minor Lens Changes: Lenticular defects too minor to 
affect visual acuity have been studied as possible early markers 
of microwave exposure or precursors of cataracts. The studies 
have been mainly prevalence surveys although the time periods 
are often variable or not specified; re-examination data rarely 
permit estimates of incidence. These occupational studies 
have generally emphasized careful clinical eye examinations 
including the use of slit-lamp biomicroscopy and photographs, 
without comparable attention to study design and follow-up 
plans for exposed and comparison groups. 

The following generalizations can be made about observa
tions of lens changes in microwave workers and comparison 
groups: 

a) Lens imperfections occur normally and increase mark
edly with age among employed males studied. There is evi
dence that lens changes increase with age even during the 
childhood years [8). By about age 50, lens defects have been 
reported in most comparison subjects. This is illustrated in 

Fig. 1 based on data from various studies. 
b) Although a few suggestive differences have been reported 

[ 8] -[ 10 I , there is no clear indication that minor lens defects 
are a marker for microwave exposure in terms of type or fre
quency of changes, exposure factors or occupation. Inspec
tion of Fig. 1 suggests possible earlier appearance of lens de
fects in microwave workers than in comparison groups, but 
there is considerable variation in the type, number and size of 
defects recorded, in the scoring methods used by different 
observers, and in the numbers examined. 

c) Clinically significant lens changes, which would permit 
selection of individuals to be followed, have not been identi
fied [ 11 I. 

d) There is no evidence from ophthalmic surveys to date 
that minor lens opacities are precursors of clinical cataracts. 

10 
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Fig. 1. Percent lens changes (all types) by age: Various studies. 

2) Cataracts: Although there has been ,)lluch interest in the 
cataractogenic effect of microwave radiation, only a minimal 
effort has been made to investigate cataracts as such, as dis
tinct from their precursors. The only epidemiologic study of 
cataracts in microwave workers, a case-control study of World 
War II and Korean War veterans with negative findings, was re
ported in 1965 [ 12). A recent statement that "not one 
epidemiologic study ... suggests even a slight excess of cata
racts in microwave workers" [ 13] is certainly true-since 
there has been only one study. 

Neither definitions nor methods of detection of cataract 
are standardized. The common meaning of cataract, a lens 
opacity that interferes with visual acuity, is open to many 
interpretations as to degree and nature of the opacity and loss 
of visual acuity. Specific disorders, physical agents and in
juries are known to cause cataracts but many cataracts are 
loosely called senile when they occur after middle age, imply
ing they result solely from aging of the lens. Microwave cata
racts are not distinguishable from other cataracts in the opinion 
of most observers. 

The most prominent characteristic of cataracts is their age 
distribution. Although estimates of frequency are not com
parable because of differences in population groups surveyed, 
as well as nonuniform methods of detection and definition, 
all point to low frequencies until about the fifth decade of 
life when sharp increases occur. 

Preliminary national estimates by age of the total prevalence 
of cataracts in the civilian noninstitutionalized population 
1-74 years of age in the U.S. have just been made available by 
the National Center for Health Statistics [ 14 I . They are 
based on diagnoses by ophthalmologist examiners in the Health 
and Nutrition Examination Survey of 1971-1972 and are 
plotted in Fig. 2. 

One or more cataract conditions were found in 9 percent of 
the population. For the various age groups under 45, fre
quency of the condition increases gradually from 0.4 percent 
in those 1-5 years of age to 4 percent in the 35-44 year age 
group. The marked increase that occurs after age 45 reaches 
a maximum in the oldest group examined: of those 65-74 
years of age, more than half had cataracts. 

Cataract data for personnel on active duty in the armed 
services (who are mainly healthy, relatively young males) are 
available as incidence rates which show similar age dependence 
up to about age 55. Although not comparable with general' 
population figures, recorded mean annual incidence rates are 
extremely low, of the order of 2/100 000 [ 15). 

l 
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Fig. 2. Prevalence by age of one or more types of cataracts among 
persons 1-74 yrs of age, U.S., 1971-72. Preliminary national esti
mates. (Source: Division of Health Examination Statistics, National 
Center for Health Statistics, Medical Statistics Branch, Mar. 2, 1979.) 

In the one case-control study of cataracts mentioned earlier 
[ 12), armed services personnel with cataracts which were 
ascribable to a nonmicrowave factor were eliminated from the 
sampling plan-that is, all congenital, traumatic, diabetic, and 
other specified types. The sampling plan also eliminated veter
ans 55 years of age and over to minimize dilution of the study 
group with senile cataracts. 

Studies of microwave workers have been designed to find 
out whether cataract formation is accelerated in younger per
sons. It is necessary to look for possible increases in cataracts 
by age, as well as in high risk groups excluded from the study 
described above, to detect possible heightened microwave
induced susceptibility. The determinants of the microwave 
cataractogenic effect are not fully understood [ 6 I and the 
epidemiology of cataracts has been inadequately studied [ 16] . 

3) Retinal Lesions: Until recently retinal lesions have not 
been considered a possible microwave effect. There is some 
reason to think that oculists examining microwave workers 
have observed but not reported retinal changes, because of 
no known relation to microwave exposure [ 17). A small 
Swedish study reported in 1973 [ 18], which included exami
nations for retinal as well as lens changes, was prompted by 
preliminary findings of paramacular and macular pathology in 
industrial radar workers. A significantly higher proportion of 
retinal lesions in the central part of the fundus was found in 
microwave workers aged 26-40 years than in controls. The 
retinal lesions had resulted in decreased vision in two cases. 
No further reports are available. 

B. Nervous and Behavioral Effects 

Nervous system and behavioral changes in experimental 
animals following low-level exposures have been reported for 
many years from Eastern Europe [ 19). Clinical laboratory 
studies of groups employed in the operation, testing, mainte
nance and manufacture of microwave-generating equipment 
have also been reported in large number from the USSR and 
other Eastern European countries [17], [20], [21]. Expo
sures have been mainly low-level (microwatts up to a few 
mW/cm2

) and long term. 
With few exceptions [22], functional disturbances of the 

'r central nervous system have been described as a typical kind of 
radiowave sickness, the neurasthenic or asthenic syndrome. 

11•· The symptoms and signs include headache, fatigability, irrita
bility, loss of appetite, sleepiness, sweating, thyroid gland 
enlargement, difficulties in concentration or memory, de-
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pression and emotional instability. This clinical syndrome is 
generally reversible if exposure is discontinued . 

Another frequently described manifestation is a set of labile 
functional cardiovascular changes including bradycardia ( or 
occasional tachycardia), arterial hypertension ( or hypotension) 
and changes in cardiac conduction. This form of neurocir
culatory asthenia is also attributed to nervous system influence. 
More serious but less frequent neurologic or neuropsychiatric 
disturbances have occasionally been described as a diencephalic 
syndrome. 

The only American epidemiologic study to date of some of 
these effects is the cohort study of American Embassy em
ployees in Moscow and other Eastern European capitals [ 5] . 
Although much symptomatology was found, no differences 
were attributable to microwave exposure at the intensities 
measured outside the Moscow embassy. These levels, however, 
were even lower than exposures reported in the Russian oc
cupational studies. 

The identification and assessment of poorly defined non
specific complaints, symptom-complexes and illnesses is 
extremely difficult [ 23], [ 24]. For the future, in addition to 
medical examinations, consultation with specialists in the be
havioral sciences is needed. The use of health questionnaires 
designed to detect emotional ill health, and objective psycho
logic tests for specific types of symptomatology, can provide 
relevant information. Useful data may also come from atten
dance rates at clinics or physicians' offices, absentee rates due 
to illness, accident liability and job performance. 

C. Congenital Anomalies 

Microwave radiation can be teratogenic in experimental 
animals exposed at specific times during gestation to relatively 
low average doses [ 25] . In humans there is no evidence of 
anomalies following exposure in utero. 

A case-control study of Down's syndrome in Baltimore 
[26) yielded an unexpected finding regarding paternal ex
posure to microwave radiation. Fathers of children with 
mongolism gave more frequent unsolicited histories of occupa
tional exposure to radar during military service than did 
fathers of unaffected children, a difference that was of border
line statistical significance. Exposure during military service 
occurred prior to the birth of the affected child. After publi
cation of the first report in 1965, expansion of the study 
group, followup of all fathers to obtain more detailed informa
tion about radar exposure, and search of available armed 
forces records were undertaken. The suggestive excess of radar 
exposure of fathers of Down's syndrome cases was not con
firmed on further study but occupational exposures were 
difficult to document [27]. A chromosome study of periph
eral blood of exposed and unexposed fathers showed some 
suggestive but inconclusive changes; the findings are to be 
reported. 

A study of congenital anomalies in Alabama [ 28) showed 
that during the 3-year period 1968-1971 the adjoining coun
ties of Dale and Coffee, in which Fort Rucker was located, 
had a reported number of clubfoot cases among white babies 
that greatly exceeded the expected number (based on birth 
certificate notifications for the State). A more detailed in
vestigation revealed that in the 6-county area surrounding 
Fort Rucker, there was, during the same time period, a con
siderably higher rate of anomalies (diagnosed within 24 h after 
birth) among births to military personnel than in the State as 
a whole. Fort Rucker was a training base for fixed-wing and 
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helicopter aircraft, situated within. 3 5 mi of dozens of radar 
stations. Errors in malformation data on birth certificates and 
probable overreporting from Fort Rucker led to the conclu
sion that convincing evidence was lacking that radar exposure 
was related to congenital malformations [ 29]. The high mal
formation rate across a group of counties of the State was 
presumably environmentally induced but no specific agent 
was suggested. It was not possible to do a more detailed 
study at this or at another military base. 

The use of microwave heating as diathermy to relieve the 
pain of uterine contractions during labor was reported from 
Belgium in 1973 [30]. The analgesic effect was found helpful 
in 1000 selected patients without obstetric pathology, and the 
babit;:s were born healthy with good circulation. By 1976 
[31], 2000 microwave-exposed patients and 2000 controls 
had been observed. No untoward immediate or long-term 
effects on the fetus are kriown from such exposure shortly 
before delivery. The only possible congenital defect so late in 
gestation would involve the central nervous system. System
atic follow-up examinations have not yet been made. 

D. Cancer 

Microwave-induced cancer has not been reported experi
mentally or suspected in medical surveillance examinations of 
microwave workers or service personnel. Only the two recently 
completed prospective epidemiologic studies [ l] , [ 3] have 
looked into the question systematically. Neither has revealed 
an excess of any form of cancer to date that can be interpreted 
as microwave-related. 

IV. SUGGESTIONS FOR FURTHER RESEARCH 

In view of the exceptional difficulty in extrapolating micro
wave effects from experimental animals to man, epidemiologic 
studies, including appropriate clinical and laboratory examina
tions, are essential to improve our understanding of possible 
hazards to health. 

l) Studies of identified populations should be improved, 
continued or expanded wherever possible and useful. It is 
difficult to identify exposed populations, select suitable 
controls and obtain exposure data. Some study groups already 
characterized can be improved by the acquisition of additional 
exposure data, some groups should be followed for longer 
periods of time, and some should be investigated for additional 
endpoints. 

2) Additional study populations should be sought. Expo
sure to microwave radiation has been experienced increasingly 
for more than three decades. A careful search should be made 
for exposed groups not yet investigated or considered for 
study. In epidemiologic studies, as in experimental or clinical 
work, there is rarely a single study, positive or negative, that 
can be accepted as definitive. Replication and validation are 
needed at all exposure levels. 

3) Some specific endpoints should be studied further. 
a) Cataracts: It is reasonable to hypothesize and feasible to 

investigate a synergistic or additive action of microwaves in 
cataract formation. Comparative frequencies of cataracts from 

all causes in exposed and nonexposed occupational groups can 
be investigated by following study subjects into the older age 
periods when cataracts increase in frequency. 

b) Mental and Behavioral Changes: The numerous reports 
from Eastern Europe of a wide variety of functional changes 
and possible nervous system effects have yet to be confirmed 
or rejected. In appropriate epidemiologic studies, medical 

reports should be augmented to include assessment of emo
tional and psychologic status. 

c) Congenital Anomalies: There have been two preliminary 
and inconclusive epidemiologic investigations of the effect of 
paternal exposure to radar on the occurrence of congenital 
anomalies in their offspring. The subject is in need of more 
intensive investigation in both fathers and mothers to assess 
possible genetic effects. 

d) Malignancies: There is no direct evidence that microwaves 
are carcinogenic but the possibility has not been excluded 
experimentally. More intensive and extended morbidity 
monitoring to identify malignancies may provide pertinent 
information. 

4) Newly available exposure and dosimetric measurement 
prediction techniques 'should be used wherever applicable. 

To clarify the complexities of the biologic and health ef
fects of microwave radiation, all possible study approaches 
are needed. Epidemiologic research, which is in an early 
state of development, should be broadened. 
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