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Considerations in the Evaluation -of 1he-Bi~i~ical 
Effects of Exposure to Microwave Radiation 

STEPHEN F. CLEARY, Ph.D. 

Dc"partment of Bia physics, kf edical College of Virginia, Virginia Commonwealth University, 
· MCV Station Box 877, Richmond, Virginia 23219 

@ The increasing use of microwave (SHF) and ultra-hig.h-frequency· (UHF) radi
. ation in industry and in the home suggests the need for a re-evaluation of the 

.available information concerning the biological effects of such exposures. A review of 
· ~ - the thermal (> l Om W /cm") and non thermal effects of microwave and UHF exposure 

on organisms, organs, cells, bacteria, and biological molecules is presented, as well as 
the 1.,xposure limits that have been based on such data. It is suggested that· the area 
of greatest uncertainty is the effects of nonihermal exposure on the central nervous 
sys;em. Suggestions arc made for additional research on the effects of nonthermal 
exposures at various levels of biological systems. 

Introduction 

THE DEVELOPMENT OF ·RADAR. 
equipment for military applications dur

ing World \Var II resulted in the introduc
tion of a new range of electromagnetic radia
tion frequencies into man's environment
microwave radiation. Until that time electro-· 
magnetic radiation had been restricted by 
the available technology primarily to long
wavelength radio waves and to the very
,;hort-wavelength regions of the infrared, 
visible, and ultraviolet light and :-:-radiation. 
?vficrowaves, which are sometimes referred to 
as super-high-frequency electromagnetic radi
ation (SHF), encompass the wavelength band 
of from 1 mm to 1 m, 'adjacent to the ul:ra
high-frequency band (UHF) of from about 
1 m to 100 m. Practically all types of electro
magnetic communications SY'jtems including 
radio and television signals a\re operated in 
either the UHF or the SHF bands. 

Initially the applications of microwave 
radiation were limited to rnilitary radar sys
tems, but the use of radar for aerial and ship
board navigational systems is now common
place in commercial and private operations. 

Thi:; work wa~ supported in part by the U. S . .Public 
Health Service. Bureau of Radiological Health, under con
tract Cl'E-R-69-0'.l. The opinions expressed in this paper arc 
thos,; of tli!! :wthor ~ind ar..; not n<:ccss:1.rily those of the 
U. S. Public J-Icalth Service or other gOvt.·rnmcnt agcnci.::s. 

The unique ability 'of sorpe frequencies of 
microwave radiation to penetrate deeply into 
solid media, thus producing internal heating, 
has resulted in a wide variety of new applica
tions of this radiation. In addition to the well
known medical use of microwaves for dia
thermy treatment, more recent applications 
include drying and freeze drying, sealing, 
cooking, reheating, thawing, moi~ture level
ing, and sterilization. Future applications may 
include the use of microwave ionized gases· 
for chemical processing, space propulsion, 
controlled nuclear fusion, hovering vehicle 
propulsion (microwave-powered helicopters), 
microwave motors, wave guide vehicle trans
·port, and radiation-beam "wireless" power 
transmission.1 

To illustrate the prevalence of microwave
generating equipment, it is estimated that 
almost 100,000 microwave ovens are currently 
being used in homes, restaurants, hospitals, 
and automatic food-vending facilities. Owing 
to the aforementioned applications of micro
'wave radiation for the processing of food 
and other materials, there will most likely be 

: widespread use of microwaves in industry in 
the near future. In view of the introduction 
of microwave generators to public usage and 
the recent passage of Public Law 90-602, the 
Radiation Control for Health and Safety Act 
of 1968, the implications of population ex-
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p0S\\l'l' ll\U~t be considered in light of the approximately 100 mW /cm2
; thus, by ar

:l\·:1il::ble infonn:1tion concerning the bio- plying a sa'.cty factor of 10, the level of 10 
logic:d · effects of microwave exposure. Par- ·.mW/ cm~ was suggested. 
tit;11hr attention should be focused on· the The results of animal experimentation and 
t\_.J)C of cx11osurl's most likch_.' to be cncour.t- I · t 1eoret1cal and experimental data pertinent creel in the present :rnd future microwave ·· to the absorption cif microwave radiation in 
l'm·ironmcnt-il:1rnely, intermittent or con- . the human body have been summarized in a 
tinuou,·. loll'-levcl exposmes to a number of number of review articles (sec, for example, 
liHF and SHF radiation frequencies. The Moore~ and Schwan4 ). In general, the results 
purpose of this communication is to review of experiments carried out in this country 
the :waibble information on the biological suggested that thermal damage was the pri-cffens of microwave 1:adiation in an attempt ff f mary e · ect o excessive exposure to micro-to e,·aluate its adequacy for the determina- wave radiation. The thermal effects varied 
tion of permissible microwave exposure levels. from generalized febrile reactions in the case 
The Microwave Problem of whole-body exposure in animals," to 

Fo!loll'ing World War II high-power-out- specific cffecti on the hematorioietic systern,6 
put radar equipment operated primarily in the testes,5 and the lens of the eye. 7 The 
the SHF band was . developed for mili- physiological alterations produced by elevat
tary applications._Raclars with·average power ing the temperature of the organism by 
outputs in excess of 1 kw were capable of absorption of microwave radiation are macro
producing microwave fields with power densi- scopically indistinguishable from changes pro
tics sufficient to cause detectable heating of clucecl by' fever of any origin. 3 Generalized 
the skin at distances of several hundred feet stress reactions involving the pituitary-adrenal 
from the radar antenna. Both military an.cl response are noted, including increases in 
industrial organizations were aware of the leukocytes and decreases in eosinophils and 
potential biological hazards of micrmvave ex- lymphocytes.G At fatal levels of exposure the 
posures at such levels. A Tri-Service Corn- symptoms include myocardial necrosis, hem
rnittee was formed in the United States in orrhages in the lungs, liver, gut_, and brain, 
19.56 which consisted of representatives of the and generalized degeneration of all body tis
Army, Air Force, and Navy. This committee sues. The effects of nonfatal microwave-in
was charged with the task of evaluating the duced l1yperpyrexia have generally been as
potential biological hazards of microwave ex- sumed to be reversible with the exception of 
posure -in an effort to establish safe levels of lenticular changes. At levels of approximately 
microwave exposure for military personnel. 100 m 1-V / crn 2 cataractous lesions are induced 
As an outcome of an evaluation of the avail- in the lens by acute. or fractionated micro
able information on human exposures and wave exposure. 1 Although in the case of 
information obtained from research con- cataract formation there is some evidence to 
ducted with animals, 10 mW/crn2 was recom- suggest thatthe effect is not strictlv thermal 7 

mended as the exposure limit. This limit was it appears to be generally agreed that therm;! 
based primarily on two lines of reasoning. effects predominate at exposure levels of 
First, it had been theoretically and experi- greater than 10 mW/cni2. On the basis of· 
mentally determined that contini.1ous whole- thermal damage criteria, the United States of 
bod/ exposure of a human to this power America Standards Institute (USASI) has 
density would result· in a maximum· equi- adopted the following standard: "For normal 
librium body temperature rise of 1 °C-a level environmental conditions and for incident 
considered tolerable on a lonrr-tcrm basis electromagnetic energy of frequencies from . 0 without risk of irreversible darnagc. 2 Second, 10 megahertz (MHz) to 100 gigahertz 
a number of experimental investigations of (GHz), the radiation protection guide is 10 
the efle:::ts of microwave exposure in animals m ,,v /cm~ as averaged over any possible 0.1 
inclicarecl that irreversible tissue damage re- hour period. This means the following: _ 
suited from exposures at power densities of Power density: 10 mW/cm~ for periods of 



0.1 hour or n101-e; 
Enl'rgy drn,ity: 1 m\Vh/cm~ during any O.l 

hour period. 
This guide :1ppli,:s whether the radiation is 
continu~us or intermittent." 0 The specifica
tion rhat the energy density shall be· limited 
to l m\Vh/on~ during any 0.1-hciur period 
limits the temperature rise in a body exposed 
lO a rnicrowave field to less than 1°c but 
permits exposure to power-density levels in 
exccss of 10 mW/cm~ for suitable short dura
tions. 

1'he micro,1·a\·e exposure standards accept
ed by the United States military and many 
industrial microwave users arc generally 
similar .to the USASI standard. The Bell 
Telephone Laboratories has adopted a more 
conservatiYe limit which states: ''(1) Power 
levels in excess of 10 m1V /cm~ are potentially 
hazardous, and personnel must not be per
mitted to enter areas where major parts of 
the body may be exposed 10 such levels. ( 2) 
PO\rer levels between 1 and 10 mW/ cm~ are 
to be considered safe only for incidental, oc
casional, or casual exposure, but are not per
missible for indefinitely prolonged expos
ure."10 

The applicability of these microwave ex
posure standards to 'nonoccupational, non
military exposure involves the consideration 
of a number of factors. It is, of course, obvi-

. ous that, as in the case of .exposure standards 
for ionizing radiation, different criteria should 
perhaps be applied to exposure of the general 
public as contrasted to military or industrial• 
exposure, owing to the difference in the 
number of people exposed and the differences 
in the distributions of age and states of health. 
This suggests that factors such as genetic ef
fects and somatic alterations leading to the 
induction of neoplastic or other diseases or 
impairments must be considered as well as 
more subtle effects such as behavioral changes 
and synergistic effects. Whereas the presently 
available information does not demonstrate 
the existence of such effects of microwave 
e:-..1Josure, sufficient data are not available to 
definitely n:de them out. In some cases, to be 
subsequently discussed, data have been re
pc,ned in the literature which have been 
interpreted as suggesting that such effects do, 
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rn fact, (:xist. It should be rncntionccl that 
most of the presently available data arc. to a 

certain extent, of li1~1ited applicability, ~\,·ing 
to the fact that most of the experiments were 
conducted with animals and not \,·ith hu
man~; they were performed at power densities 
much greater than 10 mW/cm~; and they 
were mainly conducted with S ( 10-cm l and 

. X (3-cm) band microwave frequencies. If 
the present and future microwave environ
ment is confined to the S and X bands at 
which frequency-specific biol~gical effects 
have not as yet been detected, the chances 
of prnducing bizarre or unknown· biological 
effects should be minimal. 

To evaluate the possible significance of 
frequency-specific, low-powcr-densitv ( non
thermal) microwave effects, the basic modes· 
of interaction of rnicrO\,iaves with biological 
media must be considered. Micro\,·a\·e radia
tion may be represented as a traveling wave 
consisting of transverse electric and magnetic 
os~illating fields; the amplitude of the oscilla
tions is directly related. to the po\,-er clensit:' 
of the field. There will be a significant energy 
exchange from the electromagnetic field to 
the medium ,vhenever the forces resulting 
from the interaction of the electric and mag
:ietic fields of the molecules of the medii11n-·· 
and the microwave field are sufficient to alter 
the kinetic or potential energy of the mole
etiles. It is generally assumed that the 
permanent or induced magnetic moments of 
biological molecules are of such small magni
tude that energy exchange by this mechanism 
can be neglected in comparison to ex
change between the electric fields. It should 
be noted, however, that there are biological · 
molecules such as hemoglobin which contain 
ferromagnetic atoms, so that interactions with 
the magnetic component of the microwave 
field may not always be negligible. There are 
extensive. data indicating that static magnetic 
fields do produce alterations in biological sys
tems.11 

Neglecting the magnetic component of the 
. microwave field, the energy exchange ,,·ill 

occur between the electric fields. The electric 
field of molecule.s in the medium· may be clue 
to permanent dipole moments or to polariz
ability t:nder the influence of the microwave 

I 
',,1 
i_:;,i 
r 
I. 
l 

A 

D 
r 

l 
~ 
I 

I 

l 
~1 

,f._ 

~ 
I 

I 
I 

l 
i 

~ 
,· 
I 

h,, 
f~4 
'' 

fick 
pen 
rect 
inch 
absc 
of tli 
fcrrc 
in c1 

tion 
the 
ene1 
and 
,,·hi 
rela 
ties 
fron 
as fr 
and 
port 
scle 

0 
excl 

iri?tl 
with 
wav! 
mag 
cess 
mec 
ener 
calc1 
with 
4X 
2 to 
gam 
tials 
elect 
ioni~ 
rota; 
mole 
fore, 
with 
mo·1c 
atur, 

T: 
1mp1 
char 
shap 
bxa· 
alter 
Ene1 
1mp1 

J 



[ ~"O. ~ ~- - lw,;,"" 1,,,1,,,1,;"1 Hro;,,,,, Aw";",;,,,, ]""'""/ 
I 
I 

1:wd tb::it 
!:ll"L'. tn :.\ 
1

\·, l)\\·in~· 
i· ' 
1,•:1~~ \\"t."l't~ 

.,·ith lm
dcnsitics 

lEci t!h'.)" 

:n~) and 
l1ClC,. If 
cm·iron-

bancls ~1 t 

l effects 
ch::rncc::. 

.1iolog-ic:.1l 

cance of 
,\· ( non
,ic modes 
Jiological 
w radi::i
ing "·a\·e 
rnagnenc 
1c os::-ilb-
·r density 

nt energ~y 
· field to 
resulting 

J.nd 1n:1g-

mediurn 
1t ro alter 
,he mole
that the 
)!11C:1tS of 
tll magni-
1echanism 
1 to ex
It s:10uld 
biologic:il 
h cont:iin 
,ions with 
nicrowa\·e 
There are 
' magnetic 
ogical sys-

cm of the 

1
.:rnge \,·iii 

l

he electric 
::i\· be due 

l
.o polariz-
11icro\,'aYe 

held. or to horh in conjunction. Sincl' the 

1wrn1irti\·ity of ::i cliclcc:tric 111atcri:1l is a di

n'cr rnc:1rnrc of the number or ]lL'nuanent Z1nd 

inclun'cl dipoles. it is founcl that energy 

:ib,orprion in biological media is a function 

of the pcnnittiYity. Energy may also bt.: trans

fl'rrcd from the rnicrow:we field to electrons 

in conduction b::rnds, so that energy absorp

·tion is also a function of the conductivity of 

the medium. A consequence of the mode of 

enngy o:ckmge between biological media 

and micro"·avcs is that tissues such as muscle 

d1ich l1::1ve a high ·water content will have 

rcbti\-cly high pcrmittivities and conductivi

ties and will absorb larger amounts of energy 

from a microwave field than will tissues such 

as fat or bone which have a low conductivity 

and pennittivity. This phenomenon is of im

portance in microwave diathermy, since 

· selective heating of tissues is possible. 

On a molecular scale, the mode of energy 

exchange· results in vibrational and rotational 

motions of polar molecules by interaction 

with the impressed electric field of the micro

wave radiation. To obtain an idea of the 

magnitude of the energy exchange, the pro

cess may be considered from a quantum 

mechanical point of view and the quantum 

energy associated with a microwave field 

ca1Cl7iared. The energy quanta associated 

with, for example, a 3-cm microwave is 

4 X 10·0 e V, as compared with approximately 

2 to 3 eV for visible light and 10G eV for 

gamma photons. Since the ionization poten

tials of atoms are in the range of several 

electron volts, microwaves do not produce 

ionization but instead may produce excited 

. rotational or vibrational energy levels of the 

molecules in a medium. The net effect there

fore, oi the interaction of a microwave field 

with tissues composed of a wide variety of 

molecular species is an increase in tempe:::

ature from molecular vibration and rotation, 

The response of biological molecules to the 

.impressed microwave field depends on their 

charge distribution, molecular weight, and 

shape-factors which also determine the re

laxation time required for such molecules to 

alter ihcir orientation in response to the field. 

Energy exchange will be a function of the 

impressed frequency and the molecular 

species. This phenomenon serves as tilt.: basi;, 

. ror the technique known as dic:lectric clis

persion which is used .in rnoleC11lar biolng-v 

to determine the relationship of the dielectric 

constants of proteins, amino acids, and pep

tides to dipole moments, rotary diffusion co

efficients, and relaxation times. Dielectric dis

persion studies on proteins, peptides, and 

amino acids have indicated that character

istic relaxation times cover the range from· 

5 X 10·11 sec for glycine and 250 X l 0·" sec 

for horse serum gamrna-pscucloglobulin.1" 

Converting these r~laxa tion times to frequen

cies, the corresponding frequency range is 

. from 3.3 GHz to 63 kHz-a region that 

almost completely encompasses the UHF and 

SHF bands of electromagnetic radiation. 

The results of dielectric dispersion studies 

suggest the possibility of frequency-specific 

effects of UHF and SHF radiations, although 

it is not evident from the available data that 

such effects lead to irreversible clenaturation 

· of proteins in the case of in vivo irradiations. 

However, bovine gamma globulin and equine 

serum cholinesterase have shown specific 

changes ( denatur~tions) on irradiation in the 

vicinity of 13.12 MHz.13 Similar effects on 

the structural properties of proteins (human 

gamma globulin) \Vere reported by Bach,14 

although the problem of temperature control 

introduced uncertainties in. the interpretation 

of his data. 

There do not appear to be any available 

data on frequency-specific effects in cell sys

tems. Such studies might be utilized to detect 

denaturation effects on specific molecular sys

tems as a function of frequency. Since viable 

cells arc in a state of continuous synthesis, 

they would contain protein and nucleic acid 

molecules in all stages of synthesis at any 

given time. These partially synthesized pro

tein or nucleic acid molecules should have 

wide distributions of molecular weight, size, 

shape, and charge, with molecular relaxation 

times which might correspond to the fre

quency of the applied field. H polar molecules 

or polarizable molecular complexes within the 

cell interact with an electric field of .s~~cient 

magnitude to produce orientational changes, 

these effects might be expected to interfere 

with the synthetic processes 0£1:he cell. Heller 
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· · :rncl Tcixcir:,-Pinto"' Clbservecl intracellular 
oricnt:ition cif s11bccllubr particles and were 
:1bk to produce chromosomal :ibcrrations, in-· 
eluding linc-:ir shortening, pscudochiasm:ita, 

· :m1it0tic division, bridging, and irregulai ities 
in the chromosomal envelope. These effects 
,rcre produced at a frequency of 27 MHz 
under conditions such th:it the temperature 
rise did not affect the viability of the orga
nism. On the basis of the :wailable evidence, 
it ,,·as not possible to precisely determine the 
role of temperature effects. Lystsov et al.,1G . 
using 9.37-GHz radiation, concluded that in 
Bacillus subtilis there was no direct non
thcrinal effect on.the genetic apparatus of the 
cell but there appeared to be alterations in 
metabolic enzymatic processes. Nyrop17 found 
that a 20-?vfHz field, modulated at frequen
cies fron'1 10 to 100 kHz, r.esulted in the in
activation of Bacterium coli ,and foot-and
rnouth disease virus at temperatures signifi
cantly below those required for thermal in
activation. The virus inactivated by the elec
tric field was found to lack antigenic activity, 
a different effect from that observed for 
the thermally inactivated virus. Nyrop ·also 
demonstrated that tissue cultures could be 
killed at field strengths of 22 v/cm without 
raising the temperature of the culture above 
30°C.17 In studies of the effects of low-power
density irradiations of Escherichia coli B at 
136 GHz it was found that the rate of cell 
division was slowed down, and specific meta
bolic processes, occurring during the early 
part of the life span, were inhibited.16 In an
other series of experiments, lymphoblastoid 
transformation of lymphocytes in vitro was 
induced by 10-cm microwave radiation at low 

d · • 19 . or relatively nonthermal power ens1t1es. 
Fragmented nuclei were noted among the 
transformed cells with bridges joining sepa
rated parts of nuclear material. In some cases 
the nuclei were completely broken down into 
small fragments and vacuolization was also 
detected. These studies tend to suggest that 
nonthermal microwave fields at various fre
quencies interact with intracellular moieties 
to alter metabolic and/or genetic processes. 
Interpretation of the significance of these 
findings is difficult, since mechanisms are not 
specified. In vivo cellular transformations 

.f anuary-February, J 970 

were also cletcctecl by Valtonen,20 who re
ported the appearance of giant mast cells in 
thl: peritoneal f1uicl of the rat following low
lXlWLT-dcnsity microwave radiation. It is sug- · 
gcstcd that the formation of the giant mast 
cells is a result of a degenerative change in 
tr.e mast cell and is a nonthermal effect of 
microwave irradiation. ?vforcssi/1 on the 

· other hand, found that microwave irradiation 
at 2450 MHz of mouse sarcoma 180 cells 
did not result in cellular destruction that 
differed significantly from thermal damage. 

The orientation of micron-size particles by 
microwave radiation has been studied by 
several investigators. Various particles were 

.· sti.1died, including iron filings, starch particles, 
colloidal carbon particles, oil droplets, mam
malian erythrocytes, macrophages, and vari
ous bacteria. In general, it was found that 
asymmetric particles were oriented in the field 
and the orientation ( with respect to the lines 
of force of the electric field) was a function 
of the frequency of the field, the age of the 
particle ( in the case of biological materials) , 
and the permittivity of the suspending medi
um.22 It has been determined that for par
ticles such as biological cells, field strengths 
in excess of 100 v/cm are required to produce 
such effects, and for steady-state field 
strengths of this magnitude thermal effects 
will predominate. The effects of cellular 
orientations resulting from pulsed micro
wave fields of low average power density but 
high instantaneous field strengths. are, how
e,;er, not presently known:' · 

On the basis of the available data on the 
effects of low-power-density ( that is, 10 mW/ 
cm·') microwave irradiation of molecular and 

· cellular systems, it is not possible to "rule out 
the existence of frequ'ency-specific nonthermal 
effects. If such effects are induced by low
level exposure to mio1~owave radiation, it 
might be anticipated that they would be 
ma:1ifested in effects on the organ system or 
organism level, and, therefore, they would 
be detectable, in human or experimental ani
mals, even though they would not result in as 
marked changes typical of thermal damage. 
As previously mentioned, most studies on 
animals conducted in the United States have 
been designed to detect the effects of tissue 
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hypcrtliemia :rnd Juve generally indicated 
Hut rnch effects :-ire not detected at levels 

· bclqw 10 niW/cm~. Hm,·evcr, a number of 
· studies of the effects of low-le\·cl chronic 
inicrow:we exposure. of h~mrnns and animals 
h:1,·e. indic::ited effects, ·i11 particular, on the 
centr::il nervous· system. -

The. effect of UHF electromagnetic fields 
on the nervo·us system of animals has been 
the object of numerous investigations. In a 
1-c\·ie11· of. such effects Livshits~3 suggests that 
the. effect of UHF radiation on the nervous 
system is primarily due to interactions at the 
cellular kvel. Because of the role of the ner
vous system in the functioning of the cardio
\·~srnlar system, many of the effects of micro~· 
w::ivcs on the latter system have been at
tributed to direct interaction with the central 
nen;ous system. The implied effects of micro
waves on the nervous system of animals in
clude: alterations in conditioned reflexes, · 
vagomimetic action. on the heart, stimulation 
of the parasympathetic and inhibition of the 
sympathetic nervous syste1n, alteration~ in 
heart rhythm ·and diameter of blood vessels, 
structural ·alterations in the synapses of the 
vagus nerve, altered sensitivity to drug stimuli, 
reduction in diuresis, altered stomach secre
tion, and various metabolic effects. 23 Al
though the power densities at which these 
effects were induced are not given, it is indi
cated that the UHF fields were too weak and 
geometrically too small to produce generalized 
temperature rises. In another series of investi
gations of the effect of electromagnetic fields 
on the central nervous system, Kholodov 24 re
ported specific nontherinal effects of micro
waves. These effects include changes in con
ditioned reflexes, alterations in sensitivity to 
light, sound, and olefactory stimuli, changes 
in the structure of skin receptors of the di
gestive and blood-carrying systems, alterations 
in the biocurrents of the cerebral cortex, re
versible structural changes in the cerebral 
cortex and the diencephalon, and the appear
ance of various vegetative reactions. Changes 
in the rhythm of the dog heart were reported 
by Presman and Levitina"" following exposure 
to microwave fields of 5 to 10 mW /cm 2

• 

Irradiation of the ventral side of rabbits 
caused a decrease in the heart beat, as con-

~·· -. ... -: ...... 

trasted to an inc:rcasccl heart rate following ir
radiation of the dorsal side and the h(;acl. The 
effect was attribut(;d to cent(al ner~ous sys
tem sti111llbtion as a result of irradiation of 
the head, ::is contrasted to stimulation of per
ipheral receptors and the autonomic nervous 
systems from ventral irradiations. 

Clinical manifestations of the effects of 
chronic low-power-density microwave irradia-

. tions on .Russian microwave workers have 
been reported by Letavet and Gordon."" The 
effects tend to indicate that the central ner
vous system is the organ system most sensitive 
to microwave exposure. The reported effects 
of chronic occupational exposure of humans 

. to microwave radiation include:· bradycardia, 
disruption of the endocrine-humeral process, 
hypotension, intensification of the activity of 
the thyroid gland, an exhausting influence on 
the central nervous system, a decrease in 
sensitivity of smell, and an increase in the 
histamine content of the blood. In addition 
to these findings there was a high incidence 
of subjective cornplaints among the 525 
microwave workers examined during the 
course of the study. These complaints in
cluded: increased fatigability, periodic or. 
constant headache, extreme irritability, and 

· sleepiness during ,work. Clinical studies of 
microwave workers conducted in the Unite.cl 
States by Daily2 7 and by Barron and Baraff~8 

. indicated, in contrast to the . findings of 
Leta vet and Gordon, 26 no acute, transient, or 
cumulative physiological or pathological 
changes which could be attributed to micro
wave exposure. Statistical analyses of the 
clinical findings are not reported in either the 
Russian or the United States studies. 

Based on the findings of Letavet and Gor
don/6 the following permissible limit for ex
posure to microwave radiations has been 
established in the U.S.S.R.: "The microwave 
radiation intensity in areas where personnel 
are required to be present should not exceed 
the following maximum permissible values: 

a. In the case of irradiation during the entire 
working day-no more than 0.01 mW /cm". 

b. In the case of irradiation for no more than 
two hours per working day-no more than 
0.1 mW /cm". 

c. In the case: of irradiation for no more than 
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l :-1 w '.20 rninutl's per working day-no 
more th:m 1.0 rn\\'•/cm~ (in this case the 
11,,: nf protccti\'C: goggles is m,rndatory'. .""'; 

Tlwrc li:1,·,, i1bo been reports in the Western 
litcr:1turc· of s11sp,'ctccl central 11e1Ym1s .sys
!t'm cffcns produc·cd by low~lcvcl microwave 
L'Xposmc. Frey h:1s fou1;cl · that the perception 
of sound can be induced in humans irradiated 
:,,·ith. microwa,·e radiation at levels of less 
· th:111.' l O mW/ c:111\ and changes in the heart 
rite· of nio11kcys are also indicatecl.w It was 
:suggcsfrc! that the auditoiy response might 
be a direct nonthennal effect ·on the nervous 
·,,·srcni, but the studies of Sommer and von 
Gierke indicate that the: effect may be due 
instead ro ckctrornechanically in.duced ,·ibra
tions in tissue coupled with normal reception· 
in the cochlea."° Frey also has detected evo:~ed 
electrical potentials in the brain stem of cats 
induced by irradiation with pulse-modulated 
UHF radiation_:n The threshold power dens 
sitv reported is 30 mW/cm~ average .and 60 
rnJV /cm" peak power. The potentials are·. 
ascribed to a direct interaction of UHF rac:ia
tion ,,·ith neural tissue. Exposure of birds to 
nonthermal power densities has been shown 
bY Tanner and co-\rnrkers3

~ to result in alter
ations in behavioral patterns. The type of 
reaction was found to depend on the surface . 
irradiated, ,,;ith dorsal irradiation prodticing 
the mosr marked effects. Results of studiPs by 
Korbel and Thompson:i3 of the effects of low~. 
intensii:v UHF radiations on rats suggested 
that behavioral effects are produced by non
thermal levels of exposure. 

On the basis of the foregoing clinical and 
experimental indications of neural effects of 
electromagnetic radiations in the UHF a::id 
SHF bands, such effects are difficult to ignore, 
e\·en though there is uncertainty regarding the 
power densities required to elicit these effects 
and even though many of these effects are 
reversible and have not been demonstrated 
to lead to permanent damage. The existence · 
of neural effects at nonthennal levels of micro
\\·ave exposure has been questioned, since, as 
noted by Schwan/ physical mechanisms have 
not been specified. A possible mechanism 
may be suggested however, by recent advances 
in the theory of nerve excitation and conduc
tion. On the basis of three new axon mem-

.f a11.uary-Fcln11ary, 1.07() 

brant: prop<:rtics-negativc fixed surface 
charge, bin:fringence changes, and infrarccr·· 
emission~Wci"·' has suggested a physical 
rnoclcl of nerve excitation and conduction 
based on the arrangement of dipoles in layers 
on the surface of the axonal membrane. 
Alteration of the outer dipole layer will pera 
mit transfer of sodium ions across the mem
brane and will lead to "nerve excitation." Al
though · the structure of the dipoles is not 

. known, it is clear from the theory of dielectric · 
dispersion that an alternating · electric field 
(UHF or SHF) can interact with molecular 
dipoles to an extent dependent on the relaxa
tion time of the dipoles and the frequency of 
the applied field. Reorientation of the dipoles 
·could alter the dipole potential at the mem
brane surface, resulting in a change in the 
threshold for excitation or conduction as de
tected by Fre/11 and others. Since these dipole 
layers might not be uniform throughout the 
nervous system, the effect might be frequency
dependent, or, conversely, at a particular fre
quency, specific areas of the nervous system 
might be affected. Further experimenta·l and 
theoretical work is, of course, necessary to 
evaluate the validity of this mechanism of 
interaction, but it serves to illustrate the fact 

· that, because of present lack of understanding 
concerning the basic neural processes, i.t· is 
necessary to cont-inue the investigation of 
microwave effects at low power densities. 

Conclusions and Recommendations 
The available theoretical and experimental 

· data appear to explain adequately the thermal 
effects of exposure to microwave and UHF 
radiations, and it is possible to delineate lethal 
levels of exposure as well as levels that will 
produce irreversible changes such as cataracts. 
The effects of exposures at power densities of 
less than 10 mW /cm~-nonthermal irradia
tions-are at present uncertain. The signifi
cance of the clinical studies reported in the 
Russian literature is difficult to assess, since 
the power densities are not .avaibble and no 
objective statistical analysis is presented.3

" 

Experimental results in animals irradiated at 
nonthennal·levels are again difficult to evalu
ate, but tend to suggest that microwave radia- · 
tion can interact with the central ne1Yous 
system to produce a number of effects, 111-
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eluding ch:rngcs in the cHdicl\·ascular sys
tem. In general_. rhes,: effects appl·ar to b.e 
rc\'l:rsiblc. :1lrhough some clinic:il evidence 
to tlw contrary exists."'; Interpretation of 
neural effects of rnicr0\1·an'.s is difficult be
l':\usc of ::i bck of kno,,·ledl!;e concerning 
basic mechanisms of interaction, but recent 
1,·ork 011 nen·c cond uci ion may provide the 
1wccssary mechanisms. Consideration of the 
significance of these nonthennal effocts-if, 
in fact, they do exist-suggests that they may 
pose an indirect threat to public safety (for 
cx,imple, functional alterations might be 111-

duccd in airline pilots during landing or 
takeoff). 

In view of the man\' uncertainties, addi
tion<1I res,':1rch should be performed in the 
area of nonthennal effects of UHF and SHF 
r:idiations. The research should be carried 
out at several levels including: 

1. ?vfolecular research-to determine the 
basic mechanisms o.f alteration of molecular 
structure as a function of power density and· 
frequency. 

2. Cellular research-to investigate the 
effects of non thermal irraclia tions on meta
bolic and genetic mechanisms. 

3. Animal experimcntation.,-to detect ef
fects on the central nervous system by direct 

. n-ieasuremen_t of.induced potentials and effects 
·on conditioned responses and reaction times. 

4. Epidemiological investigations-to 
answer the vita:! question of · whether the 
clinical effects reported in the ·Russian litera-' 
tu{·e ( and serving as the basis of the Russian 
exposure limits) can be detected in a properly 
designed statistical study of mi'crowave work
ers and appropriately selected control groups. 

The results of studies of the type mentioned 
above would be of great value in determining 
what lev~ls of UHF and SHF could be toler
ated in the general environment without dis
comfort or risk to humans. 
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