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veloped in the U.S. for the exposure
of the general population to microwaves.
Recognizing the potential hazard of
electronic product radiation, which includes radiations emitted from microwave generating devices, the U.S.
Congress enacted the Radiation Control for Health and Safety Act of 1968
(P .L. 90-602). The responsibilities
for the implementat ion of this legisiation, including developmen t of standards to control emission of radiation
from electronic products, were delegated to the Department of Health,
Education, and Welfare's Bureau of
Radiological Health. The Bureau has
become deeply involved in the development of standards for the control
of radiation from electronic products.
Under Bureau support, the Medical
College of Virginia sponsored the
symposium, "Biological Effects and
Health Implications of Microwave
Radiation" (5). One of the important
outcomes of this symposium was a
recognition that additiomil research·
was needed in the area of epidemiolo gic studies and genetic and behavioral studies. The conference also

gave impetus to studies designed to
answer questions concerning the
thermal versus nonther:nal qu:::stio.n,
· that is, does the radiation per se elicit
some response which is not associated
with measurable heat production within the organism? Such a response may
be molecular, cellular, or manifested
as an alteration in some enzymatic
process or some tissue function. Investigators in the Soviet Union have
postulated that such effects do indeed
exist ( 6, 7). Other investigators suggest that microwaves induce biological changes that are exclusively
thermal in basis., and indicate that
such changes result from thermal perturbations that may be so small or
confined to such a small area that they
cannot be measured with instrumentation now available (8).
To determine whether so-called nonthermal microwave effects exist is a
public health problem of prime importtance if such effects occur at low levels
of exposure---1evels at which large pop-

ulations n1ay ·i.Je cxpvscd-1.rnd,i:r pres~nt
circumstance s. If non-thermal effects
exist, the problem of radi2.tion protection becomes more difficult.

TABLE I
FISCAL YEAR 1971 MICROWAVE RESEARCH PROJECTS
Epidemiologic Studies
Followup Study of Radar Workers
Diathermy-Related Health Effects
Radiation Incidents Registry
'·

Experimental Studies
Chromosome Anomalies Induced by Electromagnetic Radiation
1
Biochemical Expression of Genetic Damage Induced by Radiation
{ Microwave Effects on Transmission
of Genetic Traits
Changes in Visual and Auditory Electrophysiological Responses of Dogs
2
Exposed to Microwave Radiation
{ Sensory and Neurological Effects
of Microwaves
{ In Utero and Immunological Effects of Radiation
3
Effects of Radiation on Protein Synthesis .
Microwave-Induced Thermal Distributions in the Eye
4 { Microwave Dosimetric Instrumentation and Technique Development
Molecular-Level Effects of Microwaves
Long- and Short-term Effects of Controlled Microwave Exposures
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The Division of Biological Effects
is developing a research program that
will not only provide information on
the general question of biological effects of microwave heating but will
also attempt to differentiate between
thermal and nonthermal effects that
might be caused by microwave exposure. A number of these projects
are listed in Table 1. The last two will
be discussed in some detail but only
a cursory account of the others will
be presented.
The first two projects listed under
"epidemiologic studies" involve the
identification of suitable exposed populations and matching a control or
unexposed population to them. Studies
of the health effects of radar workers
have been relatively few even though
radar operations have been an importan t part of military and civilian
.work for several decades (9, 10).
Present interest in the possible hazards of microwave radiation has directed particular attention to those occupationally exposed indi.viduals. '·l./e
have begun a one-year pilot study to
determine the feasibility of conducting
an epidemiologic study of health risks
from radar among exposed naval personnel and their offspring. A pilot
study ·is necessary since large epidemiologic studies are expensive,
long-term, and require careful experimental design.
In the area of diathermy exposure,
several patient populations can be
identified for possible study. One is
a group of oral surgery patients who
received diathermy heat treatments
post-operatively. The therapy apparently reduces pain and edema following jaw fractures and is also used to
treat pain in the jaw caused by such
conditions as arthritis. Although there
appea r to be distinct advantages to
diathermy treatment, the potential
long-term effects that may result from

diathermy exposure have not been
determined. Several hundred patients
who have received diathermy treatment (operating at 2450 MHz) following oral surgery may be available
for study and may provide guidance
in evaluating potential hazards from
the use of diathermy. We are presently
attempting to define the exposure
fields from this equipment in our laboratory.
A Radiation Incidents Registry has
been established within the Burea u of
Radiological Health to receive, store,
and disseminate information on reported exposures to radiations emanating from electronic products. The
information on deleterious or possibly
deleterious exposures for this registry
has been solicited through various
media and by correspondence .. The
information pertaining to individuals
or facilities is treated confidentially;
only statistical analyses and interpretation of the data will be made available for publication. Data from the
registry will aid us in evaluating our
programs and in dewlo ping programs
to control excess radiation from electronic products.
The first group of projects listed
under "experimental studies" is concerned with some of the possible
genetic effects induced by microwave
irradiation ( 11). Of particular interest
is the study of microwave effects on
transmission of genetic traits in the
fruit fly. Three individual groups of
male Drosophila melanogaster, were
exposed to 2450 MHz microwaves for
45 minutes in the near field with
forward powers of 3.0 kW, 2.75 kW,
and 2.1 kW, respectively. The 2.75
kW exposure produced a 40 percent
lethality. All surviving males were
mated individually with two virgin
females on 15 consecutive days. The
resulting F 1 generation did not show
an appare nt alteration of generation
time or sex ratio pattern. A limited

population of F 1 s were mated to observe for possible sex linked lethal
mutations in the F~. No mutagenesis
was induced. However a short Jived
microwave sensitive stage occurring
during early spermatogenesis cannot
be ruled out with certainty. Previous
studies using x-rays have shown that
premeiotic and early meiotic stages
are most sensitive to ionizing radiation. Since adult males with the
majority of their sperm post-meiotic
were exposed in this study, a possible
effect on a relatively small number
of sperm in such a short lived critical
stage could be easily masked. Further
studies should attempt to expose a
greater number of sperm in earlier
stage_s.
The second grouping listed under
"experimental studies" considers the
effect of microwaves on several neurological parameters in different species.
The first study is an extension of an
earlier stu~y t~at h~s examin~d s~1ple
1naze-learn111g 1i1 n11~ro'-.va-vc-1rr2d1ated

rats. Observations will be made using
the dog and will include investigations
of visual and auditory responses following the microwave irradiation. The
effects of microwaves on the central
nervous system of the primate will be
considered in the other study in this
group. Both behavioral and neurophysiological research methods will be
employed to determine the effects of
microwave irradiation of the central
nervous system on the level of awareness and consciousness, and to study
the primate sensory and perceptual
capacities during microwave irradiation.
The third group uses some systems
employed by our staff in earlier work
involving the x-ray portion of the
spectrum to explore possible effects
of microwaves. These x-ray studies
have shown impaired development of
several rat liver enzymes at birth following x radiation i11 utero (12). In

addition, decreased incorporation of
amino acid into protein in fetal rats
following in utero x irradiation has
been demonstraied to be the result of
decreased protein synthesis ( 13).
Microwave irradiation has been found
to cause decreased amino acid incorporation into protein in liver and
testes in the adult Chinese hamster
( 14). Addiiional microwave studies
will be carried out in the area of protein synthesis and in the area of in
utero irradiation of the fetus where
preliminary studies indicate possible
deleterious effects on the preimplanted
zygote, the embryo, and· the fetus
(15).
The prime concern of the fourth
group of projects is to measure as accurately as possible the microwave exposure and dose distribution within
biological materials. The dosimetric
work involves the use of liquid crystals
and tissue-equivalent phantoms as
well as theoretical considerations and
standard rneasurem,!nt practices in determining exposure and absorpiion
characteristics of biological tissues t~xposed to microwaves.
This brings us to two final studies
listed in Table 1 which I would like
to discuss in some detail. First, we
propose to determine whether nonthermal effects exist by using the
physical-chemical properties of molecular systems to assess microwave radiation effects.
The interaction of electromagnetic
fields with molecular systems at frequencies below the infrared is commonly studied by measuring the
change in permittivity with change
in frequency, i.e., dielectric disperSince a number of molesion.
cules of biological interest are dipolar,
e.g., proteins, amino acids, and water,
they have well defined dispersion
regions. The dispersion of the permittivity or dielectric constant for a typical protein is shown in Fig. 1. As in-
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Figure 1 Dispersion of the Permittivity of Protein and Certain Other Moiecules.

dicated in the figure, aqueous protein solutions have two principal dispersions due respectively to protein
molecules in the range 10 5- 10 7 Hz
( 16) and to water molecules centred
about 2 x 10 10 Hz. An additional
dispersion between these two principal regions has been found for the
three proteins examined in the intermediate region between 10 7 and 10°
Hz, namely hemoglobin by Schwan
(17) and egg and serum albumin by
Grant ( 18, 19). Amino acids and
small peptides have principal dispersions in the region of 10 8 -10 10 Hz.
These data show that molecules of
biological interest interact with electromagnetic fields in the microwave
frequency range of about 10 9 Hz.
Three interactions are likely at the
molecular level: ( 1) Interaction of the

field with limited portions of the peptide chain in proteins which leads to
rotation of subgroups; (2) interactio n
of the field with water bound at the
protein surface; (3) interaction of the
field with other small polar molecules
such as enzymes substrates or detergents that are bound to the surface of
proteins.
The first interactio n is more likely
to occur in a protein with demonstrated flexibility, while the second interaction should occur in all aqueous
protein systems. The third interaction
is restricted to enzymes or to proteins
which preferentially bind small dipolar .·
molecules. Potentially all these interactions could lead to conformational
changes in protein molecules which
could alter the rates of metabolic processes.
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From these studies we hope to be
able to distinguish between and evaluate the consequences of these three
types O f 1·nteraction. Experiments have
been designed to detect such interactions under two distinct sets of conditions: ( 1) while the electromagnetic field is present in a steady state
and (2) after the electromagnetic field
has been remove d. M easu r ements are
being carried out at 2450 MHz.
The special properties of bovine
serum albumin are being used to investigate the first two types of interactions, subgroup rotation and bound
water disruption. The protein undergoes a reversible expansion at low pH
to a state which is known to be flexible
(20). The effect of the microwave
field on the flexible form compared
to the effect on the rigid form of the
protein can be used to evaluate the
importance of segmental motion.
Bound water is essentially water at
:he prot~,ln surface w1,ich has more
order and greater hydrogen bonding
than does normal water. It arises at
least in part from the alignment of
water molecules surrounding hydrophobic groups exposed to solvent.
Bovine serum albumin has many hydrophobic groups exposed to solvent,
including the spectrally observable
side chains of tryptophan and tyrosine. Disruption of the water structure
near those residues by the microwave
field would be reflected by changes in
their ultraviolet absorption spectra.
The techniques of ultraviolet difference spectroscopy, polarimetry, and
viscosity are being used in these
studies.
The enzyme ribonuclease is being
used to examine the effects of microwaves on the binding of small molecules in the neighborhood of the active
site of the protein (the third type of
interaction) and on enzyme reaction
rates. The enzyme and certain sub-
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strates have distinct ultraviolet spectra
4
which can be used to provide infor;
mation on the effect of the microwave
j
field on enzyme-substrate association.
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A small amount of irreversible denai
ble
reversi
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panies
accom
n
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heat denaturation of ribonuclease
(21). The sensitivity of this s y s t e m i._' •
for detecting temperature gradients in
_I
solutions exposed to microwaves is
~1
being examined.
Finally, I would like to discuss a
•l
controlled environmental system we
f
are developing which we believe will
J
ning
exami
for
tool
·
provide a usef~l
j
biological effects of irradiation.
,
monito
us
allow
The system will
tor and control the temperature, hui
midity, air composition and velocity,
J
chamcal
spheri
a
of
re
pressu
and total
i
ber housing an experimental animal
during irradiation. Simultaneously, the
-l
animal's body temperature and other
!
physiological and nervous system
reparameters will be measured and
corded; the system will permit on-line
analyses of these data during radiaticn
exposure and will automatically control exposure and environmental conditions as a function of the biological
response to the radiation exposure.
The development of this system was
brought about by our conviction that
...'
r
such a system was necessary to help
I
resolve the thermal-nonthermal controversy, and also the role of the am- _
bient environment on possible biolog- """
'
ical effects of microwaves.
Last year in some preliminary experiments, we constructed a simple
environmental chal}1ber in which we
could subject an experimental rat to
continuous-wave1 2450 MHz micro2
waves at approximately 100 mW /cm
infor as long as 3 hours while mainta
ing its normal body temperature

l·
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n
1 The microwave power source is a· magnetro
operating at 2450 1\-!Hz, continuous wave .. Thee
amplitud
of
amount
CW signal has a certain
modulation due to the design of the power
supply. It is about 10% RMS total with primary
components at 120 Hz, 360 Hz, and 720 Hz.
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through manual environmental control (22).
A lucite box insulated with styrofoam was used as a structural basis
for the chamber (Fig. 2). Liquidnitrogen-cooled compressed air was
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Figure 2 Environmental Chamber Used to
Cool Laboratory Rodents. The Microwave
Source was Essentially CW.

forced through the chamber. The flow
rate of the cooling air was proportional to the h-;at transferred from the
chamber. Individual animals were held
in a perforated lucite restrainer within
the chamber and the whole assembly
was placed within our anechoic microwave exposure chamber. A Varian 2.5
kW microwave generator (nominal
frequency = 2450 MHz) with a 10
dB standard-gain horn 2 served as the
microwave source, and a half wave-.
length dipole antenna was placed at
the rear of the anechoic chamber to
monitor power fluctuations. The distance from the horn to the center of
the restrainer was 113.25 cm; the
forward power reading was 1:0 kW;
and the power density in the empty
restrainer inside the chamber was 100
mW/cm 2 • This measurement was made
with a trimmed, calibrated dipole an2 The gain factor of the pyramidal horn was 10.96
absolute (no dB) which is a nominal 10 dB.
Aperture dimension in the II-plane is 16.6 cm
and in the E-plane is 10.3 cm. The H-plane slant

height is 19.l cm and the E-plane slant height
is 13.7 cm.
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tenna placed at the location of the
animal. The antenna was coupled to
an N-connector-RG-8/U cable calibrated attenuator, and a thermoelectric RF power meter (PRD-6685 &
N-685-2). Power density was calculated, based on effective area of the
dipole and the received power, taking
the total attenuation of the system
into account. Because of the dosimetry
problems inherent in microwave research at this time, the investigators
could not state accurate error brackets
on power density with any degree of
confidence. However, the same ex. posure conditions were used for each
animal irradiated.
Twenty-eight male Osborne-Mendel
rats weighing 275 to 325 grams were
used. The four exposed with no cooling air flowing through the chamber
died within 17±2 minutes with rectal
temperatures reaching 45 to 47°C at
the time of death. Twelve of the remaining animals were exposed for 1
hour with the cooled air flowing, and
the other twelve were exposed for 3
hours under the same conditions.
None of the animals exposed with
cooled air flowing showed visible distress during or immediately after irradiation, and their rectal temperatures
remained stable at about 38°C. No
lesions or other signs of stress were
noted during the 30-day postirradiation observation period nor at autopsy following that ti.me.
With the much more elaborate and
sophisticated system we are currently
assembling, we hope to be able to
examine many physiological and neurological' parameters as functions of
environmental and irradiation conditions.
The system as planned consists of
three major modules (Fig. 3). One
module, the animal exposure chamber,
which will be located within the anechoic microwave irradiation chamber,
is a double-walled, air-tight, lucite
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Figure 3 Flow Diagram of Environmental System Now Under Construction

sphere. The animal exposure chamber
will be supplied with an atmosphere
that has been processed by the second
module, the environmental control
package. This package will provide a
gas mixture of the investigator's
choice and regulate its conditions
within the sphere to any value within
the following limits: temperature, between -20 and +40°C; relative humidity between 25 and 75 percent;
velocity, up to 15 mph; and total pressures, between 1 and 2 atmospheres.
The third module, the central processing unit, will automatically control
the second module and the microwave
irradiation source as a function of
physiological data being monitored
from the experimental animal, environmental data from the animal exposure chamber, and experimental
design data from the investigator.
These data will be displayed electronically so the investigator can monitor

the progress of an experimeD.i, and
will be recorded automatically on
magnetic tape that is compatibie with
large data proces:,ing systems.
This environmental system will permit us to investigate biological effects
of microwaves under precisely controlled environmental conditions, and
will allow us to investigate multiple
environmental stresses and determine
their biological effects.
The system is designed to permit
its operation with a minimum of professional personnel. We are assembling
some of the equipment now and expect
to have it operating within one year.
We are confident that this facility will
allow us to perform controlled experiments that will provide meaningful data on the biological effects of
microwaves. Such data will be in1portant in the development of criteria
on which to base standards for the
control of radiation emission from
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electronic products, and will ultimately lead to the development of scientifically based mkrowav e exposure
guides for the general population.
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