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\fEDIC:..\L CO:\:S1DEH.-\TI01\S OF EX POSCHE TO \UCHO\VAVES (RADAR) 

Charil's I. 11:irron \f.J). 

~lllll 

.-\lhcrt .-\. Baraff. \f.D .. Burbank, Calif. 

· C >11.,id,·r;1lil1· i11\l'l'l'.,\ in tlw hi11lo~ical a,pl'ds nf 

<'\F' ·,11rv t,1 r;Hbr lwams h;1~ hl·cn ~e1wratcd cl11ri11g 

· !lw ;-.1~t ~·var h>· "·icl('spr,•;icl publicity of ;m alk;!L'tl 

· Ltst· ,,f 1,,:man dl'ath occ11ninc-'. aflt'r a brid l)J10S· 

11:-l' : .. ;in 1rnkn,1\\'n qu;111tum .,f micro\\';1,·l·s.'L,TJie 

inci< 1l'nt ~l'n·, ·cl to (lircl't ;It tC'nti1111 to this r('la ti,·eh-

11c"· ;1...:,·nt. ;;ll(l <jlll'slinns 11atur;1lly arosl' c1111<:ern"­

in'..! tll<' l':\knt nf the haz;1rcl. if :111>·· tn persons \\'ork­

i!1~ \\'ith r;1clar transrnittl·r., ;ind to thosc whn minht 

hl: •·\))'."~'·cl in s<1mt· 11~ant1\·r tn thr e1wr~ize(1 hl';~. 

\Lin> ,,i t1w,\· q1H'sli"ns ha,·l· suhscq11ently he-en 

;,11,•.,·dTC:. ·.;nd 1rn1ch 11\'L'lll'cl rcs,•;1rl'h is lwin" ('Oll­

d11t ·,·d h:,· 111i)it;1r:· ;ind ci1·i]i;,n agcndcs t<,'-:--morc 

L-1",,·h· ,·\!)1"r" thl' nrn1tiL:cl'tvc1 disciplines asrnci­

.:;1·:: "·ith this cn1nplL'\ prnhll'm. Cnfort11natcly, 

ihl'~l' It-~~ \t'll\ational .hut mnrr scientific-all,· con­

dndl'(! , ·ff, >rb ha ,·c rl'c·vii. l•d l ittlr recognition ·or clis­

~<·tni 1uti, 111 hl'\'<llHl the s(:il'ntiSe: worll 

·1 t i~ n, ,t °;.'.c{wrally knm,·n that apprehension O\'er 

.:hr hi,1lt1•..'.ic1l polt•nti;ils ,if rnicrowa\'eS (btes hack 

to .. dw \";1rk d;1\'s 1if \\.(lricl \\',1r II, when Dail"-9 

pcrfnrnwtl i1is o;.i.~inal st11(lil's on U.S. ;'Ja,·y pcrs~n­

ncl ·L'ng;igl'cl in thl'. Ppcwtion and testing: of rela­

tiH·l~; l,,,,·-p1>\\'t'rl'~l ratlars .. .\!though this study re­

\'l'akd n,i t•,·itll'nt·C' of r.Hlar-induc:cd pathology in 

•hu:11an lwings. numcrnus reports h,1vc since ap­

pc.crccl indicating that tissue injury and animal 

dc·,1th can ,,cc-m 1mder c·ertain experimcntal condi­

tion~. These studies indicate that cataracts, ('orneal 

op,ic-itil·:-. tc-sticular .degcneration, and hcmorrhagic 

i)hcnrnrn:na have· heen induced in anesthctized, 

,m,dl. furr>·· test ,mimals h~- exposure to mic-ro­

wa\'es in the frequency range of 2,800 to 9,000 meg­

;ic>·cles for Yario11s time exposures. Bo~,sen," 11sing a 

trans:nitkr \\'ith a frequency of 300 megacycles, ex­

p, ,sed rabbits in a wa,·e guide and produced dam­

a~e to thc c-entr.11 nervous s\·stem, degenerati\'.e 

cJi~rnges in the· kidneys, heart,. liver, anl gastroin­

tPstinal tract, ,md hei11onhagic: changes in the res­

piratory t;-ec. The power density measured in the 

' "·a,·e guide ~,·as in excess of 0.1 watts per square 

~ ccntimetcr ... 'I'he :mimals were exposed for periods of 

7 to 10 minutes, and all \\'hose rectal temperah1res 

exceeded 4-1.5 C ( 112.1 F) <lied. Boysen was of the 

opinion that the pathology and death were causally 

rehted to the hyperthermi.l. 

Because of these rather startling findings and the 

appr('hensinn engendercd by their publication in 

scfrntific: journals, the mcdical department of the 

From the ~fcdical Dql:trtnient, Lod:heerl Afrcr:tft Corporatio:i. 

i~e:al h,·fore tl11• Joint )leeling of the Section on Pre,·entivc )ledi­

d11,· ~:,cl th,· At·ro )\!Pdit'al Asso,·i~tion at the I Oith An:111~1 :',!,•ding 

,,f 1lw An1t'ril·an ~1t·Oit.:al As~nci:,tinn. 5:in Frnncisc-o. Junc.~.5. 1958. 

·················· .. 

Apprehension over the possibility of in­

jur/ to mon by microwoves is bcsed lorgely 

on the foct thot sufficiently intense ond pro­

longed r~diotion of this frequency hos caused 

severe 1n1uries to experimental animols. 

Severo/ hundred workers who hove been oc­

cupied about radar instolto:ions or hove been 

exposed'io rodor beams hove therefore been 

observed in o comprehensive medico/ sur­

ve.:ttonce progrom. This hos been in progress 

for four yeors. The initial stL<dy was o 

comparison of 88 nonexposed persons with 

226 rodar-exposed employees, some of 

whom hod worked wilh radar as long as 13 

years. No acute, transient, or cumulative 

physiological or pothologicol changes at­

tributable to microwaves hove been revealed 

by this study in people working with high­

pcwer rodor transmitters and frequently ·ex-· 

posed to their output. These subjects ore free 

to heed the warning sensation of heat' and 

ore advised to ovoid exposi.rre to any firing 

beam when in a zone defined by a minimum 

power density of 0.0131 watts per squore 

centimeter. Since the developmeni of in­

creasingly high-powered transmitters is to be 

anticipated, the need for more precise and 

refined statements of human tolerance is 

e-.,ident. 

airframe manufacturer, Lockheed Aircraft Corpora­

ti:.m, coincidentallv installin~. testin(T and scrvicin<T 
~ .,_ ~' b 

the most l)O\\'erful airborne transmitters. earlv in 

1954 instituted a comprehensive medic~] sur~·eil­

lance program for its several hundred employees 

\\'Orking with radar or those "·ho might be exposed 

to the energized heam. This program has now been 

in progress for four vears and c-onstitutes one of the 

longest continm>u·s · medical sun·e\·s of radar-ex­

posed personnel in the United Stat~s. It is because 

of this that we believe the results of our efforts and 

obser\'ations should he presented. . 

It is not our intent to discuss dthcr th<' physics of 

microwave propagation or its ignition hazards. This 

presentation \\'ill be limited to a brief discussion of 

the objectives, methodology. findings, and in.terpre­

tation of ou'r program. 
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Om 11iijl:'cti, < ·s W\:rv' t hrcefold: ( 1) to detect any 
L lllllll Lt t i,:e hinloirical effects of long-time exposure 
\ < l I 11icrc )\\',l \"l'S ()f ~·arying fr.l'(jllt'l)('Y and po~ver out­
put in persnns who had taken minimal precautions; 

. ,. :2 I t;i ohsl'J"\'l' possible effects on persons working 
f I ir sh11rt periods of time ,,·ith or near extrl'mely 
hi_'.!h-p,i,,·L·n·tl airliorne r.1tlar with pulsed wa\'e 
l'l11issiClns: and ( .3) to est.1 blish correlation between 
, 1hkctiw findin<..;s and units of exposure l'Xpressed 
in tinw-pmwT ci'ensit~· fact,,rs ,,·ith the highly ideal­
ized 11hjectivc of estahlishing safe maximnm expo­
sure st.111dards. 

Eff ec:ts of Long Periods of Exposure 

Our initial stndv included :2:26 radar-exposed em­
ployel:'s a1id SS no;wxposcd control suhjec.:ts. The ex­
amin,1tiun program w,1s dl'signed to detect in our 
.~ul1jects patlwlog~· similar to that ohs<:'rved in ex­
posed a;1imals an<l included procedures and labora­
tqn· studies pn•Yiousl~· performed hy other inYesti­
·..:ators. SeH•ral a<lclitional procedures were used in 
:m attl'mpt tn duplicate findings alleged to have 
lwen uhsL'J-Vl'd in a stud\' of human subjects. 

E:-.:.rn1in,1tion in \'\·en• ·c;tse included an extvnsi,·e 
sYstcm and orrran irn·~ntorY, \\'ith emphasis 1m the 
c;cuLr strnctu1~s. cl'ntral n·en·ous system, gastroin­
testinal ,md urinan· tracts, lwrnatopoietic system, 
and .skin. Imbedde~l metallic foreign l)odies \\'ere 
identified; a careful marital and fertility history was 
elicited; and duration and manner of e\posurc to 
rndar was identified. 

Phvsic:al examination "·as extensive ,,·ith respect 
to the hodv svstems as outlined ahc,\'e, In addition, 
each suhject ;ms inspected for manifl'St hemorrhag­
ic phenomena. :\ modified test foi· Humpel-Leede 
phenomL·n~m \\'as then performed by nwans of plac­
in•r the hliiod pressme cuff on the arm and rnain­
ta~1ing pressure mi<lw,1y lwt\\·el'l1 systulic and dias­
tolic pressure for three minutes. Th<: appearance 
of more than 10 fn·sh pctechial' in a circl0 • cm. in 
diameter below tlw cuff was considerl'd a positive 

result. 
The Sl'cond phase consistl'd of an ,>ctdar examina­

tion, inclu<ling a slit-lamp stud>· perf1irnwcl with the 
subject subjected to cyclopkgia h~· a c·ompdent 
n1Jlithalmnlogist: complete bl()ocl c·1•ll and platdet 

counts; chest x-rays: and urinalyses. 
Among the radar groups ,,·ere .,n ,, ith :2 to 5 

,·ears of exposure and 37 \\'ith ,'5 to 1 :3 yl-ars. \!any 

;>f them were e\pcise<l wl1il\· in milit.cr>· Sl'IYic:e or 
with other companies priClr (Cl thl'ir l'mploynwnt at 

· LDckliePd. Few l1,1<l ohsl'rn·<l any precautions "·hat­
soe,·cr prior to 18.'5.3. DL·spit\' this, Ill> pathulogy or 
adverse physiologic.ii dfrcts 111wcp1i,·oc,dly attribut­
able to mierow,1,·c· t·xposure could h1· <ll'nHmstratL-d. 
\linor variations i11 tlw rl'cl ,mcl wl1ite hl1H>d l'l'll 
counts were co111par.1hlc witl1 tlwsL· ,>f the· c:ontruls. 
An apparent <ll'crc-as,· in pol>·morpl1t1rn1cll',lr Ct·lls 
and increase in c:usinophil.-;and n11mo(·~·trs ,,·as later 

found to he clue to a \'ari.ition of interpretation by 
a laborntory technician. There Wl'rt' no significant 
variations in blood pbtvlet counts. Abnormal uri­

nalyses ,Yere found to be proportionate in both 
groups. 

Physical almormalitics re,·calecl a highl'r pl'rccnt­
age of circulatory and gastrnintestjnal diseases in 
the con'!:rols, ,,·ith a higher incidence 1if jaundicl', 
severe he,1daclies. and blcnling phc•nomcn,1. Oc11lar 
pathology ,,·as considerahly greatC'r in the radar 
group. However, with the sin<..;le exception of a 
;mall, solitar~· retinal hemorrhage, "·hicl1 ;;hsorlwd. 
complete]~, within three months, all almormalities 
,,·e.re causalh; related to diseases or conditions not 
generally a;sociated with micrmv,1,:L, exposure. 
Chest x-rays were noncontributorv. \l()(lified tests 
for Rumpel-LC'ede phenomenrn1 w~·rc interesting in 
that S<;;- of the control group sht>\\·cd positive re­
sults, compared to :2'7r of the radar group. Then· was 
no apparent correlation hct\\·cc·n positi,·e findings 
and n·Llll(:ed platl'ld counts. Findings \H're nega­
tive in all hut one suhject with platelet counts be­
low :2()(},000 per rnhic millinwtvr. The positi\·\· rl'­

sults m:re. ,,·ith tliis single l'-;C'l'ption. in persons 
\\·ith normal platelet counts. 

fl'rtilit\' studies r<:·,·ealed l'Ssentialh· tlw saml'. 
percvntage of offspring in both groups, when C'Cll"­

recting for the larger munher of unm,11Tic>d men in 
the radar group. Tlw percentage of childless nur­
riages attributable to unknown cause's was com­

parah!t:, and in not a single inst.tnce iii the r.~dar 
group could an admission of mal(· stl'rility lw 

elicited. 
On the hasis of these firnlin,\.!;s ,,·l, crnKludl'Ll th,lt 

no person in this study had st;stai1H•d any acuk or 
chronic injury sectJndary to radar \'XJ)ll~lll'\'. Hdl'r­
ence is made to an earlier report d\'scrihin.~ our rl'­
sults in greall'r detail.' 

Effects of Short Periods of Exposme 

Tlw ,ccoJl(l olijecti,·e of our prm?:ralll is v11rr,·11tl:· 
being al·complishecl. I J.1,·in_<..; 1·stal1li,l1l'd hts('-li1w 
or n.fen·nl'l' crite_ria. we proc·('l'tkcl to rl'l'Xarnill<' 
1itJT personnel. first at 6-nwntll. th('11 at l:2-lll1>11th. 
and finally at :2-i-mon.th intl'1Yals. appri,:,;imakl>· 

four y<'ars .iftl'r the original stud>·· This lattl'r pru­
gram is 1rn,,· in progress .. \s a rl'Slllt of 1111r original 
stlllly and findings it ,,·as tkcicl('cl to modify nm 

procrclurt's and C'limii1atc st·n·r.il of the rnor,· l·1ist­
l~·. · timv-l·<11is11111ing. ;m<l 11,>1Kc>ntrilH1t,ir~· tt-sh. :\11 
\'\ll'nsi,·l' 11wdiL"al quc·stin11nairl' ,,·as pr,•p;unl. a11d 
l'ac-h suhjl'd ,,·as ink1Tie,n•cl h,· a pli>·sil"i,lll. t>l,,·~i­
C"al l'\amin;1tiuns ,,.L'fl' 1wrf11rml'(l 1,111\- ,, hc•n irnli­
catl'd <ll1 tlil' b;isis of the 11wdical l1i.,llll'I' 11r Lih<,r· 
atur~· st1Hlil's. 0l'ubr and slit-lamp st11dil's ,,·t·rc· J't·· 

peakcl. ;111ll L'<llllplde bloo<l Ct·ll l'llllllls and mi11,il­
yses ,,.\'l'l' J)l'rf<>nnL"C.l. BliH>d pbll'lt't st11dil',, \\l'r,· 
n·pl·.itt-d 1,11 .ilternate yl'ars. :\ limit\'cl 11111nh\'r ,,i 

l'll'drt1pl1"n·tic scrum pn,tt·in p.1tkrns ,,·,·r,· n1;1d,· 
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111 .111 ,1tk11111t t11 ,alidat!.' .•:i'..'.nific;111t tl1.111~cs• 

1-L1i111t'd t,,. h;1,P \)l'ci1 ol>sl'n-cd ·hy an11tlwr i11,.-1:s• 

!i'..'.,ll-1lL 
l,,11iti1w t,111trul st11di1•s \\'l'H' clisc1111ti111wcl d11rint.: 

tl11· ~tT"ll•.l .111d thinl t'\;1111in;1ti1lll', h11t ,,·1·rt' re­

~111t11·d in ;1 li11titi-d d1·t.:rl'l' clmin!! the pn·,1·nt prn-

\:.:,·.); 

.-..:--•,1 .. 
·:,·:.:·1 

"'···"'-

T .. :,J.. 

t-:~111"-l"'•L T'r;.:,inrirl l1y ~t11d.\· l ;rr,111,, 
):11_ 

~ii1L'l•" • ·nn11 .. 1 .... 

'J'r-t 1-\'r. ~-Yr. J-Yr. Tc,to\ '-•·. 

1· I) l 

,;:: l:' 

ll 

t< 

·t.:ram. D<·,pik a small sampling of ra<br-t•:-:post>d 

p('r~• 1111-1t·l \11 dati- (-W i it is hdil·,·l'd that tlii, '.,!ro11p. 

1111d,·r ~tin ;,ilbncv fnr f11ur years ancl \\'ith c:-:p,>sun· 

t11 id,·ntifi.,hl<· tr;insrnittcrs. ,\·ill prn,·iclc ,·al11abk 

inf, ,:·n 1a t j, ,11 f, ,r c11111p;1rati,·c p11rp1 >ses. :\cld itinnal 

i11f"rmaii()ll ,,tJtaincd includes number of days of 

~id~ k.t,v. \v;1,·l·s of ahscncc, and other health sta­

fotics f"r tl1t> yl'ar H).'57 .. \lso, a large numhcr of 

tcsts fr,r H111npt>l-Lcede phenomenon '"ere pcr­

fnrmecl nn applicants for employment and em­

·plm-c<'s scd:in.!..'. treatment fen: routine ailments. 

\: 1 ml' ()f these s11l1jects had had any kn1l,,·n ex-

p11sm1· to ·raclar emanations. 
· The rl'sults of om studies are graphically pre­

s(•.ntccl in the accnmpanying tables. Tahle 1 identi­

fies r,1cLn-e:-:pnsed personnel as to nnmbers, age 

• ~rm1p. ,rncl y(tars under medical sun·eillam:e and 

comparl's tlieni to the control group. The total ex-

T.~1:1u.: 2..-Fntility 1)11/11 for Su/Jiccl.\' in .-\fcclicnl S11rr.t'i/lm1cc 
l'rut;ran1. 

E:q,o~Pd Pt•r~onnPl 
. J,y ~tudy ftronp 

T<•~t 1-Tr. :!-Yr. 4-Yr. 

1 ·tiildrPll, 1111... 11:! :~1; 1:,-..· 7r; 
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Su 1·llildr1•11 
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To-
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\\'Ith· 
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l 'bil• 
<lren 
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< ·11ntrols 
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AL r• 
r 

;\ tl. With• 
l)f (1\1\ 

To- 1.'hil• ('hil• 
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1:1:! :'..11 
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JI\ 

1:-: .•• 

• :,1:i.ior klloWll ,·au,e,: unmarried. wife stc.rlle, birth control. 

postire group has ine:reased to 335 by the addition 

of new)\' hired or reclassified employees. Persons 

in the c;1w-year study generally ha\'e had two ex­

,1minations in the two-vear studv two or three 

ex,1min,1tio~1s, and in th; four-yea1: study three or 

four examinations. Onlv the results of the last ex­

a;ninati()ns 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 

cliildrl'II is rc·lkct{'d i11 tlw larger number of 11n-

111arriecl 111<·11 i11 this yrnmger ;1gc grn11p. Of those 

\\'li(l arc• rnanil'd aml f<1r 11nkt1n\\'n rcas11ns have no 

l)ffspri1H.'.. th1· c·1111trnl t.:r()up sh11\\'s a somcwhnt 

hidwr p1."l'C'l':1tal!•'· Tlw an-rage nurnlier of diilclren 

per hmily f11r 1•;1cli group is apprmirnat'1•ly two. 

Talih- 1 lists c111npara\i\'(· pathology or major 

s11hi,·cti, l' c1·,rnplai11h f1,r tl1l' \',1rio11s :;rcmps. These 

conditiom ,,·1·H· pr<'s1·11t .it the time of the last c,:­

arninatinn or l1ad hccn prrscnt the pre\'ious y.car. 

. .\nrnng tlw racbr-l':-:posed gw11p, sinus, gastroin­

testinal. gcnitcHtrinary. arnl dermatological com­

plaints W('l'(' most pre,·alent. Headaches and 

l1l'lT\11,s11c·ss ,,·1·1-c Jilt' comm<mest s11hjccti,·c com-

T.,n1 t:: :3.-Co111p,ir11tir1· l'ath"/"g!i mid N11m/1er of S11biccts 

,cit/, ,\ r ninr C11r11p/11i11ls i11 ;\f cdirnl Scm:eill1111ce l'rngrnm 

)':ii lio\11·a.: ~· 

>,·n·,,11~11<'!'-" . 
ll,•.11!:whr 

~i!ll\~:1b 

llny :rn'r 

.i~thm.1 ......... . 

t 'ir<'1::atf1ry ~11d :·011111arr 

di~(•t1~,.. ................ . 

Pl•ptir 1:lrf'>r ....... , .......... . 

(lth•:r l,."11:--tr11i1llt• ... till11i 

,ti'f.0r,!(•r ...... _ ............... . 

l'rin:-try tr;1rt i11:·<'l·tion ........ . 

:,:O:kin di~ur,:,•r .........•.......... 

.\rth1iti:.:.J11ir~iti:-: ..............• 

K\r(l./inL~ (110:-:r, rrc·tnl. 

11ri11:1 ry) .•••.•.•. · •.••.••.•• , •• 

f)ther .•.......•... · .......•....... 
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plaints. The <.:ontrnl 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 hemorrhagie: phenom­

ena. Bleeding \\'as primarily nasal, rectal, or mi­

n,1ry in origin, and general!~· of known causation. 

Table 4 reveals ocular findings for the radar­

exposed groups cnly. In our opi~1ion not a single 

finding can be attributable to radar exposure. There 

. were no cataracts characteristic of those experi­

mentally induceµ in animals by hyperthermia, an<l 

the corneal scars were, in the main, associated "·ith 

other known causath·e agents. There were no ten­

dencies toward progressive ocular diseases, and the 

four-year group revealed no pathology significantly 

different from that of the other groups. Congenital 

sutural cataracts nre commonlv seen in the i:;cn: 

eral populae:e and are of no. significanc:e. -

Sick leave for the 49 sul)jects who were ii1 the 

four-year group averaged 3.0 clays for the year 195i, 

. compared to 3.1 days . for the entire facton·. In 

addition, there were five absences of more thim 30 

days in the radar-exposed group for the following 

reasons: hcmorrhoidectomy, herniorrhaphy, appen-
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dl'ct(l}ny, 11tT,·m1s hr('akdnwn, and skull fracture. 

Tliest· longer ahse!l('l'S re.nrescnt a rate of 10':l:. for 
tliis s111;1ll ,group, c:omp,1n:cl to a plant-,,·icle rate of 

.<-,';. One death occurred ,11nong the racbr-exp11sed 
·..:.rnllp; it \\':lS attrihutable to complications aftC'r a 

rnptm('d ap1wrnlix. The diagnosis \\·as c:onfirrnecl 

T, 111 ., -l.-.\',milwr nf Oc11lur Findi,u!,s i11 R1ul,;r-E:qlnscrl 
( :n,11ps 

l'll'J)'L:ilJ)ll 

!·:..-0111qd;1 nr t•x11tr(•J1ia ............... , 

I Jj,l ~1·;11':-,: , •••• , • , , , •• , , .•• , , , , , , • , , , ••• 

~,:r:i titi,. 11111!0:-=11 .................... . 

J.,,11.: 

1 ·1:i:1rn1·1 • ..-11111r,1l (h1ll:.:c:llit;ill .••.••. 

('111:1:"Ul't, tl'Hllllli!tk .• ,; ....•••••••••• 

\"it r,-, 1\1 . ..-. ··ti, 1:1 tl•r· . .:.·· •.••••.••••••••••••• 

I1rii-.,·r1 ......•...•.•.•........ 
1 l{Jl!';'. 

~iHgh~ 
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(l~>' I 

l 

l•Yr. ~•Yr. l•Yr. T,,1;1] 
(l.~l (llo) (-l~I\ (:t{:11 

l 2 l 

111 

1:1 

,~ 
••(,i--~\i.~ .. 'ii\~•.II~ :~~1\'i:·.!/l~t• t';,r/; :.::i \! \'i\ ~~~I~ i\',\t ~\~!~C:I ,':~1i'i':'//,:~ li~.\\•j~: Ji;:~.r/J:~/ I ,:J~.;; 
,,f 11,111·1:ln • ..:11::d! r••li!i::! Ji,.,u,,rrh::::,:. 11wd11ll1111•d li1'IT1' Jil,,•r.: 1::1. 
1.1:1t•i:l:1r .--car 11•;111. .. ,· 11ii:..:::.,•.;n1: ,::,:l;l'til' r,·1iJJcq,:1tlJ.\·. h••;:\,·,1 1·h1,ri11. 
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1,11 ,(llto1js~·. and tlil' pathol,1gical findings 11-l'H' typi• 
(•al of the disease nrocess. Coinc:iclentilh-. there 
~vt're over 200 apper:dec:tomies, for acuk ,;ppendi­
citis, performed on l·ornp,my pt'rsrn111t·l during the 
past year .. In 19.57 therv were l l.'3 dl'aths of com­
pan~1 employ·ees, incluclii1~ several <:ases of leu· 
kernia and plasma c:,·11 ( m11ltiple) m~·l'loma. There 
was no known l'.\posure to mi<.'l'o\\"a\"l'S in any of 
these e:ases. 
· Table .5 reveals hiood findings in tlw rad:.ir-ex­

posed groups and in the 100 c:ontrnl subjects. Only 
the lust blood ct·ll <:ounts for tlw radar group are 
shuwn. It is apparent that the blood pictme of the 
radar-exposed and contrnl groups is c,,mparable 
in most rcspee:ts. :\.n unusually high inciJenc:e of 
incr(';1sed mon_oc:-tcs and c()sinophils i-s Jl()tl'd. How• 
l·,·er, it is somewhat hi;.;hc·r in the contrnl group, 
and the rebti,·e increase in these <:(·lls can be 
traeecl to thl' inkrprdati1,n of one lahm;itory tech­
nician. 

Blood platelet dett:nninations n·,·(·,ill·d t·ounts of 
less th;m 200,000 pl'r c:11hi(·· rnilli1ndl'r in unly :?. of 
:?.-i3 subjects tested, despite a higher inci<lence of 
redm.:ed counts in our original st11dy. Of tlw -19 
subjects studied over four yl'ars. 0111~· orn· had a 

reduc:e<l count. Tliis \\'as un11suall:-· n·\·ealin_g, in 
view of the atll'rnpts of at kast 1111v im·L·stigatm 
tn ust1. tl1is as au indC'x of l'Xl)llSlll'l' .. \lsll. since tlie 
s,mh.; investigator a~s1>l·i;1t(·d t•,p11s11r(· \l'ith positin· 
findi11gs on tests for H111npl'l•L(·t·d(· pl1l'JH11nvnon. 
· -.,·c. <lee:idi'd t<J pc·rfurm tliL·st·· tests 1111 1wrsm1s wlw 
rm:tinely came to the attt'11ti1111 11f ll11r nwdical 

<lvpartn;ent. Accmtli11gly, 1-l.S tt'sts \\·,Tl' pt·rformed 
on employt:l'S St:l'king minor first-aid l'are, manage· 
mcnt personnel umh,rgoi11g au1111,il ht•;.ilth t'Sarnina• 
tions, and a sm..ill numlwr of applic:,111ts fur em­
ploynwnt. No subject \\'as iucludl'd i11 this stud:-·· 

if he had knuwingly lw~·n e:qwsecl Ill 1nicrowaves 

during military sen"ice 1>r l'mploymcnt. Of the :?.O 
positi,1e findings obtained, 14 were in men ancl G in 
\\'omen; tht'Sl: represented 1-1% of the group. Of 
these subjects. two presented histories of hemor• 
rhagie: tendencies, two had heen exposed to c:un­
siclerahk ionizing radiation (:,;-ray), three had un­
dergone recent major abdominal m- pelvic surger~·. 
and m1e \\'as taking sedative medication. Of the SS 
snbjects used in 7>ur original control group ( in 
195-1), positi,·e results were noted in 8%. 

In 26 c:;1ses selected at random, electrophoresis 
of sernm proteins \\'aS performed at a hospital lab­
oratorv. >-Jany of these specimens were from suh­
jl:'cts in the tw<>•>·ear and four-year g:roups. Results 
in 16 tests were reported \\'ithin normal range for 
all component proteins; 10 re,·eakd deviations as 
follo\\'s: ele,·ation of gamma glohlilin level, -l; de­
pression of heta g:lolmlin lcwl. ,'3: elevation of bC'ta 
globulin h·,·el, l; depression of gamma globulin 
lewl. 1: and depression of alpha glnhulin level. l. 
In 1,n]~· one suhjee:t was tlw de,·iation more than 
slight or rnnsidcred significant. and this \\'as· par­
lialh· ren·rst·d \\'ithin two months after elimination 
of a;1 acti,·e kno\l·n infection. DcYiations describl'd 
arc gi•ncra]h- associ,1tecl "·ith dil'tan· ckfic-iencies. 
infe('.t[ons. t;r olwsity. On<:> su hjl'<:t ·had lwen t'.\· 

posl'd to iunizing: radiation, t\\'o had kno\\'11 acti\·e 

infections, and two had undergone n•ccnt surgery. 

In no case was there any significant decrease in 
scrum albumin or total prntl'in h_.,·els. Tlie alhumin· 

glohlllin rntio \\'as within nmrnal limits in alT per·• 

sons. 

'.\faximum Exposure Standards 

Our third ubjL·ctive was to lll'linvate safe ma:d· 

mum l'Xpusurc standards. Oh,·i,n1sly. tl1is \\·as Cllll· 

ting('nt on the dvtection of patliologit'al diangl·s 

T.,111.1:: ."5.-C:11111Jl<1rnlir,· B/11,J<I Ccll11/11r Fi11<li11gs i11 S11hfc/'l.1· 
i11 .\fc-cliu,I S11ncillu11n· l'111pu111 

. ..:ill• 

E-'1•1 1 :--1••! l'1•r.-.1o1111,•I 
l,y !--=t 1;d~· I; I HIIJ•. :", "· 

~1.: ')'... -r... ..( 
T1 1 --t J.rr. ~•Yr. 1·YI i;d :::;:, t:i\ l·•· 

i(,·,I l•hn 11 I 1·1 ·1l 1·,o1111t, l•d· 1·11. llllll. 

....:::, ... ., .. , ... , ············"·•· ... II ,, 
ll 

\\"hit,· 1,!i,, .. : n JI 1· .. ,,11t. 111•r 1•11. 111111. 

Tidal 

< :,,1••· ······•······ 
_,\11,,1..:1 . . . . ,.- ~, II 

.:~ :,:,· J,', }Ii 17 ... 1:1 t•.1 

:,_..:1,·' . . . . . . . . . . . . . . . . }~ I( 11.:i 1.: ,. 

\l,>1111~·yt1·- I :..Ai' I I . . . •• • l::i )11 }11 J.:- :.1 1:,.~ ::I ·.:, 

)·: I" I' II:' I•• 1,. 

i11 um s11hjv('tS and cletc•rmination of tl1l' t'\pc1~11n· 
par;, n It'll-rs \\·ith rt'S!)t'.d to frl'ci lll'lll'>' 11r ,1·;, \·t· 

lt-n.~tlt. fide! ptl\\'t'r clcn~it:-·. t·xp,1s11rt· tiniv, ;ind 
total tl'st t'Jffirnnment. · 

It StHlll lwc.une apparent tlt;1t this l)lijl'di\'t• nnild 
not lil' al'hicn·d in our studv. \\·t· lllll"(l\.l'rl'd 1111 

pathnlogy C.IIIS('d b,· l'ither ~ingh- or J'l'JH·atl'd l'\· 
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p11,11r,· .. 111d ,·1111"·q11l·1itl~ ",. l':111n11t spt'ak a11tli<1ri-

1;11 i,·1·.h- ,,f ,, ,-v.iikcl h;11.ard, HlS l'.\])<1s11re c<111diti(lllS. 

Th.- 111;ij,·,rit, ,,r .<llll' pnSillllll'l had lH'l'II ('.\jl<IS<'d 

t,, ra<Lirs 11!' tll<' f11llm,·in!.! l~T"-·s: .-\\":.-\J'S-:20.-\. B. 

<:. ;111d l·> .\ '\ .\PS-:2S. :30_ :,l. .'3.?i. :ind -1.'5: -\\".'.\PG-

10. q;_ S\ .. t11d Slt .-\\"I.-\ l'S-G and 7: aiid _,\\"/.-\PS 

70. Tl1<'"<' tr.111s111itkrs 111wr;tl1· in a frl'qu<·m·,· r;1ngl' 

11f ~()() tn ()_1)()0 rnc and inclndc J)i!\\Trfnl "S" hand 

l't111lj)•llWilt,. lt was irnp1"sihlv to nlitain prccisl' 

<Lit:1 l'(l\'!Ti11•~ 1·\p,is1m· time- and a,·t'ra!.!<' fil'ld po\\'­

n d,·n.,it,·. si11n· tlwsl' ofkn \\'ETl' nnkn<lwn. E\­

P"" 1rl'. lt, 1\\·l·,·l·r. ,·arivd f rnm an occasi, ma l i11t'i­

d<·11ta l l·1mt;1d with thl' lwam to as mud1 as fom 

li<lllrS daih cl11q• e\j)(IS\lfl' for pcriocl.s 11p to four 

;·<·ar-". E\p, ,,11n·s 11f st·,·nal mi1111ks a clay at dis­

L111L·<·s d ks< than 10 ft. from th,, radars \\'l'l'l' not 

I ffl l'tll 1111.1 Ill 1. 

Pnitt·di,t· L·l1,tl1i11c: \\·as not worn l)\· am· of rn1r 

"d,jt·ch '-'- l1il1· in tlic r:idar hc,im. F<;r so;,w tinw 

1ir,·<·;,11ti,i11, )1;1,·,· lwl'n C\l'rcisC'd in kstin!.! of our 

,•, 111ip1rn·nt .11i(l in <·\p1is1m' of pcrs(lnnel. In gl'n­

,·r:11. '..!r"1:11d t°l'sting of high-pm\'(•rc·d. ;1ircr:1ft-

. inrni11t<-il tr:111srnilkr; in1·oln·s sc:rnnin!.! of :l ,·er\' 

lirnii,·d · ~,·elm. "·ith tl1e anlL'nna nointed toward 

;111 01w1r 1111i11liahitl-d ·Gl·ld ancl rot;1ting at ~ or 

fi i:prn. 11.,;i1all~· firing at recl11cC:'cl power. 

· Pl'r~nnnt·l Wl'rl' ad,·isec1 t<l a\"C>i°cl expostll'l' to any 

firin·~ iwarn ,1.·l1l'll in a zone Llefinecl h\' a minimum 

pq\\l'l' (t·nsit\· d (l.0181 \1·:1tts per square centi-

. nwkr. .-\ · Sl'Cllnd zone. t•:-.:tencling from the area 

prv,·irn1sh· dl.'finl'cl t,i that \,·ith a minimum power 

dcnsitl 1if n.n0:3CJ ,,·atts pn sq11aH~ centimeter, was 

dcL'lllt:d ac<·l'pt:tbk for occasional pass-through hut 

no constant l'\pi°isure. and. finally. there 1\·a.~ a third 

limitless zrnw in \Yhich C\posure was not clecmed 

hioln1.;icalh· si!_!nificant. 
C1{fort11;wtt,-h·. lwcause most J)t•rs<ms are C:'sposecl 

to r,1dar ern;m,;tions 11·hilc on the ground and fre­

quvntl~· \Yithin the so-called near radar fi~•lcl. it is 

e:-:trcnwh- difficult to e\·alu,1te biological dfL•cts and 

ha;;an1s ·in relation to ahs<i]ute po\\'er lcH·ls with­

out acc11r;1tc nwasurenwnts. The need for such 

accurnc\· in uuantitati\·e determinations of exposure 

is oh\·i<ius ar;d can i;e achiP\·ecl by the development 

of cxposurl' meters reflecting al)sorption in quantum 

units of racbr cncrgv. 
It has lwen sugg~sted that the sens,1tion of heat 

is almost uni,·ers,11 on exposure to radar and that 

this· in itself is indicatiw of an overexposure. In 

om study, only 17% of the 335 subjects experi­

enced. heat sensation and frequently only when in 

close proximity to "X" band radars. Almost 6% 

\\'ere ;i\,·arc of a huzzing or pulsating sensation 

\\·hen in an "S" b~nd field. Less than 1% experi­

enced nther sensations or 1\·arning phenomena, 

such as sp:irking bet\\'een den_tal fillings or a pe­

cu li,lf metallic taste. Eight subjects gave a history 

of metallic implants, such as bullets, buckshot, steel 

pins, and plates. None experienced anv unusual 

rC'ac:tion attriL11talih· t(l tilt' 11ll'L1l. Tlwrt\ \\'l'fC no 

l'ompbints of h<'at tlirf'd<:d to rings. ,•:rist watches, 

"r hral't•lc-ts. 

Comment 

D11ring tlw past I H y('ars thousands of persons, 

in the l'<l11l'Sl' of tll<'ir ('lllploymcnt or "'hilc in mili­

tar~· sen·icc, lia,·l' lwl·n exposed to microwaves, 

many without prnkction. Ccncern o\·er the effects 

of such <'Xpns11re is natural ancl to be expected. 

Th(' rn:1jmit1· of radars in common use todav arc 

rcl:ttin·ly lo~,- p(lwt-rt·tl. "'ith thC:' exception of ·some 

milit;11Y tr;rn~mittvrs which c:-.-ceed one megawatt 

in pl'a·k pmn.·r 011tput. Ibcars with many' times 

this powl'r will he operational in due .course and 

ma,· radic:1lly chang<' our {'lltirc concept of the 

hiological poti-ntials of this form of t•nerg:·· 

Sincl' microwa,·t·s of ,·;\l'~·ing frequcnc~· and pow­

E'r nutput arl' also lil'ing \\St'd to pro,·ick tt-levision· 

displa:·· for diatlwrn1y. am1 in l'll'ctr<'nic mTns, the 

personal safdy prolilcm is one of _c::cneral public 

inkrl'st. 
E.\[Wriments t(I lLttc ha\·E' hecn conducted pri­

marilv on srn:111 fm-hearing animals and under 1111-

usual · test conditions. It is' generally accepted that 

the modus of inj11r:-,· hy micro\\"a\'es is a l1yper­

thennia produc<'cl hy ahsorption of this form of 

energv hv the hoch·. Extreme caution must he cx­

erds~-~l i~ attl·rnpting to extrapolate the results of 

small animal responses to hC'at to those of the 

human hodY. Sn,all for-hearing animals han' a hid, 

coefficient (;f heat ahsorption. ~1 small hod:' surfa~~' 

and a relati\'Cl~· poor heat rcgubting system. The 

human hody, l)y comparison. has one t1f the hest 

and c,m readilv adiust and maintain thermal home­

ostasis under · sev~re stress conditions. Adequate 

physiological function can lw maintained in en­

vironments of :2-W F for 23 minutes if the humiditv 

is lo\\". and at kast one subject has hcen exposed 

to a tPmpc:rnture of -HlO F, for a period of approxi­

mately one minute, 11·itlwut tiss11e injur~'. 

Conditions of radar operation and testing l'ary 

· from experimental conditions. Humans are gener­

ally exposed \\'hile in free air and rarely to a sta­

tionary energized. beam. Some radar heams are 

e\trcmcly narrow. and onl~· a small por.tion of the 

human body is inst,rntaneously exposed. The hody 

can dissipate heat readily to the e1wironmcnt he­

tween such exposures. One is reminded of a similar 

problem associated with cxposun' of personnel to 

the thermal effects of u lh·asonic energy. In an 

analogous situation, small fur-hearing animal~ \\'ere 

destroyed by hyperthcrrnia "·hcn placed in a jC:'t 

engine noise field, yet there is no e1·icl<:'11ce of any 

adverse heating effects on man \,·hen c·\posed to 

the same en\'ironment. It has been estimated that 

it would reouire manv million times the ultrasonic 

e~ergy of tl{at generated by any currt'nt jet engine 

to produce these effects in human lwin,::s. 

., 
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Tlit're _is reason to liclieve that the dramatic ef­

kcts nhslTH·d in small animals exposed to wholc­

Lnch· radiation ,,·ill not be reproduced in larger, 

li,.t,- ;rnirnals un~lcr identi~·al test conditions and 

that thl' ln1man bodv will be the most resistant of 

-all. This is not to i1~1ply that localized application 

of heat c:rnnot injnre human tissue. \\1e have wit­

nessed nnc case of accidental l.':i-second exposure, 

at a G-to-HJ-in. distance. to an .. X'' band radar of 

o,·cr 100,000 ,,·:1tts in peak pm,·er output, with 

resulLmt e1Ytlwma and a sensation of warmth for 

an h()lll' lrnt. \\'ith full and une,·entful recoverv. Un­

less cHdulh' controlled and open,ted, microwaw 

diathermy ,~,ith use of "S" band frequencies can 

cause local tissue damage. 

In our studv we ha\'~ failed to detect anv acute, 

transient, <.>r c'umulative physiological or p;;thologi­

cal changes in subjects working \\"ith and frequently 

exposed to high-power radar transmitters. It would 

therefore appear extremely unlikely that there ex­

ists a biolo(;ical haz,ird to the radar technician ob­

scn·ing rea~onable precautions or that the general 

public, expusC"d to greatly attenuated and inter­

mittent doses of rnicrnwaves in the environment, 

is in any dangccr of body injury. \Ve can see no 

c::iusal relationship betwen micro,\·a,·e exposure and 

anv increase in such conditions as coronarv heart 

di;ease, leukemia, bone and lung c,mcer, and de­

ne;1erative diseases of the nervous S\'stern. 
~ 

. 

There is ·need for additional rese,uch to explore 

the effects on living tissue of extended wa,·e hmgths 

and frequencies of microwaves and transmitters of 

higbC:r t'nergy, and military research is being di­

rected in this area." Col. G. ?\L Knauf has reported 

on the progress of this research _:.it the American 

?--kdical .-\ssocizition's Annual ?\leeting in San Fran­

cisco. It is hoped this study will provide the basis 

for estahlishment of a realistic: safety program ac­

ceptable to all scientists. 
Finally, a plea is made for deductiw rather than 

inciuc.:tin~ rese,trch in this difficult fi('ld. With the 

increasing exposure to micro,,·:wes in and aroi.111cl 

the home, as well as in ind11str~·, careless and sci­

entificallv uncorroborated reports of human injury 

and clea.th cannot avoid receiving dramatic and 

widespread dissemination. S.uch r('ports should not 

appear unless sufficient scientific data are included 

to support the conclusions and tll1t·q11i\',>l'ally estab­

lish the modus of injury. If rn,br is incrimin,1kcl. 

the report must contain a dcfinitv history of ex-_ 

posure, 1ncludin~ proper iclt·ntification of the trans­

mitte-r,. wave length, po\\'er dvnsity, t·xposure time, 

symptomatology, laboratory data. patl1<,logical find­

ings, and other factors. 

Summary 

In HJ54, a medical surwillancl' pro:.,;rarn was in­

stituted, covering 33.S cmployc(•s working with or 

exposed to mic.-ro,,·aves in an airframe- manufac-

tu:·ing company. Examinations han' been per­

formed. at intervals of 6, 12. and 24 months in an 

effort to detect acute or cumtilatin• bioltlCTical cf-· 
feds of exposure at ,·:lrious intcrYals to ,,;;crgizecl 

radar beams in the -W0-to-9,000-mc range and \\'ith 

peak power output exceeding one megawatt. \\'hen­

e\'er possible, identical examinations were also ac­

ccmplishecl on a no11e~;posecl control group. 

The examinations haw failed to· detect any sig- 1 Ji 

nificant changes in the ph~·sic,11 inventories of the i:\ 

subjects. The incidence uf death and chronic dis- ii_ 

ease, sick lea,·e, and subjecti,·e complaints was I\ 

comparnhle in both groups. A high perctfntag:e of 

eye pathology ,\·as identified, but none \\'ith causal 

relation to the hyperthenni,l produced hy micro­

waw absorption. Fertility studies re,'e,1led t'Ssen­

tLllly the same findings for both groups. 

Laborntorv studies for total red and ,,·hite blood 

cell counts ,;nd differential counts re\'ealecl no sig­

nificant changes abm·e those noted in the control 

group. Urinal~·scs and chest x-rays \\'ere noncon­

tributory with respect to radar t•xposures. Electro­

phort:'tic serum protein le\'(_ .. ] dt'tenninations \\t're 

performed on .:!6 subjects. ,,·ith insignificant or ac­

countable clevi:ltions in 10. Platelet counts and 

controlled capillary fragility studit's for Humpel­

Leede phenomenon rewaled tlw fallacy of using 

either to identify radar exposure. In addition, only 

a small percentage of the exposed su bjt'cts had bt·t'n 

aware of heat or other subjedive warning phe­

nomena. !\'either these tests nor subjecti,·e cum­

plaints were considered relia hie indt•xt·s ;,f exposme. · 

Absolute or safo maximum expostm' standards 

were impossible to define. inasmuch as n,i racbr­

induced pathology could be iclentifinl. Suhjl'cts h:1d 

been exposed for \",lrious periods. at inch,finitc di~­

tances, to ,l multitude of radars under tlexihle test 

conditions. The need for more prC'cisl' and refined .. /. 

exposmt• dat:l is indicated. .....,,;-;1 

On the b,1sis of these studies there appvars tu h· 

nu justific:1ti, m for p11 hlic concl·rn a hout t lw vffvds 

uf grl'atly attenuatt:-<l micru\\'a,·e ent·rg~· in the· 

environnwnt. It _\\'ould SCl'll1. thcrdml'. that on~• j , 

ma\' continue to en1·m· his tdt·,·ision witlu111t 11ndut' ! 1 
, • \,, I \ 

apprehension. S\~,1 ,' . 
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