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ABSTRACT 

The ever-expanding use of microwaves and utilization of 
greater and greater intensities calls for a periodic evaluation 
of microwave hazards. The present evaluation is based 
upon experimental animal data and observations on radar 
personnel in the armed forces and industry. The injury 
caused by microwaves is mainly thermal. Non-thermal 
effects have not been proved Iwyond doubt. Experimental 
irradiation of animals is very diffcrcnt from the actual ex- 
posure of man in radar operation. Also man, in coinpnrison 
with experimental animals, has a much more efficient ther- 
ma-regulatory mechanism. Extrapolation of animal data 
to man is, therefore, of limited volue unless intcr-species 
antl intra-species variability is recognized :ind considered. 
Additional hazards such as thosc dric to ionizillg radiation 
and toxic agents have been cotlsiclered. Proper engineering 
and lay-out of equipment, cduc:ition of personnel and ob- 
servance of certain precautions are practical and effective 
preventive measures which can be instituted without 
jeopardizing or interfering with radar operations. This 
shonlcl not lead to coinplacenc~~ m t l  neglect of vigilance 
antl search for possible ill-effects due to microwaves. 

-.__ ~ - ~ 

INCE WORLD WAR I1 ~ v l i c n  the use of radar for S militar!. purposcc” becainc iclespread it lias be- 
come increasingly appai-ent that exposure to the niicro- 
wave energy used in tliis cquipment may be  hazard- 
ous to operating personnel. Tlic potcntial hazard 
becomes greater as energy l e i d s  of radar devices 
increase. 

The term “microwaves” generally refers to electro- 
magnetic radiation ranging in frequency from 100 to 
3000 Mcycles. This corresponds to wave lengths of 3 M 
to 1 cm. In thc electromagnetic spectrum “micro- 
waves” occupy a position between the infrared radia- 
tion band which has higlier frcqucncics and the radio 
broadcast band on thc lo\vcr frequcncy or longer 
wavelength end. 

I t  is kno\7711 tliat electroinagnetic energy in thc 
micrownve range produces licat in tlie body of the 
exposed individual. Reports of the non-thermal effects 
l1avc also been made wliich arc not fully substantiated. 
Cataracts have been produced in experimental animals 
and some have been observed in liunian workers. 

The purpose of this paper is to evaluate the liazard 
due to microwaves based upon experimental work on 
various animals and observations made on the per- 
soniiel involved in inicrowai,c technology and radar 
development. 
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MODE OF ACTION OF MICROWAVES 
IN TISSUES 

AIicrowaves, because of their comparatively low 
qu;intum energy, are a form of non-ionizing radiation. 
For example, one quantum of ulkalviolet radiation of 
2,536 A ”  wave length has 400,000 times as much energy 
a s  one quantum of 10 cm. microwave radiation. By 
increasing tlic Hux density of microwaves the number 
of‘ quant;i will incrcnse but the energy level per quail- 
tui i i  will remain unaltered. Tlie type of cliange of 
statc of a given inoleculc (ionization or otherwise) 
dcpc~ids upon the basic quantum energy of the radia- 
tioii rather than the number of those particular 
qlI<lnta. 

\Iicrowavcs pi-oduce tlierinal and non-thermal 
effects on biological materials. The thermal effect is 
coiisidered hy many to be the more important of the 
t\\l). 

~ ‘ ~ i ~ , ~ / ~ ~ ~ j ~ - \ ~ I i e i i  microwaves reach a target they 
may be reflected from the surface, penetrate and be  
atisorlied by  the target, pass completely t h o u g h  the 
taigct a i d  heyond or show some combination of all 
tlicxsc forms of bcliavior. Tlie proportion of tlie inci- 
tlc.iit  cmcrgy \vliich is reflected, absorbed or transmitted 
Imchangetl \vi11 depend upon inany factors including 
\\;ivelength of thc microwaves, the texture arid spatial 
orientation of tlic targct snrface and the coinposition 
and tliickness of tlic target. \\’lien tlie target is a liuinan 
lwing or an animal the inhomogeneity of tlie target 
further coniplicates the problem. Thus tlie presence or 
nlisence of fur, hair or clothing, the thickness of skin 
and sulicutancoiis fat, the orientation of various planes 
of dccp fascia, watcr content of the tissucs, all have a 
ni;irkccl influence upon absorption and conversion of 
microwave cnei-gy within tlie body. 

It lias b w n  dcinoiistrated matliematicalIy and ex- 
p ( ~ i n ~ c n t a l l y  on phantoms that the proportion of 
niicrowave mcrgy absorbed is approximately 40 per 
cent for freqwncies below 1000 Mcycles/sec. or above 
3000 hlcyclcs/sec. In the frequency range of 1000 to 

les/sec. the percentage of absorbed energy 
varies from 20 to 100 per cent depending on the fac- 
tors mentioned above.13* l4 

Tlie depth clistribution of the absorbed energy 
within the body also varies greatly. Radiation of a 
frequency greater than 3000 McycIes/sec. behaves 
c?\scntially like infrared radiation, being practically 
all absorbcd within the thickness of the skin itself. 
\\.it11 frequencies below 500 Mcycles/sec. the radia- 
tion penetrates dreply and absorption occurs diffusely 
\\ i thin tlic lmdy. At frequencics between these two 
v ~ i l r i e s  the tlistrilmtion varies markedly from one indi- 
\,itlual to another dcpending npon the factors of tis- 
s i  io t I ricknc.ss mcii tioned above. 

Tlic :il,sorl)c:tl c‘nergy is ultimately transformed into 
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increased kinetic energy of the absorbing molecules, 
which by increased collision with adjacent molecules, 
produce a general heating of the entire medium. 

Non-Thciriiul-The possibility that microwaves may 
interact with biological material without the produc- 
tion of a significant amount of Iicnting has been point- 
ed out by various workers. 

Garlic root tips have cJiiliitec1 mutations when 
grown in a high frequency field, microorganisms havc 
swum in preferred dircctions associatcd with the field 
direction, snails and planaria Iia\.e shown the ability to 
sense the prcsence and polarity of very weak electric 
and magnetic fieldsl scveral 1 i ( q l c  have heard sounds 
which correspond to tlic frcqiic'iicy of modulation of 
an incident microivavc beiini, sonic fish are able to 
navigatc by detecting distortions in tlicir self-penetrnt- 
ed electric field, visual stiiiiiili have re,nlted in 
humans from fields too weak to depolarizc visual neu- 
rons in tlie usually undcrstood ivay, and changcs ha\rc 
been rcportetl in the papcr c~lrc~troplioretic pattern of 
human gamma-globulin aftcir isotherinal irrxliatim 
by microwaves.'G 

Tlierc is thus no cloiilit that a biologicnlly significant 
interaction with e1ectroin:ignrtic~ fields is possilile for 
which tissue heating is not the cause. There is 110 

presently understood p1i)Zsical Iiasis that can csplaiii 
tlicse divcrse non-thermal cifccts. 

Four distinct nieclianical cffects have been ol)ser\~cd 
in vitro: 1. ) Pearl chain formation; 2 . )  Forccs in honio- 
geiieous fields; 3. ) AC elcctroplroresis; 4. ) Oricntation 
of non-spherical particles. 1701- tlicse effects to takc 
place in vivo in animals 01- 1iiiiii;iii liciiigs certain con- 
ditions are  csseiitial whicli :iix~ not olitainalile under 
the usual microwave rqios~ircs .  F o r  csample, for pearl 
chain formation in the I1um;in body, frecly movalilc 
particles of 30p ( diameter ) or nbovc will bc needed, 
but particles of this s i x  ;ire not available in the body. 
Even if they were available tlicn tlic microwave cnergy 
needed to 1iroducc the effect \voiild cause overheating 
of thc tissiics. Similarly incitleiit microwave ficltls of 
low energies will offctr virtiinlly no  chance tliat any 
effcct tlnc to  forces i n  iiilioiiio::c.nc.ous fields will lie 
significant. For orientation of iron-splicrical p:irticlcs 
to takc place it lins becn ascc~rtaiirctl that in vivo striic- 
turcs shortrr than about 15p will not lie orientated liy 
pulsed or uiipiilsed ficlds wliicli (lo not ovcrhcat th(. 
tissues. It is iinlikely that any histological structnrv 
exists \vliicli is superficial, srifficicliitly largc and free to 
be oriented. Therefore, any significant biological oricn- 
tation within Iiummi Iieings is \ s c ~ y  iinlikely. As such, 
tlicse rcactions do not Iiavc any  biological signifi- 
cance in tlic total compctcncy of ;L givcn organism."' 

To tlatc then, tlic eoncensiis of opinion is that the 
cfffccts of microwaves on aniin;iis and man are mainly 
thermal-due to gmer:ilizcd or locnlizetl heating or d r i c .  

to thermal stress phcnoincnon. I f  t1rci.e arc any noli- 
tliernial effects-as has been si1 

ers-thcy lrnve not llccll prO"e'! 1 

OBSERVATIONS O N  EXPERlhlENTAI., ANLhlA1,S 

:2ltlroiigli cqci-iinc:iit;il n70r!i 0 1 1  ;inimals iii this fic:ltl 
Iias l i w i i  goiiig o i i  for wcll o \ ~ ( ~ i .  15 ycxrs ,  sta~itl~irdized 

conditions have not been obtained in all cases. It seems 
tliat tlrc biggest obstacle in this work has been the 
insrirancc of the desired flux density. The manner in 
\vliicli the csperiments were conducted, animals ex- 
p s c d  and the instrumentation leads one to believe 
tli;it in all proliability the animals involved werc sub- 
jcc.tcd to energy Icvels other than the reports indicated. 

1 I i c  lnain factors which influence the response of 
i i t  iiinals when exposed to microwaves are the fre- 
qiicncy or wave length, time (period of exposure), 
irradiation cycle rate, air current, environmental tem- 
lit,r:itiirc> position of tlie animal in influencing reso- 
I i .iiit  coiiditions and standing waves, effect of reflections, 
tli[fcrcbilce in the sensitivity of organs and tissucs and 
lct , t  Iiiit not least the type of animal used. 

.A nnmlxr of experimental animals, chiefly mice, 
I . < , I S  ; i n d  rabbits have been employed for microwave 
stiit1ic.s. ]logs and ;I few inonkeys have also been used. 

W i i ~  l~iological cffccts c;in be divided into those 
t l i i c  to \vliolc liody or duc to localized exposures of the 
aiiimals. 

,, 

\\'/lO/C B(Jt/IJ EXpOSl/?'CS 

\\%en the whole hody is subjected to microwave 
iindiation of high intensity the radiation absorbed is 
c.onvc,rtcd into heat nnd mint be  dissipated b y  various 
i i x i n s  a t  the disposal of the body. When thcse pro- 
tc,c.tive measures are insuficient to dissipatc thc: heat 
;is rapidly as it devclops, the circulation of 1)lood 
s m w  to sprexl the heat from the irradiated portions 
diffusely tlirougliout tlie body, resulting in a rise of 
gcwtwl liody temperature. The magnitude of this rise 
\\ i l l  of coiirse depend upon the degree of imbalance 
l ) c , t \ v c : c m  h a t  production and lieat loss. If the  rise of 
t cmpmtturc is escessive, tlie damage produced is in- 
tlistingnishablc fi-om that clue to fever of any origin. 
IIiiriirg tlie rise in temperature, reactions indicative 
( i t  ;I nonspecific pitnitary-adrenal response to stress 
o ~ i i r ,  including a sharp decrease in eosinophils and 
I!~mphocytcs, ant1 a rise in !'. Severe 
Iiypciyyrcxki carrirtl to tlie point of death results in 
tliffiise tlegcncrativc lesions throughout the body, in- 
cliidiiig renal tubular degeneration, myocardial clegen- 
('1 : i t ion  and necrosis, hemorrhagic lesions in the gut, 
r( \pir;itory tract, liver, and brain. Fatally exposed ani- 
iri;iIs t I ( ~ c I o p  acidosis, hyperpnoea, and tetany, and 
f i i i i i l l > ,  die of rqi i ra tory arrest7 

I<zposiirc: of animals to microwaves of low intensity, 
\viricli do not produce any appreciable thermal effect, 
I ( ~ ; i t l  to functional changes according to some Russian 
\I orkcrs. These changes take place mainly in tlie nerv- 
oiis am1 cardiovascular systems (change in excita- 
tion and inhibition relationships in cerebral cortex, 
c,liange in rhythm of cardiac activity, nature of ECG 
arid so on ). These changes were ohserved both with 
c.1iroriic and lvitli single cxposures and have been 
tcmiiccl as iioii-tliermal-specific-effects of micro- 
\\ ;l\'es." 
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Eye-Localized microwave radiation at certain fre- 
quencies either continuous or pulsed, causes a rise 
in intraocular temperature and the formation of opac- 
ities in the lens. The characteristic lesion is a small, 
irregular or punctate subcapsular opacity, at the pos- 
terior pole of the lens after a latent period of several 
days to several weeks, Some of these opacities begin 
to regress after a while and within a few weeks dis- 
appear completely or leave small punctate scars. An- 
other type of lesion, consists of grossly visible damage 
to other ocnlar structures siich as thc cornea, iris, and 
anterior chamber, as well as the lcns. The lenticular 
lesion consists of subcapsular opacity which progresses 
rapidly and coalesces until complete opacificntion oc- 
curs.*, 

Testis-The characteristic lesion found in the tes- 
tis is a degeneration of the epitlieliuni lining the 
seminiferous tubules, and a sharp rcduction in thc 
number of maturing spermatocytes in the lurncn. 
There is patchy irregular distribution of damage mith- 
in the testis, adjacent tiibules often showing markedly 
differcnt degrees of degencration. The damage is al- 
most certainly revcrsilile except i n  severe cases.4. 

Ohserixtioiis On Mm1 

The observations made on lliiman workcrs b y  U. S. 
and Soviet workers differ widely. 

In the U.S.A. a large group of radar exposed em- 
ployees d o n g  with a control group were pnt under a 
four year surveillance programrnc. ]luring this period 
they underwent repeated physical and eye csanii- 
nations. Detailed haematological and other laboratory 
investigations wcre carried out.’ The examinations 
failed to detect any significant cllanges in the phys- 
ical inventories of the sihjccts. Thc incidence of death 
and chronic disease, sick leave and su1,jrctive com- 
plaints was comparable in Iioth groups. .4 high percent- 
age of eye pathology was idcntificd, but none with 
causal relation to the l~ypcrtlic.r~nia produccd by mi- 
crowave absorption. Fertility \tutlics revealed css(:n- 
tially the same findings for both groups. Laboratory 
studies and chest x-rays \vcrc’ iioncontributory ~ i t h  
respect to radar exposures. In addition, only n small 
percentage of the exposcd stibjrcts 11ad 1)ecii aware of 
the hcat or othcr subjcctive iv:ir.ning phenonlcna. Nei- 
ther these tests iior siil~jective cornplaints a r c  consid- 
ered reliable indices of exposurc. 

An eye survey of a large group of microwave work- 
ers-both civil and military-has recently 11c~:ii 
concluded. Barring an occasional case of cataract in  
workers accidentally exposed to high microwave flux, 
the over-all eye findings in \vorkers and 2111 equally 
large control group were clinically insignificant. The 
extent of minor lenticular impcrfcction does not serve 
as a clinically useful indicator of cumulative exposure 
to microwave radiation. No relationship lictween lens 
imperfection and microwavc cataract \vas found.’!’ 

The Soviet ohservers lmve conclricted a series of 
examinations on their radar lvorkers and control 
groups and their findings are as follows:- 

Chronic irratliatioir nntlcr ind\istrial conditions pro- 
duces estrcmcly polyniorphic cliangcs in tlie state of tlic 
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human organism, causing functional changes in various 
organs and systems. The degree of their manifestation 
aiicl the presence of characteristic symptoms are deter- 
inined Iiy the intcwsity and duration of the microwave 
influence as ~vc l l  :is the individual peculiarities of the 
organisni.:’ 

The clinicul syndrome is basically characterized by 
thcs presence of asthcnia and vegetative reactions in a 
d(,finitc direction. Tllc asthenic reactions such as 
Iic,aclache, incrcascd fatigallility, increased irritability 
:ind slecpilress are not usrially sharply pronounced, 
anrd have no tlistinglrishing features. Similar observa- 
tions have 1)ecn m:~clc in a number of laboratories in 
t11c U.S.A. ;mcl United I<ingdom.” 

Carcliovnscular changes such as arterial hypotension, 
1)radycardia, sinus arrhythmia, lengthening of the 
condiiction time in tllc heart, reduction of the ampli- 
tilde of tlie spikes of ECG are noted. 

The asthenic and vcgetative reactions mentioned 
al)ovc: nrc entircl!? reversible. 

Intensification of the activity of thyroid tissue was 
tlctcc,tctl in alnm5t all the workers investigated by  the 
Soviet authors. In  some a small increase in volume of 
tlre thyroid gland w a s  noted, however, clinical symp- 
toms of hyperfunction of the latter were detected only 
in  isolated cases. 

In tlie Sovivk LTnion cataracts that have a tendency 
‘css I i n \ ~  bccn observed among microwave 

DISCUSSION 

Diiring the last two clecndes thousands of persons 
have hnd long and short tcrin microwave exposures 
during the course of their employment in military 
service or industry, many without protection. Concern 
ovcr tlre effects of such exposure is natural and to bc  
cxpectcd. ]?ut since the powcr output generated by 
radar and  otlicr cIcJctronic cqiiipiiient was low enough 
i t  \V:IS not considercd a serious hazard. The recent 
tlevc~Iopincnt of I-adar ccjuipnicmt with peak powers 
i n  megawatts and communications equipment with 
c,ffcctivc rndintctl posver of several megawatts makes it 
iieccssary to e\,aluate the radiation hazard problem. 

Eq~criinents to d;ite have been conducted prima- 
rily on small fur-l)earing animals and under unusual 
tcst conditions. Thesc animals have a high coefficient 
of heat absorption, a small 1)oily surface and a rela- 
t ively poor heat regulating system. The human body 
l ~ y  comparison 11as one of the best thermal regulatory 
iiieclianisnis of all animal specjcs and can readily ad- 
just and maintain thermal homeostasis under severe 
.;tress conditions. 

Conditions of radar operation and testing as com- 
1xirc.d \\?it11 e.\pcrimental conditions are markedly 
r1iffi~t:nt. I-Inl~lalrs arc generally exposed while in free 
air and rarely to ;I stationary energised beam. Some 
radar  beams a i r  c:strcmely narrow, and only a small 
_. Imtion of the lriunau Iiody is instantaneously exposed. 
I I i c  1)ody c ~ n  clissipat~~ hcat readily to the environment 
I)ctivec.n ,sr~ch c~s~i i~s~i rcs .  In view of the above, extra- 
polsition i ) f  tlic rcvilts of animal cxperiments to human 
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beings has a limited value unless inter-species and 
intra-species variability is recognized ancl carefully 
considered, It is beyond doubt however, that local- 
ized exposiires of sufficient intensity and duration can 
produce microwave radiation injury in humans as ev- 
idenced by production of cataracts in a fc\v niicro- 
wave workers. 

In the case of microwavc workers, therefore, the 
real problem is that of avoiding csposurc to unsafe 
flux densities. Towards this end a generally accept- 
able safe flux density has been established and micro- 
wave workers are educated to abide by certain rules. 
This procedure has been found to be very practical 
both in industry and under occupational conditions 
without jeopardizing the actual radar operation. 

ASSOCIATED HAZARDS 

Ionizing Rndintion Ilnzurd 

The developnient of higli-power equipment to pro- 
duce grcatcr radiated power densities has resultcd in 
an associated problem-the production of ionizing ra- 
diation. The increased r-f power output of the equip- 
ment is frequently accompanied b y  varinble amounts 
of ionizing radiation, mostly in the form of x-rays. Thc 
adverse effects of exposwe to ionizing radiation arc 
well known. Fortunatcly overexposiirc to this forin of 
radiation is easily avoidable by proper sliielcling of 
equipment, educating the persolinel ~ u i d  acquainting 
them with the precautions and control ineasiires nee- 
essary to cope witli this potential 1raz;ird. 

Hadiorictioe Alntericil Ilnzcird 

A potential hazard exists in the form of radioactive 
materials used in coinpoiicnts of electronic equipiiiciit, 
e.g., radioactive electron tubes which arc' commonly 
employed in modern microwave and radar equipment. 
It is important, tlicrefore, for personnel working with 
such equipment to be aware of tlie possible dangers 
associated with radioactive electron tubc>s ant1 to es- 
ercise caution when li~anclling sucli trilies. 

Fuel Hazciid 

High-powered radar and coI~iiriunicatio~~ 1)canis can 
produce sufficient heat in close proximity to cause 
ignition of volatile fuels leading to an explosion Iinz- 
ard to personnel and equipment such as aircraft. Tliis 
problem exists mainly aboard naval vcsselv cspecinlly 
aircraft-carriers, bccause of limitcd sliacc :rid a lai-ge 
number of cornmunications and radar cc~uipinent. The 
refueling of aircraft ancl tlie location of fuel storage 
and handling facilities in proxiiiiity to ccpipnient p r o p  
agating radio-frequency enci-gy create possible fiicl 
hazards which must he fu l l ) ,  cvnliiatctl in terms of 
safety of operations. 

O,.clflnnce Ilnzurd 

Information in this field is very limited but thc  
possiblc hamrd of inaclvcrtcwt t l c , to i in t ion  of c~splosi\~c~s 
tlric to siiflicicvtly intctiisc: r-f fic,lds, with the i i i h c ~ i ~ i i t  

d;iiigcrs is appreciated. As in tlie case of fuel hazards 
this pro1)lein is especially important aboard naval 
vcssels. 

l'lre solution for both fuel and ordnance hazard is to 
nixke the personnel awiire of the conditions which may 
lead to mishaps and the general planning in tlie layout 
of \xioi ls  ccluipnicnt to niininiize the hazard consistent 
\vitli operational efficiency. 

7'oricity I I n x r d  

l 2or  Iiigli po\ver transmission through wave-guides 
certain gnscs under high pressure are being used as 
tlirlcctric media, e.g., freon and sulphur hesaflouridc. 
?'lic:sc giiscs c;in decompose and leak undcr certain 
coirtlition~ pi-otlncing a toxicity hazard to the person- 
nel. Again thc personnel slioulcl 11e macle ;l\varc of 

lie provided to kccp the concentration of the leaking 
gasc~s to n miniiiiurn.li 

tl , i i \  ' . problem and adequate ventilation should always 

Sr1je Ilo.rc Leocl 

Sdlicient factual data is not available to determine 
tlie safe exposiirc lcvel for each frequency throughout 
tlic microwavc spectrum; therefore it was decided to 
scloct onc satislactory level for all niicrowave frcqucn- 
cirs. A po\ver density of 100 iiiw./cin.2 n.liole body or 
locnlizccl exposure lias h e n  shown to prodiice ci- 
tlier hypcrtliemia or clamage to organs such as CJT or 
tcstis. Taking into consideration variables such as 
frc.cliieiic.y of radiation, its penetration, and percent- 
agc~ of al)sorbed racliation, a safety factor of 10 \vas 
tlecidcd upon and tlie prcsent exposure level of 10 
iii\\*,/cin,2 \\.as thereby establislied.l:l~ 18 

'I'liis safc exposure level of 10 mw./cni.' is an aver- 
age po\vcr levcd ancl not peak power. The safe tinic 
tlurntion of exposure lias not been defined so far. It 
h a \  1)ccii suggcstccl, howcvcr, that this power density 
is considered safe for citlicr continuous, pulsed, or 
iutc.i-inittt:nt c~posurts. '~' 

I.:sl)osrire to clectroniagnetic radiation is but one of 
rnl sources of heat input into the body. Body 

tcmpcratiirc tlcpcnds on heat input such as high am- 
bicmt tcinperature and physical laliour and on heat 
diwipation capability as affccted b y  clothing, humid- 
it!). ctc. Tlic addccl heat burden of electromagnetic 
r'icIi:itioii can lie ncccpted satisfactorily to a certain 
rstcnt 1)). nornmal healthy persons hiit individuals wlio 
suffer Jroin circulatory and certain other ailments are 
mor(: viilncrn~~l(! to such stress. The safe po\vcr level is 
;,ppropriate for moderate cnvironnients only. Under 
coiiditioiis of moderate to severe heat ancl liumiclity 
t h c ~  p o n w  l e i d  should be reduced by a factor of 
tc'n. ~ n t l c r  conditions of scvcre colcl higher powcr 
I(,\ PI$ iii;iy I I C  consideretl safe.'; 
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tenance functions will be  performed in outdoor areas 
exposed to dangerously high field intensities. 

To meet the above situations protective suits have 
been designed for personnel. T h e  suits, by means of 
reflecting the incident r-f energy, cause sufficient 
attenuation iiiside to make it safe for the wearer. 
Because of the nature of fabrics used the present suits 
severely limit tlie ventilation and perspiration of the 
user. Their utility, therefore, is limited to very cold 
environmental conditions.]‘ 

CONCLUSIONS AND RECOMRZENDATIONS 

Microwuve energy poses a hazard problem to hiininn 
beings. Altliougli, to date, exposure to low encrgies 
over prolonged periods has not prodiiced any sig- 
nificant ill effects in tlie persoiinel involved, therc is no 
doubt that with the developineiit and use of radars 
with many tiincs the present power our entire coiicept 
of the biological potcntials of this form of energy may 
be changed. 

T h e  injury caused by microwavcs is mainly thermal. 
If there are any nonthermal effects they have not been 
proved beyond doubt. Ilowevcr, high peak cncrgies 
of future radars may produce tlic latter cffects also. 

Based on present howledge tlicrc is no ca~isc for 
great conccrn or apprehension for the safety of the 
personnel iiivolved in r:idar opcrations or the public 
a t  large, provided they are cducatcd nlioiit the po- 
tential hazard and certain prccaiitions are taken. At 
the same time we cannot afford to be  complacent 
about it and ncglect vigilaiicc ant1 scarch for possiiblc 
ill effects. 

Precautionmy Illenslims 

R-F &dintion-The f o l l o ~ i n g  general rules should be 
observed to prevent iuiiieccssary exposures to micro- 
waves: 

( a )  The  supervisory staff he niadc responsible for 
mapping out areas of unsafe power densities, Le., above 
10 mw./cm.,2 either by incaiis of power density meters 
01‘ by theoretical calciilations. ilppropriate marning 
signs slioould be posted. Ingress into the hazarclous 
areas by persoiiiiel is to lie permitted only under enier- 
gency conditions, and pciiods of cxpos~urc in these 
areas are to lie kept to an absolutc ininimuin coin- 
mensurate with proper maintennnc.c and operating pro- 
cedures. 

( b )  Personnel are to bc  proliiliitcd fi-om working 
in the field of radiation of any energised antenna, 
wave-guide, feed-horn striicturc, o r  transmission line 
where the power density is unsafe. 

( e )  The practice of discharging into the surrounding 
area of r-f output of higli-power generators is to lic 
discouraged. Duininy loads, water loads or a1)sorlicnt 
material are to lie used to al)sorl) tlre energy output of 
such equipinent while being tcstcd. 

( d ) Where tcst procctlui.c~i recluire frec-space radi- 
ation, the antenna is to 1)e po~itionetl so a s  to dirrct 
the radiated l x w n  away froin iii1ial)itd strrictiircs 01’ 
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Ioii i: ing Ratlicrtion 

‘rhe following general rules should be  observed to 
prwent  umiccessary exposures to ionizing or x-radia- 
tioil : 
i a )  The supervisory staff ensure that all electronic 

dcvices on tubes capable of producing external x-radia- 
tion are properly shielded and the shielding is checked 
periodically for any leakage of radiation. Where 
sliicxlding is not provided all such devices are to be 
o p r a t e d  in appropriate radiation-proof enclosures. 

i b )  :\reas are to be cbeckcd by  qualified experts 
to determine tlie level of ionizing radiation and, if 
found necessary, to establish time limits for personnel 
working in the area. Personnel working in such areas 
arc to wear dosiinetric dcvices and their exposures 
arc. to lie recorded. The maximum permissible exposure 
to ionizing radiation is 0.1 rem/week. 

\\’itliou t prodrici~ig any scare, the personnel s l ~ o ~ i l d  
bc made a ~ v a r e  of tlie possible hazards of microwave 
and ionizing radiation and be educated in the observa- 
tion of various ways and means to overcome the 
llazartls.” 

Alr&cil  Eraniincition of Personnel 

:I11 niicrowa\r workers shonld undergo a preliini- 
nary inedical examination. Persons having any cardio- 
v:isciilar tlcbficit or any defect of the leiis should not be  
;iccepted for this Xvork. 

Periodic medical examination of the personnel 
should be conducted yearly and the eyes should be  
sii1)jectcd to detailed examination with ophthalmoscope 
ancl slit-lanip if possible. 
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