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considerable vigllance as It Is believed that factors
disrupting the emotional state may influence primate
performance. Selection of RF paraseters was based
on known energy deposition and wave penetration
factors, and on reports of emotional, behavioral,

and neurophyslologic effects to low-power leve! RF
exposures at speciflc frequencies and modulations.
Tracking performance under AF will be contrasted
with stable pre- and postesposure data. (funding
period n/a)

Supporting Agency:U.5. Dept. Defense: Alr Force, Sch,
Aerospace Medicine, Brooks AFB

0527 NAVY ENVIRONMENT: EFFECTS OF PULSED MICRO-
WAVE RADIATION FROM NAVY RADAR ON MAM

MAL IAN BLOOD CELLS. Cleary, S. F. (Virginia Com-

monwealth Univ,, Medical Coll. Virginia, Dept.

Slophysics, 1200 E. Broad St., Richemond, VA 2)298).

Ruch recent research has shown that pulse-modulated
micromave flelds can produce alterations In bio~
logic systems, The mechanisms of the interactions
that cause these alterations are not generally
understood. As a major producer of such flelds
from radar and other equipment, the Mavy s con-
ducting a progras to determine the extent of hazard
to its personnel and the public. This study Is
almed at elucidating the mechanisms at the mem-
brane leve!. Pulsed s-band microwave flelds will
be used to expose cell mode! systems comslisting

of human, dog, and rabblit blood cells. Studies
will be made of effects on membrane permeabl!ity
ond callular metabolism. The effects of the flelds
on membrane lon (Ma® and K*) fluxes will be stud-
ied to distingulsh between active and passive trans-
port alterations, In vitro studies will be carried
out on the following masmalian call lines: lympho-
cytes, thymocytes, polysorphonuciear leukocytes,
and thrombocytes. In addition, osmotic fraglility,
Intracallular proteins, oxygen consusption rates,
and cell viability will be studied, Other studies
will be carried out with the sicrowave fleld param-
aters as independent variables. (funding period
3/ 78-cont . )

Supporting Agency:U.5. Dept. Defense: Navy, 0ffice
Naval Res.

0528 ELECTROMAGNETIC RADIATION AND BIOLOGICAL

SYSTEMS., Adey, W, R, Bawin, S, N
Sheppard, A.; Sagan, P, M, (U.S, Veterans Admin,,
Dept, Medicine & Surgery, Medical Center, 11200
Senton St., Loma Linda, CA 92357).

The interactions batween weak ultra=high=frequency
(M50 miz) alectromagnetic fields and the central
nervous system will be studied., The investigation
will continue research that has disclosed power
windows and modulation frequency windows for these
Interactions., Studies of interactions between
wask electromagnetic fields and calcium fon binding
In the central nervous system will be continued
and wil) sarve as reaference for experiments In-
volving amino acids and other putative neurotrans=-
mitters, Chick and cat cersbral tissves will be
compared in thelr response to fleld stimulation,

-
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Performances of neonate chicks and ducklings ex-
posed to &S50 MMz flelds will be compared In »
serles of behavioral seasurements ranging from
free behavior to sophisticated behavioral tasks,
Including variation of an interresponse time sched-
ule., Schedule=controlled behavior in monkeys will
be tested under similar fleld conditions, There
will be continued collaboration with the Bureau
of Radiological Mealth in measurements of fleld
gradients In tissue as correlates of neurochemical
responses. Recent developments in theoretic phys=
les will be applled in modeling non=linear re-
sponses of the central nervous system (o weak per-
turbations of the extracellular environment.
(funding period 10/18-n/a)

Supporting Agency:U.5, Veterans Admin,, Dept.
Medicine & Surgery

0529 CLECTROMAGNETIC RADIATION AND BIOLOGICAL

SYSTEMS. Adey, W, R.; Bawin, 5, M.
Sheppard, A. R.; Sagan, P. m.; LinLly, S. (U.5.
VA, Dept. Medicine & Surgery, Medical Center,
11201 Benton S5t., Loma Linda, CA 92357).

See Current Research 0528 for description of this
research. (funding period 3/78-2/80)

Supporting Agency:MEW, PHS, FDA, BAN

05 BIOLOGIC CONSEQUENCES OF PULSED VERSUS
CONTINUOUS WAVE RADIOFREQUENCY RADIATION
(RFR). Caln, F. (Georgia Tech Res. Inst., Atlanta

GA 30332).

Thare |8 some uncertainty regarding the relative
abllities of continuous wave (CW) and pulsed (P)
radio frequency radiation (RFR) to produce blologic
effects. Thera is some controversy as to whether
the rapld rise and fall of electric and magnetic
flalds of P AFR are more stressful than CW AFR.
This project will attespt to answer some of the
questions Involved In this controversy. Test
animals will be exposed In both P and CW RFR fields
to establish ralative bilologle effects. Effects
will be characterized as to frequency, Incident
power, absorbed power, pulse and modulation char-
scteristics, tissue temperature, and duration of
exposure. This is & multi-source contract. (fund-
ing period 7/77-6/79).

Supporting Agency:U.5, Dept. Defense: Air Force,
Sch. Aerospace Medicine, Brooks AFR

osyn BIOLOGIC CONSEQUENCES OF PULSED VERSUS
CONTINUOUS WAVE RADIOFREQUENCY RADIATION
(RFR) . Guy, A. ¥, (Rehabilitation Medicine, Sch.
Medicine, Univ. Washington, 500 17th Ave., Seattle,
A 98122) .

See Current Research 0530 for description of this
research, (funding period n/a)

Supporting Agency:U.5. Dept. Defense: Alr Force,
Sch. Aerospece Medicine, Brooks AFB
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6155 WEASUREMENTS OF THE DENSITY OF THE WICRO-
WAVE POWER FLUX., (Pol.) ki, J.

(Mo affiliation given). Oochr Pracy 32(12): 12-13;

1978. (0 refs)

Problems associated with the examination of the
amount of microwave energy emltted accidentally

from high-power generators are discussed. So-called
secondary sources of microwave energy can cause
uncontrollable emission of microwave energy In the
vicinity of a generator and therefore frequent
examination of the density of the microwave power
flux Is needed to safeguard employee health, The
seasurements should be performed using an apparatus
consisting of an antenna, & waveguide, and & meter.
The device should be able to measure the density

of the wicrowave power flus in the range of § x 1077~
100 W/=?, The functioning of an American-made device
for such measurements |3 discussed.

6156 MICROWAVE WAZARDS, (fwmg. ) Goldwag, W,
(Mo affiliation given); Justesen, D. R,
IXEY Spectrum 16(5): 66-68: 1979. (3 refs)

The adequacy of United States standards for safe
exposure levels of microwave and radio frequency
radiation is discussed. The American limit of 10
wi/cw’ s based on the concept of a no-damage
threshold and on data from controlled laboratory
stodles. In contrast, the Soviet standard of 10
W/em® Is based on a no-effects philosophy and on
data largely from epidemiologic studies. Although
Eastern European dats appear to refute the sim-
plistic thesls of gross thermal damage that under-
lies the American standard, & consensus on the
valldity of the data has not been reached in the
United States., Blologic effects that have been
reported in certain frequency windows include in-
sect teratogenesis, efflus of calcium lons from
cortical meurons, altered heart rates, transforma-
tion of masesalian cells in vivo, break down of the
blood=brain barrier, and disruption of Innate and
learned behavior. Enhanced cell transformation and
calclum lon afflun from lsolated chick brains are
conflirmed effects, while others such as Insect tera-
togenesis are believed to be due, at least in large
part, to other factors. Measurement artifacts are
belleved to be responsible for reports of altered
blood-brain barrier permeabllity. Reported alter-
ations of learned behavior in experimental animals
involve exposures to fleld strengths much higher
than the current American standard of 10 mu/cw’,
The effects of continuous ultralong-ters exposure
to weak microwave flelds are uncertain at present.

6157 INTERACT IO OF RADIOFREQUENCY AND MILRO-

WAVE RADIATION WITH LIVING SYSTEWS: A
REVIEV OF MECMANISHS, (fwg,) Stuchly, M. A,
(Monionizing Radiation Section, Radiation Protec~
tion Buresu, Environmental Health Centre, Wealth
and Velfare, Ottawa, Ontario, KIA OLZ, Canada).
Hh‘l Proiron Blophye 16(1): 1-14; 1979, (69
refs

The Interaction of radio frequency (RF) and micro-
wave radiation (10 MMz to 300 GHz) with living
systems on the molecular, cellular, and macro-
scoplc level Is reviewed. There appears to be no
adequate basis for establishing frequency specific
molecular Interactions at electromagnetic fleld
Intensities that do not result in an Increase of
tissue temperature. Data on changes in calclium
lon efflux in isolated cerebral tissue of neonatal
chicks due to exposure to low frequency flelds
(§-25 Hz) or RF flelds modulated at frequencies of
§-26 Mz suggest & possible interaction on the cel-
lular level. Further progress in understanding
the basic mechanisms of neural processes might

lead to an explanation of some effects (e.g., cal-
clum lon efflux) that cannot directly be explained
by & thermal Interaction mechanism, On the macro-
scopic level Involving phenomena that can be de-
scrived In terms of classical electrodynamics (i e.,
Maxwe!l's equations), the interaction between RF
and microwave radiation and living organisms can be
defined In terms of absorbed power, which in turn
iy determined by electric permittivity, magnetic
pormeability, and internal fleld intensity. An
analysis of human phantoms Indicates that an adult
man absorbs $0-200%1 of the power that Is calculated
a3 the incldent power density times surface ares
(one slue) of a man, The average specific absorp~
tlon rate can be substantially higher at resonant
frequencies, however, The total power sbsorbed
and its spatial distribution within a human body
are functions of electromagnetic field frequency,
fleld polarization, body-to-radiation source con-
figuration, exposure environment, and tisswe di-
electric constant and conductivity, WNomuniform
heating resulting from esposure to RF or microwave
radlation may cause a variety of secondary inter-
actions, For example, preferential heating of the
hypothalamus may affect thermoreguiation and elicit
aberrant neurophysiologic responses even at rela-
tively low power density levels, which are not ac-
companied by Increase in whole body temperature.
One of the most prominent thermally Induced effects
where temperature Increases are very small (s the
micromave hearing effect, The proposed mechanim
for this effect Is as follows: electromegnetic
radiation causes a rapld temperature increase that
generates thermal expansion pressure in the brain
matter which then launches the acoustic wave of
pressure that is detected by the cochlea. The
cochlear microphonic frequency Is independent from
the microwave frequency and the absorption pattern,

6158 SOME PERSPECTIVES ON RESEARCH INTO Twg |
B10LOGICAL RESPONSE TO WON-10MIZING ELEC- |

TROMAGNETIC RADIATION, (Bwg.) Sharp, J. C. (WASA,

Ames Res. Center, Moffett Fleld, CA 94035). Radic 1

Sod IN(1): 5<10; 1979. (0 refs)

Trends in research on the biologic effects of non-

lonizing electromagnetic radiation over the last

three decades are reviewsd, with particular refer-

ence to the proposed solar energy Space power sta-

tion (SPS). As & result of the advent of rader in

World War 1), research on the biologic effects of :
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radio frequency radiation reached a peak in the
late 1950s and early 19%0s. This was followed by
a nadir In research activity, and in 1965 not »
single federal agency was supporting research in
this area. A resurgence of research has occurred
in the past decade, with 1) federal agencies or
departments now annually supporting a multi-million
dollar effort. One project assoclated with re-
search on the blologic effects of nonionizing ra-
diation is the proposed solar energy SPS. When
fully implemented, approximately 100 satellites
would be placed In orbit with solar collectors,
Inergy would be relayed to any desired location

on earth via a carefully control led micromave beam.
Under optimal conditions, the power density at the
center of the collecting antenna array would prob-
ably be no greater than 25 md/ce’ (continuous wave)
at & frequency of 2.45 GMz. The envirommental and
ecologic impacts of such a system are unknown at
present, Iincluding the effects from the microwaves
beamed to sarth. It I3 suggested that a new prag-
ma.lsm and conservatise have evolved in the

United States with regard to such research and
that there would be wide opposition to Implementing
the SPS system If it were initiated today.

6159 A PHYSIOLOGICALLY COMPATIBLE TISSUE-

EQUIVALENT LIQUID BOLUS FOR MICROWAVE
MEATING OF TISSUES. (fmg.) Mand, J. W. (MRC Cyclo-
tron Unit, Mamsarwmith Wosp., Ducans Road, London
W12 OMS, England); Robinson, J. [.; Srwarnowskl, §.;
Sheppard, R, J.; Grant, E. N, Phys Med Piol 20(2):
W26-490; 1979. (12 refs)

A physiologically compatible and microwave tlssue-
equivalent ligquid bolus system consisting of dextran
in Rrebs-Ringer solution was used to provide effi-
clent micromave coupling to irregularly shaped mouse
tissue without adversely affecting this tisswe. Com
plex permittivity was measured at frequencies of

915 MMz and 2,450 MMz for Krebs-Ringer solution and
for solutions of desxtran In Krebs-Ringer solution
at concentrations of 200, 0O, and 400 g/1. It was
estimated that less than 11 of the incident microwave
power should be reflected from tissve Immarsed in
the bolus solutions compared with 10-20% for tissue
Immeryed in Krebs-Ringer solution only and more than
501 for an air-tissve interface. In an sxperiment
without a loop of exterlarized mouse (ntestine pres-
ent in the bolus cell, the microwave applicator was
tuned such that 2 ¢ 0.2 oW of reflected power was
present at a forward power level of &0 W, When »
loop of intestine was Introduced Into the bolus,

the reflected power remained virtually unchanged,
Tests with mouse leg and mouse tall in the bolus
showed that heating rate exhibited little dapendence
on orientation or position of the semple with re-
spect to the micromave field, 1t is concluded that
the above approach should be useful in developing
wniform heating of small laboratory animals. Fur-
thermore, the liquid bolus could be used in direct
contact with the skin in treatments involving
microwave heating of superficial lesions In human
patients and would allow the transformation of the
complen shapes of traated areas into ones of simple
plane geometry.

Bedogecal Eects of Ny v oo
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6160 A NOM- INVASIVE, PARTIAL-BODY EXPOSURE
METHOD FOR MEASURING THE COMPLEX PERMIT-
TIVITY OF BIOLOGICAL SUBSTANCES AY MICROMWAVE FRE-
QUENCIES. (Mmg.) Neelakantaswamy, P, 5. (Dept.
Electrical Engineering, Indian Inst. Technology,
Madras 600036, India); Gupra, K. K.; Basaveraju, K.
Med Biol Png Comput 16(k): 819-424; 1978, (10 refs)

A non-invasive, partial-body exposure method for
moasuring the complex permittivity of slab-like
dlelectric materials at micromave frequencies is
described. A Gaussian beam launcher |s used to
irradiate selectively the test material at the par-
ticular position of interest, and an K-band reflecto-
meiric bridge arrangement is used to measure the
amplitude and phase of the reflected beam wave.

The real and imaginary parts of the permittivity
are computed using the measured data and the the-
oretically formulated expression for the reflection
coefficlent. Measurements at X-band frequencies
were performed for dielectric materials, swuch as,
acrylic plastic, bakelite hylam, human skullbone
(In vitro measurements), and the midportion of the
palm (in vivo measurement). The real parts of

the dielectric constants of the test materials
meatured by the present method agreed closely with
the results using von Hippel's method. However,
there were deviations in the results for the loss
tangents. For the external surface of the humen
skull, in particular, the real part of the permit=
tivity agreed closely with the nominal value, but
the loss tengent indicated deviations that can

be attributed mainly to the surface Irregularity of
the interior base of the shull. Results obtained
for the occipital reglon of the skull were in close
sgreemant with the nominal value owing to the fact
that the occiplital reglon Is falrly thick and, for
the test skull used in this experiment, the external
protubsrance and crest at the occipit were not
geometrically significant. For In vivo measurements
on the midportion of the paim, the values of both
the real part of the permittivity and the loss tan-
gent agreed closely with the respective nominal
values. It is concluded that this noncontact and
nondestruct ive approach to measuring complen per-
mittivity is suitable for in vivo or in vitro mea-
surements in blologic experimenty involving redie-
tion dosimetry.

6161 MAPPING OF THME NEAR-FIELD PATTERN IN

SIMULATED BIOLOGICAL TISSUES. (Pwg. )
Gajda, G. (Dept. Electrical Engineering, Univ.
Ottews, Ottawa, Ontario, Cenada); Stuchly, M. A ;
Stuchly, $. $. Fleotromiocs Lett 15(8): 120-121;
1979. (9 refs)

A simple system for mapping the electric-fleld pat-
tern in a simulated tissue is described and its
performance evaluated. The basic components in-
clude a microwave generator, & test applicator, &
container with liquid-tisswe phantoms, an electric-
field probe, » detector, an smplifier, and an 1-Y
recorder. The system's short probe is sensitive to
the F-fleld in one direction, which is driven along
8 selected path by the I-scan of the I-Y recorder,
while the intensity of the fleld measured by the
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diode detector |s recorded simultaneously along
the f-coordinate of the recorder. To evaluate the
system's performance the probe was inserted Iinto
a section of the waveguide terminated by an ab-
sorbing mat. The probe penetrated the mat and was
arranged In the center of the waveguide parallel
to the direction of propagation. The directional
response of the probe was found by monitoring the
transmitted signal against the angular position
of the probe. The coupling coefficient (5;,) was
found to be -3} ¢ | dB, and the directivity (the
ratio of coupling coefficient in two orthogonal
directions) was approximately 20 d8. Near-field
patterns In simulated muscle tissve (8 mixture of
water and glycercl), the squared value of the
electric fleld strength at 2 mm from the aperture
of an applicator operating at 2.05 GMz, and the
patterns of the electric fleld across the symmetry
line of the applicator at distances ranging from
0 to 25 ma fram the aperture of the applicator
were obtained. The syitem provides a viable
complementary or alternative technigue to the
thermographic-camera method In evaluating the
performance of microwave applicators for local
hyperthermia.

b162 CHARACTERISTICS OF THE BIOLOGIC ACTION

OF MILLIMETER-RANGE RADIOWAVES AND THEIR
POSSIBLE MEDICAL APPLICATIONS. (Mue. ! Sevest'-
lanova, L. A, (Oncology Res. Center, USSR Acad.
Medical Sciences, Moscow, USSR). Veastm dkad Med
Bauk SSSR (2): 65-68; 1979. (21 refs)

Studies on the biologlc effects of millimeter-range
radiowaves and their possible medical applications
are reviewed. Millimeter waves do not have any
serious injurious effect on microorganisms. They
increase the mitotic activity of yeast cells, the
number of colicin-synthesizing fecheriohia soli
cells, have an inhibiting effect on adenovirus,
and increase the nucleic acid levels in the cells.
Millimeter waves cause no mutagenic changes in
bacteria. They enhance the antitumor effect of
previous an-ray treatment of chemotherapy, end they
protect the erythroid cell line of the bone marrow
from the harmful effects of =-rays and cytostatic
drugs. Millimeter waves may inhibit tumor growth,
and no stimulation of tumor growth has been ob-
sarved. The biologic effects are strongly fre-
quency- dependent .

616) ELECTROMAGNETIC FIELDS AND POWER DEPOSITION

IN BODY-OF -REVOLUTION MODELS OF MAN. (Mng. )
Wy, TRk, (Lockheed Missiles and Space Co., Inc.,
Sunnyvale, CA 94086). IFTT Trame Wiorousve Theory
Tech MTT-27(3): 279-283; 1979. (15 refs)

The feasibility of using the surface integral equa-
tion (S1E) technigue to analyze the electromegnetic
flalds and posmr deposition in a homogeneous diel-
ectric body of revolution of blologic tissve is
demonstrated. The method also appllies to any ar-
bitrarily shaped body-of-revolution models of man
and animals. Although the illuminating sources
considered hare are plane waves for near rone

CURRENT LITERATURE

sources such as manpack radio antennas, direct~
contact aperture sources, and corner reflectors, the
technique still spplies. Numeric results for elec-
tromagnetic flelds and power deposition in & body-
of-revolution mode! of a humen torso with a height
of 1.78 m were evaluated for frequencies of 30, 80,
and 300 MHz. It was found that the strongest power
deposition In the torso model occurred for fields
polarized along the longest dimension and for fre-
quencles near the first resonance (B0 mMz) of the
torso body. Mot spots were also observed in the
neck region of the torso body. The SIE method may
be generalized to analyze inhomogeneous bodies

by employing the invariant imbedding technigue,
and the method applies over a wide range of di-
electric parameters, with the dielectric constant
ranging from 1.1 to 107 and the conductivity
ranging from 0-10" mhos/m. Because of the versa-
tility of the moment method of solutions to changes
In geometry with the present technique, & myriad
of body configurations may also become tractable,
€.9., & human torso with outstretched arms and legs
or even a torso carrying a manpack transcelver.

6164 INTERDISCIPLINARY AND INTERNAT IONAL CONTRI-
BUTIONS TO RESEARCH OM BIOLOGICAL EFFECTS

OF ELECTROMAGNET IC WAVES: PAST PERFORMANCES AND

FUTURE CMALLENGES. (Bng./ Johnson, C. C. (Dept.

L 1] ineering, Univ. Utah, Salt Lake City, UT

BA112). Radio Sef W8(1): 1-&; 1979, (0 refs)

Progress in research on the biologic effects of
electromagnetic radiation is reviewsd. The Eastern
furopean countries have made significant sttempts
to understand the nervous and behavioral response
to electromagnet ic waves, to gauge the resp

of the blood-forming and immune systems, and tO
establish standards that protect the health of
occupat ionally exposed personnel. The Western
countries have achieved significant progress in
perfecting instrumentation and measurements, in
developing dosimetry, and in investigating the
potentlal of electromagnetic radiation in medical
spplications, especially in the treatment of cancer.
Significant accomplishments have also been made in
the development of improved equipment for Irradi-
atlon of blologlc specimens and in the development
of instrumentation for making nonperturbing measure-
ments of temperature in electromagnetic fields.
Howaver, despite these accomplishments, there is
no consensus 8 to the hazards of electromagnetic
radiation or to the mechanisms of its effects.

6165 THE ELECTRIC-FIELD PROBE NEAR A MATERIAL

INTERFACE WITH APPLICATION TO THE PROBING
OF FIELDS IN BIOLOGICAL BODIES. (Mg, ) Smith, 6.
S. (Seh. Electrical Engineering, Georgla Inst.
Technology, Atlanta, GA 30332). JEEF Trame Mio-
m:n)n Theory Teoh WTT-27(3): 270-278; 1979. (10
refs

A worst case analysis was formulated to determine
the effect of a nearby interface on the response
of an electric fleld probe. The results of the

snalysis showed that the interaction between the
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electrically short probe and the interface had the
following properties. The Interaction (error In
response) |s decreased If the radius or the length
of the probe Is reduced. A low value for the load
admittance at the terminals of the probe will pro-
duce less Interaction than a high value of the load
admittance. An increase in the dissipation in the
medium surrounding the probe will decrease the in-
teraction at @ distance from the interface but can
increase the interaction when the probe s wvery
close to the interface. The use of a probe with

& concentric cylindrical insulation of a permit-
tivity ratio much greater than | can reduce the
interaction to the level that is obtained with

an open-circulted bare probe with the same dimen-
slons; the Interaction for the insulated probe,
unlike that for the bare probe, will be independent
of the value of the load admittance used. For
electrically short bare probes that are thin,

the error in the response for either low or high
values of load admittance Is found to be less than
S8 when the distance from the Interface Is greater
than the half-length of the probe. The addition
of an insulating sheath with a pereittivity ratio
much greater than | reduces the error to less than
51 for spacings where the distance from the inter-
face is greater than one-third the half-length of
the prodbe. A simple approximate analysis indicates
that the response of all electrically short insu-
lated dipole probes will exhibit & behavior similar
to that for the probe with a concentric cylindrical
insulation when the insulation s not wery thin
and the permittivity ratio Is much greater than 1,
An analysis of data measured for the electric field
near an interface using an electric field probe
developed by the BAN indicates that the measured
results are in general agreement with the theory.

6166 ELECTROMAGNET IC RADIATION EMITTED FROM

VIDED COMPUTER TERMINALS, (fmp, . Welss,
N M, (Be!) Tolephone Lab,, Inc., Murray Hill, N)
07974); Petarsen, R, C. A= Ind Hyg Asece J bO(N):
300-309; 1979, (6 refs)

Electromagnetic radiation (EMR) emissions from
typlcal video terminals (CAT) used by the Bell
System ware measured. Electric field strength
and/or poser density measurements were made over
the frequency range of 10 kMz to 1B GHz. With

the exception of a digital graphics terminal and

a Tektronix display unit, measurable levels oc-
curred at frequencies extending only up to & maxi-
mum of about 150 MMz, For the above exceptions,

a number of small signals In the hundreds of MMz
reglon were detectable; however, these signals were
due to computers and other peripheral equipment.

In all cases the values of the total root mean
square (AMS) electric fleld strength ware well be-
low the most stringent exposure standard used any-
whare In the world, The maximum total RM" electric
field strength of all measured frequency components
for each CAT was about 0.01 V/;m and resulted pri-
marily from emissions assoclated with the sweep
circultry (balow | MMz including all measurable
harmonics). Irradiance measurements indicated that
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UV exposure levels were well below the recommended
levels In the NIOSH criteria document, There Is
no experimental or epldemiologic evidence presently
avallable to Indicate that the above levels of EMR
could have any detrimental effects on the health
of personnel using CRT devices like the ones ex-
amined in this study.

6167 INDUSTRIAL, SCIENTIFIC, AND MEDICAL MICRD~-
WAVES: SOME FACTS, SOME FINANCES, SOME

FEARS, AND THE FUTURE, (iwmg.) Merbaugh, R, €,

(Mo affiliation given). Miorowaves 18(3): 43-45,

&8, A9, 52; 1979, (6 refs)

Industrial, medical, and sclentific applications
of microwave radlation are discussed. Industrial
heating systems are available that operate at fre-
quencies of 915 and 2,450 MMz, Output powers vary
from about 500 W for some domestic microwave ovens
Into the 90-kW reglon for some industrial heaters.
In & recent report to Congress (December, 1978),
NIOSH noted that 751 of the workers using radlo
frequency sealing and heating equlpment were ex-
posed to radlation levels in excess of the present
occupat lonal exposure guidelines. In addition to
the assessment of the potential hazards of micro=

waves, this technology is currently being investigated

for the detection and treatment of cancer. One of
the standard industrial, scientific, and medical
frequencies, 2,450 MMz, is being used at the Uni-
versity of Riaml School of Medicine to trest malig~
nant brain tumors that have been implanted in mice.
At the University of Utah, researchers are studying
the millimeter-wave properties of tissues to try
to determine whether some [uropean and Soviet theo-
rles are valld, Some U5, sclentists feel there
are specific frequency effects on tissues In the
millimeter ranges. Also, Utah scientists are
studying the water content of the lungs via micro-
waves, Microwaves have also been used to thaw
froren blood, Georgia Institute of Technology re-
searchers are using microwaves for the uniform
heating of frozen animal kidneys. Once perfected,
the technique may be used to thaw human organs

that are stored in tissue banks,

6168 RADIO AND TELEVISION TRANSHITTERS AND

THE LIVING ENVIRONMENT, (Cme.) Musil,
J. (institut hygleny a epidemiologie, Srobarova
&8, 100 42 Pr 10, Czechoslovakia). Cesk Mg
23(10): 504-508; 1978. (10 refs)

Studies on the possible health hazards of the elec-
tromagnetic radiation emitted by radio and televi-
sion transmitters are reviewed, and typical radla-
tion levels measured in different countries are
presented. Mygienic standards are recosmended for
the genaral population exposed to electromagnetic
radiation generated by radio and television trans-
mitters; the exposure should be limited to 5 V/m
in the frequency range of 0.03-30 Mz, | V/m in
the range of 30-300 MMz, and 2.5 ulu' above 300
MMz .
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6169 A STUDY OF THE WEALTH STATUS OF RADAR

WORKERS, (Mmg.) Djordjevic, Z. (inst.
Aviation Medicine, Zemun, Yugoslavia); Kolak, A,
Stojkovic, M.: Rankovic, N.; Ristic, P. Aviat
Space Dewironm Med  S0(4): 396-398; 1979.

The health status of 322 radar workers (ages, 25-40
yr) occupationally exposed to pulsed microwaves of
varlous frequencies for 5-10 yr was compared with
that of 220 nonexposed controls matched with re-
spect to age, work regimen, and social and living
conditions. The intensity of mlcrowave exposure
was generally less than § s/em’. Clinical exam-
inations of the workers Included detalled internal,
neurologic, ophthalmologic, otologic, hematologlc,
and blochemical investigations., There were no
statistically significant differences in clinical
or laboratory findings between exposed and control
workery, MHowever, general subjective complaints
such as headache, Tatigue, and Irritability were
observed more frequently In the esposed workers
than in controls. These subjective complaints can
not be ascribed only to microwave exposure because
the workers were also exposed to uncomfortable
occupationa)l conditions such as [nadequate alr
temperature, poor lighting, high noise level, and
the necessity of paying attention to radar screens.
Harmful effects from microwave exposure are con-
cluded to be unlikaly in radar workers working
under normal conditions.

6170 ELECTROMAGNET IC POWER ABRSORPTION IN CYLIN-

DRICAL TISSUE MODELS EXCITED BY A LOOP
ANTENMA, (Pmg.) Yonmeyama, T. (Res. Inst. Electrical
Communication, Tohoku Univ., Sendai 980, J ):
Suzukl, T.; Nishida, $. Flectron Lett 15(8): 125~
127; 1979. (6 refs)

A cylindrical homogeneous tissue model in the fleld
of » loop antenna located coaxially Is proposed to
e electr gnetic power absorption in biologic
tissues. Simple computations are derived for the
electromagnet ¢ power absorption based on the assump-
tion that the wavelength I3 large compared to the
radius of the cylindrical tisswves. The power ab-
sorption coefficient for cylindrical tissues (the
ratio of the absorbed power in the tissue to the
total radlated power In the loop) Increases as the
radil of the loop and cylindrical tissue approach
each other. Although the coaxial arrangement of
the loop antenna and the cylindrical tissue is o
rather idealized mode! of the real physical struc-
ture, the results may be useful for determining
total absorbed power estimates in real tissues.
The derived equations are simple and may be computed
with a pocket calculator If a table of Besse! func-
tlons for complex arguments is available,

on MECHANISM OF LETHAL ACTION OF 2, M50-MMz

RADIATION DN MICROORCANISHS. (Mwg. )
Vela, G. N. (Dept. Diological Sciences, North
Texas State Univ., Denton, Tx 76203); wu, J. F.
qz}m Wiorobiol 37(3): 550-553; 1979. (18
refs

CURRENT LITERATURE

The mechanism of lethal action of microwave radia-
tion on microorganisms was Investigated using
various bacteria, actinomycetes, fungi, and bac-
terlophages exposed in the presence and absence

of water. All irradiations were performed in a
specially constructed stainless steel cavity cou-
pled to a magnetron tube capable of emitting 1.5

kW of forward power at 2,450 * 20 MMz, Energy out-
put was & flus of 1 kW (1,000 J/sec] at the sample
locations. Yo examine the thermal component of the
bactericidal properties of microwaves, & series

of experiments was performed In which the rate of
insctivation of viable microorganisms was compared
with the temperature of the suspending medium,

The system of choice was considered one in which
microorganisms could exist in either the presence

or absence of water. It was found that inactivation
of soil Asotobacter depended on the presence or
absence of water. It was found that inactivation

of soil Asotobacter depended on the presence or
absence of water and/or on the temperature of the
specimen after irradiation. The experiments werc
repeated eight times with different soil semples,
and the results were essentially identical., In

14 other experiments in which the total soil
population (heterotrophic, serobic, mesophilic)

was counted, the results were essentially the same
as those for Asotobacter. The results were inter-
preted as showing that, in the presence of water,
the temperature of the suspending medium and
bacterial inactivation are dependent functions of
the total amount of radiation delivered into the
cavity by the magnetron tube and, also, that tee-
perature increase in the sample depends on the
presence of water. Since the loss factor (dielec~
tric constant x loss tangent) of water at 2,450

MMz iy much greater than that of soil or that of

the glass beakers, it was assumed that the major
part (<9B1) of microwave energy was absorbed in

the soll. Results of experiments in which di-

verse microbial populations were monitored showed
that bacteria, actinomycetes, and fungl were in-
sctivated as & function of the moisture content

of the soil. These results proved that the bacteri-
cidal effect of microwaves was due to the total amount
of water in the soil sasple. In more than 70 repeti-
tions of this experiment, the results showed that
there was a distinct loss of microbicidal activity as
the moisture content of the sample approached rero.
To circumvent the problem of energy absorption by
water and soil, lyophilized organisms were irradiated
in the dry condition and, for comparison, after
moistening. The results also showed that cell
killing Is & function of moisture content; lyo-
philized yeast cells were inactivated in the presence
of water but survived large doses of radiation in the
dry state. It is concluded that microbial cells are
not inactivated by large amounts of microwave radia-
tion. Furthermore, It is clear that microwaves kill
microorganisms only by thermal effect and that, |f
there is & nonthermal effect, it is mot & bactericidal
one, although the possibility exists that water may be
necessary to potentiate the nonthermal effect.

6172 SEARCH FOR MILLIMETER MICROWAVE EFFECTS
ON ENZYME OR PROTEIN FUNCTIONS. (Mwg. )
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Tuengler, P. (Seaver Chemistry Lab., Pomona Coll.,
Claremont, CA 91711); Kellmann, F.; Genzel, L.
2 Natwrforech (0] Jec(1/2): 60-63; 1979. (12 refs)

The effects of millimeter microwaves (MMW) on In
vitro enzyme and protein functions was investigated.
The affect of M on an eniyme system was studied
In the reduction of ethanol by alcohol dehydrogenase
(molecular wt 144,000) in a constant=flow technique.
Fresh samples, each with a | x 1 surface area,
ware Irradiated with W of 10 se/cm’ Intensity;

the frequency was varied from M0 to 115 GHz with a
resolution of a few MHz. Microwaves had no slg-
nificant influence, having less than a 1.0% ef-

fect on alcohol dehydrogenase turnover rate. The
effect of WW on proteln functions was analyzed in
the cooperative binding of oxygen and hemoglobin
(molecular wt 67,000). Fresh samples, each with a
2 x 2 c® cross section (b times the sample ares of
the alcohol dehydrogenase system), were (rradiated
with W of 10 sd/ce’ intensity in the same manner
as the alcohol dehydrogenase system. The irradiation
had less than 0,41 effect on the equilibrium

oxygen constant of half-oxygenated hemoglobin,
Since the amount of possible nonlinear amplifica~
tion necessary to observe changes in protein and
hemoglobin function in vive Is unknown, It cannot
be concluded that MM has no effect on the functlion
of the alcohol dehydrogenase system and on the
function of hemoglobin in oxygen transport.

6 PATHOGENES IS OF INSULIN DEFICIENCY INDUCED
BY ALTERMATING MAGNETIC FIELD OF INDUSTRIAL

FREQUENCY, (Bus.) Wolesova, N. |, (Dept. Bio-

chemistry, Medical Inst., Tomsk, USSR); Voloshina,

E. 1.; Udintsev, N. A, Patol Fiafol Fkap Ter (6):

71=73; 1978, (6 refs)

The effect of exposure to alternating magnetic
field (200 Oe, SO Mz, ' = 28 hr or 6.5 hr/day for
§ consecutive days) on the overall serum insulln
sctivity, free insulin level, hepatic glycogen,
and blood glucose levels was studied In 200 male
rats. Single-time exposure caused a significant
Iincrease in the overal! serum Insulin sctivity
(8.1 mg/g/3) hr 1 hr after exposure and 5.1 mg/g/)
hr A8 hr after exposure, compared with 2.5 mg/g/)
hr in the controls); the normalization of this
parameter on day ] after exposure was followed by
another increase. The free insulin level was de-
creased significantly 24-A8 hr after exposure, and
increased significantly 7-14 days after exposure.
The hepatic glycogen level was decreased signif-
leantly during the first 24 hr after exposure, and
was normal thereafter. The blood glucose level
showed no significant change. These findings Indi-
cate the development of relative insulin deficlency
after single~time exposure. Following repeated
exposure, both the overall serum insulin activity
and the free insulin level and the liver glycogen
lave! ware decreased significantly, and the blood
glucose level was increased significantly; these
findings are indicative of absolute insulin defi-
clency. The considerable Increase in the insulin
sctivity following single=time exposure was inter-
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preted as an important component of the adaptive
reaction of the body 1o compensate for the neuro-
endotrine and metabolic shifts observed, The
more deep-going changes seen following repeated
exposure were closely linked to the derangement
of carbohydrate and energy metabolism,

617k COMPARAT IVE ASSESSMENT OF THE EFFICACY OF
SEDUXEN AND CYCLODOL, AND THEIR COMBI-
NATION WITH ELECTROPULSE TREATMENT FOR INCREASING
THE RESISTANCE TO EXPERIMENTALLY INDUCED mOTION
SICKMESS. (Rua.) Matsnev, E. 1. (inst. Medical
Biologic Problems, USSR Ministry of Public Health,
USSR); Zekharova, L. N.; Polevoi, L. G. Vesrn
Otorinolaringol (2): 27-32; 1979. (29 refs)

The effects of sexuden (0.01 and 0.005 mg), cyclodol
(0.00k mg), combined seduxen (0.01 mg) and cyclo-
do) (D.00k mg), and of 1-hr electropulse treatment
(500-750 Mz, current intensity 0.3-2.5 mA, galvanic
component 25-30%) or its combination with seduxen
(0.005 mg) or cyclodol (0.00k mg) on resistance to
motion sickness induced experimentally by Coriolis
acceleration were studied in 30 normal men aged
24=36 yr. Preliminary experiments had demonstrated
that electropulse treatment inhibited caloric
nystagmus. Only when the two drugs were admin-
istered in combination was there a significant in-
crease in the resistance to motion sickness. The
effect of the drugs was enhanced by electropulse
treatment. The effect of the electropulse treat-
ment can be oxplained by the stimulation of the
hypothalamus and limbic structures.

6175 IMMUNOLOGIC EFFECT OF MICROMAVES. (Fue.)

Shandala, M, G, (A, N, Marzeev Kiev Sci-
entific Res. Inst, Genera! and Communal iene,
Kiev, USSR); Vinogradov, &. |. 0Oy Samit (10): J&-
38; 1978, (5 refs)

Recent studies performed in the USSR on the (mmun-
ologlc effects of super high frequency (SHF) radi-
ation in experimental animals are reviewed. The
effect of 30-day exposure to SHF fields (1-50 uM/
em’) on the phagocytic reaction of the neutrophils
and on the serum complement titer was studied in
guinea pigs. The microwaves were found to stim-
ulate phagocytosis, especially In animals exposed
to low doses. The serum complement titer was In-
creased significantly even & wk after the end of
the treatment, especially in the groups treated
with low doses. The exposure of albino rats and
guinea plgs to & 50 yW/cm® SHF fleld caused sig-
nificant increases in the number of plague-forming
cells, basophi! degranulation, and In the per-
centage of domaged neutrophlls. Studies on the
joint effects of microwaves and enviro-mental pol-
lutants (formaldehyde, carbon monoxide) showed
that in the presence of a non-allergenic chemical
substance, the end effect Is determined by the
intensity of the microwave (ro autoaller-

exposure
genic effect Is seen at low Intensity), while the
irradiation of animals pretreated with chemical
allergens leads to a suppression of the immune
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reactivity and of allergic reactions. Low- intensity
irradiation does not eliminate the effect of chem-
ical allergens.

6176 MICROMAVE RADIATION AND CHLORDIAZEPOXIDE:

SYNERGISTIC EFFECTS ON FIXED-INTERVAL BE-
MAVIOR. (fwmg.) Thomas, J. R. (Behavioral Sciences
Dept., Naval Medical Res. Inst., Bethesda, WD
20014); Burch, L. 5.; Yeandle, 5. 5. Solemce 20}
(&387): 1357-1358; 1979. (7 refs)

The effect of low intensity (1 s/cm’) pulsed micro-
wave radiation (2.45 GMz, 2-usec pulse width, 500-
Mz pulse repetition frequency) on chlordiazeponide-
sodifled flxed-interval behavior was studied in four
male Long-Evany hooded rats. The animaly were ox-
posed to microwave radiation immediately after drug
adminlstration for a 30-min period. Behavioral ef-
fects wore measured during the 1st hr after termin-
ation of the Y0-min radiation exposure. Al) ex~
posures were conducted under near-field conditions
with the subjects located 3.75 wavelengths from

the antenna. Microwave irradiation potentiated the
response-rate increasing effects of chlordiarepon-
ide, while the general shape of the drug dose-
effect functions remained relatively constant under
micromave irradiation. These results indicate that
brief exposure to low-intensity pulsed microwave
radiation can act synergistically with another
agent in affecting the behavior of an organism,
although the mechanism of Interaction Is not clear.

6177 RAD IOFREQUENCY RADIATION ALTERS THE IN-

MUME SYSTEM: MODULATION OF T- AND B-LYMPH-
OCYTE LEVELS AND CELL-MEDIATED IMRUNOCOMPETENCE BY
HYPERTMERMIC RADIATION, (Pwg.) Liburdy, R, P,
(Radiation Sciences Div., U.S. Air Force Sch. Aero-
space Medicine, Brooks Alr Force Base, TX 78235).
RBadiat Ree 77(1): J-k6; 1979, (25 refs)

The time course of radio frequency udlatlnc (arm,
26 MMz)-induced lymphopenia In CSTBL/6 (W-2") and
Balb/c (H-29) mice was characterized for single and
multiple AFR exposures. In addition, the effects
of AFR on thymus-dependent and -independent |ymph-
ocyte frequency in the spleen and on cell-mediated
immunity were investigated. Whole-body exposure of
aFR (26 mwz, 800 Mu/cm’, 5.6 W/kg, ralsing core
temperature by 2 C) Induced lymphopenis and neutro-
philia that persisted for 12 hr, Maximal lympho-
penia, obtained in mice given three hyperthermic
RFR exposures, persisted for »15 hr after treatment.
Mice exposed to a single RFR recovered in 6

hr as compared to 12 hr for mice receiving multiple
doses. RFR-induced lymphopenia was accompanied by
an increase in splenic T- and B-lymphocytes that was
more promounced after three RFR exposures given at
J-hr intervals, Multiple RFR exposures also led

to a significant decrease In thymic weight and
thymic and splenic cell density and to suppressed
cell-mediated immunity (measured by in vivo local
delayed-type hypersensitivity). Warm air exposure
(M1 C to produce a 2 C core temperature rise in 15
min) Increased B-lymphocyte levels, but produced
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no change in local delayed-type hypersensitivity.
To quantitate the degree of stress associated with
RFR treatments, plasma corticoid levels and thymus
and spleen welight and cell density were measured
immediately following thermogenic RFR. Plasma cor-
ticold levels in animals given single or chronic
(20 times) RFR exposure were increased by threefold
and thymic weight and splenic and thymic cell density
In chronically exposed mice were markedly reduced
compared to warm alr or sham controls. To determine
if the sterold-induced effect was qualitatively
similar to that observed with RFR, & mg/kg methyl
prednisolone sodium succinate was Injected intra-
peritoneally, Lymphopenia, Increased splenic 8-
and T-lymphocyte frequency, and thymic involution
were observed along with reductions in thymic weight
and splenic and thymic cell density after 2 days.
The results demonstrate that hyperthermic RFR pro-
duces significant alterations in lymphocyte dis-
tribution and function. The RFR effect on
cell-mediated immunity may be mediated indirectly
through steroid-associated actions.

6178 ELECTRICAL WIRING CONFIGURATIONS AND
CHILDMOOD CANCER, (Fng.! Wertheimer,
N. (Dept. Preventive Medicine and Community Health,
Box (-245, Univ. Colorado Medical Center, A200 €.
Ninth Ave., Denver, CO B0262); Leeper,K E. Am J
Epidemiol 109(3): 273-284; 1979. (19 refs)

The relationship of excess wiring configurations
suggestive of high-current flow to the childhood
cancer mortality rate of the greater Denver, Colo~
rado area was analyred. Cancer data were collected
for ek children who died before 19 yr of age be-
tween 19461971 and who elither remained at the same
address for life (109 children) or moved, but whose
birth and death addresses were known (147), and for
those with only birth (16) or death (72) addresses
available. Maps of the addresses denoting the
electrical wires and transformers in the vicinity
were drawn. The most striking difference beatween
the cases and controls (children from homes not
near high-current flow) occurred for children spend-
ing their entire 1ife at one address; the effect
appeared to be dose-related. The greater the ex-
posure to the current, the greater the excess of
cancer In comparison to controls that was observed:
substations with very high expected current s howe d
1002 with cancer; other high current zonfigurations
(MCC) with high expected current, 63.1%; low cur-
rent configurations (LCC) with low expected current,
47.1%; and end poles with very low expected current,
30.8%. An excess of cancer cases compared to con-
trols with respect to HCC was noted for several
types of cancer (e.g., leukemia, lymphoma, and
nervous system tumors), suggesting that WCC may
hinder the body's general ablility to resist cancer.
There was a significant excess of cancer among men
with a lower current configuration for the birth
than the death address and among men from stable
(i.e., lifetims) addresses who developed cancer after
at least | yr of postnatal life at a residence near
primary wires. The WCC-cancer relationship was
demonstrated in both younger and older subjects and
was largely attributed to the MCC residence near
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the time of cancer onset. Meighborhood, street
congestion, social class, or family structure had
no significant effect on the WC-cancer mortality
rates. Although the reason for the correlation
between MCC and childhood cancer |s unknown, It

Is suggested that the current in water pipes or

the alternating current of magnetic fields may have
hazardous physiologic effects.

69 MICROWAVE DIATHERMY: TWE INVISIBLE WEAL-

ER. (Bng.) Greene, J. (Food and Drug
Admin., Office Public Affairs, Rockville, MD 20857).
Fou Commmer 13(1): 7-10; 1979. (0 refs)

The medical use of heat produced by microwave radl-
ation (microwave diathermy) is reviewed., Micro-
wave diathermy can Induce a deep-heating effect

in muscles as much as 1 Inches below the skin and
can railse the temperature of the ares treated to
#s much as &2 €. Microwave dlathermy is used in
the treatment of muscle pulls and strains, bursitis,
tendonitis, and arthritis. The FDA estimates that
about 10,000 such units are being used In the United
States by chiropractors, physical therapists, fam-
ily physicians, and various medical technicians.
However, the FDA cautions consumers to check with
qualified medical experts before undergoing any
microwave diathermy t(reatment, Radiation from
these applicators has been known to cause cate-
racts in patients being treated for sinus condi-
tions. The possibility also exists that a patient
being treated for a neck or shoulder lnjury could
be subjected inadvertently to stray radiation in
the eyes. In addition, painful and even severe
burns of the skin and underlying tissve can occur
if too much radiation is delivered to the ares
being treated or If the exposure duration is too
long. The FDA plans in 1979 to publish a proposed
regulation establishing a performance standard

for micromave diathermy units that is based on

the Agency's overall Investigation of these medical
devices. The standard will cover four important
use areas that the FDA thinks will improve their
safety and effectiveness. The areas are minimum
therapeutic heating, maximum microwave radiation
leakage, product interlocks and controls, and
user information. The maximum microwave radiation
leakage provision would ban applicators that gen-
erate large amounts of stray radiation outside the
intended treatment area but would permit a nominal
smount of leakage about 1 inches from the outer
edge of the various applicators when used on phan-
toms. Once the standard is published, manufac-
turers will have | yr to comply with its technical
specifications and labeling requirements. The FDA
can take legal action to remove from the market
microwave diathermy units currently in use or
manufactured before the standard if they are found
to pose & significant health hazard under the
Agency's Medical Device Amendments of 1976,

6180 CURRENT STATUS OF MICROWAVE THERMOGRAPHY

FOR MEDICAL APPLICATIONS, (Pwg,) Schultz,

$. (Dept. Physics, Univ. California, San Diego, L&
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Jolla, CA 92093). [EEF Trams Mucl Sof NS-26(2, part
2): 2722-2723; 1979. (k refs)

The physical processes involved in microwave ther-
mography of the human body are described and the
problems associated with the determination of the
volume temperature of the body are discussed. |In
addition, some possible biomedical uses of micro-
wave thermography are presented. Microwave ther-
mography of the human body Is based on the measure-
ment of Iinfrared radiation emitted by the human
body over a continuous frequency, Trom which the
absolute temperature may be inferred., The electro-
magnetic absorption properties of water determine
the absorption length (or penetration depth) of the
body's thermal radiation, Since the penetration
depth s less than | mm at infrared frequencies,
conventional thermography can only determine the
surface or skin temperature. A technique that uses
much lower frequencies, 1-10 GHz, to determine the
body's radliation temperature has recently been im-
plemented. Since penetration depth Increases sig-
nificantly with lower frequencies, temperature "hot
spots" or anomalles may be detected in reglons
several centimeters below the shin., Mowever, tech-
nical problems, such as impedance matching and re-
ceiver sensitivity, and spatial resolution of tem
perature mapping must be solved before microwave
thermography will be useful for determining the
thermal radiation from a specific reglon of the
human body. Microwave thermography has been used
under clinical conditions to screen approximately
3,000 women for breast anomalies at 1.3 CHz and
1,000 women at 1.3 GHz. Anomalies were determined
by comparing the magnitude of the temperature asyw-
metry between corresponding locations on the right
ond left breast. With an asymmetry threshold of
1.3 C at 1,3 GHz, the true positive and the true
negative probabilities were 0.76 and 0.63, respec-
tively, these results are comparable to those ob-
tained with infrared thermography. Microwave ther-
mography is a noninvasive technigue that does not
expose the patient to any radiation or harmful ef-
fects, Other medical problems may benefit from the
noninvasive determination of volume temperature,
such as, vascular congestion, internal infection,
hypothermia as applied In cancer treatments, and
energy deposition monitoring.

6181 THRESHOLDS FOR PHYSIDLOGICAL EFFECTS DUE
TO RF AND MAGNETIC FIELDS USED IN NMR

IMAGING. (Bmg.) Budinger, T. F. (Donner Lab.,

Univ, California, Berkeley, CA 94720). JFEF Trane

Mucl Sei WS-26(2, part 2): 2821-2825; 1979. (52 refs)

The biologic effects of radio frequency (RF) heating,

static magnetic flelds, and electric current induction

due to rapid changes (d8/dt) induced by nuclear mag-
netic resonance (NMR) body imaging were investigated,
Meating, the major effect of RF fields on the body,
is not associated with any serious health hazards
provided the average power densities do not exceed
10 mhi/cm? for 30 min. The safety level established
by OSHA of 10 /e’ for 10 MHz-100 GMz averaged
over 6 min is based on the concept that the electro-

s
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magnetic heat load should not exceed man's basal
metabollc rate. Mowever, Russia and Eastern Euro-
pean countries have lower limits for safety that are
based on central nervous system and behavioral re-
sponses. Static flelds below 0.5 testa (T) should
be tolerated without 111 effects. MHowever, this
standard has not been conflirmed and no well-defined
epidemiologlc study with a sufficlently large pop-
ulation of exposed Individuals showing the inte-
grated effects of magnetic fleld exposure of levels
>0.5 T has been undertaken., Current densities of
¥ uA/em?, produced by rapid changes In magnetic
fields of ) T/sec, should not cause any blologlc
effects, However, wave form, energy, dose rates,
and time intervals must also be considered when
assessing the physical stimulation of blologic
systems by electric current induction, particularly
If a d8/dt of >} T/sec Is applied, Safe NMR im-
aging is possible If time varying flelds such as
1.5 mT (15 G) at 60 Mz are used. In conclusion,
NAR Imaging should not produce health hazards If

RF power densities are less than 10 mM/cm’, static
magnetic Tields are less than 0.5 T, and the tem-
poral variation of fields Is less than 3} T/sec.

6182 RF USED TO FIGHT CANCER. (Ewmg.) Brinton,
J. 8. (Mo affiliation given). FKleotromics
§2(9): 88-90; 1979. (0 refs)

The use of radio frequency (RF) hyperthermia in ex-
perimental cancer therapy |s reported. The tech-
nigue Iy based on the fact that normal tissue Is
capable of dissipating more heat than tumor tissue;
the heat generated In cancer cells causes changes

in cellular pM and other factors that can kill the
cancer cells. In one clinical trial 27.12<MHMz RF
heating (82.2 C) was used for 30 min just prior to
radiation therapy (RT) for the treatment of mallignant
melancma, & tuwor resistant to fonizing radiation,
At 6 mo after this combined therapy, 16 of 18 tumors
in 9 patients had completely responded In contrast
to only ) of B tumors in patients treated with rad-
jation only. Two factors Inhibiting the development
of RF hypertharmia In cancer therapy are a lack of
firm research results based on well-controlled
experiments and a paucity of RF hyperthermic equip~
ment. A system especially developed for RF hyper-
thermia research has recently been introduced that
uses a microprocessor=controlled RF generator that
operates over a frequency range from 10-2,500 MMz,
Temperature s measured in the tumor with nonmetallic
thermistors whose output s fed to a microprocessor
that in turn controls RF output. Temperature is
controlled to within 0.1 C.

6183 MYPERTHERMIA - 'MOTTEST NEWS IN CANCER

THERAPY,'  (Bng.) Leff, D. N, (No af-
fillation given). Med World Newe 20(10): 52-53,
57-58, 60, 65, 69; 1979. (0 refs)

The use of microwave and shortwave radio hyperthermia
for cancer therapy is reported. Based on the fact
that cancer calls are more sensitive to heat than
normal cells, hypartharmia is being used to selec-
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tively destroy tumors. In one case, a Sk-yr-old
woman with three surface nodules that grew at the
scar site 6 yr after a radical mastectomy was treated
with 10 kO-min applications of 2 450-MHz microwave
energy. Tumor temperatures reached 43-45 C. At the
end of her twice-weekly hyperthermia sessions, the
nodules had disappeared; however, & wk later all
three recurred, though only at the margins, Central
areas of necrosis were healed., At least a 90%-plus
response to treatment was observed in another pa-
tient who was treated with hyperthermia in combina~
tion with drugs and lonlzing radiation for a bleeding
vaginal lelomyosarcoma, In general, microwave hyper-
thermia Is used only for small skin surface or sub-
cutaneous tumors because of the inablility of micro-
waves to penetrate more deeply Into the body. How-
ever, tests with shortwave radio hyperthermia at

a frequency of 11,56 MHz Indicate that this modality
Is capable of elevating the temperature of a tumor
of any slze and anywhere In the body to 50 C.

Radlo frequency hyperthermia appears to be theoret-
ically ideal for large sarcomas that keep growing
despite surgery, Irradiation, and chemotherapy. To
date, 75 malignancies In 64 patients with large
sarcomas, melanomas, and other diseases that had
failed standard therapy have been treated with

radlo frequency hyperthermia; marked tumor necrosis
has been observed in about half of these patients,
and there have been a few remarkable remissions.

6184 MICROMAVES MELP DETECT TUMORS. (Fng.)
Hindin, M. J. (No affiliation given).
Flectronics $2(8): 85-86; 1979. (0 rcfsr

The use of microwave radiometers for the detection
of breast cancer is discussed. Cancerous tissue
Is usually accompanied by an increase in local
temperature of a fow degrees. This radiation can
travel through human tissue for distances up to
several centimeters, and it can also escape from
the body If Ity source Is close enough to the sur-
face, Once out, the radiation is readily detected
by present-day microwave radiometric recelvers.
Thus, noninvasive scanning of a patient's natural
microwave emissions can be used to locate possible
cancerous hot spots. Microwave detection at fre-
quencies of 1.3 and 3.3 GHz has been used in clin-
lcal tests, and it has been demonstrated that mi-
crowave scanning in combination with infrared ther-
mography can detect as many cancers as X-rays alone
and has the same true negative rate. Both the 1.3
and 3.3-GMz radiometers are comparison-type super-
hoterodyne receivers with a 100-MHz intermediate
frequency bandwidth centered at 60 MMz, The input
to the first-stage tunnel-diode amplifier is switched
at an B-Hz rate between the antenna that picks

up the human body radiation and a matched load
whose temperature |s controlled by a thermoelectric
refrigerator. Tests funded by the NIN are being
conducted on the properties of millimeter microwave
thermography (11 and 30 GMz), and clinical trials
of millimeter systems combined with conventional
infrared and mammogrems are being conducted at
Denver's Swedish Mospital, In Europe, a group from
Phillips GebM in Hamburg, West Germany Is perform-
ing 2-GMz examinations at a breast cancer detection
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clinlec In Strassburg, France. Their system fea-
tures real-time compensation for varlable antenna-
skin interface energy reflections.

6185 A WISTOPATHOLOGIC STUDY ON THE EFFECTS

OF RADIOFREQUENCY THERMOTHERAPY ON MAL IG-
NANT TUMORS OF THE LUNG. (Fwy.' Sugaar, 5. (Dept.
Surgery, State Univ. Mew York, Downstate Medical
Center, Brooklyn, NY): LeVeen, H. M. (umcer A}
(2): 767-783; 1979. (42 refs)

Histologlc alterations of malignant lung tumors in
three patients treated by repeated local radio
frequency (RF) heating are reported. All patients
were heated by the dielectric method using 13.56-
MMl RF radiation. Short bursts of power were se-
quentially switched to different electrode palrs
that continuously heated the cancer but avoided
overheating the skin, In addition to expected
tumor cell degeneration, changes in the tumor's
stroma were also observed after AF heating. Stro-
mal blood capillary walls were massively Infil-
trated with round cells and underwent degererative
changes leading to necrosis and obliteration of
the tumor's vascular supply. Extensive infiltra-
tion of the stroma with the host's round cells
#ls0 occurred, Following focal necrosis and rup-
ture of the stroma, pools of lymphocytes established
direct contact with heat damaged malignant cells,
leading to further destruction of persisting tumor,
The histologic evidence of widespread necrotic
changes of all histologic elements of the tumor's
stroma and & reduction and widespread destruction
of stil] recognizable but obviously nonviable nests
of tumor alveoles was best seen in the most central
area of the large tumor mass. The histopathologic
changes induced in solid tumors by local AF thermo-
therapy appearsd to be similar 1o histologic changes
occurring in acute allograft rejection. This sim-
larity has not been noted following other treat-
ment modalities in cases of spontaneous human or
animal malignant tumors,

6186 THE USE OF 2450 MEGAMERTZ OF MICROWAVE
IN CANCER THERAPY. (Bng.) Luk, K. W,

(Dept. Radiation Oncology, Claire lellerbach Saroni

Tumor Inst., Mount lion Mosp. and Medica! Center,

P.0. Box 7921, San Francisco, CA 94120); Baker,

D. 6.; Purser, P.; Castro, J. R, Manvel, F. Phye

Ther 59(N): M05-408; 1979. (9 refs)

Preliminary results of & pilot study on microwave-
induced hyperthermia (average 42.5 C) for the treat-
ment of 26 patients with superficial tumors are
reported. Local tisswe hyperthermia was Induced
using & microwave unit operating at 2,450 MMz with
& maximum power of 125 W. From December 1976 to
June 1977, 28 courses of hyperthermia were given.
Ten of these courses were hyperthermia treatment
alone; 18 were combined with radiation therapy.

The entire procedure of tissue hyperthermia normally
lasted about 90 min. Generally, the induction
phase of the heating occurred within § min, with

the temperature rising from 36.0 C to M1.7 C. The
treatmant was then given for another 60 min. Minor
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fluctuations in the recorded temperature ranged
from 41.7 C to 43.5 C. At the end of the treatment
course, the thermal washout was recorded for 3
min and the temperature dropped from 43.5 C to
318.6 C. Whole body temperature was not signifi=
contly elevated (<1 C), as measured by an oral
mercury thermometer placed under the tongue for

5 min before and after hyperthermia treatments.
When the applicator of the microwave unit was di-
rected over major blood vessels, the potential

for the temperature to rise was greater. Twenty-
sin courses of treatment were evaluated. Local
tumors showed an improved response rate to the
tissue hyperthermia alone, as well as to tissue
hyperthermia combined with radiation therapy.
There were ] complete responses, 11 partial re-
sponses, 5 minimal responses, and } with no re-
sponse. In addition to objective evaluation of
tumor responses, 701 of the patients reported
palliation of pain, decreased or controlled bleed-
ing, reduction of oozing and crust formation, and
decreased foul odors concurrent with tumor regres-
slon. Blistering occurred in seven patients; two
of these patients suffered third-degree burns in
the fat layer, which required debridement of
eschar and frequent dressing change. These burns
resulted from transient rise in temperature to
more than &4 C for more than 10 min. One patient
developed a cellulitis, which was treated success-
fully with oral antibiotics. Two patients had
massive tumor necrosis, leaving large open ulcers
that required a long time to heal. The occurrence
of such complications under|ines the necessity of
medical team care for patients receiving hyperther-
mia treatment.

6187 THE CAUSE OF CANCER: BIOCHMEMICAL DEFECTS

IN THE CANCER CELL DEMONSTRATED BY THE
EFFECTS OF ELECTROMAGNETIC RADIATION, GLUCOSE AND
OXYGEN. (Png.) MWolt, J. A. (190 Cambridge St.,
Wembley, Perth 6014, West Australia, Australia).
Med Bypotheses 5(1): 109-143; 1979. (17 refs)

Studies of the effects of very-high-frequency (VMF)
radiation on cancer patients are discussed in rela-
tion to the mechanism of carcinogenesis. High in-
tensity VHF (over 50 mM/cm’) can cause cancer celly
to die from thermal and/or nonthermal effects.

Low Intensity VHF (below 10 mM/cm’) can stimulate
the rate of growth of many common cancers and alter
the microscopic sppearances of the cancer. During
and shortly after such irradiation, the cancer cells
produce that reveal a more primitive, less
differentiated form with suppression of whatever
sophisticated somatic characteristics thelr ances-
tors may have formerly exhibited. WNormal adult
cells are not macroscopically or microscopicall
altered by VNF at any intensity up to 150 dlull.
making VMF a unique too)l to show the differences
between cancer cells and histologically similar
normal cells. Studies on the effects of applying
A3h-MHz VHF radiation to cancers and normal tis-
sues while they were normo- or hypoglycemic and
simultaneously oxygenated or anomic demonstrate
that each human cell contains at least two separate
respiratory pathways that can convert glucose to
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energy. The first pathway produces energy by an
anseroblc mechanism and 1t can be demonstrated that
this energy is used for cell replication. The
second pathway(s) produces energy from glucose by
aerobic oxidative processes that can be shown to
energize other cellular functions, including that
of controlling cell division. Release of the
anasroblc system from supervisory control of the
serobic system permits unlimited cell division,
which is characteristic of cancer. Clrcumstantial
evidence suggests that this is not the result of
nuclear or chromosomal defects or mutations but

is due to direct irreversible sublethal damage

to the cellular aerobic glucose metabolic system
while the anaerobic system remains Intact.

6188 SELECTIVE OCCLUSION OF TUMOR TISSUE CAP-

TLLARIES BY MYPERTMERMIA SHOCK DURING
HYPERGLYCEMIA. (Ger.) wvon Ardenne, M. (Fors-
chungsinstitut Manfred von Ardenne, leppelinstr.
7. DDR-805] Dresden, [. Germany). Dtach Gesmend-
heitew 33(A5): 2158-2159; 1978. (14 refs)

The effect of local hyperthermia on erythrocytes
was studled in caplillaries of DS carcinomas of 20
rats In connection with investigations on the ef-
fects of hyperthermia and hyperacidification of
tumor tissue by glucose infusion in cancer multi-
step therapy. The tumor pH was adjusted to 6.1.
A B-kW high-frequency generator with moving ap-
plicator 10" Selectotherm unit) was used to gen-
erate hyperthermia (M) C). Due to the highly
energy supply, it was possible to in-
duce hyperthermia shocks by 2-4 € at a rlse time
of 36 min. The temperature peak was maintained
for 5-15 min. Myperglycemla caused a total loss
of flexibility of the erythrocyte membrane, which,
combined with the local hyperthermia, led to »
total stoppage of microcirculation at the venous
capillary end In the carcinosarcoma. The terminal
section of the tumor caplllaries was found to be
more sensitive to hyperthermia and hyperacidifica-
tion than the tumor cells supplied by the caplilary
ne twork.

6189 INTRACELLULAR MYPERTHERMIA: A BIOPHYSICAL
APPROACH TO CANCER TREATMENT VIA INTRA-
CELLULAR TEMPERATURE AND BIOPHMYSICAL ALTERATIONS.
.) Gordon, R, T. (M936 V. Estes, Skokie, IL
60077); HWines, J. R.; Gordon, D. Mad Bypotheses
5(1): 83-102; 1979. (21 refs)

The use of intracellular hyperthermia for the de-
struction of cancer cells Is described. Submicron
particles were colloidally suspended, injected
intravenously, and were phagocytized by cancer
cells. Application of an external high frequency
or pulsed electromagnetic fleld then raised the
particles’ temperature, thus generating intracellular
heat In precise increments and resulting in selec-
tive thermal destruction of the cancer cells with
little effect on norma) cells. Sprague Dawley rats
bearing spontanecys mammary tumors ware glven in-
travenous injections of iron-containing particles
and A8 hr after the last injection were exposed to
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2 M50-kMz electromagnetic field for 12 min. Tumor
necrosls was seen in 11 of 12 animals treated in
this manner. In the animals where tumor cells were
destroyed, normal tissues were histologically un-
changed, even when particles were found in these
tissues. There was no uptake of particles In the
bone marrow, and the treatment had no effect on
elther bone marrow or on surrounding connective
tissue. It is suggested that the sensitivity and
affinity of cancer cells for these particles may
be Increased by the use of specific radiolsotopes
or tumor specific antibodies bound to such parti-
cles or to chemotherapeut lc microspheres.

6190 BIOLOGIC EFFECT OF PERMANENT MAGNETIC
FIELD ON THE MEMATOPOIETIC SYSTEM OF IN-

TACT AND TUMOR-BEARING ANIMALS. (Fue. ) Savchik,

A. 8. (Lvov Inst. Hematology and Blood Transfusion,

Lvov, USSR); Savchuk, L. F.; Ivasivka, S. V.; Sav-

chik, 8. A. Probl Gematol Pereliv Krovi 24(3): 58-

60; 1979. (6 refs)

The effect of exposure to & permanent olectromag-
netic field (16 kA/m, | hr/day on 2 consecutive
days) on the hematopoletic system was studied in
intact male alb'no mice and mice with transplanted
subcutaneous solid Ehrlich's carcinoms and intra-
muscular lymphoma NK/Ly. A total of 132 animals
was used In the experiments. The hematologic
changes were studied on the day after the second
exposure. In the Intact controls, the irradiation
caused significant decreases in the Wb level, ery-
throcyte and thrombocyte counts, and a significant
increase in the reticulocyte count. In the animals
with NK/Ly, the Hb level decreased from 12.6 g
before exposure to 8.7 gt (p<0.001), the erythrocyte
count from 9,300,000/u1 to 6,800,000/ul (p<0.01),
the leukocyte count from 27,000 to 13,600/ul (p<0.05),
and the thrombocyte count from 278,400 to 81,200/41
(p<0.001). 1w the mice with Ehrlich's carcinoma,
the Hb leve! decreased from 13.98 gt to B.97 ot
(p<0.001), the erythrocyte count from 9,830,000/u1
to 7,710,000/u) (p<0.05), and the thrombocyte count
from 453,400 to 159,700/u1 (p<0.001), and the re-
ticulocyte count increased from 4.918% to 11,242
(p<0.001). The leukocytes of the controls as well
as those of the animals with Ehrlich's carcinoms
were not affected by the exposure.

6191 INVESTIGATIONS OF THE SHAPE TRANSITIONS

OF MUMAN ERYTHROCYTES IN AN OUTER MAG-
NETIC FIELD. INFLUENCE OF TEMPERATURE AND ALBUMIN.
(fng.) Leitmannova, A. (Sektion Biologie, Bereich
Blophys ik, Mumboldt Universitat, Messische Str.
3/k, 10k Barlin, E. Germany); Bilke, C.; Lerche,
D.; Stoesser, R.; Glaser, R. [tud Biophye 72(2):
85-90; 1978. (1) refs)

The influence of temperature, human serum albumin
(NSA), and magnetic field on human erythrocyte shape
transition was studied. For temperature studies,
ACD blood (1- to 2-day old; A, Rhe) was diluted to
a 0,11 hematocrit with Krebs Ringer solution and
subjected to temperatures from 20 to A8 C for uwp to
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10 min while the magnetic fleld strength was varied
from | to 11.0 kDe. For albumin studies, the blood
was diluted to & 0.1% hematocrit with phosphate-
buffered sodium chloride solution (PBS) and HSA
while the temperature and magnetic fleld strength
were maintained at 37 C and | kle, respectively.
Only the shape transition of echinocytes adhering
to the surface of the glass chamber into discocytes
and stomatocytes was observed. Nelther discocytes
nor stomatocytes underwent any transition under

@ magnetic fleld of 1.0-11.1 kDe. Mo significant
dependence of shape transition on magnetic field
strength was observed fram 20-35 C. Shape transi-
tions occurred above 35 (; however, at temperatures
»35 C, thermally-induced shape transition accounted
for some of the increased transition. At 37 C,
there was no significant difference between Ringer
solution and P8BS incubations with respect to shape
transition. HSA-incubated PBS-diluted cells showed
increased shape transitions in comparison with
control blood diluted with PBS only. The results
demonstrate that both temperature and HSA affect
the membrane structure or cell interior, which
leads to echinocyte shape transition. Both of
these effects are amplified by exposure to an

outer magnetic field.

6192 EFFECT OF A MOMOGENEOUS MAGNETIC FIELD
ON RED BLOOD CELLS: A CELL ELECTROPMORETIC
STUDY. (Fre.) Bellossi, A. (Service de Physique
Medicale, U.E.R. Clinigque et Therapeutique Medi-
cales, avenve du Pr L. Bernard, 15043 Rennes, France);
de Cortaines, J. Biol Cell 33(3): 263-26A; 1978.
(11 refs)
The effect of a 2-hr exposure to a hamog -
netic fleld (5,000 G) generated by an electromagnet
on the electrophoretic mobility of erythrocytes was
studied in 92 blood samples from 92 healthy blood
donors (68 men and 24 women, average age &b yr).
Thirty-five donors were blood group 0, 34 blood
group A, § blood group B, and S blood group AB,
The blood group was not determined in 1) cases.
Fifty-sin donors were Rh-positive, 18 Rh-negative;
the others were not identified. The exposure in-
creased the electrophoretic mobility of the ery-
throcytes in &) cases, and decreased it in 1. An
increase in electrophoretic mobility was seen in
24/68 men, 17/24 women, 10/15 donors of blood group
0, and in 22/3\ donors of blood group A. The elec-
trophoretic mobility was reduced by 651 in the men
and increased by J11 in the women, and it was re-
duced by 712 in the donors of blood group 0 and
increased by 651 in blood group A donors. The
differences betwsen men and women and those in
blood groups 0 and A were statistically significant
(p<0D.01) as to the extent of the change, but there
were no significant differences in the distribution
of Increase and decrease as to age, sex, blood group,
and AN factor.

619) PHENOMENON OF MIGRATION AND SEDIMENTATION
OF ERYTHROCYTES INDUCED BY MAGNETIC FIELDS.

(Png.) Porath-Furedi, A, (Dept. Biological Chem-

istry, The Mebrew Univ., Jerusalem, Israel); Yanal,
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P. J Histochem Cytochem 27(1): 371-374; 1979,
(2 refs)

Suspended erythrocytes were exposed to static and

to moving nonhomogeneous magnetic fields to in-
vestigate the effect of such fields on erythrocyte
migration and sedimentation. In experiments with
static weak magnetic fields, erythrocytes became
more concentrated along the edges of the magnetic
poles than in the rest of the container. The sed-
imentation was affected by the chemical state of

the hemoglobin and by the geometry of the field.

In an experimental system in which the erythrocytes
had been previously oxygenated, the cells sedimented
on the bottom of the container homogeneously; in

a system in which the erythrocytes were deoxygenated,
the sediment layer became dense closest to the

edges of the magnetic poles beneath. In several
different experiments in which the shape of the
magnetic poles was different, the applied magnetic
field resulted in & sedimentation pattern in which
the density of the sedimented cells was highest at
the points of greatest magnetic field density.
Another serles of experiments was carried out in
which the induction of electric currents was based ,
not on the Brownlan motion of the erythrocytes in

a stationary magnetic fleld but rather on the effect
of a magnetic fleld rotating rapidly. As this
treatment separated the suspended cells while the
suspension was moving in the direction of the in-
ducing field, it was concluded that the muving
magnetic fleld is able to cause or to direct motion
of the cells in suspension. The disappearance of
the phenomenon at & lowered but constant tempera-
ture showed that induced temperature rise is a
prerequisite of the separation and directive cell
motion. Added grains of dye revealed streaming

in the system in the direction of the motion of

the magnetic field, whereas in a cell-free system
no such streaming was detected. In both the ste-
tionary magnetic fleld and in the moving magnetic
field systems, the directing factor was the anlso-
tropic Brownian motion caused by induced electric
currents. In the swationary system, this resiricts
the particles to oscillations along the field, aided
by the very weak magnetic attraction and by the force
of gravity, bringing them to the magnetic poles. In
the system with the magnetic field in motion, the
cells are repelled from the magnetic poles to the
farthest possible point. During this process, cell
fractionation occurs, leaving above cells that are
smaller than those in the bulk; at the same time, the
force of gravity reduces by sedimentation the number
of cells still in suspension.

-
6194 CHANGES IN THE BLOOD COUNT OF GROWING
RATS IRRADIATED WITH A MICROWAVE PULSE
FIELD. (Bng.) Pnbm-hjh’;n.. + (Klinika
nemoc| z povolani, Vysehradska 49, 128 21 Praha
2, Cuchileuiln‘: Josifko, M. Arch Puvirom Bealth
IN(1): MA-50; 1979. (12 refs)

Changes in the blood count of growing rats were in-
vestigated in 20 male rats (Ratftue -

albus, Wistar strain, Konarovice breed) irradiated
for 7 wk (5 days/wk, & hr/day) with an electromag-
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netic pulse fleld of the following parameters:
working frequency 2,736.5 MMz, repeated frequency
395 Mz, pulse width 2.6 usec, vertical polarization;
mean power donsity 24,4 sM/ce’ . accuracy of mea-
surement t61. During irradiation the animals were
placed singly in perforated Plexiglas boxes site
ated above each other according to equal power
density planes. A group of 10 control rats was
also placed singly in Plexiglas boxes in the ir-
radlation room but outside the electromagnet ic
field. The rectal temperature was measured in &
selected group of rats before exposure and at I-hr
intervals during lrradiation. Blood sasples were
tahen before the onset of irradiation, and othery
were collected at the end of wh 1, 3, 5, and ] of
irradiation and at the end of wh 1, 2, 6, and 10
after termination of the esposure. Rectal tem-
peratures rose during irradiation, with & maximus
after )} hr. The mean temperature rise was 0.3 C,
the saximum Increase was 0.5 €, as compared with
the initial level. Prior to lrradiation, exper-
imental animals had a higher mean body welight than
did controls. This statistically insignificant
difference disappeared in wh ) of irradiation, and
the body waight increase of the controls begen to
consistently exceed that of the experimental ani-
mals. The difference attained a significant level
in wk | after the termination of exposure. The mean
hematocrit value of the experimental animaly was
somewhat higher before irradiation than that of
the controls. Beginning with wh 3 of irradiation,
anperimental animals exhibited a statistically
significant reduction of hematocrit values that
persisted even after termination of irradiation and
finally disappeared in the last saspling, |.e., 10
wh after irradiation. The mean number of leukocytes
was Insignificantly lower in experimental rats
than in controls. Beginning in wh ) of irradiation
this difference disappeared, but a significent de-
crease in the levhocyte count of irradiated animals
occurred from wh 5 of irradiation on. This
significantly lower levkocyte count persisted even
after irrediation and dirsappeared only after 10 wh.
The maan value of the absolute count of neutrophil
leukocytes In irradiated animals was lowered only
in the last week of irradiation. Statistical eval-
uation revealed no significant differences in the
percentage proportion of the individua! elesents
of the white blood count. Alkaline phosphatase ac-
tivity showed & statistically significant transient
increase at the end of wh | of irradiation and »
transient drop ismediately after irradiation. The
results indicate that & micromave pulse field of
given intensity affects both the white and red
blood count in peripheral blood in its volume
component. MWowsver, it Is not clear If the growing
organism is more sensitive to microwave radiation
than the adult one since no analogous experiment
has been done on adult rats under identical con-
ditioma. Whether the observed changes in the per-
ipheral blood count were caused by the thermal of-
fect of micromaves or by other effects remainy to
be determined.

6195 COAGULATION PROPERTIES OF PLATELETS IN
CONSTANT MAGNETIC FIELD. (Mua.) Runi-
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aev, V. F. (Dept. Physics, Poltava Inst. Stoms-
tology, Poltava, USSR). Probl Gemato! Perelis
Krowd 28(2): 19-23; 1979. (21 refs)

The effect of a constant magnetic field (1,200 Oe)
on the coagulation characteristics of platelets
was studied in blood taken from exposed dogs, and
on the bleeding time in 19 human volunteers. En-
posure of dogs to a constant magnetic field de-
creased the recalcification time from 130 sec in
the controls to 11) sec (p<0.01), the plasma toler-
ance to heparin from 309 sec to 284 sec (p<0.01),
the thrambin time fram 30 sec to 29 sec (p<0.01),
the factor XII1 activity from 51 sec to M sec
(p<0.01), and Increased the fibrinolysis time from
29 min to 35 min (p<0.01), and the prothrombin
consumption rate from BS to 92 sec (p<0.01). The
exposure also reduced the sorption of fluorochrome
by the platelets and the sccumulation of acridine
orange, and stimulated the aggregation in the pres-
ence of adenosine diphosphate. The bleeding time
of a punctured finger was reduced significantly in
the volunteers from 135 sec before exposure to 108
sec. The findings Indicete that the constant mag-
netic fleld coused a considerable alteration in the
morghologic and functional properties of the plate-
let mambranes.

6196 A NEW OPERATIVE PROCEDURE OF MEPATIC SUR-

GERY USING A MICROWAVE TISSUE COAGULATOR.
[Bwg.) Tabuse, K. (Dept. Gastroenterclogical Sur-
gery, Wakayasma Medical Coll., 7 Bancho, Wakayama-shi,
Wakayema, Japan). Arch Jpm Chir MB(2): 160-172¢ 1979.
(22 refs)

Partia! resection (average, J0) of 51 liver lobes
was performed on 26 rabbits with the aid of a micro-
wave tissue coagulator in an attempt to control
bleeding and bile leakage, The output power of the
2.050-MMz microwave coagulator varied from 25-65 W
for 20 sec, a monopolar antenna was inserted into
sach parenchyma several times causing a coagulated
belt!ike area 10 m» In width on the parenchyma sur-
face, with the depth determined by the length of
sach Insertion. Transection of parenchyma was per-
formed with a surgical knife. Complete control of
bleeding and bile leskage was achieved. Autopsy
performed | day to 6 mo postoperatively revealed
satisfactory healing without infection in all ani-
mals except one. Portoanglography indicated that
veins up to J mm in dismeter could be sealed, Tem
perature measurements Indicated that the extent of
therma! damage caused by microwave energy was less
than 10 mm wide from the center of the cosgulated
tissue, Biochemical analysis and histologic studies
indicated that liver ce!l damage was transient and
that adverse systemic effects can. be avolded by
proper cosgulation-necrosis of liver tissue by mi-
Cromave energy.

6197 RESPONSE OF STRESS-SUSCEPTIBLE AND STRESS-
RESISTANT MAMPSHINE PIGS TO ELECTRICAL
STRESS. 1. PNYSIOLOGICAL AND BIOCMEMICAL EFFECTS.
(Mmg.) Vews, T. L. (Dept. Animal Wusbandry, Animai
Sclence RMas. Center, Uniy. Missouri, Columhia, WO




