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.+ @ Although the exact nature of the biological cffects of microwaves, is not com- -

pletely understood, ev1dcnce indicates that orgamsms exposed to microwaves at

Sy specxﬁc frequcncxcs and power densitics can experience thermal stress. Power density,
N duration of exposure; 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 exposure to this form of energy. Enactment of PL 90-602 “Radiation Control for
~Health and Safety Act of 1968 has evoked 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

- tinie, but as in the past, there is little reason to re‘quire modification of this Standard.

entlate between the i l\nown and substantmtcd

In'froduchon

N OCTOBER
Congress passed

o8,
and former ~President .
- Johnson signed, Public - Law 90-602, The

the Umted States
- -effects and (2) provxde a realistic perspective

.-on the nature"of microwaves and the possible
effects of - exposure to this.form -of energy.

Electronic Products Control' Law. To carry”
' Unless this is done, the tremendous potentnl

N

“out. the provisions of -this law the Bureau of
Radintemeni, Healths (BREDY . off the United: o o . o i, hiomedi
; et e wigs e o L . urer Sy g T edical,
Hrares Pubic Fedith Service wias given e S duqter{:l dr:;{‘( onsumer e and -
Ceyeage . . - . . . . X AN COIS CriUses .EKJ')“-..;._ N
‘responsibility of setting standards (and -main- "' will be'h;m sered. This is ngpn'ja]r }énu the
. .. - . S . . W i
1 taining surveillance) over all electronic prod- ¢ natur pof the biologic ¢ffects of micro-
R . LT
ucts that may emit hazardous levels of elec- . exac ¢ letel gll 4. There |
tromagnetic radiation. In addition to the waves is not comp etely understoo nere &
) sn f jonizing ra diation, a very large ‘considerable * confusion, uncertainty, and
problem of ioniz _ , a- S o
. . 27 actual misinformation in "this area.
area of concern involves exposure to micro- A

~of electromagnetic. energy. In: the microwave

] waves. This has created.a resurgence of in- )
terest and concern with regard to the biologic - Biophysics o _ )
:‘1 © effects and- potentlal hazards of exposure to::"', Microwaves, a subdivision of radiowayes.
microwaves. are usually deﬁned as that portion of the
In this paper an attempt W1“ be made 10 electromagnetic spectrum between 100 and
{ review the present state of knowledge on bio- . 10C,000MHz, cor responding to -wavelengths
4 : logic effects of ‘microwaves and to (1). differ- _in-air from 3 meters to 3 millimeters.
E ' L B L ‘When biologic tissues are exposed to micro-
' AP T “waves, the radiant energy may be reficcted.
] . ’ ' ) it may be absorbed, or it may pass through
S L iis paper 'SA:’O”;f,i ,f;’,',‘c,‘g;"éo,‘,’,e,,'f,?\:;;dm"?h‘i’b::’V'Ll,:.‘f; - the tissue without bemg absorbed. The radi-

of Rochester Atomic Energy Prolecx and has been axslgned‘_
chort No. UR-49-1230. .
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increased  kinctic energy,
) gcncral heating of the material.

I
i

heat . is m(lucnccd by. the physical properties
of the absorbing -matetial.. - The. “clectrical
~propertics of bxolomc tissues détermine ‘the

‘tering properties of tissues can be determined
7" from this information. Electrical propertles

composite features such as water content and
macromolecular and lipid content.-3.. '

sucs,. cells, and macxomolecular suspensions
physiol ogxcal and biochemical reactions mani-

fested by absorption of mrcrowaves is not com-
pletely known:. o

‘The absorptlon coefﬁcrent and the depth of

.

to be inverse functlons of -the wavelength.

stants_ which determine the development of

-"‘—A.<-;< g e

g
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The dxclectnc constants and specxﬁc resist-

be used to calculate penetration depths.*?

Tissue with a low water content, such as
fat, is penectrated by micrcwaves to a con-
sl(lcrably larger extent than tissue with hlgh
water content, such as muscle. In each case,

L e, .{':‘.,.—.-

with increasing frequency: For example, the
wavclength of 2500 MHz provxdes a depth of

“ gy

lrcqucncy of about 900 VIHz the depth of

thereby ‘producing
The con-,
version of any form of physical encrgy into -

"heat development. Tlrc degree “of: heat pro-
* duced is directly related to the rate and extent -
""'of molecular vibrations. A large paxt of- the -~
; tcmpemtmc increase from ‘microwaves.is (luc'

to the increased \1bmtxons of _polar molcculcs‘

The electrical properties of tissues must be. -

" known for a “eomplete’ undcrstanclmﬂr of the
+ mode of interaction of clcctroman’nenc _radia-
-/ tion .with organisms. .Absmptxon coefficients, -.
! rcﬂectxom at'interfaces between different tis-

. , -
sucs, absorption of incident power, and scat- - sl\m subcutaneous-fat-muscle complex and, by -

- -summation, the total heat inputs in skin, fat
Lo - and® muscle have been determined by Schwan' .
“of blolomc ‘materials are related to" certain " and Li®" Under the. sxmpllfymcr assumption
« that the radiation strikes at a right angle to
the surface- of the-body, at flcquenmcs lower :
than 1000 MHz, most of the energy reaches -

.the deeply situated tissues; the percentage of -

. Although the electrical - -properties, dielec- "
" tric constant, and conductivity - of many tis-."

. are l\nown the ‘sequence’ of . events of the;

pcnctratlon of mlcxowaves in tissue. appear.

" The dielectric constant and the specific resist- -
ance of tissue are the essential material con-

heat in tissue. In the case of several different
layers of material, the waves are in part re-.-
flected at each mterface separatmg different

ances of different tissues are known and can..

the depth of - penetration decreases rapxdly'

penctration of about 9 mm’in muscle. For a.
it tal\es about 34. eV to produce an 1o,n pair,

‘penetration is double that attained with 2500
MHez. The compalatlvclv high depth of pene-_
tration in f'ltly tissue seems to indicate an -
~ability of ‘the waves to penctrate the sub-
- cutaneous fat without major energy loss and - -
thereby to become available for heat transfer

in the dccp tissucs. This would be true only if ..
‘ all the energy that reaches the muscular and | -

other deep tissues would be absorbed by them.

valum of the cllflcxcnt media.® .

Amcric(m*hnhz‘;\‘li-'i('il""ﬁj'gi(:nc,__Axm'ciatio,n Journal = AR 339 -

‘Partial reflection- of - electromagnetic waves o
will occur at the interface separating different =
.smedia. The relative amount of the total ener-
gy, which will be reflected, is determined: by -
the dielectric constants and spccrﬁc resistance’

~ The total distribution of heat sources in the

absorbed energy is nearly mdependent of skini -

- and subcutaneous thickness and is about 40% °
of the airborne energy. Between 1000 and
. 3000 MHz, transition from ‘deep heating to

- surface heatmfr takes place;

; of the alrbomc energy may be absorbed by
- the body, depending on the thickness of skin -

~-and subcutaneous fat. For frequencies aboveff o

3000 MHz, most of the radiant energy is ab- -
~sorbed by the skin. Thus, depth of ; penetration .

" becomes so small above 3000 MHz that heat " °

_conduction rather “than trie penetration of |
radiant energy dcccr mines deep tissue témper- ¢

20 to 100%

ature to a.great extent. Radiation of such

high frequency that heat “ténds. -to be de-

veloped at the body surface is much less aptto .
cause intolerable elevation of total body tem- .-
_perature than radiation of lower frequencxes
The presence of thermal receptors in the skin,
" however, increases’ the' scnsmwty of thrs part - .

of the body to heat loads.

The energy content for. microwa ve,s is.ap-
_pxoumately 107 electron volts (V) - per -
“photon in contrast to x- -rays Or; gamma; rays, -
.the energy of.which is rated:,as. thousandsior

millions of electzon ‘volts iper;photor ;-ance
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this enefgy level can be reached in the short--

wavelength ultraviolet range and with x-rays

or 'gamma xays Thus, the energy value for
microwaves is too 10w to pxoduce ionization
on a smgle event basis. ‘

Since microwaves do not cause ionization,
those effects resulting from dissociation of
chemical bonds, such as mutation effects, can-
not be mduced directly by microwaves as
they can be by x-rays or gamma rays. General-
ly speaking, the effects of microwave exposure
are not assoc13ted with the disturbing effects

of xomzmg radiation. - The -effects of micro- .
waves are a manifestation of thermal conver- -

sion. Ionizing radiation, on the other hand,
causes little thermal eﬁ'ect 8

Paihdphysiology '

To 'put the question of microwave bio- -

effects in its proper perspective, a-critical an-

alysis of the published literature is essential.
Any suggested harmful effects of micro- .-

wave radiation exposure have been the result

. ‘of exposures in excess of 100 mW /cm?.

‘According to the best evidence avallable
the most 1mportant effect of microwave ab-_

sorption is the conversion' of the absorbed
energy into heat. Exposure of various species -
" the frequency of occurrence of lenticular im-

of animals to whole-body microwave radia-

tion at levels of 100 mW/cm® or more is -

characterized by a temperature rise which is

- a function of the thermal regulatory processes. .
and active adaptation of the animal. The énd -
irreversible-
change, depending on ‘the conditions of the .. _
~ of lens changes between the exposed and con-
trol groups existed, the difference was con-

result . is' either - reversible or

irradiation and the physiologic state of the

animal. The thermal response induced by

[

o

Rcsponsc of dog to exposure to micro--

‘ Effect on the ,E.y'e's‘

Baron 0 2l and Daily™

< microwave exposure in-an animal with' ther.
- mal rcgulatory ‘capability compaxal)le to that

of man (such as'the dog) is characterized by '
. thrée phases (Figure 1) :
- . response, (2) period of thermal equilibrium, -
|-~ and (3) period of thermal breakdown.? )

In areas in which relatively little blood

“circulates, the temperature may rise more .

apxdly than in vascular parts of the body,

TN BR B RS BR CIES & & o CEY ;,:_smce there .is little means for the mtcrchange

’ ~of heat. Conscquent y, tissue damage is more
',hl\cly to occur in areas where propor txonately '
-a greater rlse in tempexature can occur. Thus
. "the lens of. the eye is more. stisceptible to .
*:thermal damage sincé it -does -not possess an’
adequate vascular system for the exchange of !
heat. o

In man,
did not ﬁnd changes in eyes of persons work-

. ing with radar.’ A case has been reported“i
- however, where a technician developed bi-
~ lateral cataracts while operating a radar unit

in the 1500 to 3000-MHz range, with cx-

-posure to 100 mW/cm? for a 1-year period.}*
The significance of this finding has been ques- .
‘tioned. Cogan et al.** do not believe that a .

" microwave etiology of the cataracts was
.proved. Kalant'* points out that “the lesions

described are quite unlike those produced by

_..microwaves in all the experimental studies,
and the authors are careful not to claim that
“the lesions were caused by -microwaves, but’
‘merely to.urge caution.” This “report gives. -

insufficient information to permit even a guess
concemmg the actual mtensxty of exposure,

" and it seems improbable in the extreme that .
_ the lesions descrlbed were in fact caused by
. microwaves.’

" Recurrent. uveitis may have
been a factor in this individual’s condition.
Zaret et al*® made an-extensive study of

perfections in the eyes of a sample of 736

_microwave workers. engaged in- installation,

operation, and. -development of microwave
equipment and a control sample of 559 in-

- dividuals of similar age grouping. Although

an apparent statistical difference in the score

May, 1971
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American’ Industrial Hygiene Association ]ournal .

sidered not significant from a clinical stand-
point. Accordnw to Zaret et al.,'® the extent - -
.of minor lenticular Jmpexfecnons does not
serve as a uscful clinical indicator of cumu--.
" lative exposure.” A 1clatlonshxp can be estab-
.. lished between-the dose of microwave: radx-'
* - ation delivéred to the'cyeand the appearance :
of cataracts 16 Erom. repmt\,d -exposure at S
in: two"

catar'\cts were formed

watts Cm

+ months.. At 500 mW/cm2 several ‘months
clapse prlor to appearance of posterior cap-
* sular opacification; at this level, several years .-
*are requxrcd for pxoductlon of formed: cat- -
" aracts. : :

they did not appear to increase the incidence’

of cataracts in Army.and Air Force per- -

sonncl following operational exposure. An
analysis of the relative ‘incidence - of lens

changes in a sample .of microwave workers

and a control sample revealed d statistically
ngmﬁcant increase in rate of accumulation of
specific types of defects in the lenses of micro-

wave workers.. Tt was also noted that specific -
arcas of microwave work specialization differ.
in regard to incidence of lens defects and cor-

relations with -microwave “exposure -para-
meters: Since the number of defects increased
significantly with -age in the control group as

~well as in the: group. of microwave workers,"
this process may be mterpreted as indicating ..

lens aging.
The possxbzhty of cumulatlve damage to

‘the lens from repeated “subthreshold” ex--
-~ posures of rabbit’s eyes to microwaves has been -

suggested by Carpenter and . -associates.’®?°

“Carpenter and Van Ummersen® note that the

cumulative cataractogcmc effect of micro-
waves “involves initiation of a chain of events

in the lens, the visible and end result of which _

i an opacity, and that this chain of events
st by initiated by an adequate power den-

- vty acting for a sufficient duration of time if -

it is to progress to the development of an
opacity. If cither the power density. or the.
duration of the Irradiation is below a cer-
win threshold value, then the damage done
fo the lens is not irreparable and recovery
€an occur, provided sufficient time elapses be-

Clcaxy and” hxs assocxatcs“vls found that,’>
alxhough repéated . subthreshold * exposures
_may produce’ minimal types of lens changes,

: occurred, :
‘another thermal injury intervenes, however,..- -

one a subse quent sumLu epxsode

Most. mvestlaaroxs agree xhat thcre is a
. critical intraocular temperature which must

KN

“be reached -before:. opacities dcvclop This

: tcmpuaturc as reported by various ‘authors,” ‘
- ranges from 45° to  55°C. Obviously, no';;‘
cumulative risé in temperature .can occur if

- the intervals -between e\posures exceed the
_time - required. for ‘the tissue to return to
‘The cumulative effect - -
to be anticipated, therefore, is the accumula- ™
“tion of damage ' resulting from repeated ex- i
_posures each of which is mdmdually capable-

normal temperature.

-of producing some degree of damage.’*

an

"According to Zaret,” these results do not .

necessarily indicate 4 nonther mal cumulative

hydration, and this is reversible providing no
lens protein- denaturation has taken place
despite the fact that banding, striations, and
opacification are evident. Hydratlon of lens
fibers. may last-for many days.
;water leaves the lens before denaturation has
“no permanent residua result. If

at a time¢ when the lens is partxally damaged,

thére may be a summation of effect. Baillie?? -
used a hypothermlc. technique to investigate
+the postulated nonthermal mechanism for
- cataractogenesis from multiple microwave ex- . .

posure at subthreshold levels. His data do not

support the existence of a nonthermal cat- -

aractogenic property of microwave radiation..

" According to Baillie*® the cataracts which de-
veloped during the course of his study can .~

be explained only on the basis of thermal
coagulation of lens protein. There is, there-
fore, adequate evidence to -incriminate heat
as the initiating mechanism leading to cat-

aract formation during or following a single

exposure to microwave radiation. This study
suggests that microwave cataractogenesis is,
directly or indirectly, a thermal phenomenon

"At subthreshold power levels, there' is still

some . question regaxdmO' the “cumulative

. -effects on the lens.. Differences in patterns of

peak pulse levels and off time between pulses

may be critical factors.**:

It should be understood that
effect’is the accumulatxon of damage result-

.mg from repeated exposmes each of whxch

. ' PRI VN

cumulatxve

~.effect. Acute injury of the lens leads first to.

‘If the ‘excess - .
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“degrec of damage.

lative effects. hom ml(‘xowavc (,\pomrc is
" untenable. - -

,cumulau\c effect ploduced by ionizing radl--

) atlon to put this question’ in its pxopcr per-

. ,GpCCtl\’L
" are’ some C\pcnmental data to support. the

, conccpt) that injury incurred fxom (‘\])OSUIC

' to ionizing radiation is ‘cumulative. This cu- .
" mulative. choct is a manifcstation of the ir-
- rcpazmbzlzty of acertain fmctlon of ionizing
: radiation injuy which has been designated as
" residual radiation: m]ury Thxs component of
" residual-radiation injury is additive with fre-
.. quency of exposures and is not dependent on.
. intervals between exposures once the full re- ©
* covery potcntxal has bcen reahzed

wave oven repairman® warrants some dis-.

" appearance.of the skin was that of a thermally

S

A —"”“‘ e 4'1“”
iV . .

is' mdx\xdu.m) capablé of pxoduunq some.
Sinice - this- has not been.

conchm\ cly sl\own the suggestion of cumu-
It is important “at this pomt to dchm the

‘It has been suggested (and there

..r.

Anguhs (Vascullhs)
The descri 1pt10n of a \asculms in a micro--
cussion: The' authors state that this “is the -

only medical and physical finding reported in "
the open literature that suggests- a. possxble

causal role of microwave energy from micro- - .

“swave ‘ovens.’
* condition ‘is” simply an" inflammation of the

It should bé noted that this

blood vessels of the skin induced by heat. -
This - partlcular
pairman who turned on the unit with the
door-open. He subsequcntly filed a claim for "
injury specifying burns in the region of the -

" lower abdomen and p0551ble sterility. The

latter .claim was disallowed.” The clinical
induced erythema and other inflammatory
changes which are typical of thermal exposure
Wthh would "be. expected if anyone were
working in. front of an oven with the door-
open. It should be noted further that this "
man .was the supervisor and- repalrman of ..
automated vending machmes and microwave
ovens for over five years in a | firm specxahzmg '
in such devices. Periods of exposure to micro- -

-wave ovens' during  repair work . were fre-"-

_quent, varying from few to no hours per day,
to most of the.working day. It is interesting

to note that in this particular individual there

“case mvolved ‘an oven re-. 4'3

May, 1971 ‘

was no L\’ldCﬂCC of Lamact formation and
and no - degenerative

retinal abnormalitics,
testicular changes. In scven additional people

+ who had cxposure to microwave cnergy rang- -

ing from insignificant (10 to 20 fect. from
microwave ovcn) to- several hours a day of

:dllC(,t C\posurc while they rcpancd microwave’
‘ovens for varying periods up:to five years, no-
'moxs ~ocular
» Lhcrc were. no-skin or genital complamts nor

‘abnormalitics were. seen, and

were. abnormahtws of thcce arcas seen. LU

¢ '_ . o

‘ E'Ffec+s on Tes+es

chorts of stcrxllty in man from exposure .

to xmcxowavcs aré ‘questionable. Barron and
associates'™?” found' no evidence of fertility

.¢hanges in their human-surveys. Reports of -
altered fcmllty in man even with unusually.”
.- large exposures to microwaves are not avail-

able 28 For even the most severely exposcd

i testes, it is almost certain that thermal dam-
Cage is complctely reversible; irreversible
: d"unavc because of abnormal temperature in_
" the humzm body is not- hkely to occur, since

“death of the individual would result from
‘other causes long before- the occurrence of
‘irreversible damage.

‘Testicular ef’fects such as degcneranon and
 reduced ‘sperm production have been accom-
“plished experimentally, but at- very. hxgh ﬁcld
- densities \250 mW/cm?). :

Ely et al.,*® studying dogs, 1abbxts and rats
"\ttcmpted to estimate a safe limit of exposure.

>.in terms of the lowest. power densxty required;” -

-to~cause any testlcular damage in the most -
‘sensitive animal of the group. On ' this basis,’
'an exposure of 3 mW /cm® was considered the

. threshold for. testicular damage for an in-

‘definite exposure. However, - “the authors "
" point out that the damage observed with such -
low levels of exposure is extremely slight, al-
‘most certainly fully recoverable, and in no.
way differentiable from that due to such com-
monplace factors as, for example a hot bath.
- The question, therefore, is whether such dam-
age should be legitimately considered a basxs
for appralsal of ha7ard from mlcro“avcs

Genehc Effecfs '

Thcrc is no. dxrect or conﬁrmed evxdcnce of

~
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p0551b1(, genetic (‘ﬂccls (luc to e\posure to
" microwaves. Sigler ¢t al? -reported that there

. with' prior” occupational exposure to radar.
- This study has. very questionable statistical -

" severe criticisin..

"It should bc notcd that the authors

posure.” Such an associative’ 1e1atlonslup has .
' to be, mtcxprctcd withi “extreme’ caution be:

cause of interacting ‘variables such as simul- -
tancous C\posuxe to 1on1/m0' radiation. and .
. excessively high power densxtxes.- Also, “it is"
“recognized that the appearance of . thls con-
genital malformation is closely related to the

age of ‘the mother, the mc1dcnce rising more
than a hundredfold with i increasing.age of the
‘mother: from 15 to 45 years of age. Because
" the estimated overall ¢ spontaneous incidence
of Down’s syndrome is about 0: 15% in all’

ingly difficult to relate any increased . inci-

cases can be correlated with prec1se1y kriown

study.

Confral Nervous Sysfem

The possxbxhty that microwaves may inter-
act with biological material without significant
lu:mn,gr has been suvgested by several Sovxet '
investigators,31-33, ;
- Although some Soviet i mvestlgators descnbe
the thermal nature of microwaves, the major-
ity stress nonthermal or - specific microwave -
¢flects at the molecular and cellular level.
Studies performed in the United -States gen-
vrally reflect the physiologic response of the -
organism to the thermal’ burden imposed by
microwaves, |

A considerable body of lxterature has grown
it the USSR on transient functional changes
mllnwmq low-dose-. (<10 mW/cm?) micro-

wave irradiation ‘studied by conditional re-
yunse experimentation. The Soviets have
»iongly and repeatedly stressed ‘that the CNS
st be considered as being moderately or
ghly sensitive to. radxatlon mjurles Theu‘

ﬁ:"‘ e S I
“ <

" ‘was a higher incidence of | children with
‘Down ssyndromc (monwohsm )'unong fathers -

" validity, and the concluslons are: sub]ect tof,

" themsclves only ¢ suggcstcd the relationship
bct“een mon«ohsm ‘and paternal radar exs_'

" births in Caucasoid popu]atlons it is exceed- -

dence to possible. exposure history of the par-"
ent unless large numbers of well-documented .

Amerwan‘ hzdmfnal Hygu’ne Assoczalzon ]ournal o : 343

conccptual basxs for thls v1cw is largcly cen- .
tered about Pavlovian “nervism. Very

- trolling mﬂncnce over all types of.reactions in-
 the organism, including various local tissuc re-
~actions. Non-nervous reactions are considered
-as only of secondary importance because of .

thc basic controllmrr role of the central nerv- -

ous system in the whole organism. Thus, in
considering - microwave pathorrcncsxs Sovxet
-physiologists have persistently sought the cen-
~tral nervous system mecchanism that might
“be: responsible - for cach mlcrowavc-mduced
phenomcnon »

In. general, thc woxk of Sovxct mvestlgators :

Cin thlb area is subject to ¢riticism because of .
limited statistical analysis of data, inadequate :

‘controls, and lack of quantlﬁcatlon of the re- -
. _sults. Condmonal response studies intrinsically’ -

~do not lend themselves to’ objective- 1nterpre-'
tation. :
These low- level effects repor ted by Soviet.”
_investigators have not been confirmed’ out51de
the. USSR.  One of . the main difficulties in"
- confirming this Soviet work is quantification.
Amencan investigators have not been able to.

- obtain information on how these studies were -
exposures; thls ‘was not the case in. the cited -

conducted, even though attempts have been .

o made.
- The i 1mpox tance “of the dxﬁ’erence ‘between

the Soyict ‘and Western views is readily ‘ap- .

briefly, this theory may | be interpreted to mean
that the central nervous system exerts a con- -

parent when jt is realized that practical con- .- :

‘sideration’ of ‘maximum permxssxble exposure "

_is based on the acceptance or rejectlon of |

“fonthermal effects of mlcrowaves as bxoloou g

1ca11y significant.

* One does not l\now how much corifidence -

to put in the conclusions of: the ‘Soviet in-
vestlgators The results of Soviet experiments
do not clearly indicate whether the changes

produced by microwaves are due to gen- . -

eralized thermal effects or to. more specific
influences on partxculaxly vulnerable tissues.
The lack of precise temperature measuring .
devices no doubt plays a part in the assump-
tion of nonthermal “specxﬁc. microwave ef-
fects. L

‘Although the Sovxets recommend much

, lower hmxts than we do, there is no informa-
_ tion presently avaﬂable on how the lower-
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limits pus(nbed by thc Sovw
1f thcy are-at all

\})Onscs to - miicrowave - eXposure, concluded
o that most sub]cctl\c symptoms were rever-

sible:and. that patholooxcwl damaqc to ncuml
, muctmcs was msromﬁcant U

‘ sm‘\ch in this area, stated:

+area of irradiation, orientation of the body

s are _o_bseryed, ,.

- Osipov, i A m\uew " of* neurologlc re-

‘In hxs 1cucw of 1hc_Sov1ct re- :
" “An ‘often’ dis- ™

appomtuw f'tcct of the Soviet-and East Euro-

Dodwc,‘

pean htu'\turc on the sub]ect ‘of clinical man~".
ifestations - of microwave: exposure’is the lack -
“of pcrtmcnt data . prcscntcd on the circum-:’

stances ~ of irradiation; frequency, - effective .

_with.respect to: the source; waveform (con-
tinuous or’ -pulsed; modulatlon factors), ex-

' posurc schedule and duration, natural shield-",

" ing factors, and ‘whole plethora of important -

P

“and psycholomcal status of human: subjects
" such' as health, previous.or: concomitant med-’

“environmental . factors (heat; humidity, light,”
etc. ) are often. omitted from clinical and. hy-":
gienic reports.” ‘In addition, the physiological® ©

! jcation, and mental status is also more often -

" than not omrtted These 'variables, both in-
dwrdually and -combined, affectthe . human
“response to mlcrowavc radratron SR

Cardlovascular Effects

Several 1nvestwators report that exposure :

“of animals ‘or- man may result ‘in, direct. or,

“indirect effects on the ‘cardiovascular sys=
~tem.****  Some: authors suggest that e}\posure “

to microwaves at’ mtensrtles that do not- pro-’

duce appreciable’ ‘thermal effect may lead to .

- functional changes. ~These, ‘changes are ob-:

" served with - acute as well as: chromc ex--

" posures.*0-4%

Increased heart rate has been observed after”

B “exposure to power densities of 50 to- 130

.- mW//¢m? for variable periods of time ranging
" from 10 to 140 minutes.>"%® -

.+ Stowi “g’“‘”of the heart rate is reported by
some Soviet .investigators with low, or what.

‘they consider nontherrnal levels of micro-' 1

. waves,**"*® although’ others have reported in-

~ creased heart rate with low-level microwave’,

’exposure over- the:, dorsal’ ~aspect of _rab-"

»Ma_y,' 1971

, 1hcsc chscxcpancxcs 1cvca1 several defects ‘
~in‘some of the experiments which should be °
",l'recovm/cd such as frequency, power density )
‘of microwaves, duration of exposure, "animal

Jrestraint, and 1nadcquacy ‘of statistical anal-"-"

.ysis. Review of the data in these cxpcrrmcnts
. indicates . that ‘the rcportcd differences i

i hcart rate. were chance vaxlatlons mﬂuenced :

pcx 125 by cncad)an hcart ratc rhythm

Conclusxons

- The only eﬂ'cct of microwave ‘radiation’
whlch has been determined to be hazardous is

. the. diclectric heating which: -presents a ther- -
0 mal hazard to the human body. . - ,
~The most recent standards, which deswnate i
a safety. level of 10- mW/cm" are’ those réc- .

ommended by ANSI Sectional Commutee C

95 gubcomuuttce IV in 1966." The ANSI..

‘Standard C 95.4 specifies .2 maximum safe
“exposure level of 10 mW /cm?, which is rounh-'
“ly a factor of 10 below thresholds of damaﬁc

0.1 hour or more.

whole-body radiation.. Temperature rise’ is

“determined primarily by the body’s ability to -
d1551pate heat; factors affecting this would be”

“significant' in terms of the" consequences of
“whole-body radiation. Heat dissipation ca-.

acceptable “This is. the  case:

N mW/cm or hwher

“of Defense: and- ‘has, been found ‘to be com-

_-pletely satisfactory. No- evidence" has been - -
'.i produced whrch would su (Test lowermg thxs,“

vlevel.:

“nature of microwave fields and the possible
effects from. exposure.

‘an organized fashion. .Ultimately, a clear

effect ‘must be made

> by thermal effects, assuming an exposure of .
The 10 mW /cm? level s,

based on thermal cquilibrium’ conditions for .

__ pabrhtres are better-for’partial-body radiation; -
*higher levels of rrradlatron would therefore be.
in medical

diathermy, Where - the levels may be at 100

“This level of 10 mW/cm2 has been followcd' .
“for the last 15 years by the U. S. Department

The greatest- need today in the assessrncnt E
“of biological effects of" microwave exposurc is -
to’ maintain a realistic perspectwe on the

" The mechanisms by
which cell damage is produced, the biol logical -
tolerance of the most susceptrble tissues, "and.
safe levels of intensity must be.established in -

differentiation "between ha7ard and biologic
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