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Bioinedical · Aspects of Microwave Exposure 

SOL M. MICHAELSON · 

Uniµe·~sity ~/ R~che.11;,, School 'o,f Medicine and Dentistry, Dep~ttment o/ Radiation Biology 
. ·. ·· .. , · · ,,., · ", .,. • ,: an</..81:(lphysic.1, Roche.1ter .. Neu• York /.4620 . · · · · . 

. .<·s-·. (if Although the exact· nat1ire of the biological effects of micrnwaves. is not com-
pletely .understood, evidence indicates· that organisms exposed to microwaves at 

specific frequencies and power densities can experience thermal stress. Power density, 
duration of exposu~e; environmental temperature, and drugs that affect temperature· 
regulation influence the response. Reported effects of microwave exposure on the eye, 

·hematopoiesis, thyroid function, .gonads, and central nervous and cardiovascular sys­
tems are reviewed and analyzed to indicate relevance or lack of relevance to RF and 
microwave exposure; to decipher the known and substantiated effects from those that . 

·:. · are purely speculative and to. provide a realistic perspective on the possible effects 
of e.xposure to this fonu of energy. Enactment of PL 90-602 "Radiation Control for 
Health and Safety Act of .1968" has e\'oked renewed interest in safety "Standards" 

· for microwave ·exposure .. The standard. recommended in 1953 and subsequently adopt­
ed has been maintained with slight modification to this date. The adequacy of the 

. originally proposed standard, namely, 10 mW/cm' has been questioned from time to 
• th,1e, but as inthe past, there is little re.ason to re.quire modification of this Stand:ird. 

Introduction • .entiate between .the known and substantiated 

IN OCTOBER, {968, the . Uni~e~ States · from th.e specuiative and . unsubstantiated 
Congress· passed, and,· for~er President. effects and (2) provide a realistic perspccti\'c 

Johnson signed, Public Law go.602, The _on the nature of micro\vaves and the possible 
Electronic Products Cont.ml Law. To carry· effects of exposure fo this form of energy. 

Unless this is done, the tremendous potential 
out the provisions. of this .law the Bureau of . · 

of electromm='Tleti,:;· ener~y. in: the microwa\'l' 
R;iruaim;:ic::u: tfo3.lthi (BRH.) o.f the. Cnire<L C •• • • . •• . b" . r I 
.:r, ni • ,... ~ •ii· .. •· • .. t' · . ran!:?,~:· ,m:; !:'.:lnm,;;uromnlmrn::n::on:;;. iorn~wc;u, 
.;:,tares u m.int: tti~u Lil ':'::,er.\1lt:e ""'"a, ,:gw:en r n'E" 

'"L'l" 'f . Cl :, ( d . 1industiial,,and,consumcr1use.:ana :apri5:2:xt:-.~ respons1u1 1ty o · ·settmg stanuarus an ·mam- · 
· · .. will be hampered. This is essi::ntia1, sine;: thr 

taining surveillance) over all electronic prod- · 
exact nature of. the biologic effects of m:cro-

ucts that may emit hazardous levels of elec- • 
waves is not completely ·understood. There ii 

tromagnetic radiation. In addition to the . 
· considerable · confusion, uncertainty, :ind 

problem of ionizing radiation, a very large actual ·misinformation m this area. 
area of concern involves exposure . to micro-
waves. This has created-a resurgence of in.c 
tei-~st and concern with regard to the biologic · Biophysics 
effects arid potentiai hazards of exposure to ··· Microwaves, a subdivision of radiowares. 
microwaves. · are usually d~fined as that portion of the 

In this p~per an attempt will be made to electromagnetic spectrum between 100 and 
review the present state of knowledge on bio- 100,000MHz, corresponding to wavelcngtb 
logic effects of microwaves and to. ( 1) differ~ in air from .3 meters to 3 millimeters. 

· This · paper· .is based ori work · per~orynei under . C?n.tr~ct ·, 
with the U. S. Atomic Energy Comm1ss1on at the Un,v~mt)' 
of Rochester Atomic Energy Project and .has been asSlgned_. 
Report No. UR-49-1230. . .. · 

. When biologic tissues are exposed to micro­
waves, the radiant energy may be reflected. 
it may be absorbed, or it may pass through 
the tissue without being .absorbed. The radi­
ant energy that is absorbed is transformed into 
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inc{·eascd kinetic t:nerg-y, thereby producing pc1wtration is double that attai;1ccl "'ith 2500 
a general hl'ating of the material. The con- ~-I_Hz. The con1parativdy high depth of penc-_ 
version of any form of physical energy into tration in fatty tissue seems to indicate an 
heat is influenced by the physical properties 'ability of the waves to penetrate the sub-

. of the absorbing 1iiattirial., _ The clccti:ical c·utaneous fat without major enc1:gy loss and 
.. prop_ertics of biologic tissues dctetmine the thereby to become available for heat transfer 
· heat development. ·The degree of: heat pro: .in the deep tissues. This\voulcl be trlie only if • 
duced is directli rela tcd to the r:'I te and .extent·. all the energy that reaches the muscular and 

· of' molecular vibrations. A lai-gc pa1't of the, · other deep tissues would be absorbed by them . 
. temperature inc:n~ase fr01;1 microwaves is_ clue Partial reflection. of electromagnetic waves . 

to the increased vibrations of polar molecules·.' will occur at the interface separating different .· 
· The electricalproperties of tissues must be media. The relative amount of the total• cner- · 

·. known for a co111plete · understanding of the : gy, which will. be reflected, is. clet.erminecl by 
mode of interaction ofelectrori1agnetic_ raclia-:. the dielectric constants and specific resistance· 
tion .,~ith organi·sins. Absorption coefficients, ·. values of the different media."_-.· · 

' 4 •. : • 

i 

reflections at ii1tci'faccs between diffei:ent tis- -· "a The total distribution of heat sources in the 
·sues, absorption of incident powet, and scat- skin-subcutaneous-ht-muscle complex and. by 
tering properties cif tissues can be determined •. summation, th:e total heat inputs in skin, fat, .' 
from this information. Electrical properties . and·muscle have. been determined by Schwan 
of biologic materials arc related to certain· .. and Li.G, 7 Under the simplifying. assumption 
composite features such as water content and .. that the radiation strikes at ~- right angle to l 
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v 

macromolecular and lipid content.
1

•
3 

· . . the surface of the- body, at frequencies lower' 
Although the electrical properties, dielec- · than 1000 MHz, most of the energy reaches · 

tric constant, and conductivity of many tis-·. the deeply situated tissues; the percentage of 
sues, cells, and macromolecular suspensions absorbed energy is nearly independent of skirt.'. 
arc known, the scqu.ence of. events of the and subcutaneous thickness and is about 40% · 
physiological and biochemical reactions mahi- of the airborne energy. Between 1000 an~l 
frstcd by absorrtion of microwaves is not com- .. 3000 _MHz, transition from 'deep heating to 
pletely known. .surface heating takes place; 20 to 100% · 
. The absorption coefficient and the depth of ; of the airborne energy may be absorbed hy 
pcnetr~tion of m1crowaves in tissue. appear. · the body, depending on the thickness of skin ._, 
to be inverse functions of the wavelength._ -and subcutaneous fat. For frequencies above .. 
The dielectric constant and th.:: specific resist- 3000 MHz, most of the radiant energy is ab­
ance of tissue are the·.essential. material con- sorbed by the skin. Thus, depth of penetration 
slants which determine the clt;velopment of ' becomes so small above 3000 MHz that heat . . 
heat in tissue. In the case· of several different · 
layers of material, -the waves are in part re-.· 
fleeted at each interface separating different 
tissues. 

The dielectric constants and specific resist­
ances of different tissues are know:n and cari 
be used to calculate· penetration depths. 4

•
7 

Tissue with a low water content, such as 
fat, is penetrated by micrt,waves to a con­
~iclcrably larger extent than tissue with high 
water content, such as muscle. In each case. 
the depth of penetration dec~~ases rapidly 
ll'ith increasing frequency: For example, the 
wavclc~gth of 2500 MHz provides a depth of 
penctrati9n of about 9 qmi in muscle. For a . 
frrqucncy of ab~ut· 900 M:flz, t~e depth ·of 

' . 

conduction rathe_r than · tnie pem:tration of ' 
radiant energy determines ·deep tissue temper. :·. 
ature to a great extent. Radia_tion of such 
high frequency that heat · t¢nds to·. be de­
\'.eloped at the b0<;ly surface is much less apt to 
cause intolerable elevation of tot.al body tem­

_perature than radiation of lower frequencies. 
The presence of thermal receptors in the skin, . 
ho_wever, increases the sensitivity of this part 
of the body to heat loads. · 

.. 
The energy content for micro'yva~ie,s, i~. ;1p-

. proximat~ly' 10-5 _ electron volt!\. -;(e;\r) - per . 

. photon in contrast .to x-rays ,gr, gar:i1ma:.r;:.ys, 
_the energ)' of. which_ is ratep:)a~.,\hQusa~d~ \Or 
millions of. electron ··volts. ipe:r,cph9.tQn,( -~iDce 
it takes about34 eV to,pi:oqpce,i<l'tl i_<!>.n. pair, 
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microwave exposure iii an animal with ther~ 
mal regulatory capability comparable to that 
of man (such as the dog) is characterized by • 

.. three phases (Figure 1) : ( 1) initial thermal· 
:_ response, (2) period of thermal eqLtilibrium, 
· and (3) period of thermal breakdown.0 

In areas in which relatively little blood 
· . 102 ::~g~~~s1i"~cii,R·•roRv. •!HE.RMAL,EouiL1eR1uM :-;~~ioM~~ 1~. · .. circ~datcs, the temperature may r~se niore· .: 

IOI . :~m .... (D D(P~H •C~~~:~:tM rai)idly than in vascular parts of the body, 
'
00 s . ,a 15 20 25 10 35 40. 45 so ss oo Gs 1o 1s ao as; . si?ce there .is little means for the interchange 

· • • · . M1NurEs ·' ' •· of heat. Consequen'tly, tissue damage is more . 
FIGURE' I. Rtisponsc of d~g to exposure' to micro- ·. likely to occur in areas whei·e, prop61Jionately . 

waves~ . . . . . - a greater rise in temperature can occur. Thus . ·: 
_ . . . 'the lens, of the eye is more. susceptible to. 

this energy level can be ieached iri the short- _' thermal damage, since it does not possess an· 
wa,·elength ultraviolet range .and with x-rays · adequate vascular system for the exchange of' 
or gamma rays. Thus, the energy value for heat. 
microwaves is too low to produce ionization 
on a single-event basis. Effect on the Ey~s 

Since microwaves do not cause ionization, 
those effects resulting from dissociation of In man, Barron ct al. 10 and Dailyll • 
chemical bonds, such as mutation effec.ts, can- did not find changes in eyes of persons work­
not be induced directly by microwaves as ing with radar.. A case has been reported, 
they can be by x-rays or gamma rays. General- • however, where a technician developed bi­
ly speaking, the effects of microwave exposure ·. lateral cataracts while operating a radar unit 
are not associated with· the disturbing effects in the 1500 to 3000-MHz range, with ex­
of ionizing radiation. --The· ·effects of micros . · posure to 100 mW /cm2 for a 1-year period.1

~ 

waves are a manifestation 0 ( thermal conver- .. The significanc.e of this finding has been ques- . 
sion. Ionizing radiation, on the other hand, tioned. Cogan et al.1~ do not believe that a . 
causes little thermal effects· · microwave etiology of the cataracts was 

_proved. Kalant14 points out that "the lesions 
. described are quite unlike those produced by Pathophysiology · 

, microwaves in .all the experimental studies, 
To · put the question of microwave bio- aria- the authors are careful not to claim that 

effects in its proper perspective, a critical an-. the lesions were caused bi -microwaves, but· 
alysis of the published literature is essential. :merely to. urge caution." This "report gives 

Any suggested harmful effects of micro- .. insufficient information to permit even a guess 
wave radiation exposure have been the result concerning the actual intensity of exposure, 
of exposures in excess of 100 inW /cm2

, . ··and it seems improbable in the extreme that 
· According to the best evidence available, :the lesions described were in fact caused bi 

the most important effect of microwave ab- microwaves.'1 Recurrent uveitis may have 
sorption is the. conversion of the absorbed .been a factor in this individual's condition. 
energy into heat: .Exposure of various species Zaret et al.15 made an .extensive study of 
of animals to whole-body microwave radia- · the frequency of occurrence of lenticular im­
tion at levels of 100 rn W /cm2 or more is ·. perfections in the eyes of a sample of 736 
cha1·acterized by a temperature rise which is . microwave workers engaged in installation, 
a function of the thermal regulatory processes operation, and development of- microwave 
and active adaptation of the animal. The end equipment and a control sample of 559 in­
result . is either · r.eversible or irreversible · dividuals of similar age grouping. Although 
change, depending on the conditions of the . an apparent statistical difference in the score 
irradiation and the physiologic state of the of lens changes between the exposed and con­
animal. The thermal . response, i.nduced: by trol. groups existed, the difference was con-
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American Industrial ·Hygie11e Association Journal· i 
~_."i . h:"'\ . . . . .-

• · sidered not significant fr~rn a clinical stand- fore a subsequent similar episode." 
J . point. According to Zarct et al., 15 the extent Most investigators· agree that thc~e is a 
L' .of minor lentic1llar impei-fcctions docs not critical intraocular temperature which must 
J serve as a useful clinical indicator .of cumu- ·· be · reached befor~ opacities develop. This . 

~ 
. . lative ·exposure. A relationship can be esta.b- temperature, as reported by various authors, 

lished between the dose of microwave- radi- ranges from 45° to 55°C; Obviously, no . 
ation delivercdto tl:,e eye'and the appearance cumulative rise in tempe1'ature can occur if' 

·J' , .. • ... of c<1,tara~.tS.
16

_· Erom' rep. e~h.:d -expo.Su~:~ at_.5.. the intervals between exposures exceed the 
· ,. .. f-watts/cm·, · cataracts ~vere formeq . m· two time required for the tissu~ to return to 
. ~~: .: months. At 500 mW /cm2

,· several months . normal temperature. The cumulative effect 
'!' elapse pri~r to appearance of posterior cap- to be anticipated, therefore, is the accumula-. J . · sular op~cification; at thi~ b·el, several years• - tion .. of .damage· resulting from repeated ex-
} arc required for production of formed cat- . posures each of which is individually capable· 

· j · aracts. . . . of producing some degree of damage. 14 

~ Cleary ·and his associates~7'1.
8

. found that,. • According to Zaret,22 these ;-esults do not. 
Y although repeated . subthreshold exposures necessarily indicate ·a nonthc~·mal cumulative 

i-nay produce· minimal typeJ of lens_ changes, . effect Acute injury of the lens leads first to· 
they did not appear to increase the incidence· hydration, and this is reversible providing no 
of cataracts iri Army and Air Force per- · le_ns protein denaturation has taken place 
sc,nncl following operational. exposure. An despite the fact that banding, striations, and 
analysis of the relative incidence of .lens opacification arc evident. Hydration of lens 
changes in a sample of microwave workers ·· fibers may last for. many days. · If the excess 
and a control ,sample revealed a statistically water leaves the lens before denaturation has 
~ignificant increase in rate of accumi1lation of occurred,. no pern1anent residua result. If ... 
specific types of defects in the lenses of micro- . another thermal injury intervenes_, however, . 
wave workers .. It was also note<i that specific at a time when the lens is partially damaged, 

t areas of microwave work specialization differ . there may be a summation of effect. BaiUie23 · 

\ in regard to incidence of lens defects and cor~ : · used a hypothermic technique to investigate f.,\, relations with microwave · exposure para- . the postulated non thermal mechanism for 
meters. Since the number of defects increased . cataractogenesis from multiple microwave ex- .. 
~ignificantly with age in th: control group as posure at subthreshold levels. His data do not .. 
wdl as in the group. of microwave. workers, support the existence of a non thermal• cat­
this process may be interpreted as indicating aractogenic property of microwave radiation .. 
lens aging. According to Baillie23 the cataracts which de­

.. 

The possibility of cumulative darhage to veloped during the course of his study can 
1hc lens from repeated "stibthreshold" ex-· be explained only on the_ basis of thermal 
posurcs of rabbit's eyes to microwaves has been coagulation of lens protein: There is, there­
rnggestcd by Carpenter and associates.19•20 fore, adequate evidence to -incriminate heat 
C.1rpcntcr and Van Ummersen21 note that the as the initiating mechanism leading to cat-
tu11111lative cataractogenic effect of micro- aract formatio_n during or !ol_lowing ~ single ., 
.,.al'cs "involves initiation of a chain of events exposure to microwave rad1at10n. This study 
in the lens, the visible and end result of which suggests that microwave cataracfogenesis is, 
i1 an opacity, and that this chain of events directly or indirectly, a thermal phepomenon. 
must by initiated by an adequate power den- · At subthreshold power levels, there is still. 
1it)' :icting for a sufficient duration of time if some question regarding the. cumulative 
i1 is to progress to 'the development of an . effe~~_on the lens ... Differ~nces in patterns of 
011:1city .. If cith_er the power density or the peak pulse levels and off time between pulses 
dur.1tion of the irradiation is below a cer~ may be· critical factors. 2

·
1 

~in threshold v~lue, then the damage done It should be understood that a cumulative 
to the lens is not irreparable and recovery effect is the accum~lation of damage result­
ran occur, provided sufficient time ~lapses be- ing from repeated exposures each of ·which 
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is individually capable of producing. some was no evidence of cataract formation and 

dc-n-ree of d:1m;1,,·e. Si1ice this has not been. retinal abnormalities, and no degenerative 
b . b . 

conclusi,·ely shown, the suggestioi1 of cumu- testicular changes. In seven additional people 

. latiw effects- from microwave· exposure is ,vho had exposure to microwave energy rang-

1intl'nable. _ ii1g- fr01i1 insignificant ( 10 to 20 feet from · 

. ' It is importai1t at this point. to· def~ne the -. microwave oven) to sev_cral hours a day of 

_ cuniulativc effect produced. by ionizing ·radi- · .di1:ect exposure while they repaired microwave 

__ ati.on to put this question in its proper per- ovens for varying periods up Jo five years, no 

.spective>. It has been suggested (a11d there . gross ocular abnormalities were. seen, and 

are some experimental data to support the_ · ·there were. no skin or genital complaints nor 

concept)_ that injury incurred from exposure were abnorma.lities of these areas seen. 2n 

. to ionizing ra~iation IS curmilative. This cu~ 

. mulative efTed is a manifestation .of the· ir~ Effects on Testes . 

re pairnbilit3ujf a:certain frnction of ionizing ·. 

radiation iniui'j,\vhich has been designated as·_ . Reports of sterility in man f~om exposure 

residual radiation injur3;, Th.is compqnent of _· to microwaves arc questionable. Barron and 

residuah·adiation injury is additive ""ith fre- _ 'associates10
•
21

. fo~nd no evidence of fertility 

.. quency of exposures and is not dependent on ._ changes in their human -surveys. Reports of 

intervals between exposures once the full res . ·altered fertility in man eve-ri \Vith unusually:. 

covcry potential has been realized?"· la~ge exposures to microwaves are _not avail-

- · ' able.28 For even the most severely exposed 

testes, it is almost certain that therrnal darn-

• age is completely reversible; irreversible Angiitis (Vasculitis) 

! 

{)· 

The description· of a vasc~1litis in a micro- . damage because of abnormal temperature in .. 

wave oven repairman
2

r. warrants some dis- _- the human body _is not· likely fo occur, since _ .-!1_ '-· ·_ · 

cussion, The authors state that this· ''is the · death of the individual· would result from Y 
only medical and physical finding reported in other causes long before- the occurrence of 

the open literatu1'e that suggests a possible irreversible damage. 

causal role of microwave energy from micro- Tcstirnlar effects such as degeneration and_ -· 

. wave ·oyens."· It should be noted that this · .. reduced sperm prod{iction have been accorn­

condition is' simply an inflammation of the ·plished expei'imentally, but at very high field_ 

blood vessels of the skin _induced by heat ... densities (250 mW /cm2 ). 

This particular "case involved ·an oven re-. ,: Ely et al./9 studying dogs,rabbits, and rats, 

pairman who turned on the unit with the ,:attempted to estimate a safe lirnifof exposure. 

door open. He siibseqtiently filed a claim for· in terms of the-lowest power density required_· 

injury specifying burns in the region of. the-· : to-cause any testicular. damage in the most. 

lower abdomen and possible_ sterility. The sensitive animal of the group. On this basis,· 

latter .claim was disallowed:" The clinical ; an exposure of 5 mW /cm2 was considered the 

appearance.of the skin was that of a thermally threshold for testicular clamage, for an in­

induced erythema and other inflammatory _ definite exposure. Howeve~; · the' authors 

changes which are typical of thermal exposure point out that the damage obser,,ed with such -­

which ,vould . be expected if- anyone were low levels of exposure is extremely slight, al­

working .in front of an oven with the door -most certainly fully recoverable, and in no 

open. It should be noted further that this way differentiable from that du_e to such com­

man was the supervisor and repai.rman of. monplace factors as, for example, a hot bath. 

automated vending machines and_ microwave The question, therefore, is whether such darn-. 

· ovens for over five .ye"':~s in._~_firm specializing ageshould be legitimately considered a basis 

in such devices. Periods of exposure to micro- for appraisal of hazard fro_m_ microwavcs.14 -

·wave ovens during repair work. were fre-: · 

_ quent, yarying from few to no hours per day, · Genetic Effects 

to most of the w'orking day; It is interesting 

.t.o note that in thLc; particulari~dividual there .·: There is no direct or c~nfirmed e~idcnce ol 

... t ! •. 
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possible gei1ctic dfocts d11c to .exposure to conceptual basis for this view is largely cen- . microwaves. Sigler ct aP0 reported that there tercel aboi1t Pavlovian "nervism." Very · was · a higher incidence of ·. children with · . briefly, this theory may be interpreted to mean · J)Ow~•~ syndro111e (mongolism ) among fathers that the central_ nervous system exerts a con-. with prior· occupational exposure to radar. frOlling inf111cncc over all types of.reactions in 
. This study has. very questionable statistical• · the organism,including various local tissue re-. validity, and the conclusions are ifobject . to . ..'actions. Non-nervous reactions are considered 

severe criticis1ri'. · . as only of secondary importance because of. . It should be• noted. that the ·. authors . · the basic controlling_role of the central nerv­
themsclves orily "suggested the relationship . ops system in the whole organism: Thus, in betw·een mongolism and p.:tternal -radar ex- ·, .considering microwave pathogenesis, Soviet 
pos~re." Such .an associative: relationship has , physiologists have persistently sought the cen- · to· be interpreted ,vith extreme caution be~ : tral nervous system mechanism· that might ·. z . · cause of interacting variables such ·as. simul- .· be responsible . for each microwave-induced· y;. · tanco~1s,expcist'u:e' to ionizing radiation. and jJ!1enomcnon. . 

"-,[ ; ; • excessively high power densities.• Also/it is ' , In general, tl~e \VOrk of Soviet investigators · :_ ·I : . -rccogni;;;ed that the appearance of this con- in this area is subject tO criticism because of 

6
, genital malformation is closely related to the limited statistical analysis· of _data, inadequate.· • .. · age ofthe mother, the incidcn_cc rising more controls, and lack of quantification of the .re­!· than a hundredfold with increasing.age of the. suits. Conditional response studies intrinsically .· 1.- · mother. from 15 to 45 years of age. Because do not l~nd themselves to objective interpre-. ·· '.,f; · the estimated overall "spontaneous" incidence tation. 

~

J .. of Down's syndrome .is about O,i'5% in all. These low-level· effects 1:eported by Soviet births in Caucasoid popuhtions, it is exceed-··· investigators •have not been confirmed outside: · ingiy difficult to r~late any· incfeasec:J. inci- -the USS.R. One Of the main diffiCulties in.: 
dcncc to possible exposure history of the par~ · . confirming this Soviet work is q~antification. · 
cnt unless large num_bers of well-documented . American investigators have not been able to. -~ cases can be correlated wit_h precisely known . obtain information on how these studi_es were .. (1 exposures; this was not the case in. the cited conducted, even 'though attempts have been: 
study. ', made. 

.. 

-1· :_ Central Nervous System _ . . _ Theimportance of the differenC'.e between 
The possibility that' microwaves may inter-· the Soviet and Western views is readily ap~ .· 

t)
.. . act with biological material without significant. parent when _it is realized that' practical con~.' · .. · · Ju:ating has been suggested by several Soviet sideration of maximum permissible .exposure :· inl'cstigators.a1-aa . · . .. .. · · __is based on the acceptance or rejection of 

,,. . 

. Although some Soviet investigators describe nonthermal effects of rriic_rowaves as biolog- . 
thi• thermal nature of microwaves, the major- ically significant. ... . · · 
ity stress nonthermal or specific microwave One does not know how .much ·con,fidence dfccts at the molecular and cellular leveL to put in the conclusions of the Soviet in­Studies performed in the United States gen- vestigators. The results of S_oviet experiments t:rnlly reflect the physiologic response of the do not clearly indicate whether the changes org:rnism to the thermal burden imposed by produced by microwaves. arc due to gen- . microwaves. . . _ . . eralized thermal effects or to mote specific 

A ·considerable body of literature has grown influences cin particularly vulnerable tissues. in the USSR on transient functional changes The lack of precise temperature-measuring fnllowin~ low-dose_ ( < 1_0 mWfcm2 ) micro- devices no doubt plays a part in the assump­•,.avc irradiation ·studied by conditional re, tion of nonthermal "specific" microwave ef-
\;11msc experimentation .. The· ·Soviets 'havii' · fects. · 
1:rnngly and repeatedly stressed that the CNS. 'Although the Soviets recommend much imt,t be considered· as being moderately or lower limits than we do; there is no informa- , highlr sensitive to radiation injuries. Their tion presently· available on ho~ the lower· 
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1i111its prescribedby theSovietsarcobserved, ' 1'hcsc discrepancies reveal several defects 

. if they arc at all. . . _ . . ·. . _ insome of the experiments which should be 

Osipov, 34 in· a review· of rieurplogic. re-. recognized, such as frequency, power den~ity .· 

. I d d -of microwaves, duration of eXl)OSlire, animal.' 
s1JOnscs to · niicro,wavc • exposure, cone u e . 

- . restraint, and inadcc1uacy of statistical anal- · 
· that ·most subjecfr,,e-.symptoms were revcr-

"bl d tl t ti olo -·c·~1-dai11acrc to neural , ysis. Review of the _data in these experiments. 
s1 e an 1a pa 1 g1 « • ',-, · .• · · • . _. · · 1 · d"ff · 

P • • ·r,' t ----......_ nid1catcs that the repartee 1 crcnces m 
structures was mswrn 1can . .-...._, . . -. . . . . . 

· · · • 
0 

. . • • 1 : . S· --- .· :. ·heart rate. were_ chance variations mfluenced 
D_· od~e,_~" · ih !us · review. of t 1c · ov1et· re- •. · • • d • : 

1 
. . h h 

· ". ·. . • · · · d "A. :: f . c1·"' ,.::,perhaps by .circa· 1an 1cart rate_ r, yt. m. 
sca1l:ch 111 tlns area. state : n ·o ten is- · < . , , 

·.·. · ;ppoi;1tincr facetof the Soviet and East Euros • Conclusions . . · 
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\ pcan liter~tui·c on the subject of clinical man-·· · The onlyeffec_t. of microwave radiation 

·. ifestations of rnicrowave: exposure is' the lack .'which has been detei·mined to be hazardous is 

•. of pe;·tincnt data presented on the circu'.11-, : the dielectric heating which .presents a ther- b·· 
· stances of irradiation; frequency, effective ·, tn31 hazard to the human body: 

. area ,of irradiation, orientation of the 1.Jocly. : __ ' . The most recent standards which desirrnate.: · 

with n~spect 'to the soui'ce, _waveform (con- · .. · ; 'safety level of 10 m w I cm2 are those
0 

rec-, ,'' _l_ ' 

timious or pulsed; _ modulatwn factors),_ ex- . · qiumendcd by ANSI Sectional Committee' C i 

posm:e schedule and duration, natu:al shield- , 95 Subcommittee IV• in 1966.·. The ANSI 

ing factors, and whole plethora of_ 1~npor_tant Standard C 95.4 specifics .a maximum safr · 
l 
{) 

I 

t 
l 

·envii·onmental fact_ors (heat, h~r:11dity, light, exposure level of 10 mW /cm\ which is rough-· 

etc.) are often om1ttec'. ~rom chnical_and _hy-_ , 'ly a factor of 10 below_ thresholds of damage 

giepic reports. In add1t1on, the physwlo~ical, by thermal effects, assuming an exposure .of· 

and psychological status of human sub1ects · OJ hour or more. The 10 mW /cm2 level is 

such as health, pre\lious or concomitant med-·;: based on thermal equilibrium conditions for· 

ication, and mental status is ~lso more of~en, whole-body radiation. Temperature rise is 

than not omitted. T!1ese vanables, both m- determined primarily by the body's ability to 
1 

dividually an~ combined, _af1:ect,,the human dissipate heat; factors affecting t~is would be ! 

J"'t 
I) 

response to microwave rad1at1on. . 
1
: significant in terms of the· consequences of f.1 

· whole-body radiation. Heat dissipation ca-. . · 

Cardiovascular Effects > pabilities arebetterfor partial-body radiation; · · · 

, ,higher levels of irradiation wo_uld therefore be. · i 

Several investigators report that exposure acceptable. This is. _the _ case in medical_ j 
of animals or man may result in direct or diathermy; where Nthc levels may be at 100 

indirect effects on the cardiovascular sys- mW/cm2 or higher:->_,- . .. · ·. .. ' \ 
0 

· tem.36
"
39 .Some authors suggest tha_t exposure · ·.Thislevelof 1OmW/cm2hasbeenfollowcd 

to microwaves at· intensities that do not pro7 <for the last_ 15' years by the U. S. Department . ! . 
duce appreciable thermal effect may lead to. of Defense and has been found to be com-. 

functional changes. ·· These_. changes are ob- . pletely satisfactory. No · evidence h".'5 bec_n · 1) 
served with acute .. a( well ~s chronic ex- , : produced which, would suggest lowering this .\ · 

posures:40"42 · level. ·· · 

. .' ' 

Increased heart rate has been observed after The greatest need today in tpe assessment ·. 

·" exposure -to power densities of. 50 to ~30 of biological effects of microwave exposure is 

·. mW/em2 for, variable periods of time ranging to maintain a realistic perspective on the 

from 10·· to 140 minutes. 37
•
39 nature of microwave fields arid the possible 

-~ ,. 
i 
t, . 

SloWing~-o'Ftnf h~;;( rate is reported by . effects from exposure. The mechanisms by 

some Soviet investigators with low, or what.. which cell damag_c is produced, the biological. 

they consider non thermal; levels of micro- tolerance of the· most susceptible tissues, ·and · •7-

waves,43:45 although others have reported in- safe levels of intensity must be established in· · t 

creased heart. rate· with low-level microwave, an organized fashion.· Ultimatc!ly, a clc~r 

exposur-e over-. the,. dorsaJ ',aspect of rah-.'.· differenti,:1t-ion _between hazard and biologic. 

bit5,.4G:47 · effect must bernade. 

I . 
. ,·•-• 

.America 

Referenc 

l. ScnWA. 
Suspr.ns 

2. SCHWA:\ 

Jurutic 
Haven 

3. SCHWAN 

Electro 
Critical 

4. CooK, 
of Jl11m 
AJ,p/. I' 

..... E:.;(:I.1\Nf 

fiody fo 
JfiG: 48 

6. -SCHWA:,.; 

of Body 
1 i35 ( I' 

7. SCU\\',\l'{ 

Irradiati 
R. Po1 .. L\i:-<o 

tion. A 
9. ),[JCH AF.J 

I-fow1..-\N 
of Mam 

10. BARRON, 

E\'aluati, 
lions. / 

.1i. DAILY, 
of Labo 
Radio. 

,1'2. HIRSCH, 

Opacitic 
wave~ G 
(1952). 

13. COGAN, , 
AUlSON, 

qucncy } 
~4. KAI.ANT, 

diation: 
Assoc. J. 

15. ZARf.T, ?\' 
~nd H. 
i11 the E 
Control , 
2215, RA 
(ASTIA 

11;, ZAkST, ~ 
nuo: Oc( 
of ,\ficro 
1·ironmcu 
(602)221: 
pp. (AS1 

17.- C1.F--ARY, 
Changes 
Arch. En 

18. Cl.EARY, 

Caiaract 
lfcaltli }, 

19. C:.\RPP.NTE 

c.ycle Ra, 
Third Tr 

. 'RADC-T: 
20. CARPENTE 

Ml'.RSP,N"; 

Particula1 
Con/. M, 

. ~-1. CAUPENTE 

Action of 
UlflUC f'OH 

22. ZAHi<T, M 
Tri-Scrvic 
wave Rae 
/lint. EJT, 
TR-59-14{ 

2:1. BAIi.i,!&, . 

f!C11esis bJ 
the Biolo, 
wave Irr~ 

14. Ron,, E. 
. nf Uuma, 
M, Roth, 
(1%8). 

1,. fir.am, H. 
lrrepairab 
Rndiation 

. 1()~ Ro.-,E., V. 
lloucm&: 



defects. 
ould be 
density 
animal 

al anal-: 
~rim'ents. • 
nces in•· 
fluenced 
m .... 

adiatiori 
irdous·is 

a ther-

.esignat_e 
,ose rec­
riittee C 
e. ANSI 
llIJl·· safo 
s rough-' 
damage 
osure of 
: level is 
tions for 
: rise 1s 
1bility to 
vould be 
ences of 
tion. ca­
idiation; 
refore be 
medical 

! at 100 

followed 
Jartment 
be com-
1as been 
:ring this 

;sessment 
posure is 

on the 
possible 

nisms by. 
Jiological 
,ues, ·an<l 
ilished in 

a clear 
,· biolo~ic· 

. ' . ~\., -.. .. ,:. 

. 
6

·,. ,., 

J 

i 
{\ 

. 
" 

h 

:::A.r,iai:ican 'l 1lfli1strial HJ1giene A.rsociation Jour_nal 

'ing ll·licrownve Ovens. A111r.r, Ind. HJ•,:. Assoc. ]. 30: 
137 (1%9). . . . . · · · · · ·27. JL,RON. C. I., :rnd A. /\. BA«.,\FP: ~vfr<lical,Con!-!idr:rations ~ .. Sc1t,\'"l':• IL }'.: ·.Eh·c-tr_ical i'ropm~li('S ~£ Ti~~.'~ics ancl Ct•H' of Exposure tn ]vfictowavcs . ( R.i<lar). ]. Amer. A{ed._ Susp,•nswns. Ad,m11. li11•I. M.:d.-/ I,)',<, 5: (19;,7). ,. : A.uor.. 'Ui8: ll!H (1%11). · · .. . . . . , 2; $cHWAl< H. l';: Diophy,ir, of· Diathermy. In 1 lurn'. 28. RosicNTIIAJ,, D. S., and S. C. · llF.P.RING: Hypogonailtsm .,_pr.utic· llt;n! (S.' II. Licht,_ ed.), pp. 55_;-_E. Licht, New· ar1cr Microwave Radiation. /. Ai11i:r. Med. Assoc. 205: Haven .(19:18).. . . . · · . 2-15 (1%8), · . :3. sc,m·AN,' H. P.,., ilncl · G. :\I. P1~,.~L: Ahsorpt1on or, 29. ELY T. s., ·D. E. GornMAN, J. Z. IIEAK0N R. II. Wn, . Elcctroma'gnctic ~ncrg): in.- Body l 1ssuc-Rcv1cw rind. LIM,;:;, ;:ind H. ~.f. C,,R1•1~.NTF.H: /-lr.ali111: G·1taractr.rislic~ Cri.tir,il Analysis. :1111,:r."] •. l'h)'s, Mr.rl. 33: 371_ (19:>4). ·. of Laborntory A11i111a/.r Ex/10.rcrl to Ten-ce11ti111eter Micro: ,j Cooi< H. F.: The Didccti-ic Behavior- of Some Types waues, .U.S. Navy, Nav;i) Medic.al Rese?rch I_nslitule, ". ·01 11:1ma1~ Tissues .at Microwave "Frcquci1cies. 'Brit. ]. Bethesda; Md. Rcse;irch report. · l'roJect NM 001 A/1/11. /'h)'.r. 2: 295 (1951 ). · ·. . . ::·.,___ . . 0:,6.13.02, Vol. 15, p. 77 (1957). · . .:5•. F.xc1,,,;n, T. S.: ·_Dielc~tric .Properties of the<II!1man, ,,• :30,. S,m., .•. A. T. A. M. I,11,1.)>sNFl;,1.D, ll.' H. Com:N, ;incl :nocty for'·\Va,·c-lcngrhs 1_n the 1-10 (:Ill· Ra11gc .. _1'·a1u,:r ·... . J.E. \V11.sTLA1~g:: Radiation Expo~urc in Parcnts·of Chil-_//i(i: 4R0'(Pl5tl). · · ·..... . :· - .. : """-'..:-_ rlrcn with Mongolism (Down's Syndrome). /0/,11.r 1/0/1• i. Sc11wA1< H. I' .• :,nd K. Lt: Capacity ;incl Conductivity .. , kins Hos/1. B1111. 117: 3~4 (1965). . · ·or nody ·

1

Ti.ssucs at Ultrahigh Frcqucnci~. JJrnc. I RJ,; 41: ... 31. Dor><;'H' .. · c., and . s. KASSEL: Souzel Rc.,·earch (Ill the 1735 (1953).. . · . . . Neural E/fr.cls of Microwaves,· LC-i\TD-66.-133, Library. ,-7: Sc11WAN, H. ·p .. ·and K. Li: ·1la1,ards Due to Total Jlocly or Congress, Wnshin~ton, D. C. (1966). . . Irradiation by Radar. I'roc. 1/lE 44: 15i2 -(1956). 32°.' P1rnsM,11< A. S. · The. Effect of Microwaves on L1vmg s: .Por.t.\nn, E. C.: The Riolo~ic.al Action «:>£.Iouizing Radia. Or/;anisn;s and riiOlogic;I·Structurcs. Usp. Fiz Nauk .. 86: tion. • Aincr. Sci. 57: 2116 (1%9).. . . . ~63 (Jl'RS 33054) (1965). , . . _9. '.\l1c11,w.LSON, ·s. M., R. A. E. T1-ro>1so1<, and J. W. 33.· TUR!<F.R, J: J.: The Effects of Radar on the Human . iJow1.,\ND: Physiologic Aspects of 1\iicrowavc Ifradiation .Body· Results of Rilssian Studies on 'the· Subject. (Sum.; of Mammals. ·-A111,:r. J.·Phr.1iol. 20/:·351 ()!)(ii)., .. ··.. niar/ba,:ed ou A. A._ Lctal'ct and Z. V .. Gordon, eds., .· 10'. DARRON, C. I.:; 1\. A. Lon, and A. -A. IlARAl'F: I hysical •. The Biolni:icnl ,1.ctio11 o/ Ultrn-fligh Frcque11cies, JPRS-.faalnation of Personnel· Exposed· to Microwa,;e Emana: · 12+71, Washington,·)). C.) (19G2). . .. · . . . · tion·,. /. Avintion Med.· 26: 442 (1955). . 3_4,. Qs,pov, Yu. A.: Or.cu11atio11al Hygiene .and· the Effects, ..;:_:11 .. DA11.v •. L.: A Clinical Study of the Results of Ex_>osure· 'of Rnrlio/req11e11cy Fields 011 Workers. Izd. Meditsina of Laboratory ·Personnel to Radar. and High Frequency'· (Leningrad). (ATD 66.-133. Library of Congress,_ Wash.-Radio. U.S. Naval.Meil. Bull: 41: 1052 (1943). ·." .ingt,rn, D .. C.), p. 104 (1%5), · . · .12. HIRSCH, F·. G,, and J. T. PARKER:. llilateral Lenticular 35. Dcmc,s,· C.: ,1 Review of (;li11icnl Mn11i/estatio11i of .. , . 01>acitics Occnr~·ing in n Technician Operating :-l 1·lic~O- klicrnwaue J,;:,;J,o.rnrc tO tht. CNS. Prc:;cntcd at the Sym.: . wave Generator; Arch. Ind. ll)'g. Ocr.11/1. Med. 6: 512 posium on the Iliological Effects and Health Implications · (1952). . of :Microwave Irradiation, Richinond, \~irgini.l, Scptcm-·13. Coc,N, D. G .• S. J. F•1cKF.R, :llf. LumN, D. D. DoN- her, 1%9.. . · . . ·. · · • AIJ>SON, and II. HARDY: Cataracts and lJitra-hi1sh Frc- · .. 36: Cooi•icR, T., M. J1SI.I.INEK; and T. PrNAKA'IT'. The Effect. qucnc.y Radiation. Arch. Tud. Hyg. 18: 29') (1958), · of J'yridnxine and l'yridoxal on the Circulatory Respon_se 14.: KAtANT, H.: Phr.siological Hazards 0£ !vficrowave Ra~ of Rats to. 11icrowave Irradiation. · E:..:J1cric11tia 21: 28 diation: A Sun·ey of Published Literaiure. Cn11. Merl. (1965). . · . . · · . . .. Assoc. { 8/: 575 (1959). . . · . . :37-_ Coorf.R, T.', T. PINAKA'IT,· M. JELLINEK, and A. w. 15. ZARt:T, ~-1. i\{,, S.· CLEARY, D, PASTP..RNACK, ~1. Eit-r:.Nuuo,·. Ricn,\RnsoN: Effects· of Adrcnalectomy, Vagotomy- and and II. SCHMIDT: A Study of Lellticular 1111 pcr/ectinrw Ganglionic· Illockade on the Circulatory Response to in the Eyes of a Sa111/1lc of Microwaue Work,,,-.r awl n Microwave .HYl1erthermia. Aerospace Med. 33: 794· Control Po/111lntio11. Final Report Contract AF 30(602) (19G2). · ... 2215, RADC-TDR-63-125, 'l\'cw York Uniwrsity, 72 pp. 38. MARKS, r. E. 'T. CA>:'1:ER; D. T .. ScA_RPELLJ,. an_d J. (ASTIA 413 294) (1963). · · EISEN: Microwave Rad1alion to the Antenor ll-!ccl1c,;t1num • ifo. ZARiff, M. M .. S. Cu:A.W. ·B. PASTERNACK. and M. E1~><N-. of the Dog .. Ohio State Merl. ]. 57: 274 (1961). mm: Occurre,icc of, Lenli&ular lmperfectiqu.r in the Eyes :39_·. SunUOTA · A. G.: Changes in Respiration,_ Pulse Rate of Aficrowave JVnrkcrs and Their Assndation with En- and Gc1~eral Illood· Pressure during Irradiation of Ani-1iro1111i,11ta! Fnctnr.r. Pro~rcss Report Contract AF 30 . mals with a UHF Field, Tr. Vo'emro. Merl. Akad. (Ref. (fi02)2215. RADC-TN-61-226, New York University; 109... Zhur. Biol. 1959, No. 59927.) 73: 73 (1957). . . pp. (ASTIA 266 .831) (1961 ). . . . . : · . . _,40, ·GoR1>0,;, z. V.: ·The Problem of· the Bwlog1cal Action Ii; C1.F.ARV, S. F., and -D; S. PASTF.RNACK_: .'. Lenticular , of UHF. In The .Biolo,:icd/- Action of Ultra-f/1gh Fre-Changes in llii_crowave WorkerS". A Stausucal Study.. quencics (A.· A. Letavet and z. V. Gordon, eds.), p. 5, · Arch. E11viron. Health 12: 23 (1966). , · . Acad. Med. Sci. (Moscow), JPRS 124il. (1960). 18. CLEAR·v, S. F., B .. S. PASTERNACK, and_ G. W. DF._EnF.: :·'. 41; GoRoDF.TSKAIA; S. F.: The Influenc~ of an SHF I~lectro-Cataract Incidence in Radar Workers. · Arch. Enmron. . magnetic Field on the,• !l,-_cproduction, Com~o~1tio:1 of /Ir.a/th II: -179 (1965). .· .· • . · · ·, Peripheral Blood Cond1t1oned Reflex Act1v1ty, and· 19 .. CARPF.NTP.R, R. L.: Studies on·the·E.ffects ·o~ 2450 Mega- •: _. Morphology of th'e Internal Organs _or• White Mice. _In.· cycle Radiation on the f:ye of the R?bb1t. In Proc. ·: .. '.The Biological Ailion of Ultrasowul and Supcr-H,gh Third Tri-Service Con/. Biol. Ef!ecls M,cro,vave .Energy, Frcqr,e 11 c)' Electromagnetic Oscillations . (A. A. Goro-RADC-TR-59-14-0, p. 279 (1959). . ··. . · : detskiy, ed.), p. 80, Acad. of S_ci. (Kiev), JPRS 30860 20. C,RrP.NTER, R. L., D. K. Bmot!', and C. A._.\'.AN U_M· (1964). ·. . , MP.RSF.N: Biological Effects of Microwave Rad1~11on with · .. 42. PRES MAN A. s. Yu. I. KAM>:NSKIY, and. N. A. LP.VI• Particular Reference to the _Eye. In Proc. Tlrzrd lnter1t. · TINA: Tl~c IlioloS"ic Effect of t·IicrowaVes.: Usp. Sovrem. Con/. Merl. Electr.onics. London. 3: ·401 (1960) .. · ·, Biol. 51: 84· (1961). · (ATD P 65-68. Library of Congress, 21. C'.AIU'P.NTl'R, R: L., and C. A. VAN UMMERSF.N: _The· Washington, D. C.) . . .. . . Action'of Microwave Radiation on the Eye.· J. Muro- 43. Kicvo•K'YAN,· A. A.: Working with Ul1rah1gh Frequency waue Porver 3: 1 (1968). · · · Impulse Generators from the. Standpoint of Labor .Hy-r.?. ZARP.T, M. M.: Comments on Papers Delivered at Third giene. Gigiyr.na ; Sa11it. 4: 26, 1948 .. , (ATD P 65-68. · Tri-Service Conference on Biological· Effects of Micro- Library 0 £ Congress, Waslungton, D. C., wave• Radiation. Proc. Third A11nua/ Tri-Service Con/.· 44. SADCHIKOVA A. A .. and· A. A. ORLO\'A: Clinical Picture Jlin/. Effects .Microwave. Rad .. Equip., p. 334, RADC-. of the Chr~nic Effects or Electromagnetic- Microwaves. TR-59-140 (1959). ·. . Ind. Hyg. Occup. Dis. (USSR) 2: 18 (1958). . ti. 8,11.UE, H. D.: Thermal and Non-lhermnl Cat_arar.to-· 45. TYAGIN, N. V.: Changes in the Blood of Animals Sub-K•nrsi, by Microwaves. Presented at the Symposium on· jccted to a UFH ·Field. Tr. Voen110. Med; Akad. (Ref. tl,c Biological Effects and ~ealth Implications of ~licro- , Zhur. Biol., 1959, No. 59923). 73: 116 (1957). wave Iru1di~tion,--Richmo'i1cl; Virginia, September, 1969 .. · ", 46. PRF.SMAN, A. S., and N. A.· LEVITIN A: The Non-thermal H. Roi-,;;··E. 1f.: Microwave Radiati.on. In Co111Pc11diu111· .. • Effect of Microwal'cs on the Systolic Rhythm of Animals; n/ l/11111an Responses lo the Aerospace Enviro_n111e11t (E., Report I: The Effect of Non-pulsed.Microwaves. Byul. M. Roth, ed.;, Vol. 1, Sect. I, NASA CR-1205(1)· Eksperim. JJiol. i Med. 53: 39 (1962). . (1%R). · . · '. ·, ·47; PR,CSMAN, A. S., and N. A. LF.VITINA: .The No_nthennal ~\. R1.A1k, IL A.: The Constancy of Repair· Rate and of -Effect of Microwaves on the Rhythm of Cardiac Con: lr,rpairability during' Protracted· .EXposure to Ionizing . tractions in Animals. Report· II. Investigations of the Radiation. Ann. N.Y. Acad. Sci. 114: 150 (1964). Effect of Pulsed Microwa,·cs. Byul. Ekspcrim. ·Biol. i 

References 

lli .. Rosr., V. · E., G:- A. GELLIN, C. H. PoWELL, a_nd H. 9. Med. 53: fl ,(1962). llou"NE: Evaluation !Ind Control of. Exposures m R~pair- Received June 15. I 970 
.\~ 

,. 
! 

' 

,; ·, 


