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MTEDICAL CONSIDERATIONS OF EXPOSURE TO \MICROWAVES (RADAR)

Charles 1. Barron MDD,

and

Albert AL B:u'ufT, M.D. Burlamk, Calif.

- Considerable interest in the biological aspects of

enprestre Lo radar besms has been cenerated during
the past vear by widespread publicity of an alleaed

“ease of hamum death ocenrring after a brief expos-

nre to an amknown quantum of microwaves=The
incident served to direet attention to this relatively
new agent, sind guestions naturally arose concern-
e the extent of the hazard, if any, to persons work-
e with radar transmitters and to those who might
he exposed in some manner to the energized beam.,
\any of these guestions have subsequently heen
Linsvered, nd much needed vesearehis heing con-
ducted by military and civilian agencies to more
ool cantore the multifaceted disciplines associ-
sied with this complex problem. Unfortunately,
Tiese less sensational but more scientifically con-
ducted efforts have received little recognition or dis-
semination hevond the scientific world.

Tt is not ‘wenerally known that apprehension over
~he biological potentials of microwaves dates back
to the carlv days of Waorld War II, when DailvZ2
perfermed his original studies on U. S. Navy person-
nel “enwiged in the operation and testing of rela-
tively low-powered radars, Although this study re-
vealed no evidence of radar-induced pathology in
Jueman beings. numerous reports have since ap-
peared indicating that tissue injury and animal
death can oceur under certain experimental condi-
tions. These studies indicate that cataracts, corneal
opacitics. testicular degeneration, and hemorrhagic

" phienomena have been induced in anesthetized,

amall. furrv. test animals by exposure to micro-
waves in the frequency range of 2,800 ta 9,000 meg-
acveles for various time exposures. Boysen,” using a
transmitter with a frequency of 300 megacycles, ex-
posed rabbits in a wave guide and produced dam-
age to the central nervous svstem, degenerativ.e
ci\:nnqes in the kidneys, heart, liver, and gastroin-
testinal tract, and heimorrhagic changes in the res-
piratory tree. The power density measured in the

“Y wave cuide was in excess of 0.1 watts per square

centimeter. Fhe animals were exposed for periods of
= to 10 minutes, and all whose rectal temperatures
exceeded 44.5 C (112.1 F) died. Boysen was of the
opinion that the pathology and death were causally
velated to the hyperthermia.

Because of these rather startling findings and the
apprehension engendered by their publication in
scientific journals, the medical department of the

-

Apprehension over the possibility of in-
jury 1o mon by microwoves is besed lorgely
on the foct that sufficiently intense and pro-
longed radiation of this frequency has coused
severe injuries to experimental animals.
Several hundred workers who have been oc-
cupied obout radar installotions or have been
exposed'f'o rodar beams have therefore been
observed in a comprehensive medical sur-
veillonce progrom. This hos been in progress
for four yeors. The initial study was o
comporison of 88 nonexposed persons with
226 radar-exposed employees, some of
whom had worked with rodar as long as 13
years. No acule, fransient, or cumulctive ‘
physiological or pothological chonges at-
tributoble to microwaves have been revealed
by this study in people working with high-
pewer radar transmitters and frequently ‘ex--
posed to their output. These subjects are free
to heed the warning sensotion of heat and
ore advised to avoid exposure to any firing
beom when in @ zone defined by a minimum
power density of 0.0131 wotls per square
centimeter. Since the developmeni of in-
el EN
creasingly high-powered transmitters is to be
anticipated, the need for more precise and
refined statements of human folerance is
evident. '

From the Medical Department, Lockheed Aircraft Corporation.

fiead hefore the Joint Meeting of the Section on Freventive Medi-
and the Acro Medical Association at the 107th Annual Mecting

cine : h ) R i
f the American Medical Association, San Francisco, Junc. 25, 1938.

airframe manufacturer, Lockheed Aireraft Corpora-
tion, coincidentally installing. testing, and servicing
the most powerful airborne transmitters, early in
1954 instituted a comprehensive medical surveil-
lance program for its several hundred employees
working with radar or those who might be exposed
to the energized heam. This program has now been
in progress for four vears and constitutes one of the
longest continuous medical surveys of radar-ex-
posed personnel in the United States. It is because
of this that we believe the results of our efforts and
observations should be presented.

It is not our intent to discuss either the physics of
microwave propagation or its ignition hazards. This
presentation will be limited to a brief discussion of
the objectives, methodology. findings, and interpre-
tation of our program.
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Our objectives were threefold: (1) to detect any
cumulative hiological effects of long-time ‘exposure
to microwaves of varving frequency and power out-
put in persons who had taken minimal precautions;

123 to observe possible effects on persons working

for short periods of time with or near estremely
high-powered airborne radar with pulsed " wave
emissions: and (3) to establish correlation between
objective findings and units of -exposure expressed
in time-power density factors with the highly ideal-
ized objective of establishing safe maximum expo-
sure stundards,

Effects of Long Periods of Exposure

Our initial study included 226 radur-exposed em-
plovees and 8$ nonexposed control subjects. The ex-
amination program was designed to detect in our
subjects pathology similar to that observed in ex-
posed animals and included procedures and labora-
tory studies previously performed by other investi-
wators. Several additional procedures were used in
an attempt to duplicate findings alleged to have
heen observed in a study of human subjects.

Examination in every case included an extensive
svstem and organ inventory, with emphasis on the
ocular strncturés. central nervous svstem, gastroin-
testinal and urinarv tructs, hematopoietic system,
and skin. Imbedded metallic foreign bodies were
identified; a careful marital and fertility history was
elicited; and duration and manner of exposure to
radar was identified.

Physical examination was extensive with respect
to the body svstems as outlined ubove: In addition,

each subject was inspected for manifest hemorrhag-,

ic phenomena. A modified test for Rumpel-Leede
phenomenon was then performed by means of plac-
ing the blood pressure cuff on the arm and main-
taining pressure midway between systolic and dias-
tolic pressure for three minutes. The appearance

~ of more than 10 fresh petechiae in a circle 4 em. in

diameter below the cuff was considered a positive
result.

The sccond phase consisted of an ocular examina-
tion, including a slit-lamp study performed with the
subject subjected to cycloplegia by a competent
ophthalmologist; complete blood cell and platelet
counts; chest x-rays; and urinalyses.

Among the radar groups were 53 with 2 to 3

vears of exposure and 37 with 5 to 13 vears. Many

of them were exposed while in military service or
with other companies prior to their employment at

" Lockheed. Few had observed any precautions what-

soever prior to 1933 Despite this, no pathology or
adverse physiological effects unequivocadly attribut-
able to microwave exposure could be demonstrated.
Minor variations in the red and white blood cell
counts were comparable with those of the controls.
An apparent decrease in polvinorphonuclear cells
and increase in cosinophils and monocytes was later
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found to be due to a variation of interpretation by
a laboratory technician. There were no significant
variations in blood platelet counts. Abnormal uri-
nalvses were found to be proportionate in both
aroups. :

Physical abnormalitics revealed a higher percent-
age of circulatory and gastrointestjnal discases in
the. controls, with a higher incidence of jaundice,
severe headaches. and bleeding phenomena. Ocular
pathology was considerably greater in the radar
aroup. However, with the single exception of a
small, solitary retinal hemorrhage, which absorbed:
completely within three months, all abnormalities
were causally related to diseases or conditions not
venerally associated  with  microwave exposure.
Chest x-ravs were noncontributory. Modified tests
for Rumpel-Leede phenomenon were interesting in
thut 8% of the control group shewed positive re-
sults, compared to 2% of the radir group. There was
no apparent correlation hetween positive findings
and reduced platelet counts. Findings were nega-
tive in all but one subject with platelet counts be-
Jow 20¢,000 per cubic millimeter. The positive re-
sults were. with this single exception. in persons
with normal platelet counts.

Fertility studies revealed essentially the same.
percentage of offspring in both groups, when cor-
recting for the larger number of vnimarried men in
the radar group. The percentage of childless mar-
riages attributuble to unknown causes was com-
parable, and in not a single instance B the radar |
sroup could an admission of male sterility be
elicited. - : :

On the basis of these findings we concluded that
no person in this study had sustained any acnte or
chronic injury secondary to radar exposure. Refer-
ence is made to an carlier report deseribing our re-
sults.in areater detail.”

Effects of Short Periods of Exposure

The second objective of our program is currently
being accomplished. Having established base-line
or reference criteria, we proceeded to reexamine
our personnel. first at 6:month. then at 12-month.
and finally at 24-month intervals, approxintely
four vears after the original study. This Latter pro-
gram is now in progress. As a result of our original
study and findings it was decided to madify our
procedures and eliminate several of the more cost-
Iy, time-consuming, and noncontributory tests. An
extensive medical questionnaire was prepared. and
cach subject was interviewed by a physician, Physi-
cal examinations were performed onhv when indi-
cated on the basis of the medical historsy or Tabor-
atory studics. Ocular and slit-lamp studies were ye-
peated, and complete blood cell counts and urinal-
vses were performed. Blood platelet studies were
repeated on alternate vears. A limited number o
clectrophoretic serum protein patterns were made
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o attemptto vadidate significant - changes -

Claimed to have been observed by another inves-
t-i‘_'.lt'()l". -
Romitine control studies were discontinned doring
the second and third examinations hut were re-
armed i a lmited dearee daving the present pro-
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coram. Despite o small sampling of radar-exposed
persommel to date (4971 its believed that this aroup.
inder sor eillanee for four vears and with exposure
to identifiahle transmitters, will provide valunable
infornndion for comparative PUrposces. Additional
Cformation obtained includes number of davs of
sick Jeave. leaves of absence, and other health sta-
ticties for the vear 1937, Also, a large number of
tosts for Rumpel-Leede phenomenon were pet
formed on applicants for emplovment and em-
plovees seeking  treatment for routine ailments.
None of these subjects had had any known ex-
posure to radar emanations.

“The results of our studies are graphically pre-
cented in the accompanying tables. Table 1 identi-
fies radar-exposed personnel as to numbers, age
raroup. and véars under medical surveillance and
compares them to the control group. The total ex-

TapLe 2.~Fertility Data for Subiccts in Medical Surceillance
Program '

Exposed Personnel

Chy Study Group Controls

- T .
Av. T Av. e
. No. With: No. With:
Sin- af out of out
‘ wle Ta- Chil- Chil- Ta- - Chile Chil
Teet 1-Yr. 2:Yr 4-Yr. tal dren dren tal dren dren
Chibdren, no.o 1120 86 VAN EISUED WIT PRI K <AL
Fathers, no. 2 s 70 &0 W e T2
No chibiren
Cairse .
Known.* no. 40 N 207 [ T 200 .. s 10
€nilse
unkbown,
DU, oo T 16 ¥ 2 FR A | EZUERS
Peanl ool | FANE b 110 44 335

¢ Major known causes: unmartied, wife sterile, birth control.

postire group has increased to 333 by the addition
of newlv hired or reclassified emplovees. Persons
in the one-vear study generally have had two ex-
aminations, in the two-vear study two or three
examinations, and in the four-vear study three or
four examinations. Only the results of the last ex-
aminations are included in subsequent tables.
Table 2 reveals the fertility history of the radar-
exposed and control groups. The slightly lower
percentage in the first group who have fathered
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children is reflected i the larger number of un-
married men in this younger age wroup. Of those
who are.married and for nnknown reasons have no
offspring, the control group hows a somewhat
hicher percentage, The average number of children
per family for cach group is approximately two.
Table 3 lists comparative pathology or major
subjective complaints for the virious groups. These
conditions were present at the time of the last ex-
amination or had been present the previous year.
Among the radar-exposed  group, sinus, gastroin-
testinal,  genitourinary, and dermatological com-
plaints  were  most prevalent.  Headaches and
nervousness were the commonest subjective com-
Pame 3.—Comparatice Pathology and Number of Subjccts
with Major Complaints in Medieal Surceillance Progras

Exposed Personnel
hy Stdy Group (3390

[ R, -
. Single To. Controls
Putholowy Pest  1VE 2V 4T tal (16}
NOPVOISHONS i 4 1 2 % 10 4
Hestedaehe o il 0 H 4 13 [
RIS e [ A i K] 4
AN SOVET oo 2 . 2 ¢ 10
Respiratary i«
AStHINA e 1 1 2 8
Cirenlitory and roronary
GESEUSP Lot e 3 1 1 ) 4
Poptie nlert oo . 1 4 2 T
Other gastrointestinaid . :
disorder oo 2 2 T 3 14 8
Urinary traet infection oooo... 2 5 1 8 8
Nkin disorderooooooioaooeen i 1 2 T 6
Arthritiz, barsitis oo 3 2 2 T 10
Rleeding (nase, rectal,
urinaryy oo DN 3 3 2L 3 4
COther L [ 2° 1t ... 1t 4 2§

S Mminps, deniness,

t Diabetes, .

¢ Ruptured nppendix with peritonitis (subjeet died).
£ Dinbetes, hypothyroidisin, hernia.

plaints. The control group exhibited sinus, allergic,
gastrointestinal, joint, and genitourinary disease
prevalence, with fewer headaches and skin and
respiratory complaints. There were no marked devi-
ations or trends from the common disorders and
no unusual or unexplained hemorrhagic phenom-
ena. Bleeding was primarily nasal, rectal, or uri-
narv in origin, and generally of known causation.

Table 4 reveals ocular findings for the radar-

exposed groups cnly. In our opinion not a single
finding can be attributable to radar exposure. There

were no cataracts characteristic of those experi-

mentally induced in animals by hyperthermia, and
the corneal scars were, in the main, associated with
other known causative agents. There were no ten-
dencies toward progressive ocular diseases, and the
four-vear group revealed no pathology significantly
different from that of the other groups. Congenital
sutural cataracts are commonly seen in the gen-
eral populace and are of no significance.

Sick leave for the 49 subjects who were in the
four-vear group averaged 3.0 days for the vear 1957,

_compared to 3.1 days for the entire factory. In

addition, there were five absences of more than 30
days in the radar-exposed group for the following
reasons: hemorrhoidectomy, herniorrhaphy, appen-

4
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dectomy, nervous breakdown, and skull fracture.
These longer absences represent a rate of 10% for
this small group, compared to a plant-wide rate of
57..One death occurred among the radar-exposed
sroup: it was attributable to complications after a
rptured appendix. The diagnosis was confirmed

Tyt Ae=Number of Oculur Findings in Radur-Exposcd

(roups
Single
Test 1-¥r 2Yr 4:Yr Totdd
Pathology” Q25 (1) ey ey 8330
PReryaeibill e i 1 1 2 1 o
Feoltapda 01 exotropia oo K 2 K] ki 13
Carhien )
[0 TE I T DN 1 1 § H 10
L titis ballosa Lo, 1 1
Fons '
Criavaet, sunr] (concenital) oo fi 2 o 2 1
Cotariet, trenmatic oo, . 1 ] 1 3
Vitreous “floaters™ oo ] ) 1 i 4
Prriieen L, i 3 . 7
Oher e AN 4 4 4 17

tetapuiectasi=, hlepharitisg enRessa o2y,
<, pirmwent c¢h Cellengie conjunetivitiss velipse burn
strndl retd yedullnted nerve gibers o,
Ly ut feitlise : wetie retinopathy, hegled ehorio.
retitdtic, =urgical ophith,

s tetesis,

o wutopsy. and the puthological findings were typi-
cal of the disease process. Coincidentally. there
were over 200 appendectomies, for acute appendi-
citis, performed on company personnel during the
past vear., In 1957 there were 113 deaths of com-
pany emplovees, including several cases of leu-
kemia and plasma cell (multiple) myeloma. There
was no known exposure to microwaves in any of
thése cases. ‘ '

“Tuble 5 reveals blood findings in the radur-ex-
posed groups and in the 100 control subjects. Only
the last blood cell counts for the radar group are
shown. It is apparent that the blood picture of the
radar-cxposed and control groups is comparable
in most respects. An unusually high incidence of
increased monocevtes and cosinophils is noted. How-

“ever, it is somewhat higher in the control group,

and the relative increase in these cells can be
traced to the interpretation of one luboratory tech-
nician. '

Blood platelet determinations revealed counts of
Jess than 200,000 per cubic millimeter in only 2 of
243 subjects tested, despite a higher incidence of
reduced counts in our original study. Of the 49
subjects studied over four years, only one had
reduced count. This was unusuadly revealing, in
view of the attempts of at least one investigator
to use this us an index of exposure. Also, since the
samie investizator associated expusure with positive
findings on tests for Rumpel-Leede phenomenon,
‘we decided to perform these tests on persons who
rovtinely came to the attention of onr medical
depurtment. Accordingly, 143 tests were performed
on employees secking minor first-uid care, manage-
ment personnel undergoing annual health exumina-
tions, and a small number of applicants for em-

ployment. No subject was included in this study’

if he had knowingly been exposed to microwaves
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during military service or employment. Of the 20
positive findings obtained, 14 were in men and 6 in
women; these represented 14% of the group. Of
these subjects. two presented histories of hemor-
rhagic tendencies, two had heen exposed to con-
siderable ionizing radiation (x-ray), three had un-
dergone recent major abdominal er pelvic surgery.
and one was taking sedative medication. Of the 8§
subjects used in our original control group (in
1954), positive results were noted in §%.

In 26 cuses selected at random, clectrophoresis
of serum proteins was performed at a hospital lab-
oratory. Many of these specimens were from sub-
jects in the two-vear and four-vear groups. Results
in 16 tests were reported within normal range for
all component proteins; 10 revealed deviations as
follows: elevation of gamma globulin level, 4: de-
pression of beta globulin level. 3: elevation of beta
clobulin level, 1; depression of gamma globulin
level. 1: and depression of alpha globulin level. 1.
In onlv one subject, was the deviation more than
sheht or considered significant. and this was- par-
tiallv reversed within two months after elimination
of an active known infection. Deviations described
are generally associuted with dictary deficiencies.

Cinfections. or obesity. One subject had been ex-

posed to ionizing radiation, two had known active
infections, and two had undergone recent surgery.

In no cuse was there any significant decrease in
serum albumin or total protein levels. The albumin-
globulin ratio was within normal limits in all per-
sons.

Maximum Exposure Standards

Our third objective was to delincate safe muaxi-
mum exposure standards. Obviously, this was con-
tingent on the detection of pathological changes

Tanre 3.—=Comparative Blood Celluler Fidings in Subjects
in Medical Surccillunee Program

Faposed Persannet .
Py Study thonpe Ny Contrngs
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in our subjects and determination of the exposure
parameters with respect to freguency or wave
length, field power density, ‘exposure time, wnd
totul test environment. '

It soon became apparent that this objective could
not be achieved in our study. We uncovered no
pathology caused by either single or repeated ex-
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posure. odconseguenthy we canmot speak authori-
tatively of so-called hazardous exposure conditions.
The majerity of our p(‘rs«‘mm‘l had been exposed
to radars of the following tvpes: ANCAPS-20A0 BO
Coand AN APS-28.30. 30, 33, and 450 ANZAPG-
10, SCLSNL and SR ANZADPS-G and Tranid ANJAPS
=0, These transanitters operate in afrequencey range
of 400 to 9000 me and include powerful “S”™ band
components, Ttowas impossible to ebtain precise
datit covering exposure time and average field pow-
er density, sinee these often were unknown. Ex-
posure, however, varied from an occasional inci-
dental contact with the beam to as much as four
hours dailv close exposure for periods up to four
vears, Exposures of several minutes a dav at dis-
tances of Jess than 10 ft. from the radars were not
HECONIMON. :
Protective dothing was not worn by any of our
arhicets while i the radar beam. For some time
precantions have been exercised in testing of our
couipment and i exposure of personnel. In gen-
cral. oround testing of high-powered. aireraft-

Jmomnted transmitters involves scanning of a very

Hmited sector, with the antenna pointed toward
an opar nninhabited ficld and rotating ut 2 or
6 rpm. usnally firing at reduced power.

- Persommel were advised to avoid exposure to any
frine heam when in a zone defined by a minimum

power density of 0.0151 watts per square centi-

A second zone, extending from the area
previonshv defined to that with a minimum power
density of 00039 watts per square centimeter, was
deemed acceptidble for occasional pass-through but
o constant exposure. and. finally. there was a third
limitless zone in which exposure was not deemed
hiologically significant.

Unfortunately, because most persons are exposed
to radar emanations while on the ground and fre-
quently within the so-called near radar field. it is
extremely difficult to evaluate biological effects and
hazards “n relation to absolute power levels with-
out accurate measurements. The need for such
accuracy in guantitative determinations of exposure
is obvious and can be achieved by the development
of exposure meters reflecting absorption in quantum
units of radar encrgy.

It has been.suggested that the sensation of heat
is almost universal on exposure to radar and that
this- in itsélf is indicative of an overexposure. In
our study, only 17% of the 335 subjects experi-
enced. heat sensation and frequently only when in
close proximity to “X" band radars. Almost 6%
were aware of a buzzing or pulsating sensation
when in an “S” band field. Less than 1% experi-
enced other sensations or warning phenomena,
such as sparking between dental fillings or a pe-

~culiar metallic taste. Eight subjects gave a history

of metallic implants, such as bullets, buckshot, steel
pins, and plates. None experienced any unusual
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reaction attributable to the metal. There were no
complaints of heat divected to rings, wrist watches,
or bracelets.

Comment .

During the past 18 vears thousands of persons,
in the course of their employment or while in mili-
tary service, have heen exposed to microwaves,
many without protection. Cencern over the cffetts
of such exposure is natural and to be expected.
The majority of radars in common use today are
relatively Jow powered, with the exception of some
military transmitters which exceed one megawatt
in peak power ontput. Radars with many times
this power will be operational in due course and
may radically change our entire concept of the
biological potentials of this form of cnergy.

Since microwaves of varving frequencey and pow-

er output are also being used to provide television’

displav. for diathermy, and in clectronic ovens, the
personal safety problem s one of general public
intcrest. '

Experiments to date have been conducted pri-
marily on small fur-bearing animals and under un-
usual test conditions. It is generally accepted that
the modus of injury by microwaves is a hyper-
thermia produced by absorption of this form of
energy by the body, Extreme caution must be ex-
ercised in attempting to extrapolate the results of
small animal responses to heat to those of the
human body. Small fur-hearing animals have a high
coefficient of heat absorption, a small body surface,
and a relativelv poor heat regulating system. The
human body, by comparison. has onc of the best
and can readily adjust and maintain thermal home-
ostasis under severe stress conditions. Adequate
physiological function can be maintained in en-
vironments of 240 F for 23 minutes if the humidity
is low. and at least one subject has heen exposed
to a temperature of 400 T, for a period of approxi-
matcly one minute, without tissue injury.

Conditions of radar operation and testing vary

~from experimental conditions. Humans are gener-

ally. exposed while in free air and rarely to a sta-
tionarv energized beam. Some radar beams are
extremely narrow. and only a small portion of the
human body is instantancoushy exposed. The body
can dissipate heat readily to the environment bhe-
tween such exposures. One is reminded of a similar
problem associated with exposure of personnel to
the thermal effects of ultrasonic energy. In an
analogous situation, small fur-bearing animals were
destroved bv hyperthermia when placed in a jet
engine noise ficld, yet there is no evidence of any
adverse heating effects on man when exposed to
the same environment. It has been estimated that
it would reguire many million times the ultrasonic
energy of that generated by any current jet engine
to produce these effects in human heings.
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There is reason to helieve that the dramatic ef-
focts observed in small animals exposed to whole-
Lody radiation will not be reproduced in larger,
live animals under identical test conditionsand
that the human body will be the most resistant of
. This is not to imply that localized application
of heat cannot injure human tissue. We have wit-
nossed one case of accidental 13-second exposure,
4t a4 G-to-10-in. distance, to an “X” band radar of
over 100,000 watts in peak power output, with
resultant ervthema and a sensation of warmth for
an hour but with full and uneventful recovery. Un-
Jess carefully controlled and operated, microwave
diathermy with use of “S” band frequencies can
cause Jocal tissue damage.

In our study we have failed to detect any acute,
transient, or cumulative physiological or pathologi-
cal changes in subjects working with and frequently
exposed, to high-power radar transmitters. It would
therefore appear extremely unlikely that there ex-
ists a biological hazard to the radar technician ob-
serving reasonable precautions or that the general
public, exposed to greatly attenuated and inter-
mittent doses of microwaves in the environment,
is in any danger of body injury. We can see 1o
causal relationship betwen microwave exposure and
any increase in such conditions as coronary heart
disease, leukemia, bone and lung cancer, and de-
generative diseases of the nervous system.

There is'need for additional research to explore
the effects on living tissue of extended wave lengths
and frequencies of microwaves and transmitters of
higher ‘energy, and military research is being di-
rected i this area.” Col. G. M. Knauf has reported
on the progress of this research at the American
Medical Associations Annual Meeting in San Fran-
cisco. It is hoped this study will provide the basis
for establishment of a realistic safety program ac-
ceptable to all scientists.

Finally, a plea is made for deductive rather than
inductive research in this difficult fiddd. With the
increasing exposure to microwaves in and around
the home, as well as in industry, carcless and sci-
entifically uncorroborated reports of human injury
and death cannot avoid receiving dramatic and
widespread dissemination. Such reports should not
appear unless sufficient scientific data are included
10 support the conclusions and uneguivocally estab-
“1ish the modus of injury. If radar is incriminated.

the report must contain a definite history of ex-.

posure, including proper identification of the trans-
mitter, wave length, power density, exposure time,
symptomatology, laboratory data. pathological find-
ings, and other factors.

Summary

In 1954, a medical surveillance program was in-
stituted, covering 335 employees working with or
exposed to microwaves in an airframe manufac-
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turing  company. Examinations have been  per-
formed at intervals of 6, 12. and 24 months in an
eFort to detect acute or cumulative biological ef-
fects of exposure at various intervals to energized
radar beams in the 400-t0-9,000-mc range and with
peak power output exceeding one megawatt. When-
ever possible, identical examinations were also ac-
cemplished on a nonexposed control group.

The examinations have failed to detect any sig-
nificant changes in the physical inventories of the
subjects. The incidence of death and chronic dis-
ease, sick leave, and subjective complaints was
comparable in both groups. A high percéntage of
eve pathology was identified, but none with causal
relation to the hvperthermia produced by micro-
wave absorption. Fertility studies revealed essen-
tially the same findings for both groups.

Laboratory studies for total red and white blood
cell counts and differential counts revealed no sig-
nificant changes above those noted in the control
group. Urinalyses and chest x-rays were noncon-
tributory with respect to radar exposures. Electro-
phoretic serum protein level determinutions were
performed on’ 26 subjects. with insignificant or ac-
countable deviations in 10. Platelet counts and
controlled  capillary fragility studies for Rumpel-
Leede phenomenon revealed the fallacy of using
either to identify radar exposure. In addition, only
a small percentage of the exposed subjects had been
aware of heat or other subjective warning phe-
nomena. Neither these tests nor subjective com-

plaints were considered reliuble indexes of exposure.

- Absolute. or safe maximum exposure standards
were impossible to define. inasmuch as no radar-
induced pathology could be identificd. Subjects had
been exposed for various periods. at indefinite dis-
tances, to a multitude of radars under flesible test

conditions. The need for more precise and rvﬁnct]/'

exposure data is indicated.

On the basis of these studies there appears to be
no justification for public concern about the effects
of greatly attenuated microwave energy in the
environment. It would seem. therefore. that one
may continue to enjoy his television without undue

apprehension. S\« \S(

@ MeLavghling I T Tissue Destruction sod - Death
from Microwave Radiation ( Radari, California Med, 8162
336339 (NMayy 1937,
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