














































































































































































































































































































































































































































































































































































































































































































































































































































































































































BEMS 8 - 7 

EI:..:oc'IIDMAGNEl'IC HAZARDS IN SAFEI'Y ZOOE OF 
RADIO- AND TV TRANSMI'ITERS 

Henryk R. Korniewicz 
Centralny Instytut Ochrony Pracy 

00-950 Warszawa, Tamka 1 
Poland 

'Itle Polish standards define the safety zone around sources of 
electromagnetic fields with intensities up to 20 Vim, 7 Vim and 
0.1 w/m2 respectively for the frequencies 0.1 - 10 MHZ, 10 -
300 MHZ and 0.3 - 300 GHz. 

Results of investigation have shown that metallic constructions 
placed in the region of the safety zone can receive and 
accumulate enough electromagnetic energy to cause H.F. electric 
current hazards, initiation of electric detonators and ignition 
of flammable vapours. 

Metallic oonstruction in the safety zone can also act as a 
secondary source of strong hazardous EMF. 

Results obtained: 

1. H.F. electric current hazard (50 rnA), in the case of human 
bcrly contact with the grappling iron of cranes, can occur 
in the safety zone especially in the frequency range 0.5 -
10 MHz for E 0.8 Vim. 

2. Initiation of electric detonators (threshold sensitivity 
0.2 A) connected with the firing installation can take 
place in the safety zone of the 0.8 - 45 MHz for E > 1. 5 
Vim. 

3. Ignition of flammable vapours (threshold sensitivity 0.2 
mJ) with H.F. spark discharge at metallic construction can 
take place in the safety zone especially in the region of 
medium waves when E 0.2 Vim. 
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BEMS 9 -

IMMUNOLOGICAL EFFECTS OF LOW MICROWAVE 
EXPOSURE 

M.G.Shandala, M.I.Rudnev, G.I.VinigradGv, N,G.BelQ­
nozhko, N.M.Gonchar 

/Kiev Research Institute of General and Municipal Hygi­
ene after A.N.Marzeev, Kiev, USSR/ 

Low levels microwave exposure to power densities 
500, 50, 10, 5 and 1 JAw/cm2 effects on cell immunity 
state and cytochemical indices of functional state Qf 
white blood cells were studied experimentally as a 
function of impact level and duration. 

Cell immunity state was assessed according to the 
lymphocvtes blast transfermat1Qn reaction and sponta­
neous rosette formation. Glycogen and alkaline phospha­
tase contents in peripheric blood neutrophils were 
studied as cytochemical indices. 

Significant inhibition of the functional activity 
of the most important immunocompetent cells was observed 
under the 500 and 50 jllw/cm2 micrewave exposure. This 
effect was not caused by levels of 1 and 5pw/cm2• 
Shifts caused by microwave energy of 10 j1iw/cm2 are 

,considered as adaptative, the complete restoration of 
changed functions being observed during three months 
after the termination of exposure. 
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MIcroWAVE EE'E'OCT CN LIPID BILAYER MJDIFIED BY 
roLYENE ANI'IBIOTICS 

V.V. TYazhelov, S.I. Alekseev, and V.I. Mirutenko 
Institute of Biological Physics 

USSR Academy of Sciences 
Pushchino MOOCCM Region 142292 

USSR 
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THE BIOLOGICAL EFFECTS OF THE LOW FREQUENCY 
ELECTROMAGNETIC FIELD (50 Hz) 

M.G.Shandala, Yu.D.Dumansky, Ye.V.Prohvatilo, I.P.Loss, 
L.A. Tomashewskaya, S.A.Lyubchenko, I.S.Bezdolnaya, 
Yu.I.Vasilenko 

!Kiev A.N.Marzeev Scientific Research Institute of Gene­
ral and Communal Hygiene, Kiev, USSR! 

The biological effects of 50 Hz electromagnetic field 
following intermittent long-term (for 4 months) exposure 
of 400 white random-bred rats were studied. Under diffe­
rent energetic and time conditions 4 series of investiga­
tions were performed. PhySiologic, immunologic, hematolo­
gic, biochemical, pathomorphologic and some other indices 
of animals organism functional state were taken into ac­
count. 

The minor changes in some indices at the systematic 
(80 - 300 min. a day) exposure to the electromagnetic 
field of 15; 20 kV!m intensities were observed. At the 
shorter period of exposure and lower field intensities 
(10 kV/m) functional changes were not found at all. 
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THE POSSIBLE MECHANISMS OF THE BiOLOGICAL EFFECTS 
OF THE ELECTROMAGNETIC FIELDS OF LOW FREQUENCY 

G. I. Evtushenko and F. A. Ko1odub 
Kharkov Research 'Institute of Labour Hygiene 

and Occupational Diseases, Kharkov, USSR 

In the experiment with white male rats, we studied the bio­
logical activity of the electromagnetic fields (EMF) of solenoid 
of industrial (50 Hz) and low (5-7 kHz) frequencies of different 
tensions (10-72000 A/m), expositions (to 6 months), regimes of 
generation (continuous, interrupted, impulsive). 

It was determined that under certain parameters of EMF in 
animal organisms there were distinct changes in the functional 
condition of the central nervous system (CNS), and the cardio­
vascular system. There were observed morphological changes in 
the nervous system, heart, liver, kidney, endocrine glands (adre­
nal glands, thyroid glands, testes) and in the blood system. 

The biochemical methods show that the basis of the most de­
scribed changes is the discoordination of the individual links of 
carbohydrate energetic, nitrous and nucleic metabolism. It is con~ 
ditioned by the primary influence of EMF on the regular systems 
(femoral and humeral) as on subcellular and cellular at the organ­
ismmic level. 

The importance of primary physico-chemical effects of inter­
actions of EMF of low frequency with organisms is discussed, in 
particular, Zeeman's effect, inductiona1 current, ponderomotoria1 
forces in the arising of biological function and structural changes. 

383 



BEMS 9 - 5 

MICrowAVE GASl'RIC ULCER 

V.V. Tyazhe1ov, V.P. Safronov, and B.K. Gavriliuk 
Institute of Biological Physics 

USSR Academy of Sciences 
Pushchino MOSCCM Region 142292 

USSR 
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FRtDAY AM 8:30-10:00 

HUB AUDITORIUM 

ROUND TABLE: CELLULAR EFFECTS, RAMAN SPECTRA AND MI LLiMETER WAVES 

Moderator: O. P. Gandhi 

Panel: 

University of Utah 
Salt Lake City, UT 

T. W. Athey 
Bureau of Radiological Health 
Rockville, MD 

K. H. Illinger 
Tufts University 
~ledford, MI 

S. Motzkln 
Polytechnic Institute of New York 
Brooklyn, NY 

L. M. Partlow 
University of Utah 
Salt Lake City, UT 

J. P. Sheridan 
Naval Research Laboratory 
Washington, DC 
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MEDICAL APPLICATIONS 

Chairperson: S. M. Michaelson 
University of Rochester 
Rochester, NY 
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DYNAMICS OF ORGANISM BEHAVIORAL REACTIONS 
CHANGES CAUSED BY MICROWAVE RADIATION 

M.I.Rudnev, M.A.Navakatikian 

/Kiev A.N.Marzeev Scientific Research Institute of Gene­

ral and Communal Hygiene, Kiev, USSR/ 

The purpose of this experimental wC!lrk was to study 
peculiarities of behavioral reactions changes under 
chronic exposure to microwaves (frequency 2375 MHz) of. 
different power densities (500, 50, 10, 5 and ~/cm2). 

Defensive conditioned reflexes, animal activity, 
food unconditioned reflexes, shock threshold, ability 
to work and aggressive behavior were registered as 
indices of central nervous system state. 

Dose dependent changes were found at SHF levels of 
500 to 5 ,/Aw/cm2• As a rule inhibition of CNS was de­
tected by the end of the expesure time and activation af­
ter exposure. 
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MEASUREMENTS OF ELECTROMAGNETIC ACTIVITIES OF THE HUMAN 
BODY IN THE FREQUENCY REGION 1 kHz - 2 GHz. 

B.Enander and G.Larson, Royal Institute of Technology, 
Stockholm. 

Measurements of electromagnetic fields from the human 
body have been made extensively in the infrared region 
and at very low frequencies (around 1 Hz, EEG,ECG,EMG). 
Recently microwave radiation has been measured using 
microwave radiometers. The results indicate that the 
human body is only emitting thermal radiation except at 
very low frequencies (below 104 Hz). 

The purpose of our experiments was to cover the fre­
quency region 10 3 - 2.10 9 Hz where very few reliable 
investigations seem to have been made. 

To investigate the emission of electromagnetic waves in 
this wide frequency range we designed a number of tUn­
able radiometers. The general principle of these was a 
comparison of the noise power obtained from an antenna 
connected to some part of the human body with the noise 
power from a reference impedance. At frequencies above 
10 8 Hz the antenna consisted of a loop about 1 cm in 
diameter connected to a coaxial cable. The loop was 
placed in close contact with some part of the human 
body. At frequencies below 108 Hz the antenna was a 
pair of EEG or ECG electrodes. 

Our results show that the human body acts as a purely 
thermal radiator down to about 104 Hz. Below 10~ Hz the 
high frequency components of EMG and similar signal 
rise above the thermal level. Many different positions 
on the body were tried as the head, the chest and the 
arms. For all positions the radiation temperature was 
equal to the body temperature at frequencies above 
104 Hz. 
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MICROWAVE DIATHERMY TREATMENT OF THE HUMAN THIGH: 

THE SmUL TANEOUS MEASUREMENT OF r~USCLE BLOOD FLOW (MBF) 
AND TEMPERATURE OF THE HU~1AN THIGH DURING MICROWAVE DIATHERMY 

by 

K.M. Sekins, Dept. of Mechanical Engineering, Univ. of Wash. 
A.F. Emery, Dept. of r4echanical Engineering, Univ. of Wash. 
J.F. Lehmann, Dept. of Rehabilitation Medicine, Univ. of Wash. 
W.B. Nelp, Dept. of Nuclear Medicine, Univ. of Wash. 
D. Dundore, Dept. of Rehabilitation Medicine, Univ. of Wash. 

Abstract 

To date the investigation of local muscle blood flow (NBF) 
response to diathermy and the measurement of associated tissue 
temperature fields have been undertaken separately, the link be­
tween the two phenomenon being inferred from analyses of experi­
ments performed on different individuals undergoing thermally 
similar treatment regimes. The present study provides more direct 
evidence illuminating the temperature-MBF relationship by simul­
taneously measuring MBF by the Xenon133 clearance technique and 
monitoring the heated tissue temperatures at various depths with 
a recently developed, microwave-transparent thermistor probe 
(Vitek r~odel 101 electrothermia monitor). These measurements 
were performed by introducing 16 gauge Teflon cannulae from the. 
side of the thigh in an orientation perpendicular to the micro­
wave field such that the cannulae tips were located at prescribed 
depths along the centerline of anterior portion of the thigh 
underlying the microwave applicator. The positions of the 
cannulae as well as the tissue's geometric distortion due to 
weight of the applicator on the thigh (e.g. crushing effect on 
subcutaneous fat and change in shape of the thigh cross-section) 
were ascertained by X-raying the instrumented leg from both the 
anterior and lateral aspects. After allowing several minutes for 
the hyperemic response to the cannulae introduction to subside 
the Xe 133 tracer was injected in 0.1 ml volumes at a position 
just beyond the end of the cannula tip by means of long, narrow 
hypodermic needles introduced through the lumen of cannula. 
Subsequent to this injection the thermistor probes were intro­
duced through the cannulae such that their tips were placed in 
the location of the Xenon injection depot. The temperature 
history was monitored throughout the entire diathermy process, in 
contrast to the MBF measurements which were performed correspond­
ing to various thermal events (e.g. pre-treatment, post cooling, 
peak temperature and steady temperature phases of the applicat­
ion). The resulting data will be presented and their implication 
for diathermy treatment, as well as their contribution to the un­
derstanding of the MBF-tissue temperature relationship, will be 
discussed. 
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DMJNJIDGIC ASPOC'IS IN CANCER ~ 
BY MICIDWAVE HYPER'lHERMIA 

By 
Waldemar RoszkCMSki, Stanislaw Szmigie1ski, 

and Marek Janiak 
Center for Radiobiology and Radioprotection 

128 Szaserow, 00-909 Warsaw, Poland 

WOO1e-body and local microwave hyperthermia as awlied in 
cancer treatment changes reactivity of the cell-mediated 
imnunity, although the mechanisms of the pheIDllenoo are still 
virtually unkrown. Still JlPre, the reactioo of macroI;i1ages and 
1ymI;i1ocytes differs significantly at 39-41~ (stimulatioo) 
and at 42-44~ (irihibitioo). Thus, the reactioo of 
cell-mediated imnunity to whole-body heating· or local 
hyperthermia of tumerous tissues in vivo may differ 
significantly. 

The following subjects will be presented and discussed: 

I. WOO1e-body microwave (2450 MHz) hyperthermia in mice 
(rectal temperature 41 ~): 
1. Damage to cell membranes (irihibitioo of potassium 

transport and increased membrane permeability for 
labelled oompounds) in different subpop.l1ations of 
lymphocytes (splenic, lymph-node and thymic) and in 
m.:croI;i1ages heated to 40 or 43 ~): 

2. Increased intracellular level of cyclic lIMP in heated 
1ymI;i1ocytes: 

3. Irihibitioo of 1ymI;i1ocyte reactioo to oon-specific 
mitogens after repeated sessicns of microwave 
hyperthermia. 

II. IJ:lca1 microwave hyperthermia of tlJOOrous tissues (43 ~): 
1. Regressioo of Guerin carciIDl\a in rats after local 

hyperthermia and enhancement of the tumor...;irihibiting 
effect by bacterial imnunostUnulators 
(Propiooibacteriae): 

2. Stimulatioo of cell-mediated iDrnunity in vivo 
(increased reactioo of spleen lymphocytes to 
oon-specific mitogens, ircreased cytotoxicity of 
spleen lymphocytes for 51-Cr-1abelled pr Unary culture 
tlJOOr cells): 

3. Ircreased antigenicity of heated tlJOOr cells as 
measured by cancer lung oolooy assay in healthy 
anbnals. 
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MICROWAVE EFFECTS ON ENERGY LEVELS OF BRAIN AND 
MALIGNANT BRAIN TUMOR 

Aaron P. Sanders, Daniel J. Schaefer and William T. Joines 
Department of Radiology and Department of Electrical Engineering 

Duke University, Durham, N. C. 27710 

Brain of male Sprague Dawley rat (150-200g) was exposed via 
removal of skin and muscle above the skull, and a 5 x 10 mm aper­
ture made through the skull with the dura intact. The brain was 
sham exposed (controls) or exposed to 591 MHz, 5, or 13.8, or 18, 
or 60 mW/cm2 microwaves for periods of 1/2, 1, 2, 3, or 5 min. 
Reduced nicotinamide adenine dinucleotide (NADH) relative levels 
were monitored before and during microwave exposures with a 
Britton Chance designed time sharing fluorimeter (366 nm excita­
tion light, 460 nm NADH fluorescence, and 366 nm reflectance 
which varies with changes in hemoglobin in the field). A 5 min 
control baseline was obtained for reflectance and 460 nm NADH 
fluorescence prior to microwave exposure. Immediately after 
initiating the microwave exposure, NADH fluorescence increased, 
reached a maximum (4-12% of baseline) in 30 sec, decreased toward 
control level to 3 min and slowly increased from 3-5 min. The 366 
nm reflectance trace did not vary over the 5 min exposure. A· 
Faraday shield was used to protect the electronics of the fluori­
meter from microwave interference artifacts. These data support 
the concept of microwave inhibition of the electron transport 
chain in the mitochondria - due to the increase in NADH fluores­
cence. If so, this should cause a decrease in ATP (adenosine-5 ' 
-triphosphate) and CP (creatine phosphate) levels. At the end of 
the microwave or sham exposure, the head, neck, and upper thorax 
of the rat was immediately immersed in liquid nitrogen for 2 min. 
The frozen head was decapitated and stored in liquid N2 until 
time for ATP and CP analyses. 

ATP and CP assays were performed on frozen pulverized brain 
(or brain tumor) by the extraction and enzyme coupling techniques 
of Lowry and Passoneau, and Lamprecht and Stein. At the 13.8 
mW/cm2 exposures, brain CP was decreased 39.4,41.1,18.2, 13.1, 
and 36.4% of control at the 1/2, 1, 2, 3, and 5 min exposures re­
spectively, and brain ATP was decreased 25.2, 15.1, 17.8,7.4 and 
11.2% of control at 1/2, 1, 2, 3, and 5 min exposures respective­
ly, with no increase in brain surface temperature being seen over 
the 5 min exposures. All values are statistically significantly 
different than controls. The 5 mW/cm2 and 60 mW/cm2 exposures 
were significantly decreased at the 2 exposure periods (1/2 and l 
min). No threshold power level was observed. 

A malignant astrocytoma tumor transplanted subcutaneously to 
the rear leg of Fischer 344 rat was similarly studied. Statisti­
cally significant decreased CP and ATP levels were observed at 
1/2, 1,3, and 5 min exposures (591 MHz, 20 mW/cm 2 ) with no tem­
perature increase observed in the tumors (surface and center). 
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ELECTRICAL STIr1ULATION OF ALVEOLAR BONE 

Daniel B. Harrington, Thelma A. Chen. 
Philip Mollica and Francis Davis 
Fairleigh uickinson Univel'sity, School 
of Dentistry, Hackensack, liew Jersey 07601 

While the bioelectric parameters in long bone have been 
studied in some detail, electrical effects on alveolar bone 
growth have not been defi ned. In the present study we have ex­
plored the effects of three distinct levels of constant, con­
trolled direct current on alveolar bone regeneration in rabbit 
mandible, after surgical creation of an intrabony defect. Three 
experimental groups received current levels of 0.1, 1.0 and 10.0 
~amps, delivered through silver electrodes, to portions of the 
body of the mandible located deep to the masseter muscle. A 
cathode was inserted into a surgically created intrabony defect 
on one side of the mandible and an anode was inserted into a defect 
on the other side. A constant current electric generator \~as 
placed subcuteneously at a point posterior to the cervical vertebrae. 
and sutured to the fascia of the area. All animals received electric 
current for 14 dayst then were sacrificed. Five hours prior to 
sacrifice the animals received an injection of tetracycline, a 
flut)resc~rlt Antibiotic ... ·hich unites with the inorganic matrix dur­
ing the mineralization phase of bone growth. After sacrifice, the 
mandibles were bisected at the mandibular symphysis. and fixed in 
10% formalin for 5 days. 

Histological examination of the regions around the intrabony 
defects showed laydown of bone in regions adjacent to the defect. 
This new (Jone appears fluorescent due to incorporation of tetra­
cycline. indicating tilat tilis ne" bone is in an active state of 
r.linel'al ization. The degret; of fluorescence appears to be consistant 
I'iith tile degree of osteoid formation. 

The data indicate tliat alveolar bone and long bone respond 
si,:lilarly \'ihell stir,~ulated with small amounts of el ectric current. 
and that it may be possible to develop a bioelectrical metnod 
for regeneration alveolar bone whiCh has been lost through dis~ase 
or trauma. 

Support~J by General Research Funds, 
Fa i rl ei (lh Jic k i nson Un i vers i ty t School 
of Jcntistry, and HOWf,ledica. Inc. 
Electric generators supplied by 
hitter Sybron Corp. 
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IN VIVO STUDY OF 60 HZ ELECTRIC FIELD EFFECTS 

Douglas M. Koltun, Scot N. Ackerman, 
David M. Weissfeld, Jane M. Seto, Y.Jo Seto 

Electroscience and Biophysics Research Laboratories 
Tulane University, New Orleans, LA 70118 

ABSTRACT 

The results of a year long pilot study which ex­
amined effects of chronic exposure on 4 generations of 
rats to high intensity 60 Hz electric fields will be 
presented. Sixteen male-female pairs of twenty-one 
day old Sprague-Dawley rats were continuously exposed 
to an electric field with an unperturbed strength of 
20 kV/m, and an equal number of identical rats were 
sham-exposed. Offspring from these parental groups 
were conceived, born, and raised under their respective 
exposure or sham-exposure conditions. Three filial 
generations were raised in this manner. Body weight 
and water consumption were recorded weekly. The adult 
animals were sacrificed at 15 weeks of age, and the 
organs were examined for morphological and histological 
changes. Additionally, blood serum chemistry and 
hematology specimens were analyzed. 
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GROWTH OF RATS AND MICE EXPOSED TO 60-HZ ELECTRIC FIELDS 

R. D. Phillips, J. H. Chandon, D. I. Hilton and R. L. Sheldon 

Biology Department 
Pacific Northwest Laboratory 

Richland, WA. 99352 
Operated by 

Battelle Memorial Institute 

ABSTRACT 

Considerable controversy exists concerning possible effects of 
60-Hz electric field exposure on growth. Results of past research 
studies are conflicting; both enhanced and depressed growth have 
been reported, and none of the reported effects have been confirmed 
independently by other researchers. We have conducted an extensive 
series of experiments in an attempt to resolve the current controversy 
by using an exposure system that has been documented to be free of 
secondary electric field factors, such as corona, ozone, hum, vibra­
tion and spark discharges. 

In eight separate experiments, body and organ weights were 
determined in juvenile (age, 26 days) and young adult (age, 56 
days) male and female Sprague Dawley rats and in young adult (age, 
60 days) male and female Swiss Webster mice that were exposed or 
sham exposed to 60-Hz electric fields at 100 kV/m for 30 days or 
120 days. A number of other parameters were measured in the various 
experiments that were related to metabolism and growth, including: 
daily food and water consumptions; oxygen consumption and carbon 
dioxide production rates; metabolic rates; circulating concentrations 
of thyroxin, TSH, and growth hormone; content of liver lipid, protein 
and glycogen; rates of periosteal and endosteal bone growth; tibia 
weight; concentrations of blood glucose, blood urea nitrogen and 
serum triglycerides. 

In the studies using rats, there were no reproducible, signifi­
cant differences between exposed and sham exposed animals in any of 
the parameters measured. The parameters measured in mice (body and 
organ weights, food consumption and serum chemistry) were essentially 
the same for exposed and sham exposed animals. Our failure to con­
firm the various effects reported by other researchers suggests that 
such effects may be caused by secondary factors and not by the direct 
interaction of the electric field with the subject. 
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EFFECTS OF EXPOSURE TO 60 HZ ELECTRIC FIELDS ON GROWTH AND 
DEVELOPMENT IN THE RAT 

L. D. Montgomery, L. G. Smith, and M. R. Sikov, 
Pacific Northwest Laboratory, Richland, Washington 

A series of three replicated experiments was performed to deter­
mine the effects of exposure to an electric field on reproduction 
and on fetal or postnatal growth and development in the rat. A 
system was built for exposing rats to a uniform, 100 kV/m verti­
cal. 60 Hz electric field. Other rats were contemporaneously 
sham exposed under identical environmental and housing conditions. 

Reproductive behavior, fecundity, and fetal development were 
studied in the first experiment. A 6-day exposure prior to mating 
and continued exposure during the mating period did not affect the 
reproductive performance of either males or females. Continued 
exposure of the mated females through 20 days of gestation did 
not affect fetal mortality, size, or morphology. The males and 
unmated females were kept in the field for a total of 30 days. 
The unmated females were removed from the field and subsequently 
allowed to mate; no effects on breeding performance, fertility, 
or fetal development were seen. Evaluations of males indicated 
no effects on mating behavior or on the morphology and DNA pro­
perties of the epididymidal sperm. 

The second experiment evaluated the postnatal sequelae of pre­
natal exposure. Females were introduced into the field on the 
morning following mating, maintained through parturition and re­
moved from the field, with offspring, when the pups reached 8 
days of age. The pups were periodically weighed, examined, and 
subjected to a battery of tests to evaluate reflex development 
and general neurological status. The only effect observed was a 
higher percentage of exposed offspring showing motile behaviors 
and a lower percentage exhibiting righting reflexes at 14 days. 
Subsequent studies in which randomly selected offspring were mated 
and re-exposed using the same protocol as in the first experiment 
did not indicate any significant effect on reproductive behavior, 
fertility, or fetal development. 

A third experiment examined the effects of exposure during late 
gestation and throughout the suckling period. Exposure or sham 
exposure began at 17 d.g. and was terminated when the offspring 
reached 25 days of age, using the same battery of postnatal 
development measures. The growth curves and various matura­
tional indices were similar to those in the second experiment 
and again showed no consistent differences between the two 
groups. 

Performed under U.S. Department of Energy contract EY-76-C-06-
1830. 
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CHRONIC EXPOSURE OF RATS TO 100-MHz (CW): ASSESSMENT OF 
BIOLOGICAL EFFECTS 

R.J. Smialowicz, E. Berman, S.J. Bursian, J.B. Kinn, C.G. 
Liddle, L.W. Reiter and C.M. Weil 
Environmental Protection Agency 

Health Effects Research Laboratory 
Experimental Biology Division (MD-72) 
Research Triangle Park, N.C. 27711 

A multidiscipline approach was employed to assess the possible 
biological effects of chronic exposure of rats to 100-MHz radio­
frequency radiation (RF). A group of 20 time-bred rats were exposed 
in a transverse electromagnetic mode (TEM) tr~nsmission line, to 
100-MHz at a forward power of 500 W (5Q mW/cm ) starting on day 6 
of pregnancy, under controlled temperature and humidity conditions. 
Dams were exposed for 4 hours per day 7 days per week. On day 
one post-partum litters were normalized to 4 male pups and these 
rats were subsequently exposed following the same regimen as the 
dams. Specific absorption rates (SARs) for rats of various masses 
(ages) were determined by twin-well calorimetry. No significant 
differences in SAR's were observed for rats of different mass 
or for the position of rats in the 100-MHz chamber. The mean SAR 
for rats was 2.8 mW/g. An equal number of control rats were 
simultaneously sham-exposed and handled in the same manner as 
exposed rats. Growth, neurological development, and locomotor 
activity of the pups were assessed; no difference was observed 
for any of these parameters between sham and exposed rats. At 
21 and 41 days of age pups from each litter were evaluated for 
possible changes in hematology and immune function. No difference 
was observed between sham and exposed rats for complete blood 
counts, for the mitogen-stimulated response of lymphocytes, 
for the frequency of T- and B-lymphocytes or for the antibody 
response to Streptococcus pneumoniae capsular polysaccharide. 
There was no mutagenic effect on sperm cells caused by exposure 
of male rats in utero through 90 days of age as determined by 
the Dominant Let~est. There were, however, significant 
changes in regional brain acetylcholinesterase activities in 
the brains of rats chronically exposed to 100-MHz. 
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THE EFFECT OF PRENATAL MICROWAVE EXPOSURE ON THE DEVELOPMENT OF 
BEHAVIORAL RESPONSES IN THE MOUSE 

John C. Monahan, Bureau of Radiological Health 
12709 Twinbrook Parkway, Rockville, Md. 20857 

Prenatal exposure to high level microwave radiation has been 
shown to cause fetal abnormalities including gross morphological 
changes of the central nervous system. Unfortunately, the effects 
of low-level microwave exposure to a fetus are less clearly defined. 
The approach taken in the present investigation focused on func­
tional behavioral changes in the newborn as a consequence of pre­
natal exposure. Pregnant ICR mice were exposed to 2450 MHz CW 
radiation in an anechoic chamber from day 7 through day 17 of 
gestation for 3 hours daily at an ambient temperature of 24°C. 
The subjects could move freely within a Plexiglas holder during 
irradiation. Average exposure levels were 10 mW/cm2 and the esti­
mated specific absorption rate (SAR) ranged from 5.5 to 9.5 mW/g. 
A battery of standard behavioral tests to determine both reflexive 
and neurological development were employed in this study. These 
included tests such as righting reflex, grasp reflex, crossed ex­
tensor reflex, eye opening, walking, etc. Pups from both irradiated 
and sham irradiated mothers were tested from day 1 through day 21 
post partum and all tests were done blind. The results indicate a 
difference between the two groups in a number of the measured par­
ameters, with exposed pups showing a retardation in the initiation 
of specific behavioral indices. Some delay in the time necessary 
for 100 percent of the exposed pups to develop a given response was 
also evident. It should be emphasized, however, that all exposed 
pups did eventually display the same neurological development and 
reflexive behaviors as the sham pups. 
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DEVELOPMENI'AL ALTERATIONS IN RATS FDI..LCMING IN-UTEro EXPOSURE 
TO 500 pW/cm2, 2450-MHz MIcrowAVES 

Sheri J.Y. Mizumori, Richard H. IDvely, R. Bryan Johnsoo and 
A.W. Guy 

Bioelectromagnetics Research Laboratory 
Departments of Rehabilitatioo Medicine and Psychology 

University of Washington School of Medicine 
University of washington 

Seattle, Washingtoo 98195 

Eight pregnant rats were exposed to 500 Jlw/cm2, 2450 MHZ, 
circularly polarized guided waves, for twenty hours a day 
throughout the first nineteen days of gestatioo. There were no 
distinct physical characteristics which differentiated exposed 
from sham- and non-exposed litters at birth. Havever, during 
the follONing ~ weeks, a series of phenanena emerged which 
implied some type of in-utero microwave effect. There were 
seven times as many neonatal deaths in the exposed litters than 
in the oontrols. Body weights 00 day 7 of life Were 
significantly lower in exposed males and females relative to 
oontrol offspring. The PJps exposed prenatally lagged behind 
by a full day in the initiatioo of eye openings. In additioo, 
subsets of the treated PJPs were fostered (F-PJPs) to naive 
mothers after being culled from the above mentioned litters, 
which left the remaining PJps (N-pups) with the natural 
mothers. The F-pups were then exposed or sham-exposed 
postnatally, two oours daily from day 4-11 of life. The 
prenatally exposed female F-pups demoostrated a significant 
inability to retain body heat when sham-exposed postnatally. 
All prenatally exposed females demonstrated an accelerated 
growth rate between 49-77 days of age which led to subsequent 
maintenance of a 10% higher body weight throughout adulthcxrl. 
As adults, the exposed female N-PJPs that were tested in a 
comitioned avoidance task exhibited a facilitatioo in the 
acquisitioo phase, while similarlY treated male N-pups did 
not. On the other ham, prenatally exposed male F-pups, when 
subjected to oold stress (50 C) as adults, had some 
difficulty maintaining normal core temperatures relative to 
oontrols, while female F-PJPs slx:>wed no such difficulty. These 
observatioos stroogly suggest the need for further research in 
the developmental bioeffects of low-level microwave exposure. 
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THE EFFECT ON THE HEART RATE OF EMBRYONIC QUAIL 
OF 2450 MHz ELECTROMAGNETIC WAVES 

Philip E. Hamrick & Donald I. McRee 
Department of Health, Education, and Welfare 

National Institute of Environmental Health Sciences 

Abstract 

Japanese quail (Coturnix coturnix japonica) embryos have been 
exposed to 2450 MHz electromagnetic waves to determine if any observed 
changes in heart rate could be associated with the exposure. The 
embryos were 8 to 13 days old when exposed to specific absorption 
rates ranging from 0.3 mW/g to 30 mW/g. The heart rate was found to 
depend greatly on temperature but no effect has been found on heart 
rate for exposure to either pulsed or CW electromagnetic waves at 
2450 MHz. The results of additional studies being made with the 
blocking agents atropine and propranolol will also be reported. 
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TERAToGENICITY OF 27.12 MHz 
RADIQFREQUENCY RADIATION IN RATS 

J.M. LarY, D.L. Conover, E.D. Foley, and P.L. Hanser 
Physical Agents Effects Branch 

Division of Biomedical and Behavioral Science 
National Institute for Occupational Safety and Health 

Center for Disease Control 
Public Health Service 

u·. S. Department of Health, Education, and Welfare 

Eight groups of 16 to 28 pregnant Sprague-Dawley rats were 
irradiated at 27.12 MHz in a Radiofrequency (RF) Near-Field 
Synthesizer facility operat£ng in the dominaht magnetic field 
mode at a magnetic f£eld strength of 55 A/m. The groups were 
irradiated on gestation days 1, 3, 5, 7, 9, 11, 13, or 15, 
respectively. Dams were exposed one at a time until their 
rectal temperature reached 43.0~0.10C (about 20 to 40 minutes 
exposure duration). Eight matching control groups of 10 to 
13 pregnant rats were sham-irradiated for 30 minutes at 0 A/m. 
An additional group of 29 pregnant rats was left untreated in 
the animal quarters. Sham control groups were combined into 
early (days 1, 3, 5), middle (days 7, 9, 11), and late gesta­
tion (days 13, 15) control groups for statistical comparisons 
with the experimental groups and untreated control group. 
All dams were sacrificed on gestation day 20 (sperm day = 

day 0) and examined by standard teratology procedures. The 
mean specific absorption rate (SAR) for irradiated animals 
was 12.5+3.1 mW/g. No significant teratological differences 
were foU;d between sham-irradiated controls and untreated con­
trols. No significant effects were found in litters irradi­
ated during pre implantation development (days 1, 3, or 5) 
compared to sham controls except for an increased incidence 
(3%) of grossly malformed fetuses in rats irradiated on day 
3. Rats irradiated during organogenesis (days 7 through 15) 
had a significant increase in the incidence of gross malfor­
mations and significant decrease in fetal weight and fetal 
crown-rump length. Gestation day 9 appeared to be most sensi­
tive to RF radiation (67% incidence of gross malformations). 
postimplantation loss was a]so increased in rats irradiated 
on days 7 or 9. 
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STUDIES CONCERNING THE EFFECTS OF NON-THERMAL PROTRACTED 
PRENATAL 2450 MHz MICROWAVE IRRADIATION ON PRENATAL AND 
POSTNATAL DEVELOPMENT IN THE RAT. 

Jensh, R.P., W.H. Vogel, J. Ludlow, T. McHugh, and R.L. Brent. 
Departments of Anatomy, Pharmacology, and Radiology, Thomas 
Jefferson University,' Philadelphia, Pennsylvania 

ABSTRACT: Twenty-four Wistar rats were exposed 8 hours daily 
throughout pregnancy to a 20 mW/cm2 dosage level of microwave 
radiation at a frequency of 2450 MHz (total mean exposure time was 
108 hours). Previous initial exposures indicated that dosage 
levels up to 20 mW/cm2 did not induce an increase in body tempera­
ture as measured by a rectal thermocouple probe. Eight rats 
served as concurrent controls. On the 22nd day of gestation half 
of the rats in each group were killed for teratologic evaluation, 
while the other half were allowed to raise their offspring for 
postnatal behavioral and physiologic evaluation. Fifty-nine 
baseline control litters (686 fetuses and neonates) were used to 
control for operative and enyironmental conditions (baseline 
controls). Teratologic studies were performed on 103 irradiated 
fetuses, 31 concurrent control fetuses, and 314 baseline control 
fetuses for the following parameters: maternal weight gain, fetal 
and placental weights, litter size, resorption rates, and 
abnormality rates. Postnatal studies included: 1. rebreeding of 
mothers and teratologic evaluation of resultant litters, 2. four 
reflex tests on Fl offspring, 3. one neonatal physiologic develop­
ment test, 4. six adult behavioral tests, and, 5. breeding of the 
Fl offspring and analysis of the resultant F2 litters. The results 
indicate that a non-thermal dosage level of 2450 MHz microwave 
radiation does not appear to significantly alter prenatal or post­
natal growth and development as determined by the above mentioned 
parameters. 

(Research supported by NIH Grant IfESO-ll21) 
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EXPOSURE OF PREGNANT MICE TO 2.45 GHz MICROWAVE RADIATION 

Donald I. McRee 
Peter Nawrot 

National Institute of Environmental Health Sciences 
Research Triangle Park, North Carolina 27709 

Pregnant mice (CD-l strain) were exposed to plane-wave, con­
tinuous wave, 2.45 GHz microwave radiation. The power densities 
used in the experiments were 5 mW/cm2 , 21 mW/cm2 , and 30 mW/cm2 • 

The specific absorption rates determined by measuring the deep 
colonic temperature using a non-interacting themistor probe were 
4.3 mW/g, 17.9 mW/g, and 25.5 mW/g, respectively. The mice were 
exposed 8 hours per day - 4 hours exposure, one hour back in home 
cages and 4 additional hours of exposure. The 5 mW/cm2 group was 
exposed from day 1 through day 15 of pregnancy. In addition to 
the exposed group, two groups of controls were placed in the same 
chamber but out of the microwave field. One control group remain­
ed in the home cages the entire period and were not handled. The 
21 mW/cm2 and 30 mW/cm2 groups were each divided into two exposure 
periods. One group of mice were exposed from days 1 through 6 and 
a second group was exposed from days 6 through 15 of pregnancy. 
In addition to the two control groups mentioned above - handled 
controls and unhandled controls - two additional groups were plac­
ed in a second environmental chamber with the appropriate elevated 
ambient temperature to simulate thermal stress. One of the ele­
vated temperature groups was handled identically to the exposed 
group while the second elevated temperature group was not han­
dled during the exposure period. On day 18 of pregnancy, the 
animals were sacrificed and skeletal and visceral teratological 
examinations were performed on the fetuses. 

The results of the experiments can be summarized as follows: 
(1) A significant decrease in pregnancy rate from 86 percent to 
72 percent was measured due only to handling during the early 
stages of pregnancy (days 1-6). An additional decrease to 65 
percent occurred at exposures to 21 mW/cm2 (days 1-6) and to 50 
percent at 30 mW/cm 2 (days 1-6). No additional decrease in preg­
nancy was observed in the elevated temperature groups simulating 
21 mW/cm 2 and 30 mW/cm2 • (2) A significant decrease in maternal 
weight gain was measured in all handled groups of animals. No 
differences were measured between the irradiated handled and tem­
perature handled groups. (3) A significant difference in average 
fetal weights was measured due to a combination of handling and 
heating. No significant difference occurred between irradiated 
handled and temperature handled groups. (4) A significant 
increase in congenital malformations occurred only at the 30 
mW/cm2 (6-15 days) exposure condition. An increase from 1.7 
percent malformations in the temperature handled groups to 3.1 
percent in the irradiated handled group was measured. Two-thirds 
of the malformations in each case were cleft palate. 
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TERATOGENIC EFFECTS OF RF RADIATION ON MICE 

John C. Nelson, James C. Lin and Merlin E. Ekstrom* 
Department of Electrical and Computer Engineering 

*Department of Comparative Medicine 
Wayne State University 
Detroit, Michigan 48202 

Investigative results from biological ef·fects research during the last 
decade have indicated that the mammalian embryo is uniquely sensitive to 
thermal effects of both microwave and radiofrequency (RF) radiation. With 
an increasing number of RF sources in the environment a need exists for in­
formation regarding specific bioeffects of RF radiation. To study the tera­
togenic potential (in utero damage of fetuses) of low-level 148 MHz repeated 
exposures on pregnant mice, three independent experiments were performed. A 
total of 236 female C

3
H mice was timed-mated. The dams were irradiated daily 

for 1 hour in rectangular coaxial exposure systems from day 1 to day 19 of 2 
gestation. The incident power density of the plane wave fields was O.smW/cm , 
corresponding to 0.013 mW/gm. of average rate of energy absorption. Control 
dams were mock-irradiated in identical nonenergized exposure systems. At the 
19th day of gestation, each dam was euthanized and the uterus was removed via 
Caesarian section. The fetuses were examined for gross abnormalities and then 
weighed. The percentages of fully resorbed, stillborn, and abnormal fetuses 
were tabulated. Natural-born fetal weights were recorded at birth and again 
after allowing the litters to develop to adulthood (60 days). A total of 609 
implantations was observed in 63 experimental animals for the three ide~ti-
cal experiments. Mean values of fetal and adult weights were analyzed using 
the t-test. The significance level of the test (p value) was preset at 0.05. 
For experiments I and II both the Caesarian and natural-born fetal weights 
differed significantly with p < 0.05. There was no difference in Caesarian 
fetal weights in experiment III, but natural-born fetal weights differed. Adult 
weights at 60 days of age for the natural born in experiment I were without 
difference. Representative normal fetuses were selected from each experi­
mental group. Histopathological examination of mid-sagittal sections indicated 
no substantial difference between control and irradiate organ systems. 
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OBSERVATIONS OF RAT FETUSES AFTER IRRADIATION 

WITH 2.45 GHz (CW) MICR0I4AVES 

Ezra Berman*, Hershell B. Carter*, and Dennis House** 

*U.S. Environmental Protection Agency 
Health Effects Research Laboratory 

Experimental Biology Division (MD-72) 
Research Triangle Park, NC 27711 

**U.S. Environmental Protection Agency 
Health Effects Research Laboratory 

Statistics and Data Management Office (MD-55) 
Research Triangle Park, NC 27711 

Abstract 

Female Sprague-Dawley (CD) rats were exposed to 2.45 GHz 
frequency (CW) microwave radiation at a power density of 0 or 28 
mW/cm2 for 100 minutes daily from days 6-15 after' breeding. There 
were 67 sham-irradiated and 70 irradiated females, producing 64 
and 66 pregnancies, respectively. When sham and irradiated preg­
nancies were compared, no significant differences were seen in 
pregnancy rates; litter mean number of live, resorbed or total 
fetuses; nor in the incidences of external, visceral, or skeletal 
anomalies or variations. In a separate experiment, 35% of adult 
rats exposed under these conditions to a power density of 40 
mW/cm2 di ed from hyperthermi a. It is concl uded that thi s frequ­
ency will not have a strong teratogenic effect in the rat fetus 
without a very significant maternal thermal hazard. 
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TERATOLOGY IN RATS EXPOSED TO 2450-MHZ MICROWAVES AT 

INTENSE AND INTERMEDIATE DOSE RATES 

M.E. Chernovetz 
University of Tulsa, Tulsa, Oklahoma 

D.L. Reeves and D.R. Justesen 
Kansas City Veterans Administration Medical Center 

Kansas City, Missouri 

Fifty-six female, time-bred,Holtzman-derived Sprague Dawley 
rats were delivered to the laboratory on day one or two of 
gestation. Day one is counted as the day during which the 
animals were sperm positive. Forty of the rats were randomly 
but equally assorted into four experimental groups, each of 
which was exposed once to 2450-Mllz energy (at 17 or 31 mW/g for 
20 min.) on the 8th, 10th, 12th, or 14th day of gestation. 
Eight of the remaining animals were sham exposed and eight served 
as passive cage controls. Caesarean section and teratological 
observation of fetal materials occurred on gestational day 18. 
The number of implantations and of dead, resorbed, and live 
fetuses, and the presence of structural abnormalities were 
recorded as was mass of the fetal body and brain. Two control 
studies provided information on ~Ts of rectal temperature following 
20-min. of irradiation at 31 mW/g. In study one, rectal temp­
eratures were measured after 5, 10, 15, and 20 minutes of ir­
radiation. In study two, temperatures were measured for 40 to 
60 minutes at 10-minute intervals following the exposure. 
Twenty five dams that survived irradiation in the formal study 
were gravid. Six dams (19%) died during or immediately following 
a microwave treatment. Reliable increases in numbers of fetal 
resorptions and abnormalities were observed in dams that had 
been irradiated at 3l-mW/g •. Exencephaly was the most frequent 
abnormality and occurred in association with a treatment on days 
8 and 10 of gestation. Fetal mass was lower in association with 
the 3l-mW/g treatment, while fetal-brain mass varied complexly 
as a function of microwave treatment and the day of gestation 
during which exposure occurred. Regression analyses showed that 
both peak temperature and dose rate are inversely related to 
means of fetal mass and to mean numbers of live fetuses. Peak 
temperature and dose rate were positively related to the number 
of resorbed as well as the number of abnormal fetuses. The data 
provide further evidence that microwave radiation can be 
teratogenic, but that levels must be so intense as to result in 
a high incidence of lethality in a given group of dams. 

407 



BEMS POSTER SESSION A 
TUESDAY PM 1:30-4:50 

HUB 108 WEST LOUNGE 

Co-Chairperson: P. Kramar 
University of Washington 
Seattle, WA 

Co-Chairperson: W. A. G. Voss 
University of Alberta 
Edmonton, Alba., Canada 

MEDICAL APPLICATIONS (Paper Nos. 1 - 15) 
DOS I METRY (Paper Nos. 16 - 24) 
CELL BIOLOGY (Paper Nos. 25 - 36) 
BEHAV I OR (I) (Paper Nos. 37 - 48) 

408 



BEMS POSTER A - 1 

A MICROWAVE DIATHEru~y APPLICATOR 

M.A. Stuchly 
Radiation Protection Bureau 
Health and Welfare Canada 
OTTAWA, Ontario, KIA OL2 

s. S. Stuchly 
Dept. of Electrical Engineering 
University of Ottawa 
OTTAWA, Ontario, KIN 6N5 

G. Kantor 
Bureau of Radiological Health 
U.s. Dept. of Health Education 

and Welfare, 
ROCKVILLE, MD., 20857 U,S.A. 

ABSTRACT 

The existence of some indication that microwave 
induced hyperthermia may be successful in the treatment 
of certain types of cancer, and the proposed regulation 
on microwave diathermy devices in Canada and the draft 
proposed microwave diathermy standard in the u.s. have 
stimulated an increased interest and progress in the 
development of new applicators. The main objective of 
improved applicators is to ~inimize leakage and optimize 
the energy deposition. 

This paper provides a design method and experi­
mental results for a direct contact circular aperture 
applicator. The applicator is equipped with a corru­
gated flange which purpose is twofold, to improve the 
uniformity of the heating pattern and to limit the leak­
age. The performance of the applicator operating at 
2.45 GHzJ has been tested using a short monopole prohe 
and a thermographic camera, and the results obtained hy 
the two methods have been compared. 
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MEASURED PATl'ERNS OF STRAY RADIATION ProDUCED BY 
'lHERAPIDTIC MICroWAVE APPLICATORS WHEN APPLIED TO 

TISSUE-SUBSTITUTE MJDE[S AND HtMAN SUBJEX::'IS 

J . F. Lehmann, A. W. Guy, and J. Wallace 
Department of Rehabilitation Medicine 

University of Washington 
Seattle, WA 98195 

The patterns of stray radiation produced by two prototype 
diathermy applicators were measured. Both applicators were 
used to irradiate four different tissue-substitute models and 
four human subjects of varying physical size. The applicators 
were placed at eight anatomical sites on the human subjects. 
The distances from each diathermy applicator to the 5mW/cm2 
and 10 mw/cm2 paver-density levels were recorded as well as 
the incident power-density at sensitive anatomical sites (i.e., 
eyes, gonads). The measured paver-density levels indicated 
that neither applicator tested would comply with the proposed 
Bureau of Radiological Health microwave diatherm performance 
standard. 
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COMPARATIVE STUDY OF 2450 MHz and 915 MHz DIATHERMY 
APPLICATORS \~ITH PHANTOMS 

G. KANTOR AND D. M. WITTERS 
Division of Electronic Products, Bureau of Radiological Health 

FDA 
5600 Fishers Lane, Rockville, Maryland 20857 

In support of the BRH diathermy programs, techniques to evaluate 
the relative effectiveness and safety of applicators were devel­
oped. According to the proposed mi2rowave diathermy standard, 
a leakage of not more than 10 mW/cm at 5 cm from the phantom­
applicator boundary is required. The leakage is determined 
under conditions in which a Specific Absorption Rate (SAR) of 
235 W/kg is delivered to simulated muscle tissue of a phantom 
beneath its 1 cm or 2 cm fat layer. Three recently developed 
BRH applicators with chokes, one for 2450 MHz and two for 915 
MHz use, meet the requirements of the proposed standard (the 
smaller 915 MHz applicator has a thin sheet of absorbing material 
around the exterior choke surface). Analysis of their performance 
revealed that it is much easier to control leakage at 2450 MHz 2 
than at 915 MHz. The 2450 MHz applicator has less than 5 mW/cm 
leakage for both direct contact and 1 cm spacing between aperture 
and planar phantom. B~th the large and small 915 MHz applicators 
have less than 5 mW/cm leakage for direct contact. However, 
for a 1cm spacing beZween aperture and planar phantom, the leak­
age exceeds 10 ~W/cm for the large 915 MHz applicator and is 
about 100 mW/cm for the small 915 MHz applicator. 

Four microwave hyperthermia applicators of various cancer therapy 
groups, including RTOG, were evaluated. None of these applicators 
had special design features to control leakage radiation. They 
include a 2450 MHz design with three concentric circular tubes 
and three 915 MHz designs with die1ectrica11y loaded waveguides. 
A comparison of the heating patterns of all the tested appli­
cators shows that the depth of penetration normal to the fat-muscle 
interface (defined at a point where half the maximum SAR in muscle 
tissue exists) is nearly identical for 2450 MHz and 915 MHz. The 
depth is about 2 cm beneath the fat-muscle interface for both of 
these ISM frequencies. 

To summarize, 915 ~lHz app1 icators require much more net power 
than 2450 MHz applicators to deliver the same SAR to muscle 
tissue, when not in direct contact. For even a small spacing be­
tween aperture and phantom (cm), excessive leakage results. In 
addition, since depth of penetration is about the same, 2450 MHz 
applicators seem to be considerably more effective and safe. 
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EVALUATION OF 915-MHZ AND 2450-MHZ DIRFrr 
CONTAer DIATHERMY APPLICATORS 

J. Wallace, A.W. Guy, J.A. MCDougall, and J.F. Lehmann 
Department of Rehabilitation Medicine 

University of Washington 
Seattle, washington 98195 

The design, test, and evaluation of three 915-MHZ, circularly 
polarized direct contact diathermy applicators is discussed. 
The applicators were developed for the purpose of 
therapeutically heating biological tissue. The heating 
patterns produced by the applicators ina bi-layered planar 
tissue model were measured and compared to the heating patterns 
produced by a 9l5-MHZ, linearly polarized applicator and a 
2450~z circularly polarized applicator. Several performance 
criteria were obtained from the recorded heating patterns, 
inclLrling: peak Specific Absorption Rates (SAR), depth of 
penetration of energy, and uniformity of SAR in the model. 

Each 9l5~z applicator produced greater depths of penetration 
with significantly less heating of the superficial tissue than 
was produced by the 2450~z applicator. The width of uniform 
SAR was dependent on the size of the applicator aperture (i.e., 
as the area of the applicator aperture was increased, the width 
of the SAR also increased). 
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MICROWAVE DIATHERMY TREAH1ENT OF THE HUMAN THIGH: 
THE EXPERIMENTAL MEASUREMENT OF THE MUSCLE BLOOD FLOW 

RESPONSE AND THE NUI4ERICAL SIMULATION 
OF THE TISSUE TEMPERATURE RESPONSE. 

by 
A.F. Emery, Dept. of Mechanical Engineering, Univ. of Wash, 
K.M. Sekins, Dept. of Mechanical Engineering, Univ. of Wash. 
D. Dundore, Dept. of Rehabilitation Medicine, Univ. of Wash, 
J.F. Lehmann, Dept. of Rehabilitation Medicine, Univ. of Wash. 
'P.W. McGrath, Dept. of Nuclear Medicine, Univ. of Wash. 
W.B. Nelp, Dept. of Nuclear Medicine, Univ. of Wash. 

Abstract 
The therapeutic effects of diathermy are associated with its abil­
ity to increase the tissue temperature and to elevate the local 
tissue blood flow. This paper reports the results of measurements 
of muscle blood flow in the anterior thigh treated with a 915 MHz, 
direct-contact, air coo1~g microwave applicator. The flow rates 
were measured by the Xe clearance method which permits a local-
lized evaluation. The study consisted of a number of separate 
washout experiments on several volunteers, all of good health and 
with minimal subcutaneous fat, under a variety of control and 
treatment protocols designed to demonstrate the behavior of the 
blood flow while undergoing microwave heating and being simultan­
eously cooled at the skin surfaces to prevent high temperatures 
of the fat-muscle interface. Resting blood flow rates of 
2 ml/min/100 gm and maximum rates of 32 ml/min/100 gm were re­
corded, and the particular depths explored were 1.5 and 3.0 cm 
below the surface. The effective combination of microwave dia­
thermy and surface cooling in focusing the treatment into the 
deeper muscle tissues was shown by the markedly different blood 
flow rate histories of the two different depths. 

In addition a finite element thermal model of the thigh was de­
veloped to predict the local tissue temperatures during the mi­
crowave diathermy treatment with surface air cooling. The ther­
mal model includes local temperature dependent metabolism, 
spatially varying thermal properties and microwave power depo­
sition, a temperature dependent muscle blood flow, and cold-in­
duced subcutaneous fat vasoconstriction. The latter two effects 
were found to be the most important characteristics in the 
accurate prediction of tissue temperature as evidenced by a com­
parison with experimentally measured temperatures. Using measur­
ed muscle blood flow rates, the model was used to parametrically 
study the effects of power deposition rates and cooling protocols. 
The numerical results show that therapeutically desirable temp­
peratures can be achieved deep within the thigh without undesir­
able surface temperatures. 
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A BROADBAND AND COMPACT APPLICATOR FOR DEEP 
TISSUE HEATING USING FOCUSED MICROWAVES 

M. F. Iskander, C. H. Durney, D. A. Christensen, and A. Riazi 
Department of Electrical Engineering 

University of Utah 
Salt Lake City, Utah 84112 

ABSTRACT 

An important need in the study of hyperthermia methods in 
cancer therapy is a focused microwave system that will deliver 
adequate energy to deep-seated tumors without overheating the 
intervening normal tissue. This paper describes the design of a 
broadband (150-MHz to 1100 MHz) microwave applicator that is use­
ful in this regard both as a single applicator and as a radiating 
element in a focused microwave system. 

A broadband applicator is desirable not only to achieve 
heating at different depths but also to examine the optimum condi­
tions for focusing the microwave radiation. The design procedure 
utilizes a tapered section of double-ridged waveguide as a broad­
band feed for a horn section. The waveguide ridges were extended 
logarithmically up to the aperture of the horn section. This pro­
cedure simply allows a smooth and broadband impedance transition 
between the 50-ohm coaxial input impedance and the 377-ohm free­
space impedance. The measured VSWR values at selected frequencies 
in the operating frequency band were found to be less than 2.0. 
The double-ridged horn applicator,was then filled with a circulat­
ing low-loss liquid (formamide, E = 109) to achieve both scaling 
the operating frequency band downrby a factor of l/IE; and cooling 
the surface of the overlaying tissue. Experimental results 
describing the measured VSWR, gain, beam width, and heating pat­
tern of the horn as a function of frequency will be presented. 
This broadband applicator will also be used as a building block 
in a larger system for focused microwave heating of deep tissue. 
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DEEP VISCERAL HYPER'IHERMIA IN MAN 
WITHOOT SURF1\.CE TISSUE INJURy 

F. Kristian Storm, William H. Harrison, 
R:>bert S. Elliott, and Donald L. Morten 

Divisien of Oncology, Department of Surgery 
University of California School of Medicine 

I£lS Angeles, CA 90024 
and 

Surgical Service 
Veterans Administratien Hospital 

Sepulveda, CA 91343 

There is oounting evidence that radio frequency hyperthermia Z 
420C is tUIOClricidal in cell cultures, animal models, and 
human tumors. Most research has been limited to superficial 
tUIOClrs, since electromagnetic energy is ordinarily 
preferentially absorbed in surface tissue, causing surface 
burns. 

Our sttrlies en dogs and sheep shJwed that at least 3 w/em2 
was necessary to achieve deep internal hyperthermia, and while 
no preferential heating occurred in any animal normal viscera 
from 37-49OC, surfa::e burns did occur using standard methods. 

Surface cooling re.sulted in efficient internal heating, and 
with proper dose duty cycling, effective deep hyperthermia was 
possible in pigs with 3 em rine. HONever, in humans with Z 1 
em subcutaneous tissue, potentially effective deep hyperthermia 
resulted in surfa::e burns despite surface cooling to 5OC. 

Our developnent of a fundamentally new radio frequency device 
which allCMS uniform heating to any depth without surface 
injury has allowed evaluatien of both superficial and internal 
tUIOClrs. Of 52 human tUIOClrs evaluated (25 surface, 27 
visceral) , temperature ~ 420C occurred in 42 (81%), z 450C 
in 23 (44%) and 2. 500C in 19 (37%), with surface and adjacent 
normal tissues remaining at physiologic temperatures. 

These data suggest that with proper instrumentatien, 
hyperthermic investigatien may now safely progress regardless 
of tUIOClr locatien. 
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LOCALIZED RF HYPERTHERMIA ON HAMSTER ClIEEK POUCH CARCINOMA 

Colvin, D. p.,l Doss, J. D.,2 Marsh, B. R.,3 Frost, J. K.,3 
Burgess, B. S.,l and Patra, A. L.l 

1 Becton, Dickinson Research Center 
2Los Alamos Scientific Laboratory 
3Johns Hopkins University Medical Center 

A cooperative program between Becton, Dickinson Research Center, 
Los Alamos Scientific Laboratory, and Johns Hopkins University 
Medical Center has been initiated to develop a localized RF hyper­
thermia probe for transbronchoscopic therapy of early lung cancer. 
The possible adaptation of a RF hyperthermia system, developed at 
Los Alamos Scientific Laboratory (LASL), for the treatment of early 
or unresectable bronchogenic carcinoma is presently under investi­
gation. 

The LASL RF hyperthermia system was developed for the treatment of 
cancer eye in cattle as part of activities related to the Los Alamos 
Meson Physics Facility (LAMPF). LASL engineers have developed a 
small, battery-powered, hand-held device which can apply up to 
10 watts at 2 Nhz between two electrodes, with the applied power con­
trolled by a thermistor sensor located within one of the electrodes. 

An animal model system using DMBA-induced squamous cell carcinoma 
in hamster cheek pouches is being used to evaluate the potential 
system at BDRC. A group of experiments were initiated in September 
using the LASL RF hyperthermia system to heat the cheek pouch car­
cinomas at 45 to 50°C for 30 to 120 seconds. Results are encour­
aging with regression within two weeks of treatment of 44 tumors in 
15 animals. 
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LOCALIZED MICROWAVE HYPERTHERMIA AT X-BAND ON 
EXTERNAL TUMORS IN MICE 

Arnold Feldman, General Science Department, University of Hawaii, 
Honolulu, Hawaii 96822 and Lawrence H. Piette, Cancer Center of 

.. Hawaii, 1236 Lauhala Street, Honolulu, Hawaii 96813 

Abstract 

We have developed a slow-wave structure that can be implanted 
internally and used to heat tumors. It is a helical coil, opera­
ting at 9.3 GHz. It has successfully treated methylcholanthrene­
induced fibrosarcomas implanted subcutaneously in the hind leg of 
BALB/cJ female mice. The tumors range in size from 75mm3 to 
491 mm3• The coils are wound so as to encompass the tumor and 
approximately satisfy the relation ~ < 2~a < A where 2~a is 

10 2 
the mean diameter and A is the wavelength in situ. 

A single heat dose of (44.0 + 0.4)Oc. applied for 30 minutes 
to 34 mice with tumors in the leg-resulted in 15 long-term cures 
(44%), and 4 complete tumor remissions (12%) followed by tumor re­
growth within two weeks. In 10 cases (30%), the entire treated 
tumor was destroyed but tumor regrew in the area adjacent to the 
treated area. In 26 of 30 untreated controls, a palpable tumor 
arose within 7 days post-implantation. It never spontaneously 
regressed and all mice were dead within three months post-implanta­
tion. The same heat dose applied to 17 mice with tumors implanted 
in the footpad - but where the tumor-bearing limb was immersed in 
a temperature-controlled water bath - resulted in only two long­
term cures (12%). AllIS untreated controls grew tumors which 
never spontaneously regressed and all were dead by three months 
post-implantation. 

\ 
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LOCALIZED HYPERTHERMIA IN DOG BRAIN USING 
AN INVASIVE MICROWAVE PROBE 

John W. Strohbehn,*,** Evan B. Douple,*,** David W. Roberts,** 
David DeSieyes,* B. Stuart Trembly,* Roy Matic,* Stanley Brown,*'** 

Peter Runstadler+ . 
Thayer School of Engineering,* Dartmouth Colle~e; 

Dartmouth Medical School ;** and Creare, Inc. ; 
Hanover, New Hampshire 03755 

In recent years the use of hyperthermia as a modality for cancer 
therapy has received increased attention and numerous results are 
beginning to appear with regard to its efficacy in vitro, in animal 
tumors, and in human trials. Simultaneously many technological al­
ternatives for producing and controlling the heat to cancerous tissue 
have been proposed and are being evaluated anp refined. At present 
no single technique seems to be able to meet the requirements of pro­
viding a prescribed temperature distribution over a variable size 
volume located anywhere in the body, and hence it is very probable 
that the research and clinical needs in hyperthermia will be met by 
a number of technological alternatives for producing heat. 

Our group at the Dartmouth Medical School and the Thayer School 
of Engineering has been investigating the use of invasive microwave 
antennas (coaxial, quarter-wave monopoles) as a means of providing a 
localized temperature distribution in regions deep within the body. 
Such a probe has potential for tumors not accessible by other means, 
e.g. for glioblastomas located deep within the brain. 

In this report we discuss a number of sets of thermal measurements 
with our invasive microwave antenna system including measurements in 
(a) dog brain, with and without blood flow, (b) mice, (c) dead human 
brain, (d) "gel" phantom, and (e) phantom material proposed by Guy. 
The mouse, dog, and human data was taken with the ai d of a carefully 
constructed mechanical jig which permitted precise measurements (to 
better than 1 mm) of the radial distribution of temperature. 

Theoretical calculations of the temperature distributions in tis­
sue, both with and without blood flow, have been made by numerically 
solving the heat equation, using a theoretical model for the EM fields 
produced by our antenna. The results are compared with the measure­
ment data discussed above. 

The following conclusions can be made at this time: (a) the heat­
ed vol ume il'1 mouse tumors is about 1 cm, (b) the heated region in the 
dog brain is about 0.6 cm, being slightly larger without blood flow, 
(c) the theoretical model compares favorably with the mouse tumor data 
and with the dog brain data with blood flow, but predicts a much larg­
er heated volume than is observed for dog brain without blood flow, 
and (d) the volume heated by the present antenna is adequate for re­
search investigations in implanted animal tumors but is too small for 
most human tumors. 
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ELECTRICAL PROPERTIES OF TISSUE EQUIVALENT 
BOLUS FOR MICROWAVE HYPERTHERMIA 

A. Y. Cheung*, P. D. Hrycak**, G. H. Harrison and L. S. Taylor*** 
Department of Radiation Therapy 

University of Maryland Hospital, Baltimore, Maryland 

*Joint with Institute for Physical Science and Technology 
University of Maryland, College Park, Maryland 

**Westinghouse Electric Corp., Baltimore, Maryland 
***Electrical Engineering Department 

University of Maryland, College Park, Maryland 

ABSTRACT 

Liquid (saline + ethanol) and gel-like (saline + polyethylene 
+ TXlSO) muscle-equivalent bolus suitable for clinical use in mi­
crowave hyperthermia have been developed. Using a combination of 
techniques, (short-circuited waveguides, and impedance sensing 
using a short monopol) electrical properties of various mixtures 
of the above materials have been studied at frequencies ranging 
from l-lOGHz and temperatures from 2S-4SoC. Empirical formulation 
governing the functional dependency on frequency, composition and 
temperatures for electrical properties of microwave bolus have 
been derived. The following equations govern the electrical pro­
perties of both the liquid and solid materials: 

where 

and 

E (E
o

-P)(1+(F/FR)2)-1 + 4.8 

° Os + (%H20- 30) (F3/7.2xlOS) (1+(F/FR)2)-1 

E 
o 
P Percentage (by weight) of non-water component 

FR = l4.SGHz(2S0C), l2.4GHz(30°C) and llGHz(3S0C) 

F Frequency in GHz 

low frequency conductivity due to salinity for gel­
like bolus and for liquid bolus, the concentration 
of ethanol also contributes. 

Techniques for measurements, empiri cal data leading to the 
above formulation, as well as data describing the temperature 
dependence of Os will be discussed. 
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A SYSTEM FOR PRODUCING LOCALIZED 
HYPERTHERMIA IN BRAIN TUMORS THROUGH MAGNETIC 
INDUCTION HEATING OF FERROMAGNETIC IMPLANTS. 

** ** ** P.R. Stauffer, T.C. Cetas, *R.C. Jones 
and M.R. Manning 

* ** Division of Radiation Oncology and Department of 
Electrical Engineering, University of Arizona, TUcson, AZ 

Certain brain tumors, such as glioblastoma multiformate Grade IV 
which is universally fatal, have been identified as candidates 
for treatment with hyperthermia combined with ionizing radiation 
following the usual surgical debulking. This tumor contains 
radioresistant hypoxic cells which spread into normal brain 
tissue along microscopic tracts. In vitro data support th.8 
hypothesis that hypoxic cells may be particularly sensitive to 
the combination therapy. Thus, we are developing a magnetic 
induction system for producing localized hyperthermia in these 
intracranial tumors. Differential heating is achieved through 
use of small (1-2 mm diameter) ferromagnetic seeds which can be 
stereotactically imbedded in residual tumor at the time of 
craniotomy. The dependence of differential implant heating on 
the power source frequency has been characterized and indicates 
use of frequencies below 2MHz. Thermographic analysis of tem­
perature distributions induced in phantom models has been 
performed for various implant materials, sizes, geometries and 
array configurations. The thermal conductivity and electrical 
properties of the phantom brain tissue were verified empirically 
and were used to construct simple mathematical models. Tempera­
ture distributions induced in single seed phantoms are consis­
tent with the theoretically expected dependence on the inverse 
radial distance from the seed. In particular, Trial 16 showed 
a temperature differential greater than 4 0C out to five seed 
radii (1 cm) from the implant site with no significant direct 
heating of the phantom by the RF field. A description of the 
coil and system design is provided with special attention to 
the final impedance matching network. Trials on animals will be 
followed by application to humans as soon as confidence with the 
technique and apparatus can be established from these laboratory 
experiments. 
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VALIDATION OF MICROWAVE PULMONARY EDEMP_ DETECTION 
BY ISOLATED LUNG AND PHANTOM MEASUREMENTS 

M. F. Iskander, C. H. Durney, and B. H. Ovard 
Department of Electrical Engineering 

D. G. Bragg 
Department of Radiology 

University of Utah 
Salt Lake City, Utah 84112 

ABSTRACT 

The feasibility of using microwave methods to detect changes 
in lung water content has previously been demonstrated by measure­
ment on phantoms and live animals. This paper describes how the 
accuracy of the method for detecting the early stages of inter­
stitial edema was investigated in experiments on isolated lungs of 
dogs. The isolated lungs were used to eliminate the interference 
from the extra pulmonary structures, such as the chest wall, which 
could affect the accuracy of the in-vivo measurements. The experi­
mental procedure used to induce the edema in the isolated lungs will 
be described in detail. The results clearly show that an immediate 
and direct change in the phase of the microwave transmitted signal 
occurs as the weight of the lung changes with water content. These 
results are a strong indication of the accuracy of the microwave 
method in detecting early stages of pulmonary edema. 

Furthermore, the sensitivity of the microwave signal to 
factors other than the fluid accumulation in the lung was studied 
experimentally. Physiological and geometrical changes occurring 
during the development of edema in the in-vivo experiment, such as 
the establishment of a water gradient, and the expansion of the 
heart and other blood vessels, were first quantified by measurements 
in a computerized axial tomography (CAT) scanner and then simulated 
and studied in two-dimensional phantoms. Several phantoms represent­
ing typical cross sections of the dog thorax were constructed and 
the experimental results that were obtained will be presented. 
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TECHNICAL ASPECTS OF ELECTROMAGNETIC TECHNIQUES FOR 
RECOVERING CRYOGENICALLY-PRESERVED LARGE ORG4NS 

J. Toler, J. Seals, and E. McCormick 
Engineering Experiment Station 
Georgia Institute of Technology 

Atlanta, Georgia 30332 

A nation-wide system of banks in which human organs can be 
stored in readiness for implantation has long been recognized as 
a capability that would substantially enhance the delivery of 
health care. Research studies directed to transforming this 
desired capability into reality have focused on investigating 
techniques by which organs can be satisfactorily received, 
typed, stored, and rapidly recovered for implantation. 
Acceptable techniques for organ receipt and typing are now 
generally available; consequently, recent research has been 
concerned with studying the problems associated with organ 
storage and recovery. Although problems in these two areas are 
interactive, this paper will focus on recent studies that 
investigated technical problems involved in using electromagnetic 
(EM) waves to recover cryogenically-preserved organs. 

An ~ priori knowledge of tissue dielectric properties is 
essential when using EM waves to recover cryogenically-preserved 
large organs because these properties influence the interaction 
between the EM wave and the tissue to be thawed. 
Electromagnetic instrumentation capable of accurately and 
reliably measuring dielectric properties at both room and 
cryogenic temperatures has been assembled. This instrumentation 
has been used to determine the dielectric properties (dielectric 
constant, loss tangent, and conductivity) of 36 cryogenically­
preserved canine kidneys. These dielectric properties are 
presented as a function of temperature (-80·C to +20·C), 
cryoprotectant level (0, 5, and 10 percent dimethyl sulfoxide 
concentrations), frequency (918 MHz and 2450 MHz), and tissue 
type (medulla and cortex). 

Satisfactory thermometry for use under simultaneous 
conditions of cryogenic temperature and EM waves has been a 
technical problem. Engineering efforts have now resulted in the 
assembly of a thermistor-based thermometry system for use under 
these conditions. Ultra-small thermistors with small diameter 
wire leads and improved circuits for control purposes have been 
used to yield temperature values accurate to within I·C in the 
presence of EM waves and at cryogenic temperatures. This 
thermometry system is described and temperature data obtained 
with the system is presented. 

The studies reported in this paper were supported by NSF 
Grant No. ENG-76-l0124. 

422 



BEMS POSTER A - 15 

INFLUENCE OF MICROWAVE-INDUCED TEMPERATURE GRADIENTS ON THE UPTAKE 
OF CHEMOTHERAPEUTIC AGENTS BY EXPERIMENTAL BRAIN TUMORS IN MICE 

Carl H. Sutton, M.D., and Frederick B. Carroll 
University of Miami School of Medicine, Miami, Florida 

Quirino Balzano, Ph. D. 
Motorola, Inc., Plantation, Florida 

The effects on uptake by heated glial tumors of two commonly 
employed antimetabolites were studied by employing temperature 
gradients induced by microwave power at 2450 MHz. Murine gliomas 
were heated, while the body core temperatures of the host mice 
were maintained at either 37° or 28°C. This experimental model 
was used to study the uptake of tritiated methotrexate and tri­
tiated cytosine arabinoside 45 minutes after intraperitoneal ad­
ministration, with one flank tumor in each mouse heated to 41°C. 
Much higher concentrations were achieved in heated tumors using 
cytosine arabinoside than with metrotrexate. The uptake of cyto­
sine arabinoside by hyperthermic tumors was nearly 2 1/2 greater 
than that in hypothermic tumors. The highest tumor uptake values 
for both agents were achieved in animals in which body-core tem­
peratures were maintained at 28°C. These studies demonstrate that 
the distribution of antineoplastic agents can be affected dif­
ferently by temperature gradients. The liver was protruted 
significantly from the uptake of methotrexate by body-core hypo­
thermia,. while the kidneys were protected to a lesser extent. 
These studies also demonstrate a selectively enhanced accumulation 
of antimetabolites in tumor implants as a result of moderate tumor 
hyperthermia produced by microwave irradiation. It appears that 
temperature gradients and, in particular, the microwave heating 
of tumors to approximately 41°C for periods of 30 to 45 minutes may 
prove beneficial in the chemotherapy of neoplasms which are sensitive 
to the agents employed. It is likely tha~ the tumor uptake of other 
antineoplastic agents may also be influenced in a similar fashion 
by combining moderate tumor hyperthermia with an appropriate tem­
perature gradient between the heated tumor and the remainder of 
the body. 

This research was supported in part by Grant PD'1'-"'4 from the American 
Cancer Society, and grants from the Veterans Administration Hospital, 
Miami, Florida, and the American Cancer Society, Florida Division. 
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TENSOR INTEGRAL EQUATION METHOD COMBINED WITH ITERATION TECHNIQUE 
FOR QUANTIFYING INDUCED EM FIELDS IN BIOLOGICAL SYSTEMS 

Kun-Mu Chen and Sutus Rukspollmuang 
Department of Electrical Engineering and Systems Science 

Michigan state University, East Lansing, MI 48824 

Abstract 

When a numerical method such as the tensor integral 
equation method (TIEM) is applied to quantify the induced EM 
fields in an electrically large body, it is necessary to divide 
the body into a large number of electrically smaL cells. This 
will lead to a large number of unknowns in the numerical 
calculation and it will cause the overloading of computer 
storage. A scheme has been developed recently which combines 
an iteration process with the TIEM. This scheme can be used to 
handle a body consisting of a very large number of cells, while 
sidestepping the problem of computer storage limitation. This 
scheme is not a simple numerical average process; it is a 
process consistent with Maxwell's equations. 

This scheme involves the following steps: ( 1) The body is 
di vided into N cells and the first-order, induced electric 
fields are obtained by the TIEM. (2) One of the.N cells, the 
mth cell, is subdivided into 8 subcells, and equivalent inci­
dent electric fields at the centers of 8 subcells, in the 
absense of the mth cell, are calculated. (3) The mth cell is 
then considered as an isolated body irradiated by the equiva­
lent incident electric fields, and the second-order induced 
electric fields inside the mth cell are calculated by the TIEM. 
(4) Repeat for each of the N cells. (5) Iteration process can 
be repeated for more accurate results. 

The important advantage of this technique is that since 
the iteration of the induced electric field of each cell is 
carried out separately, it does not require the inversion of a 
large matrix and, thus, computer storage problem is side­
stepped. 

Examples will be given at the Symposium to show the 
capability of this scheme and its economical advantage. 
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SURFACE INTEGRAL EQUATION METHOD FOR INTERACTION 
OF MICROWAVE WITH BIOLOGICAL BODY 

Jen-Hwang Lee and Kun-Mu Chen 
Department of Electrical Engineering and Systems Science 
Michigan State University, East Lansing, Michigan 48824 

Abstract 

In the field of theoretical dosimetry, the quantification 
of the induced EM field inside an irradiated body has been 
performed mainly by volume integral equation methods. When a 
large biological body such as human body is irradiated by an EM 
wave of microwave range, the body becomes electrically large 
and the induced EM field concentrates mainly in a thin layer of 
the body surface. A volume integral equation method then 
becomes inadequate or inefficient to handle this problem, and 
it is more efficient to quantify the induced EM field on the 
body surface based on a surTace integral equation method for 
this case. After the tangentical components of the induced 
electric and magnetic fields on the body surface are deter­
mined, the internal EM field can be calculated. 

We have recently developed a numerical method to quantify 
the induced EM field on the surface of an irradiated biological 
body based on two coupled surface integral equations. The 
formulation and numerical eValuation of these surface integral 
equations will be discussed at the Symposium. 

To check the accuracy of this method, electrically small 
bodies are considered first, and results obtained from the 
surface integral equation method are compared with that 
obtained from the tensor integral equation method, a volume 
integral equation method. It was learned that in some cases, 
the surface integral equation method showed advantages in 
accuracy and computation cost over the volume integral equa­
tion method. 
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SPECIFIC ABSORPI'ION RATES IN MICE EXPOSED 'ID 918 AND 2450 MHz 
CIRClJIARLY roIARIZED GUIDED EM FIELDS 

Arthur W. Guy, C.K. COOu, J.F. Lehmann, 
William Farnham and John A. McDougall 

Bioelectromagnetics Research Laboratory 
Department of Rehabilitation Medicine 

University of Washington 
Seattle, Washington 98195 

The system previously developed for chronically exposing a 
large IX'pulatioo of rats to 918 and 2450 MHz circularly 
IX'larized guided waves has been IOOdified for acutely exposing 
mice. The exposure waveguide may be used to expose the animals 
fran the top or fran the bottom, or may be used to expose the 
animal fran the side. The holding cage is placed one-quarter 
of the distance from the top or bottom of the waveguide for 
2450 MHz exposure. These IX'sitions optimize the dual mode 
(TEll and 'IMll) ooupling of the circular waveguide field to 
the experimental animals. 

The average specific abSorptioo rate (SAR) in mice exposed with 
an inp.1t power of one watt was determined by twin-well 
calorimetry and found to be 0.69 w/kg with a standard deviation 
of 0.04 W/kg at 918 MHz arrl 3.05 W/kg with a standard deviation 
of 0.32 w/kg at 2450 MHz. A number of photographs were taken 
of the exposed animals to shay typical body orientations as a 
functien of inp.1t paver. Urrler lay paver er:ure oondi tiens 
oorrespcnding to paver densities of 30 rrW/cm or less typical 
orientations of the exposed animals were the same as that for 
sham exposed animals. Urrler high paver exposure oonditioos 
oorrespcnding to 70 rrW/cm2, the animals \\QuId lie on their 
sides in a curved IX'sitioo. SAR patterns were measured at the 
surface of exposed animals by thermography for a number of 
different species. SAR distriwtions were verified by 
measurements made just belay the surface of the skin in the 
regioo of maximum SAR by a Vitek Model 101 Electrothermia 
mooitor temperature probe. 'lbe fur fran the non-nude mice was 
removed by use of a depilatory before exposure. The measured 
results agreed closely for the various species of mice. 'lbus, 
it is felt that the thermographic results obtained for 
naturally nude mice \\QuId provide quantitative information in 
the use of the exposure system for all species of mice. It is 
significant to note the substantial increase in energy ooupling 
efficiency arrl uniformity for 2450 MHz as compared to 918 MHz 
exposure. 
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SPECIFIC ABSORPTION RATES MEASURED IN RATS AND MICE 
EXPOSED TO 2450, 425 or 100 MHz RADIOFREQUENCY RADIATION 

James B. Kinn 
Experimental Biology Division 

Health Effects Research Laboratory 
U.S. Environmental Protection Agency 

Research Triangle Park, North Carolina 

Whole body energy absorption was measured in single mice and 
rqts exposed to 2450 MHz, 425 MHz or 100 MHz radiation. Specific 
absorption rates (SAR) measurements were made with the twin-well 
calorimetry technique. SAR were determined for three animal 
sizes and three orientations. The 2450 MHz exposures were made 
in an anechoic chamber, whereas the 425 MHz and 100 MHz 
exposures were made in TEM transmission lines (Crawford Cells). 
Comparisons were made of the average SAR values to the values 
determined with theoretical models and a discussion of the 
differences. 
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WAVEGUIDE DOSIMETRY DATA ON MICE, IN VIVO, 2.5 - 4.2 GHZ. 

R. TURNER, W. A. G. VOSS, W. R. TINGA, P. FISHER AND R. RAJOTTE 

Department of Electrical Engineering and Division of Biomedical 
Engineering and Applied Science, CE 247, University of Alberta 
Edmonton, Alberta, Canada, T6G 2N7 

ABSTRACT 

Rectangular and parallel plate waveguide techniques have been 
used by previous workers to determine the SAR of mice and phantoms 
of rats. In this paper we have used a normalizing waveguide 
reflectometer, with a total output power of less than 1 mW, to 
determine reflection, transmission and, hence, absorption in WR 284 
waveguide (i.ds: 7.214 X 3.404 cms) for small, anesthetized mice 
(5.30 < w < 16.32 g, 4.5 < 2 < 7.7 cms) over the frequency range 
2.5 - 4.2 GHz. 

Mice were located centrally in the waveguide with their 
length parallel to the direction of propagation, facing the incident 
wave (2 parallel to z). It is shown that the absorption does not 
appear to change for up to 5 hrs after death over the frequency 
range used. In vivo the position of limbs and, in particular, the 
attitude of the head affect the resonant frequency under these 
conditions but SAR changes are small. From data on 24 mice of 
different sizes, a resonance appears in the reflection response 
which is frequency dependent according to the relationships 
fR = 6.084 - 0.4192 (correlation coefficient r = 0.987) and 
fR = 4.679 - 0.1266w (correlation coefficient r = 0.952) where the 
frequency is in GHz, 2 is the length of a mouse, centrally located 
along the waveguide, measured from the nose to the base of the 
tail (cms) and w is the weight in grams. SARs, computed from the 
data,recorded, show an increased slope through the resonant 
frequency in all cases. The SAR values, when normalized, are 
consistent with values reported in the literature at 2.45 GHz. 

A number of problems have to be investigated before data 
from waveguide measurements of SAR can be used to predict free 
space values. These are discussed. 
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A STUDY OF THE HEATING PATTERN OF A BIOLOGICAL BODY 
INSIDE A RECTANGULAR WAVEGUIDE 

Johnson J.H. Wang 
Engineering Experiment Station 
Georgia Institute of Technology 

Atlanta, GA 30332 

Lawrence E. Larsen 
Department of Microwave Research 

Walter Reed Army Institute of Research 
Washington, D.C. 

ABSTRACT - Research has been conducted to compute and measure the 
heating patterns inside a three-dimensional arbitrarily-shaped 
heterogeneous biological body inside a rectangular waveguide. The 
profile of dissipated power intensity and temperature was deter­
mined with satisfactory accuracy. Immediate application of this 
technique is to provide guidance for the design of microwave ap­
plicators for rapid inactivation of enzymes, for which uniform 
heating is an important consideration. Numerical computation and 
thermographic measurements were conducted for the case of rectan­
gular-sided blocks. However, the computer program is capable of 
solving for arbitrary shapes. 

The salient features of electromagnetic modeling of this 
problem has been previously reported (J.J.H. Wang, IEEE MTT Trans. 
26, 457-462, 1978). Recently, the calculation and measurement of 
temperature distribution, which is directly related to the thermal 
inactivation of enzymes, were successfully conducted. The equiva­
lent heat source due to the dissipation of electromagnetic wave 
is first determined by the dissipated electromagnetic power den­
sity which is then related to the temperature distribution by the 
heat equation. The experimental results were recorded with ther­
mographic paper and a heat-sensitive camera. Satisfactory agree­
ments were observed between calculation and measurement. A dif­
ficulty in the calculation of temperature distribution was ex­
perienced near the edge of the test block. This difficulty was 
overcome by using the heat equation instead of the usual method 
in which the temperature distribution was related to the dissi­
pated power density with a proportionality constant. 
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"ESTIlYIATION OF INTERNAL POWER ABSORPrION BY 
HUMAN HEADS IN PRESENCE OF ELECTROMAGNETIC 

RADIATION" 

'ABSTRACT 

K. QUBOA, H. T. AL HAFID AND S. C. GUPTA 
Department of Electrical Engineering, 
University of Mosul, Mosul - IRAQ. 

Much data have been accumulated on the interaction 
Electromagnetic waves with various sphere models, sim­
ulating the human head. Here prolate spheroid and 
ellipsoidal models are used to estimate the power ab­
sorption. In order to obtain a quantitative descrip­
tion of the absorbed e+ectromagnetic power distribution 
with human heads (both adult and infant), a perturba­
tion technique is used to evaluate the internal electric 
field and then to estimate the time-averaged specific 
absorbed power and space-averaged specific absorbed 
power. 

Two cases are examined, one is the simulation of an 
adult head by prolate spheroid and ellipsoid models of 
an equivalent sphere volume of 10 ems. radius, which 
represent an idealized adult head. The second case is 
the simulation of 5 cm. sphere radius by prolate 
spheroid and ellipsoid models which represent an infant 
head. Using prolate spheroid models, magnetic, ele­
ctric and cross polarizations with respect to incident 
field vectors are used. For ellipsoid model six 
polarizations like EKH EHK, KEH, HKE, BEE: and HKE are 
used. The expressions for internal fields, specific 
time-averaged absorbed power and space-averaged spe­
cific absorbed power are' derived and are Epplied fur­
ther for human adult and infant heads. A comparative 
study is made with the available experimental results 
of certain animals. Finally it is concluded that 
ellipsoidal model is better than spheroid and sphere 
types. Further discussion is made from human 
safety point of view, regarding the minimum and maxi­
mum power absorption for different polarizations of 
the incident fields. 
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ENERGY ABSORPTION FROM SMALL RADIATING PROBES IN LOSSY MEDIA 

Mays L. Swicord, Bureau of Radiological Health, 12721 Twinbrook 
Parkway, Rockville, Maryland 20857 

Christopher C. Davis, Electrical Engineering Department, 
University of Maryland, College Park, Maryland 20742 

Theoretical calculations of energy deposition around small antenna 
probes in lossy media have been made and are reported here. Such 
small probes have been used or proposed for.use in dielectric con­
stant measurements, hyperthermia threatment of small tumors, and 
microwave spectroscopic investigations of liquids. The results of 
this investigation are instructive in all of the above cases, but 
are particularly helpful for those interested in hyperthermia. 

The design of probes has varied depending upon the desired use. 
Basically, these probes are open-ended coaxial lines with thecen­
ter conductor extending beyond the outer conductor by an amount 
which is always a small fraction of a wavelength in the medium. 
The authors' interest in these evaluations stems from the use of 
this type of probe for coupling microwave energy into dielectric 
media and the subsequent observation of absorption as a function 
of frequency with an optical heterodyne technique (Davis and 
Swicord, companion paper, this conference). 

Two theoretical models were used and compared, a short dipole an­
tenna and an open-ended coaxial cable replaced with its equivalent 
magnetic current, The dipole model yields exact results for 
the fields. The calculated fields, hO~lever, become infinite as 
one approaches the origin, yielding an infinite value for the 
total power absorbed in a small sphere or radius R. This method 
can be used for calculating isopower contours in the far field. 

The second theoretical approach follows the far field, free space 
calculation made by Jordan and Balmain in which the surface separ­
ating the inner and outer conductor of the coaxial cable is re­
placed by an equivalent magnetic sheet. The results must be inte­
grated numerically. An examination of the results by either me­
thod indicates that extraction of exact values of the absorption 
coefficient in the near field of this particular antenna design 

'is at best very difficult if not impossible due to the complexity 
of the equations. Any attempt to use the results in the far field 
is also difficult because of the poor microwave induced heating of 
the liquid in this region. Thus an alternative method is suggested. 
The fields calculated from the open coax method rema'i,n,:finite in 
value as one approaches the origin allowing for the calculation 
of the relative total power absorbed in a sphere of radius R. 
Such calculations and their implications for hyperthermia will be 
presented. Isocontour plots of absorbed power for various values 
of frequency, dielectric constant, loss tangent and antenna dimen­
sions will also be presented. 
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NUMERICAL SOLUTIONS FOR MICROWAVE POWER ABSORPTIONS 
IN BODY-OF-REVOLUTION MODELS OF MAN 

Te-Kao Wu 
Lockheed Missiles & Space Company 

P.O.Box 504 
Sunnyvale, CA 94086 

In the past, many analytical works have been presented to stud,y 
the microwave power absorption patterns and total absorption in 
simple three- dimensional models of man, e. g., spheres, spheroids, 
and ellipsoids. For realistic models with arbitrarily shaped con­
tours, the integral equation method should prove to be advantageous. 
In this paper, the internal. fields and power absorption in a homo­
geneous loss,y dieletric body of revolution are evaluated using 
the Surface Integral Equation (SIE) method. The method yields 
moment method solutions for the induced current densities on the 
body surface, t..l-je interier fields to the bod,y are then evaluated 
via the reciprocity theorem and the measurement matrix concept. 
The bulk bod,y power deoosition is obtained by the integration of 
the surface Poynting vector. The method applies for a wide range 
of dieler:tric oarameters ( with Er from 1.1 to 100 andu from 0 to 
1000 mhos/m). Numerical results for microwave fields and power 
deposition in a bod,y-of-revolution model of a human torso with 
height of 1. 78 1\ are evaluated for frequencies of 30, 80, and 300 
MHz. It is found that the strongest power deposition in the torso 
model occurs for fields polarized along the longest dimension and 
for frequencies near the first resonance ( i.e., 80 MHz) of the 
torso bod,y. Hot spots are also observed in the neck region of the 
torso body. 
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AN EXPERIMENTAL MODEL FOR DETECTING AND AMPLIFYING SUBTLE RF FIELD­
INDUCED CELL INJURIES. 

Vernon Riley, D.H. Spackman, M.A. Fitzmaurice, A.W. Guy~ and 
C.K. Chou* Pacific Northwest Research Foundation, Fred 
Hutchinson Cancer Research Center, and the University of Washington 
School of Medicine*'. 

A combination in vitro/in vivo experimental model utilizing 
neoplastic target cells, and a special receptive host, is capable 
of detecting subtle biological effects of non-ionizing, electro­
magnetic (EM) fields. The experimental findings carry provocative 
implications concerning the potential biological and pathological 
influences of radio-frequency (RF) and microwave irradiations, as 
well as suggesting possible useful applications for EM fields in 
experimental cancer therapy. Intrinsic, as opposed to hyper­
thermic, influences of 30 MHz fields upon cancer cells that were 
exposed in vit~o, were detected only when such target cells were 
reimplanted so __ -cutaneously (sc) in a receptive mouse strain 
specially selected for its immunocompetent equipoise. The effects 
of the RF fields on the neoplastic cells were detected by changes 
in the tumor latent periods, tumor incidence, tumor growth rates, 
maximum tumor volumes, tumor regressions, and survival times of 
the hosts. Hyperthermic effects associated with RF field 
exposure were controlled by: 1) utilization of the Guy cell­
exposure apparatus and its sophisticated heat-exchange mechanisms, 
and 2) by the intentional induction of identical hyperthermias in 
sham-exposed and RF-exposed neoplastic cells in order to normalize 
the ,thermal factor. 3) The possible perturbing effects of thermal 
gradients were minimized by constantly circulating the cells 
through the sample chamber so that all cells were exposed to the 
same average thermal and RF enviroaments. As a result of such 
controlled exposure of mouse lymphosarcoma cells to 30 MHz fields 
at 1 to 10 V/cm, a significant number of unexpected tumor regressions 
was observed. RF-exposed and sham-control neoplastic cells both 
produced tumors fcllowing sc implantation; however, a higher 
percentage of those tumors derived from cells that had been ex­
posed in vitro to 30 MHz fields subsequently regressed, resulting 
in host survival. This was in contrast to the sham-exposed and 
control cells that produced a higher percentage of progressively 
growing lethal tumors. Mechanisms associated with this model 
appear to encompass a form of biological amplification that permits 
the reproducible detection of extremely subtle cell injuries 
resulting from specific RF field exposures. 

These studies have so far been restricted to the single 
frequency of 30 MHz and electric field strengths of the order of 
1, 5, and 10 Volts/cm. These particular field strengths yield 
average specific absorption rates (SAR) of 31 (±5), 352 (±68), and 
1805 (±298) W/kg respectively. 
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DIFFERENTIAL CONSEQUENCES OF BIOLOGICAL SYSTEM 
EXPOSURE TO PULSED- AND CONTINUOUS-WAVE 

ELECTROMAGNETIC FIELDS 

J. Toler, J. Seals, and E. McCormick 
Engineering Experiment Station 
Georgia Institute of Technology 

Atlanta, Georgia 30332 

R. Vogler and L. Winton 
Leukemia Research Laboratory 

Emory University School of Medicine 
Atlanta, Georgia 30322 

This paper discusses the engineering and biological aspects 
of a study that involved exposing BALB/c female mice between the 
ages of 10 and 14 weeks to pulsed- and continuous-wave 
electromagnetic environments at frequencies of 432 MHz and 2450 
MHz. The following three modulations were used at each 
frequency: 

• Continuous-wave, 
• Pulsed-wave with a pulse width of 120 microseconds and 

a pulse rate of 400 Hz, and 
• Pulsed-wave with a pulse width of 12 microseconds and 

a pulse rate of 4000 Hz. 

Power densities were 0.8 mW/cm2 and 2.14 mW/cm2, respectively, 
for the 432 MHz and 2450 MHz environments. A Compact Range was 
used as an exposure facility because of its ability to provide a 
planar wave with a near-uniform amplitude distribution over an 
area large enough to position 12 mice without detectable 
intercage scattering. Special cages made of Plexiglas and 
Styrofoam were designed, evaluated, and then used to house the 
mice during radiation. A total of 366 irradiant and control 
mice were used during the study. Two different exposure 
schedules, each providing 60 hours of radiation were used. 
Analytical dosimetry techniques were verified by experimental 
studies. The assay system consisted of a highly quantitative, 
in-vitro liquid assay of granulopoietic stem cells. 

At the conclusion of the study, it was concluded that no 
detectable bioeffects exist in the granulopoietic system of mice 
exposed to pulsed- and continuous-wave radiation at frequencies 
of 432 MHz and 2450 MHz. Results supporting this conclusion 
will be presented as a function of modulation, frequency, and 
exposure schedule for the various biological parameters. 

The study reported in this paper was supported by USAFSAM 
Contract No. F336l5-77-C-0619. 
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THE DIFFERENTIATION (RETRANSFORMATION) OF NEUROBLASTOMA 
CELLS AS AN INDICATOR OF THE BIOLOGIC ACTIVITY OF PULSED 
MAGNETIC RADIATION. THE NON-THERMAL EFFECTS OF PULSED 
ELECTROMAGNETIC FIELDS ON TUMOR GROWTH AND IN VITRO 
MOUSE PALATAL DEVELOPMENT AND NEUROBLASTOMAIJIFFERENTIATION. 

William Regelson, Brian West, Richard Carchman, David End, 
Dom Depaola, Richard Lieb and Arthur Pilla*. Medical 
College of Virginia, Richmond, Virginia, 23298. 

Pulsed electro-magnetic fields of low frequency have in­
duced clinical bone repair, dedifferentiation of frog erythrocytes 
and behavioral alterations in monkeys which has led to the concept 
that both the kinetics and quantity of specific adsorption (bind­
ing) and/or membrane transport can be altered by the injection of 
specific current wave forms. 

Neuroblastoma cells were placed in homogeneous time varying 
magnetic fields (2 gauss average) using 4" air gap coils 
(Electro-Biology, Inc., Fairfield, N.J.). The induced current 
wave form (of ~A/cm2 level) were designed to either excite only 
surface or surface-coupled transport processes. Significant dif­
ferences in the degree of dendritic outgrowth and surface adhesion 
vs. multiplication as a function of induced current wave forms 
were detected which are similar to those reported for calcium 
ionophores and for polar solvents in inducing differentiation or 
tumor cell retransformation. Correlations of the above with 
thymidine uptake, cholinesterase activity and calcium flux are 
under way. 

Based on results using 27 MHz (Diapulse, Lake Success, New 
York), where growth rates of transplanted Lewis lung tumors, in 
mice, showed inhibition or acceleration depending on the timing 
of/and pulsed frequencies used; studies in 14 day old mouse embryo 
palatal explants were conducted using the Diapulse instrument. 

In vitro epithelial destruction or chondrometaplasia was l 
foundlJtilizing low frequency magnetic pulsed radiowaves (27 MH~) 
administered for 20 minutes to in vitro explants. These effects 
are non-thermal and establish albiologic role for non-ionizing 
radiation that deserves further exploration utilizing different 
wave forms and frequency windows. 

The results of our experience stress observations that indi­
cate that non-thermal, electrochemical surface interactions may 
playa role in cell regulation. If continued observations uti­
lizing neuroblastoma tissue cell lines indicate the sensitivity of 
this system to pulsed magnetic fields, then we may have a biologic 
system that could give us quantitative information relevant to the 
response of cells to varied wave forms. The implications of this 
for the study of control of tissue differentiation and cancer 
growth will be discussed. 

*Columbia University, New York, New York 
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EFFOCT OF IlNG-TERM I£M-LEIlEL MIcroWAVE EXPOSURE ON 
DEVEWPMENl' AND GIDWIH OF CHEMICALLY (3,4-BENZOPYRENE AND 

DI -EI'HYL-NITID80-AMINE) INIlJCED NEDPIASMS 

Stanislaw Szmigie1ski, Andrzej Pietraszek and Marian Bie1ec 
Center for Radiobiology and Radioprotection 

128 Szaserow, 00-909 Warsaw 
Poland 

IDng-term low-level exposition to microwaves may change the 
function of the immune systems and thus there exists a 
poosibility that this may lead in turn to different reactivity 
to carcinogens. Virtually nothing is known about the effect of 
microwave radiation on the process of carcinogenesis in vivo. 

In the present experiments two chemical carcinogens, 
3,4-benzoPfrene (3,4-BP, leading to deve10tment of skin cancer 
after painting on skin) and Di -Ethy1-Ni troso-J.\mine (DENA, 
resulting in deve10tment of hepatomas after intraperitoneal 
injections) were used in BALB/c mice. The following groups of 
animals were tested: 

1. N:lrma1 mice exposed to 3, 4-BP or DENA; 
2. Mice irradiated with microwaves (anechoic chamber, 

2450 MHz, field power densities 5 or 20 nW/cm2, 2 
hours daily, 6 days a week) for 1, 2 or 4 months and 
then treated with 3,4-BP or DENA; 

3. Mice treated with 3,4-BP or DENA and simultaneously 
irradiated with microwaves as above. 

In all mice evaluations of tumor growth and the immune systems 
flD1ctions were per formed. 

It was fOlD1d that both the· tested carcinogens led to 
deve10tment of neop1asns with immunosutpression in the final 
stage of tumor growth (last 2 months of observation). 
Irradiation with microwaves at 20 nW/cm2 resulted in quicker 
atpearance of immunosutpression in carcinogen-treated animals 
and in earlier awearance of neoplasms. On the other side, 
only slight insignificant differences were found in 
carcinogen-treated animals exposed to 5 nW/cm2 field power 
density. 
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EFFECTS OF A.C. MAGNETIC FIELD ON LYMPHOMA CELLS 

Stanley Batkin and Frank L. Tabrah 
John A. Burns School of Medicine 

University of Hawaii 
Honolulu, Hawaii 96822 

YC-8 mouse lymphoma cells (lxl06) in tissue culture were 
exposed to 130 Gauss, 1950 Hz for 48 and 96 hours. Total cell 
counts were obtained and cell viability determined by the trypan 
blue staining exclusion method. 

A. In the magnetic field at 48 hours - 31% increase in cell 
numbers with 85% viability occurred. At 96 hours - 149% 
increase in cell numbers with 88% viability. 

B. In the control environment at 48 hours - 75% increase in 
cell numbers with 89% viability. At 96 hours - 318% 
increase in cell numbers with 84% viability. 

The differences in the percentage of cell increase in the 
two groups suggests a retarding effect of the magnetic field 
exposure. 

In an in vivo experiment using YAC mouse lymphoma cells 
(2xl06) two groups were again used. The first group was exposed 
for 17 days to 1,000 Gauss, 60 Hz and the second control group 
maintained in a dummy cage in normal laboratory environment. A 
slower visible and palpable tumor (subcutaneous) onset noted in the 
first group with average tumor weights being 2.06 grams as compared 
to 3.1 grams for the control group. Although the magnetic. fields 
were different in the in vitro and in vivo experiments, a retarding 
effect on the tumor growth occurred in the magnetic groups. 
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EFFECTS OF 1.07 ghz RF FIELDS ON MICROBIAL SYSTEMS 

E.Moody & C.McLerran (Microbiology), and J.W. Frazer & V.A.Segreto 
(Diagnosis & Roentgeno19gy) V.T.H.S.C. San Antonio, Texas 

Much National discussion of the possibility of long term effects 
of RF radiation has occured for a number of years. We aver that 
any such long term event ultimately depends on producing transcr~ 
tion errors in some somatic cells, and thus have subjected micro­
bial models of transcription systems to analysis. 

Strain of E.coli C-600 lac II,with a defect in the tonA locus con­
ferring resistance to bacteriophage TS has been subjected to 1.07 
ghz capacitor fed fieldaduring log phase of growth while suspended 
in Brain Heart Infusion (BHI) with conductivity approximately Imhof 
meter. The system temperature was monitored with a Ramal Liquid 
Crystal Probe calibrated between each experimental run. Radiofre­
quency fields were generated by an MCL transmitter with frequency 
monitored by a Systron Donner frequency counter,input and reflected 
power monitored by Hewlett Packard 43lC power meters coupled via 
Narda Microline 30db couplers. 

It was found that E.coli C-600 became susceptible to infection with 
non-irradiated bacteriophage TS, as shown both by lysis of E. coli 
(nearly quantitatively)and production of virus particles,when VlluS 
was added immediately post exposure, indicating a membrane recep­
tor site for TS was uncovered during field application at 420 C. 

This strain of E.coli was also more easily inactivated by RF fields 
than by temperature alone---90 minutes incubation at 480 C produced 
only a minimal reduction of viable c-600. 

By incubating bacteriophage with E. coli during radiation it was 
shown that the bacteriophage was quantitatively inactivated by 
fields having little or no effect on E.coli. Field exposure of bac­
teriophage TS suspended in BHI resulted in 80% inactivation in two 
minutes at 370 C_ This bacteriophage is normally stable to tempera­
tures in excess of 480 C. 

The fields used in this study were at least 5 Vcm- l in solution. 
The data is consistent with data from whole mammalian cell radia­
tions ar.d effects produced in isolated calf thymus RNA. 
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MICROWAVE-INDUCED INCREASE OP WATER AID CONDUCTIVITY 
IN SUBJ4A.XILLARY SALIVARY GLAND OP RATS 

Henryk Miko~ajczyk,Institute of Occupational Medicine 
90-950 ~6dz, POLAND 

Hyperfunction and hypertrophy of submaxillary saliva­
ry gland /SSG/ have been observed in rats subjected 
to hot environmental conditions. Hypersalivation is 
an important way of heat dissipation also in rats ex­
posed to acute microwave irradiation. 

The water content and conductivity in SSG were inves­
tigated in rats exposed to microwaves: 2880 MHz, im­
pulse repetition 1000 Hz and width 1.5 ~s. 20 adult 
male rats were exposed singly in 25x23x20 em styro­
phoam box under 3Ox30 em horn antenna for 30 minutes 
to 25 mW/cm2 or 38 mW/em2 of average incident power 
densities causing energy absorption of 8.4 W/kg or 
12.6 W/kg, respectively. There were two parallel con­
trol groups each of 10 nonirradiated rats. The gower 
density and absorption was calculated from 0.2 C and 
0.3 00 temperature increase in 300 cc. of 0.85 % NaOl 
in 10x10x10 em styrophoam vessel after irradiation 
within 100 s with the microwave mentioned above. The 
autopsy of rats was performed immediately after irrad­
iation. Temperature in SSG and in colon was measured 
with ELLAB thermistor thermometer. The proper resis­
tivity /Obm x m/ at 20 kHz has been measured with the 
four electrode probe in excised left lobe of SSG which 
was subsequently dried to constant weight in convecti­
ve air of 40 0C. The conductivity was calculated from 
the measured resistivity: S/m = 1 : Ohm x m. The dif­
ference between the weight of fresh and dry SSG indi­
cated the percent of water. 

The colonic temperature was 37.8 ± 0.3 and 38.1 ~ 0.2 
00 in rats of control groups and 39.9 ~ 0.4 and 40.9 
~ 0.4 °c in irradiated rats. The SSG was heavier in 
irradiated than in control animals. This tissue showed 
77.3 ~ 2.2 and 80.0 ~ 1.7 % of water and conductivity 
0.139 ~ .029 and 0.257 ~ .069 S/m in rats exposed to 
25 mW/em2 and 38 mW/cm2~ respectively, in comparison 
to 75.0 ~ .65 and 75.6 ~ .8 % of water and conducti­
vity 0.097 t .021 and 0.100 ~ .023 S/m in rats of con­
trol groups. It is suggested that determination" of wa­
ter content and conductivity in SSG of rats could be 
used as a sensitive and specific way to test the mic­
rowave thermal effect. 
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FURTHER STUDIES OF TESTIS CYTOLOGY IN MICE 
IRRADIATED WITH 2450-MHz MICROWAVES 

A.B. Cairnie and R.K. Harding 
Defence Research Establishment Ottawa, Ottawa KIA OZ4, 
Canada 

Male mice, 10 to 12 weeks old, were housed over­
night .in an anechoic chamber and exposed to 2450 MHz CW 
radiation for 0,2, or 16 h. Up to 10 mice were caged 
singly in polypropylene cages with food and water and 
irradiated in a multi-unit cage array located within 
the 1.8 m diameter quiet zone. Cages were spaced by 3~ 
to minimise interaction. Power density incident on each 
cage position depended on its angle relative to the 
central axis and interaction with neighbouring objects. 

In one experiment two groups of 70 B6C3Fl mice were 
exposed for 4 days, 16 h/day, and were sacrificed at 
intervals up to 10 weeks for sperm count and percent 
abnormal sperm. The two groups averaged 20 and 32 
mW/cm2 . We reported last year that immersion of the 
hindquarters in a waterbath at 40 0 C for 2 h caused a 
marked depression of the sperm count and elevation of 
abnormal sperm from 2 to above 30 per cent from 11 to 
2~ weeks later. Neither of the two microwave-irradiated 
groups showed any effect on sperm count or percent 
abnormal sperm. 

Another experiment was designed to meet the 
criticism that our failure to find microwave effects on 
the testis, as reported last year and this, might be 
attributed to our choice of the hybrid B6C3Fl mouse 
which could be particularly resistant to microwave 
damage. We therefore compared B6C3Fl with three inbred 
strains, C57Bl/6B, C3H/HeB, Balb/c, and a ramdom-bred 
line, Swiss Webster. Four groups of 10 mice were 
exposed for 0,2, or 16 h irradiation in the anechoic 
chamber (average power density 26 mW/cm2) or the hind­
guarters in a waterbath at 40 0 C for 2 h. Five were 
Killed immediately for assay for dark-stained cells in 
testis, sperm count, and percent abnormal sperm; five 
were killed 2 weeks later for sperm count and percent 
abnormal sperm. This time interval was chosen because 
there was a large effect of heat at this interval (see 
experiment above). An effect of the heating was demon­
strated on all strains, but none showed an effect of 
microwaves. 

Tests of the reproductive effectiveness of male 
mice irradiated in the anechoic chamber for 4 days 
(16 h/day) at an average power density of 39 mW/cm2 are 
under way and preliminary results will be available. 
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HEAT-INDUCED CATARACTS IN THE RAT LENS IN VITRO 

P. Jill Stewart-DeHaan, Margaret O. Creighton, William M. Ross, 
J.R. Trevithick. Biochemistry Department, University of Western 
Ontario, London, Ontario, Canada N6A SC1 

Microwaves have been shown to produce cataracts in the eyes 
of whole animals. Since the main effect of microwaves is 
believed to be heating, it seemed possible that a simple temper­
ature elevation was causing the lens degeneration as indicated 
by the experiments of Carpenter and Kramar. We, therefore, 
thought it important to distinguish between the effect of the 
electromagnetic radiation and the effect of elevated temperature. 
We studied the effect of temperature on isolated rat lenses 
incubated in tissue culture medium. Lenses maintain their 
clarity in medium 199 (M 199) (containing 10% foetal calf serum) 
for up to two weeks. When ten times the normal serum glucose 
levels are included in the incubation, opacities and associated 
globular degeneration of the lens cells developed within one 
day. Similar loss of transparency occurred after lenses were 
warmed to 390 or 410 for one hour and then incubated at 37

0 
for 

24 hr. Lenses exposed to higher temperatures (600 and 650
) for 

1 hour did not become opaque. They had normal transparency 
probably because they had been "fixed" by a process similar 
to histological fixation. Scanning electron microscopy 
revealed subcapsular cortical globular degeneration in the 
cataractous areas. The degeneration was deepest in the 
equatorial region. Glucose-induced and temperature-induced 
cataracts contained spherical bodies up to 20~ in diameter. 
Occasionally in temperature-induced cataracts, bodies up to 
ten t!,es this diameter were found. Lenses were incubated 
with P in Medium 199 to label membrane phospholipids, and 
while ca!aract formation was occurring incorporation proceeded 
into the major phospholipids, including phosphatidylcholine (PC), 
phosphatidylethanolamine (PE) and sphingomyelin (SM). In 
cataractous lenses the specific activity of phosphatidylinositol 
(PI) was higher. Taken together, these observations suggest 
that membrane changes may be involved in temperature-induced 
cataract formation. 

Supported by: U.S. Army (DAMn 17-78-G-9449); NIH (EY01927) and 
MRC of Canada 
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EFFECT OF D. C. MAGNETIC FIELDS ON ea2+ TRANSPORT 
IN ISOLA TED MUSCLE MICROSOMES 

E.M.Ettienne,P.A. Hoenig and R.B. Frankel, Francis Bitter National 
Magnet Laboratory*, MIT, Cambridge, MA 02139, and Univ. of 
Massachusetts Medical School, Worcester, MA 02205 

Effects of homogeneous magnetic fields up to 5.5 tesla on cellular con­
traction and cell mortality have been observed in contractile protozoans 
following chemical stimulation [1]. These results show that external 
magnetic fields impose a stress on organisms and that this stress mi~ht 
involve changes in the regulation of intracellular concentrations of ea +, 
which is an important element in cellular metabolism. To test this 
hypotheSiS, we have investigated the effects of d. c. magnetic fields on 
the ea2+ uptake and sequestering function of membranous vesicles isolated 
from avian pectoralis. Sarcoplasmic reticulum vesicles are obtained from 
10-14 day old chick. Microsomes at 4 C are exposed to an 0.7 tesla 
magnetic field for intervals up to 60 minutes before adding to a reaction 
mixture containing 5 mM MgCl2, 5 mM ATP, 100 mM KCI, 10 mM 
K2C204, 10 mM imidazole (to Ph 7.0), 0.2 mM E.G. T.A. and 10 J.£m 
free ea2+. Addition of the micro somes results in ATP energized uptake 
of ea2+ which is recorded by a ea2+ electrode [2]. Measurements are 
also made of P04 '" liberation from 32p-ATP. The results show a mono­
tonic increase in the ea2+ initial uptake rate and in total ea2+ seques­
tered with increasing exposure time for microsomes exposed to an 
0.7 tesla magnetic field. For example, transport rates increase from 
800 nmoles of ea2+!mg!min (controls) to 6000 nmoles!mg!min after 
30 minutes exposure and total ea2+ sequestered increases from 
175 nmoles!mg to 350 nmoles!mg after 30 minutes. There is a con­
comitant monotonic decrease of P04 '" release with increasing exposure 
time (6.0 nmoles P043-!mg!min (control) to 3.5 nmoles!mg!min after 
30 minutes exposure). These results indicate increased ea2+ transport 
function as a consequence of magnetic field exposure. This could result 
from changes in lipid-protein interactions due to collective anisotropic 
diamagnetic properties of the proteins, reSUlting in aggregation of 
protein elements (capping) or orientation changes (extrusion). 

* Supported by N.S.F. 
I. A. Ripamonti, R.B. Frankel and E.M. Ettienne, J. Mag. and 

Mag. Mats. (1979). 
2. E.M. Ettienne and R. H. Singer, J. Membrane BioI. 44, 195 (1978). 

442 



BEMS POSTER A - 35 

EFFEX::'IS OF PUISED ELOCTRICAL FIELDS CN 
ERYTHRX:YTE MEMBRANES 

S.F. Cleary 
Department of Biophysics 

Virginia Oommonwea1th University 
Richmooo, VA 23298 

'!he effects of exposure of mamnalian erythrocytes to 
exponential aOO square wave conductive electric fields have 
been investigated. '!be dependent var iab1es investigated, 
namely Na+, K+ and hemoglobin membrane permeability and 
cellular osmotic fragility, have been fourrl to be functioos of 
the field strength, p.11se duration, inter-p.11se duration and 
the number of pulses applied to the cell suspension. 
Significant differences in the response to p.11sed fields of 
pulse duratioos of from 0.4 usec to 10 msec aOO field strengths 
of from 1 to 5 kV/cm, have been detected in cells derived from 
various mamnalian species. The thresholds for exposure effects 
have also been found to be strongly dependent upon the 
canposition of the cell suspension medium. 
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ENHANCED REPOPUIATING CAPllCITY OF A BOOE MAROOW CELL 
SUSPENSION AF1ER MIcrowAVE IRRADIATION IN VITRO 

D. Rotkovska and A. Vacek 
Institute of Biophysics 

czechoslovak Academy of Sciences, 
612 65 Brno, czechoslovakia 

In our previous papers we had sl'PWll that microwave radiaticn 
applied in vivo to mice before and after the effect of icnizing 
radiaticn enhanced the activity of hemopoietic stem cells and 
thus 'contrib..Jted to the therapy of radiaticn damage. The 
possibility of employing microwave radiaticn (2450 MHZ, 100 
rrW/cm2, 5 minutes) to IOCrlify the activity of mouse bone 
marro.v cell suspensicn was verified using the transplantation 
technique, and the determinaticn of the number of 
oolcny-forming units (CFUs) lodged in the spleen and bone 
-marrow of lethally irradiated recipients was studied. A 
greater number of CFUs persisting until 30 minutes after 
radiaticn as observed following microwave irradiaticn. In 
retransp1antaticn exper iments an almost threefold e1evaticn of 
the CFU's seeding factor was found in spleen and oone marrow 
after microwave irradiation. The mechanism of an increase of 
seeding after the effect of microwaves is discussed from the 
point of view of a possible activation of the CFU's membrane 
and of formaticn of solid bonds between CFU's and the 
hemopoietic microenvironment of a recipient. . 
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CHRONIC EXPOSURE OF RATS TO 100-I'ilz (CW): 
ASSESSMENT OF OPERANT BEHAVIOR 

Michael I. Gage, Joseph D. Edwards 
and Robert J. Pettinelli 

U.S. Environmental Protection Agency 
Health Effects Research Laboratory 

Research Triangle Park, North Carolina 27711 

As part of a multidisciplinary approach to assess possible 
biological effects of exposure to 100-MHz radiofrequency (RF) 
radiation, learning and performance was measured at the termination 
of a chronic period of daily exposure. Ten male offspring from 
time-bred CD rats were exposed daily for 4 hours in a transverse 
electromagnetic mode transmission line (Crawford Cell) at a forward 
power of 500 W (50 mW/cm2) from day 6 of gestation until they 
were 126 days old. Ten additional rats served as controls and 
received similar handling and sham exposure simultaneously. 
Behavior was evaluated by two tasks administered during the last 
two weeks of the exposure period. One task was a three day test 
of brightness discrimination and reversal learning in which rats 
can learn to choose either the lighted or unlighted of two panels 
for food pellet reinforcement in one session of 48 trials. The 
other task was six days of performance on a variable interval (vI) 
schedule of food reinforcement for head insertions into a food cup. 
The last daily session on each task was an extinction session, in 
which reinforcement was omitted. The order of task presentation 
was equalized across both exposed and control rats. No difference 
due to RF exposure was seen in acquisition or extinction on either 
task. Response rates on the VI schedule were similar in both 
exposed and control rats. The possible effects of tolerance to 

. chronic RF exposure were evaluated by continued daily testing of 
all rats on the VI schedule for 16 additional days. During this 
time exposure to RF radiation was terminated but all other daily 
treatment continued as before. tio changes in this schedule 
controlled performance were seen after cessation of RF exposure. 
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CHroNIC EXPOSURE OF RATS 'ID 2450-MHZ MIcrowAVES Kr 5 lIW/cm2: 
DEFINING FREQUENCY DEPENDEm' OOSE-DEl'ERMINANl' EFF.ECTS 

Richard H. IDvely, Sher i J. Y. MizUllPri, Robert B. Johnson and 
Arthur W. Guy 

Bioelectromagnetics Research Laboratory 
DepartmentS of Rehabilitation Medicine and Psychology 

University of Washington School of Medicine 
Seattle, Washington 98195 

Eight male rats were exposed for 16 weeks to 2450-MHZ 
circularly polarized microwaves at an averaged power density of 
5 llW/cm2• '!he rats were exposed for ten hours every night 
for a total of approximately 1100 hours while 8 other rats were 
sham-exposed for the same time per iods. Daily measurements of 
body mass, and of intake of food and of water, both in heme 
cage and exposure apparatus, revealed statistically significant 
decrements in the exposed rats I daily food and water intake, 
although body mass failed to differentiate groups. Monthly 
assessments of blood chemistry parameters also failed to 
differentiate groups in a consistent manner as did 
post~xposure determinations of footpad shock threshold, open 
field behavior, and the acquisition of a shuttlebox conditioned 
avoidance response. These findings are discussed in the 
context of three other similar chronic exposure studies 
conducted in our laboratory employing 9l8-MHZ circularly 
polarized guided waves incident at 10, 5 and 2.5 nW/cm2• 
When the present firrlings at 2450-MHz (e.g., reduction in food 
intake) are compared to the 9l8-MHZ dose-response function in 
terms of incident energy, the effects CO/IU1Ion to both 918-MHz 
and 2450-MHz chronic exposure are frequency dependent. 
However, when the effects are plotted as a function of S/\R 
(W/Kg), the effects obtained here can be easily predicted from 
the 9l8-MHz dose-response curve. 
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EFFECTS ON BEHAVIOR OF LONG TERM EXPOSURE TO 
LOW LEVEL MWR 

Robert M. Lebovitz, Ph.D. and Ronald L. Seaman, Ph.D. 
Department of Physiology 

University of Texas Health Science 
Center at Dallas 

The aim of our effort is to develop a consistent set 
of conclusions regarding dose/response relationships be­
tween MWR exposure and detectable behavioral alterations, 
and to determine in what sense any such observed altera­
tions constitute evidence for a harmful interaction. 
The computer controlled facility developed for these ex­
periments provides for simultaneous irradiation and be­
havioral testing of 16 control and 16 irradiated rats. 
Pulse modulated MWR is provided via a 750 KW peak pulse 
power RADAR source operating at 1.3 GHz and feeding a 
divide-by-sixteen power divider which in turn launches 
circularly polarized MW energy in each of the active ir­
radiation chambers. Dose rates are derived from a com­
bination of chamber port measurements and whole body 
thermal measurements. 

As to gross behavioral parameters, no differences were 
noted at the SAR's utilized to date (0-2.6 mW/g). In a 
group of rats irradiated at .96 mW/g, animal activity and 
position was assessed in detail. No major differences 
were noted between the experimental and control groups. 
In the long term studies of schedule controlled behavior, 
animals were exposed for 3 hours per day, for 9 weeks. 
The results to date indicate that MWR at dose rates of 
up to 2.6 mW/g had little effect on rewarded bar press 
behavior. There was only a slight indication that, at 
the higher dose rates, irradiated animals tended to show 
reduced operant behavior as satiation became a factor. 
There was, however, a much more apparent difference be­
tween experimental and control groups irt terms of their 
error rates. That is, the irradiated rats had a signifi­
cantly reduced error rate, especially as their rate of 
bar pressing for reward declined. The data support the 
conclusion that chronic MWR exposure differently effects 
rewarded versus non-rewarded instrumental behavior. 
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THE EFFECT OF 9.31 GHz PULSED MICROWAVE IRRADIATION ON THE 
LEVER PRESS BEHAVIOR OF OPERANTLY RESPONDING RHESUS MONKEYS. 

Robert D. MCAfee1 ,2, Richard Bishop2 and S. Thomas Elder3 • (1) VA 
Medical Center, Research Service, 1601 Perdido Street, New Orleans, 
LA; (2) Department of Electrical Engineering, University of New 
Orleans; (3) Department of Psychology, University of New Orleans, 
New Orleans, LA. 

Twelve rhesus macaques were trained to enter an irradiation cham­
ber and position their head directly in front of a standard gain 
(6.0 x 4.9 cm) microwave horn, E-field vertically polarized. By 
depressing a drinking tube they could obtain an apple juice 
reward for lever pressing on a variable schedule. The drinking 
tube was located 0.3 cm below a 20 cm2 window in a 1 m2 acrylic 
panel with two foot holds, one hand hold and a right hand lever. 
The tube was positioned so that the monkey's eyes were centered 
in the microwave beam 15 cm from the horn aperture. The radar 
was on, or not (depending on the experimental protocol) only when 
the drinking tube was depressed. Lever presses were counted and 
recorded for statistical analysis. 

The microwave radiation was generated by a Model AN/CPN-6 radar 
that operated at 9.31 GHz. It produced a 0.5~s pulse at a peak 
power of 300 W/cm2 and at an average power density of 150 mw/cm2 

at the locus where the monkey placed its head. Saline filled 
phantoms placed at this locus yielded a rate of energy coupling of 
at least 15 mlv/g. Following 20 consecutive sessions of 15 minutes 
each, ten of which were irradiation sessions and ten were not, the 
lever press rate for 12 monkeys was analyzed by tests of signifi­
cance (t) which showed that there was no significant difference in 
the combined means with or without irradiation although there were 
significant differences in individually analyzed means. 

An experiment was performed on 6 monkeys to determine the trend in 
lever press behavior during 3 minute intervals just preceeding and 
following a transition from microwave on to off, or vice versa. 
Comparisons of the monkeys' behavior on either side of the tran­
sition failed to show any effect on lever pressing, as a result of 
switching the radiation on or off, in the combined means of 15 
sessions, although individual sessions showed considerable vari­
ability. 
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VIGILANCE BEHAVIOR IN RATS EXPOSEO TO 
1.28 GHz MICROWAVE IRRADIATION 

John o. de Lorge and Clayton S. Ezell 
Naval Aerospace Medical Research Laboratory 

Pensacola, FL 32508, U.S.A. 

ABSTRACT 

Few studies of the biological effects of microwaves have 
investigated complex behavior in non-human organisms. One human 
behavior easily simulated by other animals is performance on a 
vigilance task. This task requires an animal to respond and 
produce one or more stimul i. When the stimuli change in some 
programmed manner the animal has to report the change to obtain a 
reinforcer. In the present experiment eight male hooded rats 
performed a vigilance task by depressing two levers, one of which 
produced two different tones (observing lever) and the other 
produced a food pellet (detection lever) when depressed in the 
Styrofoam boxes during daily sessions of 40 min. The boxes were 
located in the far zone region of a horn in an anechoic chamber. 
After stable response rates on the observing lever had developed 
the rats were exposed during their experimental sessions to 
1.28 GHz microwaves pulsed at 380 pps with a pulse duration of 
2 ~sec. Averaged power densities between 0 and 15 mW/cm2 were 
used. 

The response rate on the observing lever was consistently 
affected at a power density of 15 mW/cm 2 in all eight rats. The 
primary effect was a decreased response rate and in many animals a 
complete cessation of responding. Most of the rats adapted to 
continued presentation of the microwaves so that by the third 
exposure at 15 mW/cm2 less of a decrement in observing response 
rate occurred. Seven animals decreased their response rates when 
exposed to 10 mW/cm 2 and three animals showed some behavioral 
disruption even at 5.5 mW/cm 2 . Other behavioral indices showed 
similar trends, but tended to be less sensitive than the observing 
response rate. These behaviorally disruptive power densities are 
much less intense than similarly effective power densities at 2.45 
and 5.62 GHz and correspond to averaged specific absorption rates 
of 3 to 1 W/kg. The specific absorption rate (SAR) was measured 
on a rat phantom of simulated muscle tissue at 12 different points 
distributed throughout the model. The highest SAR was obtained in 
the rat phantom head and increased as the far surface of the head 
was approached. The SAR distribution within the head was the 
inverse of a distribution obtained at 5.62 GHz. It is concluded 
that the rat's behavior is disrupted at 1.28 GHz more easily than 
at higher microwave frequencies because of the deeper penetration 
of energy and differences in energy distribution within the animal 
at the lower frequency. 
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MICROWAVE-INDUCED CONDITIONED TASTE AVERSIONS IN RATS AT 987 MHz 

G. Rufus Sessio~s 
Department of Microwave Research 

Walter Reed Army Institute of Research 
Washington,. D.C. 20012 

After drinking a 0.1% saccharin solution, rats (N=56) were 
irradiated, four at a time, for thirty minutes with a horozontally 
polarized, 987 MHz, continuous waveform signal at power levels of 
either 0, 17, 25, 33, 45, or 51 mW/cm2• With the exception of the 
51 mW/cm2 group, which received two pairings, all animals received 
five daily pairings of saccharin drinking followed by radiation or 
sham-radiation. Conditioned taste aversion learning was assessed 
three days after the last pairing by a 30 min. two-bottle prefer­
ence test between saccharin solution and water. Rats irradiated 
at 42 or 51 mW/cm2 showed reliable taste aversions for the saccha­
rin solution as compared with the sham-irradiated controls. At 17 
mW/cm2 there was no reliable increase in deep colonic temperature 
during irradiation, as compared with sham-irradiated controls, but 
at power levels between 25 and 51 mW/cm2 , temperatures increased 
monotonically between 1.7 and 3.1 degrees Celsius. At the lowest 
power level sufficient to produce reliable taste aversions, 42 
mW/cm2 , colonic temperatures increased an average of 2.6 degrees 
Celsius. 
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ALTERATION OF REPEATED ACQUISITION 
IN RAW BY MICrowAVE RADIATION 

Schrot, J., J.R. 'Ihomas, and R.A. Banvard 
Behavioral Sciences Department 

Naval Medical Research Institute 
Bethesda, MD 20014 

'Ihe acute effects of microwave radiation on a repeated 
acquisition (learning) baseline were investigated in three 
rats. During each session the animals acquired a different 
four-member response sequence. Each of the first three correct 
responses advanced the sequence to the next member, and the 
fourth correct response produced food reinforcement. Incorrect 
responses produced a three-sec timeout. Responses during 
timeout reset the timeout period. Baseline am harness control 
sessions were characterized by a decrease in errors within each 
session. The animals were restrained in a plastic sleeve 
harness and exposed to a pulsed 2800 MHz field for 30 min prior 
to experimental sessions. Microwave power densities ranging 
from 0.25 to 10.0 nW/cm2 were investigated. Specific 
absorption rates calculated fran core temperature measurements 
yielded mean values of 0.72 and 1. 73 rrW/gm at the 5 and 10 
mW/cm2 power densities, respectively. At 0.25, 0.5, and 1. 0 
mW/cm2 the behavioral measures were generally within the 
control range. At 5 rrW/cm2, error responding, rate of 
sequence canpletion, am the pattern of within-session 
acquisition were altered in two of four replications. Exposure 
to 10 rrW/cm2 increased errors, decreased the rate of sequence 
canpletion, and altered the pattern of within-session 
acquisition in all replications. 

451 



BEMS POSTER A - 44 

CHANGES IN TEMPORAL ASPECTS OF BEHAVIOR 
BY LOW LEVELS OF PULSED MICROWAVES 

Thomas, J.R. and R.A. Banvard. Behavioral Sciences Department, Naval 
Medical Research Institute, Bethesda, Maryland 20014 

The effects of low levels of pulsed microwaves on timing 
behavior in rats were analyzed. Rats were trained to emit a 
particular interresponse time (IRT) that was in turn programmed on 
a differential-reinforcement-of-low-rate (DRL) schedule. Pulsed 
microwave radiation at a frequency of 2.8 GHz was found to disrupt 
the precise temporal discrimination generated by the reinforcement 
schedule. Behavioral changes were observed following 30-min 
exposures at average power levels of 4, 8, and 16 mW/cm2 (SARs of 
0.8, 1.8, and 3.4 W/kg, respectively), and the changes were power 
related. With the same IRT in effect, the DRL value was increased 
from DRL 8-sec with a 4-sec limited hold (LH) to a DRL l4-sec 
without the LH, and the animals were again exposed to the same 
radiation parameters. No microwave-induced changes in behavior 
were observed at the same three power levels with the larger DRL 
value in effect. When the animals were returned to the original 
DRL value with a LH and re-exposed to microwaves, decrements in 
behavior were again observed. Shifting back and forth between the 
two DRL schedules and exposing the animals to the same three power 
levels established that the ongoing temporal behavior was or was 
not affected by microwaves depending on the value of the DRL schedule. 
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MODULATION OF PENTOBARBITAL EFFECTS ON TUlING BEHAVIOR IN 
RATS BY LOW-LEVEL MICROWAVES 

Maitland, Georgia. Behavioral Sciences Department, Naval Medical 
Research Institute, Bethesda, Maryland 20014 

Investigations of EMR-Behavioral interactions determined that 
low levels of microwave radiation altered the mode of action by 
which the drug sodium pentobarbital (PB) modified certain key 
functions of behavior. Rats were trained on a temporal discrimination 
task to space their lever presses (responses) so that only responses 
which followed a preceding response by 18 to 24 sec produced food 
pellets (reinforcement). Analytically, two criteria were used 
which described the behavioral sequence: response rate was cal­
culated from total lever presses over the total session time and 
the inter-response times (IRT) distribution was derived from the 
temporal distribution of all responses. The response distribution 
resembled a skewed curve with a mode around 18 sec. Without EMR 
exposure, behavioral effects of PB were obtained by repeated i.p. 
drug injections over a dose range of 1.0 to 14.0 mg/kg. Then, 
with the rat placed fully conscious in a plastic mesh net perpen­
dicular to the source, the same PB dose range was administered 
with 30 min exposures to 1 mW/cm2 or 5 mW/cm2 • (2.45-GHz pulsed 
microwave field with a pulse width of 2 ~sec and a 500-Hz rep-
etition frequency.) Under these experimental conditions, PB and 
EMR irradiation acted synergistically to reduce 'the behavioral 
effective drug dose range from 8 to 13 mg/kg to 5 to 10 mg/kg. 
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ATTEMPTS TO CUE SUCCESSFUL ESCAPE FROM A HIGHLY INTENSE 
MICROWAVE FIELD BY PHOTIC STIMULATION 

Anna M. Grove and Daniel M. Levinson 

Department of Psychology 
University of Missouri 

Kansas City, Missouri 64110 

and 

Don R. Justesen 

Veterans Administration Medical Center 
Kansas City, Missouri 64128 

In a study designed to assess conditions under which a 
highly intense 9l8-MHz microwave field will motivate escape 
learning, different groups of hooded rats received 25 trials of 
training under one of four conditions (all ns = 4): exposure 
to a highly intense field (D = 60 mW/g); exposure to the field as 
temporally paired with a photic cue; or exposure to the photic 
cue alone. In all three of these conditions, crossing of a rat 
into a large "safe" area resulted in virtually instantaneous 
cessation of radiation and/or photic cueing. In the fourth 
condition, cessation of faradic shock to the feet of active 
controls served as a negative reinforcer of the escape response. 
Acquisition of the escape response was rapid for the shocked 
animals and was less rapid but reliably demonstrated by irr­
adiated animals that were cued by light. Cessation of light did 
not motivate escape behavior and, although there was evidence 
of some learning" during later trials by rats subjected only to 
microwave radiation, their performances failed to differ reliably 
from the rats in the light-only condition. These data confirm 
and extend those of Carroll, et al., and Lovely, et al., which 
indicate that nearly-lethal, deeply penetrating, ~n-pulsed 
microwaves in a multi-path field apparently lack the sensory 
qualities required to motivate aversive behavior. 
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MOTOR COORDINATION OR BALANCE DIFFERENCES BETWEEN RATS 
EXPOSED OR SHAM EXPOSED TO 60 Hz ELECTRICAL FIELDS 

Allan H. Frey and Dale Meles 
Randomline, Inc., Huntingdon Valley, PA 19006 

Animals living in a 60 Hertz electrical field were tested to 
determine if their motor coordination or balance was influenced 
by such living conditions. The testing was done double blind. 
Two groups of rats were used. One group lived in the field and 
the other group lived under the same conditions in the room ex­
cept that they were sham exposed. The male Sprague-
Dawley rats were removed from their home cages and placed on a 
horizontal wooden rod. This rod was then rotated at an increasing 
speed until the animal lost its footing. This was continued over 
14 days of testing. It was found that rats living under 60 Hz 
exposure stayed on the rod significantly longer than the control 
rats. 
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MODIFICATION OF TAIL PINCH CONSUMMATORY 
BEHAVIOR BY MICROWAVE ENERGY EXPOSURE 

Allan H. Frey and Lee S. Wesler 
Randomline, Inc., Huntingdon Valley,.PA 19006 

The tail pinch consummatory response has been used in recent 
years to explore the functioning of the nigrostriatal dopamine 
system of the brain. We used the test to explore the possible 
involvement of this system in the response of a mammal to micro­
wave energy exposure. Two groups of rats were tested while 
exposed to continuous wave microwave energy of 50 VW/cm2 and 
125 VW/cm2, respectively. A third group was tested during sham 
exposure. The tests were run double blind. Each rat was run on 
each of eight test days with gnawing (of a wooden dowel rod), 
licking, and total tail pinch behavior time (gnawing time plus 
licking time) recorded. We found significant differences between 
the exposed compared to the sham exposed animals. The response 
patterns of the exposed groups were similar to each other and 
different from that of the sham exposed group. 
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MILLIMETER-WAVE RADIATION FAILS TO 
INDUCE LAMBDA PHAGE EXPRESSION 

T. Whit Athey and Barbara A. Krop 
Bureau of Radiological Health 

12721 Twinbrook Parkway 
Rockville, ·MD 20857 

There has been considerable current interest in the possibility 
that mill imeter-waves can induce lysogenic or col icinogenic bac­
teria to express phage or synthesize colicin. Smolyanskaya and 
Vilenskaya reported that low levels (less t~an 1 mW/cm2) of con­
tinuous-wave radiation in the frequency range 45.7 to 46.1 GHz 
cause the frequency-dependent induction of colicin synthesis (A. 
Z. Smolyanskaya and R. L. Vilenskaya, Sov. Phys.-~., ~, 571, 
1974). We have previously reported our attempts to verify this 
result (Swicord, et al., Workshop on Millimeter-Wave Effects, 
URSI Symposium, Helsinki, 1978). Preliminary data had seemed to 
show excess induction in exposed cells, but repeated replications 
of the experiments failed to show this effect. 

The purpose of the present research was to determine the level of 
induction, if any, of lambda phage in E. coli strain BR-475 when 
irradiated by millimeter-waves in the frequency range 45.6 to 46.1 
GHz. Since the same biochemical pathways which lead to colicin 
synthesis are also believed to be responsible for the induction 
of phage expression, this approach can serve to clarify the re­
sults with the colicin system. 

The prophage of the lysogeni'c strain BR-475 (lac-) has an extra 
gene, the normal E. coli lac gene which has been inserted (R. 
Elespuru and M. Yarmolinsky, P. N. A. S., 1979, in press) so that 
when the phage genome is transcrlbed, the lac gene is transcribed 
also. A standard colorometric assay for S-galactosidase, a lac 
gene product, may be used to determine the levels of lambda in­
duction, allowing improved quantification over the traditional 
plaque assays. 

BR-475 cells were exposed in liquid media in a closed waveguide 
system. A slotted line was used to measure the degree of mismatch 
into the sample, and the mismatch was removed with a tuner. The 
cells were maintained in two identical sample holders, one for 
exposure and the other for sham-exposure, at 4° C during the 90-
minute exposure period. Several levels of millimeter-wave radia­
tion in the range 100 ~W/cm2 to 10 mW/cm 2 were used. No differ­
ences in induction levels were observed between the exposed and 
sham-exposed cultures. 
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STUDIES OF MICROWAVE ABSORPTION IN LIQUIDS BY PHASE 
FLUCTUATION OPTICAL HETERODYNE SPECTROSCOPY 

Christopher C. Davis, Electrical Engineering DepartITlent, 
University of Maryland, College Park, Maryland 20742 
Mays L. Swicord, Bureau of Radiological Health, 12721 Twinbrook 
Parkway, Rockville, Maryland 20857. 

The operating principles of a newly developed, sensitive, technique 
for studying the local absorption of ITlicrowaves by liquids will be 
described. In this technique, which we call phase fluctuation optical. 
heterodyne (PFLOH) spectroscopy, the liquid under study is irradi­
ated with pulsed ITlicrowaves in an optical cell placed in one arITl of 
a Mach-Zender interierometer. This interferoITleter is illuITlinated 
with a single-frequency heliuITl-neon laser. The half of the beaITl 
froITl this laser which passes through the irradiated saITlple suffers 
a phase fluctuation because of the ITlicrowave-induced local therITlal 
expansion of the saITlple. This phase fluctuation is coherently de­
tected with very high sensitivity by heterodyning with the reference 
beaITl which has passed through the other arITl of the interferoITleter. 
The resultant heterodyne signal is a m.easure of the average teITl­
perature rise of the saITlple along the laser beaITl path which 
results froITl the absorption of ITlicrowave energy. The quantitative 
evaluation of data obtained in this way will be discussed in terITlS of 
its dependence on the absorption coefficient of the saITlple and the 
field distribution of the irradiating antenna iITlITlersed in the liquid. 
Data obtained in this way for water, ethanediol and other liquids of 
biological significance will be evaluated for the case of an open­
ended coaxial stub antenna and a ITlore sophisticated irradiation 
systeITl using a ITlinature dielectric-loaded X-band waveguide iITl­
ITlersed in the saITlple. This latter arrangeITlent produces a ITlore 
predictable electric field distribution in the liquid and siITlplifies 
quantitative ITleasureITlents. 

The very high sensitivity of the optical heterodyne ITlethod for 
detecting sITlall teITlperature rises in a transparent saITlple allows 
us to ITlake a search for possible ITlicrowave absorption resonances 
in biological systeITls, such as aqueous solutions of DNA. Our 
current theoretical sensitivity can be stated in terITlS of a hypothet­
ical sinusoidal induced teITlperature fluctuation as 

liT, = 3.9 X 10- 7 oK (lif)l/2(Hz)-1/2 
ITl1n, H 2 0 

where lif is the bandwidth of the signal processing electronics. One 
of the greatest advantages of PFLOH spectroscopy in this applica­
tion is that there can be no doubt about the existence, or not, of 
ITlicrowave absorption in the saITlple. If the saITlple does not absorb 
ITlicrowaves no teITlperature rise nor heterodyne signal results. 
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NlLLTHETER WAVE CH CELLS IRRADIATION STUDIES 
I NICROWAVE ASPECTS. COLICIN INDUCTION IN E. COLI 

Shirley Motzld.n" Leo Birenbaum, Saul Rosenthal, Charles 
Rubenste5.n, Scott Davidow, Renee Remily, Ronald Melnick 

Departments of Life Sciences and Electrical Engineering 
Microwave Research Institute 

Polytechnic Institute of Ne,:;' York, Brooklyn, N. Y. 11201 

Nicrmvave techniques and instrumentation, used to 
evaluate the effects of CH mm-wave irradiation on colicin 
induction in E. Coli, on mitochondrial oxidative phos­
phorylation, and on hemoglobin and potassium leakage from 
red blood cells are herein described. In addition, the 
details of the E. Coli experiments are presented. 

The exposure system, selected for its simplicity, 
uses 50-75 GHz (I,JR-15) waveguide and a Siemens RHO-60 
backward ,'lave oscilla tor pO\vered by a Micro-Now 702 sup­
ply. This combination was observed to give a two-hour 
frequency stability near 50 GHz at least as good as one 
part in 2000. A similar arrangement, to be used in the 
33-50 GHz (HR-22) \Vaveguide band will permit the exten­
sion of our capabilities. 

In each experiment, microwave irradiation is ac­
complished by positioning the rectangular aperture of a 
pyramidal horn about 2mm above the surface of the bio­
logical sample. The net power leaving the horn is as­
sumed to enter the medium with a sin2 power distribution. 
Reflections frolll the irradiated surfaces are measured by 
a standing wave indicator in the waveguide system, and 
may be used to adjust the power density entering the 
surface of the biological medium to a constant value. 

The effects of a single CW millimeter wave irradia­
tion on Colicin induction in E. Coli, strains W3ll0 Col 
El, 1485, C600 and K125, in the 5.85-5.75mm wavelength 
range (51.3-52.3 GHz) at low power densities have been 
examined. 

Col El cells in log and stationary phase, concen­
trated on filter paper and placed in an agar filled 
polystyrene dish are irradiated for 60 minutes at maxi­
mum pmver densities (entering the medium) of 0.5 mW/em2 
at 250 , 37 0 and 430 C in a water-jacketed temperature­
controlled chamber placed beneath the horn so that the 
aperture plane abuts on the cover of the polystyrene dish, 
Colicin induction is determined by the production of cleal 
areas or plaques following the exposure of a colicin sen­
sitive bacterial strain, l,H485, to irradiated Col El 
bacteria (W3ll0 colicin producing). 

Under the conditions employed, our results suggest 
that colicin induction is enhanced when Col El are ir­
radiated at 5.8mm. Data presented will include the ef­
fects of power density and temperature variations. 
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MILLI}illTER WAVE CW CELLS IRRADIATION STUDIES 
II MEMBRANE TRANSPORT IN MITOCHONDlRA AND ERYTHROCYTES 
Ronald Melnick, Shirley Motzkin, Charles Rubenstein, 

Scott Davidow, Leo Birenbaum, Saul Rosenthal 
Departments of Life Sciences and Electrical Engineering 

Microwave Research Institute 
Polytechnic Institute of New York, Brooklyn, N. Y. 11201 

Investigations of the effects of CW millimeter wave 
irradiation on cellular membranes were evaluated in stu­
dies of oxidative phosphorylation in mitochondria, and 
hemoglobin and potassium ion permeability in red blood 
cells. 

Freshly prepared rat liver mitochondria were irradia­
ted at 8.S8mrn (35 GHz) and at 40 discrete wavelengths be­
tween 5.00 and 6.00mrn (60 to 50 GHz) to evaluate the ef­
fects of CW millimeter wave irradiation on oxidative phos­
phorylation. In initial experiments, mitochondrial sus­
pensions (0.2Sm1 containing 20mg. protein) were exposed 
for 15 minutes at 8.S8mrn, and subsequently evaluated for 
their efficiency in coupling succinate oxidation to the 
phosphorylation of ADP (respiratory control) by the con­
ventional Clark-type oxygen electrode technique. Changes 
in respiratory control ratios were not apparent at power 
densities below SOOmW/cmZ• Power density values cited in 
this paper are maximal values entering the medium under 
the irradiating horn. 

As oxidative phosphorylation is a membrane dependent 
process and the above technique would not detect rever­
sible membrane alterations a new biochemical assay invol­
ving a quantitative determination of ATP synthesis in ac­
tively phosphorylating mitochondria was developed. The 
extent of ATP synthesis coupled to succinate oxidation 
was virtually unaltered when mitochondria (l.Smg in 1ml) 
were irradiated at 2Soc in a thermally regulated water 
jacketed cuvette for 2min. at 8.S8mrn (from 0.01 to 1000 
mW/cm2) or for 2 min. at 5.00 to 6.00mrn (in increments of 
0.2Smrn) at SmW/cm2 • The reaction had to be limited to 2 
min. to eliminate oxygen depletion as a complicating fac­
tor. Our procedures have not revealed any effect of milli­
meter wave irradiation on mitochondrial oxidative phos­
phorylation. 

A 2S0~1 sample of packed human red blood cells, in a 
thermally-regulated water-jacketed polystyrene chamber, 
which is sealed with·a glass coverslip is irradiated at S. 8mrn 
(51.7 GHz), at 300 c for 15,30,60 and 120 minutes at power 
densities from S-.01mW/cm2 • Changes in the membrane per­
meability are evaluated by determining the Hb and K+ leak­
age spectrophotometrically at S76nm and with a potassium­
electrode (ORION). Experimental results are compared 
with shams and unirradiated temperature-controlled samples. 
Results obtained will be discussed. 
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SENSITIVITY OF C. ALBICANS CELLS TO FREQUENCY OF MODULATION IN 
THE 72-74 GHz BAND 

L. Dardanoni, M.V. Torregrossa, Institute of Hygience, 
University of Palermo, Italy 

C. Tamburello, L. Zanforlin, Institute of Electrotechnics 
and Electronics, University of Palmermo, Italy 

Exposure of Candida albicans cells to 72 GHz microwaves square 
modulated brings about a reduction of the number of colony form­
ing units in comparison with continuous wave exposed cells (L. 
Dardanoni et. al., 3rd Symp, EMC, Wroclaw, 1976; L. Dardononi 
et. al. URSI Symp. Helsinki, 1978). 

Further experiments were carried out using an experimental pro­
cedure which allows the contemporaneous exposure of C. albicans 
cells suspension to continuous or to square modulated signals 
having the same mean power at frequency of minimal or maximal 
absorption in the 72-74 GHz band (C. Tamburello et. al., URSI 
Symp., Helsinki, 1978). 

Irradiation for various period (1-3 hr) of actively growing cells 
in the log phase was carried out; the number of viable cells 
before and after irradiation was estimated by counting colony 
forming units on suitable culture media. 

The influence of ambient temperature and of different modulation 
frequencies were investigated, in order to evaluate the sensiti­
vity of the cells in different experimental conditions. The 
results are briefly discussed. 
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MILLIMETER WAVE ABSORPTION SPECTRA OF BIOLOGICAL SAMPLES 

R. A. Lee, M. J. Hagmann, O. P. Gandhi, I. Tanaka, 
D. W. Hill, and L. M. Partlow 

Departments of Bioengineering, Electrical Engineering, 
Microbiology, and Pharmacology 

University of Utah, Salt Lake City, Utah 84112 

ABSTRACT 

We have previously described our solid-state computer­
controlled system for swept frequency measurements from 26.5-90 
GHz. The system allows wide-band frequency scans that would take 
a period of hours with hand-tuned sources, such as klystrons, to 
be made in a few minutes, thereby facilitating replicate runs for 
statistical analysis and minimizing biological and other varia­
tions of the sample during measurement. We will describe our 
recent results in the following areas. 

1. New 'Sample Holders Allowing Measurement of Absolute Absorbance 

We have developed a series of new sample holders which have 
no break in the waveguide and facilitate analysis of fields in 
the sample. Measurements with Ethanol/H20 mixtures suggest that 
we are making proper determination of absolute absorption. 

2. Low Temperature Measurements to 
Avoid Water-Dominated Absorbance 

The strong absorbance of water (10-30 dB/mm) has caused all 
aqueous preparations which we have examined to date to have a 
water-like dependence of absorbance on frequency. We have made 
several measurements at dry ice and liquid nitrogen temperatures 
using a sample length of 20 cm at Ka band. Average insertion loss 
was found to be about 4 dB (approximately 0.2 dB/cm) showing the 
greatly reduced absorbance of water in the frozen state. Low 
temperature measurements will be reported for BHK cells over the 
entire frequency range of 26.5-90 GHz. , 
3. Emphasis on Cell Activity During Measurement 

We have developed a system for maintaining the samples at 
37°C during measurements and have emphasized other factors, such 
as biocompatibility of the sample holders, so that measurements 
may be made on active cells. We will present data regarding 
determination of cell viability before and after the microwave 
measurements. 

4. Wide Range of Test Samples 

We are continuing to study a wide range of test samples 
including red blood cells, bacteria, yeast, fungi, viral suspen­
sions, normal and transformed mammalian cells, and relevant bio­
logical compounds, such as proteins, RNA, DNA, etc. The milli­
meter wave absorption spectra of these media will be presented. 
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A SEARCH FCR FREQUENCY-SPOCIFIC BIOE:FFEX:'IS CAUSED 
BY MICRJWAVE IRRADIATION 

L.M. Partlow, L.G. Bush, L.J. Stensaas, 
D.W. Hill, A. Riazi, and o.P. Gandhi 

Departments of Pharmacology, Microbiology, Physiology, 
and Electrical Engineering 

university of utah 
Salt Lake City, UT B4ll2 

A method recently developed in this laboratory was used in 
order to directly expose cells grown in tissue culture to high 
levels of microwave irradiatien without significant 
microwave-induced heating ( O. 10 C). Mcnolayer cultures of 
BHK-2l/C13 cells were grown en microwave-transparent 
polystyrene ooverslips, placed directly on the open end of a 
waveguide which terminated in an incubator held at 36 OC, and 
irradiated at frequencies in the E-band (average power density 
= 292 rrW/cm2) or in the U-band (average power density = 177 
lIW/cm2) • Each culture was exposed for 15 minutes and four 
cultures were irradiated at each frequency. Frequencies 
oorrespcnding to 0.1 GHz increments in the ranges from 37 to 48 
GHz and from 65 to 75 GHz will be stooied. 

Incorporatien of 3H-methionine into protein during the period 
of microwave irradiatien was assessed by autoradiography. 
Incorporatien by the cell l1PI1olayer was quantified by 
measurement of the optical density of the autoradiograms in a 
set of contiguous 0.1 nm wide regions which spanned the leng 
axis of the waveguide. Since microwave power density along the 
major axis of the waveguide varies from its maximum at the 
center to zero at either edge, these data provide information 
en the extent of protein synthesis in BHK cells subjected to 16 
or 25 different power densities in the E- or u-bands, 
respectively. 'It1ese data sets were examined both by visual 
inspection and computer analysis for the presence of narrow 
"power windows" in which microwave biceffects might be 
expressed. 

Data have already been oompiled en 100 frequencies ranging from 
43 to 48 GHz and from 65 to 70 GHz. In agreement with earlier 
stooies in this laboratory at the fixed frequencies of 41. 80 
and 73.95 GHz, amim acid incorporatien by irradiated cultures 
did not differ significantly from that of nonirradiated "sham 
controls" at any frequency and no evidence of a "power window" 
was found. (Data on other frequencies will be presented at the 
meeting) • 
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RAMAN SPECTROSCOPY OF MAMMALIAN CELLS 

* t * ** A. Riazi, J. R. Duffey, O. P. Gandhi, and D. W. Hill 
*Department of Electrical Engineering 

tDepartment of Physics 
**Department of Microbiology 

University of Utah, Salt Lake City, Utah 84112 

ABSTRACT 

A procedure for distinguishing tumor cells from correspond­
ing normal cells by virtue of their Raman spectra is being in­
vestigated. There are many problems associated with Raman 
spectroscopy of cells suspended in a liquid medium. Among these 
problems are fluorescence of the medium, large Rayleigh scattered 
light, and accompanying time dependent intensity fluctuations of 
the scattered light due to cell settling. These effects tend to 
mask the Raman scattered light from the cells. Fluorescence can 
be avoided by using a simple transparent medium, and cell movement 
can be eliminated by suspension of the cells in agarose. A rela­
tively simple filter for reducing the Rayleigh scattered light 
can be made from sodium vapor when using a dye laser as the ex­
citing source. 

Results of experiments performed on various biological 
samples including normal and transformed mammalian cells will be 
presented. 

465 



BEMS POSTER B - 9 

A THEORETICAL BASIS FOR MICROWAVE AND RF FIELD 
EFFECTS ON EXCITABLE CELLULAR MEMBRANES 

Charles A. Cain 
Bioacoustics Research Laboratory 

Department of Electrical Engineering 
University of Illinois 
Urbana, Illinois 61801 

A modified Hodgkin-Huxley (HH) model has been developed which 
provides a basis for understanding how oscillating electric fields 
at microwave and RF frequencies might directly affect nerve, mus­
cle, and other electrically excitable tissue. In the HH model for 
the current-voltage relations in the membrane of the giant squid 
axon, certain rate constants are non-linear functions of the in­
stantaneous electric field across the membrane. Due to these non­
linear functions, an oscillating component of membrane potential 
may cause a steady (DC) change in all a and B rate constants in 
the HH model. These rate constant shifts result in a number of 
interesting predicted effects of microwave or RF exposure on nerve' 
function. 

The model predicts that an oscillating component of membrane 
potential wil I change the conductance of the membrane to all ion 
species which traverse voltage dependent membrane channels. Volt­
age sensitive channels for sodium, potassium, calcium, and other 
ions have been demonstrated in membrane of muscle cells (skeletal, 
smooth, and cardiac), in nerve cell axon and soma membrane, and 
even in the membrane of the extensive dendritic branches of some 
cells. Modified HH models of the type to be discussed mgy be use­
ful in predicting the effects of CW, pulsed, or amplitude modulated 
RF and microwave radiation on neural and neuromuscular systems. 
For example, in the squid giant a,xon, the model predicts that an 
oscillating component of membrane potential would increase the 
membrane potassium conductance (9K) and decrease the sodium con­
ductance (gNa) in the steady state. This increase in gK and steady 
state decrease tn 9Na results in hyperpolarization of the membrane. 
Hyperpolarization would have an inhibitory effect on an irradiated 
neuron or muscle cell. Spontaneously firing cells, e.g., pace­
maker cel Is in neural or cardiac tissue, would be expected to de­
crease their action potential generating frequency in response to 
an oscillating electric field of sufficient magnitude. Heating 
produces effects which are in the opposite direction. Other pre­
dictions of the model, and possible physical interpretations, will 
be presented. 
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VIBRATICNAL SPECI'RA OF IN VIVO BIOIDGICAL SYSTEMS ---
K.H. Illinger, Department of Chemistry, Tufts University ( 

Medford, MA 02155 

The spectroscopic properties of in vivo biological systems 
are determined, in part by the (time-invariant) equilibrium sys­
tem analyzab1e in tenns of ordinary rro1ecu1ar fluids, and in 
part by non-equi1ibrium, steady-state (tirre-variant) subsystems 
whose analysis may require totally different constructs. One 
aspect of such an analysis is the contribution of the subsystem 
to the vibrational spectrum of biological systems in the milli­
rreter-wave and far-infrared region. We develop the detailed 
spectroscopic properties of the rrode1 due to Fr8h1ich, and the 
extraction of biophysical infoIIl'ation from such spectra. The 
effect of changes in the general photon distribution function 
n(U>.k.) on the (infrared-active and Ram3n-active) vibrational spectra 
and emissivities of a system of harmonic oscillators is examined. 
An application is given to the Bose condensation of photons, 
postulated in the FrBhlich rrode1, for in vivo biological systems, 
and its consequences for their millirreter-wave and far-infrared 
vibrational spectra and Wbrational emissivities. Irrplications 
of the analysis for the interpretation of such spectra are discussed.. 

Of the three spectroscopic observab1es of the subsystem, the 
emissivity, £ (U>.k.jk) , the Raman-intensity ratio, 
[I (WQ+U>.k.jk) II (w -<'1J]s:)], and the attenuation function, a (lIvk=jk) , 
the :tirst wou1dopr&i~de the rrost direct experirrent for the quan­
titative characterization of the crucial parameters of the Fr8hlich 
!rode1: the frequency of the Bose-condensation !rode, w1' and the 
rreasure of the magnitude of the non-linear terms. The terms 
a (lIvk=jk) are invariant with n (U>.k.), hence provide no information 
concerning the onset of the Bose condensation, and preclude facile 
assignment of the frequencies Wk. The terms, [I(wo+Wkjk)/I(wo~jk)]' 
while dependent on the fonn of n(Wk), are insensitive to the value 
of jk' in the (lCM-frequency) 1:inti.t, n (w"J» 1. In contrast, a 
single emissivity term, £ (w1) , is predicted to exhibit behavior 
saliently different fram all the others, £ (w1j 1) , j~l, and £ (Wkjk) , 
~1, each of these being essentially blackbody tenns, £ (w)';1. In 
spite of the experirrenta1 problems concerning the detennination of 
£ (w1) , this experirrenta1 variable would appear to provide the rrost 
direct route to the quantification of the rrode1. In general, 
direct spectroscopic detenninations of millirreter-wave and far­
infrared properties of in vivo biological systems possess the not 
inconsiderable advantage-of providing biophysical information at 
the rro1ecu1ar-systems level, while global biological endpoints 
are intrinsically integrative effects, not currently susceptible 
of direct analysis. 
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MOLECULAR LEVEL EFFECTS OF MICROWAVES ON NATURAL AND MODEL 
MEMBRANES: A RAMAN SPECTROSCOPIC INVESTIGATION 

J. P. Sheridan, B. P. Gaber, F. Cavatorta and P. E. Schoen 

Naval Research Laboratory 
Washington, D. C. 20375 

Laser Raman spectroscopy has been employed as a non-per­
turbing optical technique to probe changes in molecular order in­
duced by low-moderate levels of microwave radiation in mu1ti­
lamellar and uni1ame11ar bilayer preparations of a) dipa1mitoy1 
phosphatidycho1ine and b) sphingomyelin, a lipid extracted from 
bovine brain. These systems exhibit sharp order-disorder phase 
transitions within the biological temperature region involving 
cooperative changes in the degree of fluidity of the hydrocarbon 
chains which constitute the interior of the bi1ayers. Raman 
spectroscopy iS,a powerful method for observing and character­
izing these thermally induced conformational changes. 

Samples of the mu1tibi1ayer m~mbrane preparations were ex­
posed to various power levels of CW microwave radiation ina ther­
mostatted anechoic chamber maintained at a temperature close to 
their phase transitions while being monitored by the Raman tech­
nique. An increase in bilayer fluidity was observed at power 
levels on the order of 10mW/cm at a frequency of 2.4 GHz. The 
increase of fluidity observed for ~25mW/Cm2 power incident upon 
the sample was equivalent to a rise in bilayer temperature of 
about 2°C while the change in bulk temperature as measured by 
the ruby fluorescence technique was much smaller. Thus, it was 
concluded that, for mu1tibi1ayer membrane systems, exposure to 
CW microwave radiation at power levels of 10mW/Cm2 and greater ' 
results in a steady state temperature difference between the in­
terior of the bi1ayers and the aqueous environment external to 
the 1iposomes. 

Similar experiments conducted upon uni1ame11ar vesicle pre­
parations showed no differences between bilayer temperature (as 
measured by Raman) and bulk temperature (as measured by ruby 
fluorescence) over the power range 1-25 mW/Cm 

These results will be discussed in terms of a model in­
volving absorption of microwave energy by bound water and two 
different mechanisms of therma1ization. 
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EFFECT OF MICROWAVES ON RED BLOOD CELL COMPONENTS: 
INVESTIGATIONS AT THE MOLECULAR LEVEL 

B. P. Gaber and J. P. Sheridan 
Naval Research Laboratory 
Washington, D. C. 20375 

ABSTRACT 

Raman spectroscopy has been employed as a non-perturbing, 
specific and readily interpretable technique to probe the molec­
ular effect of microwaves on intact erythrocytes (red blood 
cells) and erythrocyte ghosts (cell membranes). By excitation 
within the absorption band of hemoglobin, we have for the first 
time measured the resonance Raman spectrum of the hemoglobin 
bound within intact erythrocytes. Exposure to 2.4 GHz (CW) 2 
microwave radiation at power densities between I and 25 mW/cm 
results in no discernible change in the hemoglobin spectrum. 
Resonance Raman spectra of heme proteins are known to be 
quite sensitive to changes in iron spin state, oxidation state 
and porphyrin ring conformation. Therefore, we conclude that 
none of these molecular-level factors is perturbed by micro­
wave fields of the frequency and intensity employed here. 

Conventional Raman spectra have been obtained from pre­
parations of hemoglobin-free erythrocyte ghosts. Vibrational 
modes from both the protein and lipid components of the mem­
brane have been identified. A systematic study of the tempera­
ture dependence of the relative intensities of the conforma­
tionally sensitive C-H stretching vibration shows a steep 
transition between ~35° and 40°C -- i.e. within the physi­
ological temperature range. Investigation of the effect of 
microwave radiation on erythrocyte ghosts in this temperature 
regime will be reported. 
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MICROWAVE ~FFECTS ON HUMAN COLONY FORMING MARROW CELLS 

Mark J. Ottenbreit l , James C. Lin2 , 
Susumu Inouel and Michael Fracassal 

Department of Pediatrics 1 
Department of Electrical Engineering2 

Wayne State University. Detroit, Michigan 48201 

We examined the effects of 2450 MHz CW microwaves on human 
colony forming cells of the neutrophil lineage. Marrow cells from 
3 patients with acute lymphoblastic leukemia in remission were ex­
posed to microwaves by using a constant temperature waveguide ir­
radiation chamber filled with 0.9% NaCl solution. All 3 specimens 
were exposed to 4 different power levels at 125, 250, 500 and 1000 
mW/cm2 for a duration of 15 minutes at 37°C, while sham exposure 
was conducted in the same chamber without power at 37° Celsius. 
The temperature of the chamber's solution during microwave irradi­
ation showed a maximum increase less than 1°C at an incident power 
density of 500 mW/cm2 • 

Both microwave and sham exposed cells were plated at an iden­
tical concentration of 4xl04 cells/plate in methylcellulose using 
fetal fibroblast conditioned medium as a stimulatory source. 
Colonies, a group of 20 or more cells were read on days 6&12 of 
culture. Comparison of colony number between sham and microwave 
exposed cell cultures showed a significant reduction (P<O.Ol) in 
cultures of cells exposed to 500 and 1000 mW/cm2 power density, 
while cultures of cells exposed to 125 or 250 mW/cm2 showed no re­
duction in colony number. All 3 specimens yielded similar re­
sults. 

We conclude that 2450 MHz CW microwave may interact directly 
with human colony forming cells of the neutrophil cell lineage and 
that this interaction results in a CFC reduction as assayed by in 
vitro culture methods. 
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PRIMARY IMMUNE RESPONSE OF MICE EXPOSED TO CONTINUOUS 
OR PULSED WAVE 425-MHz RADIOFREQUENCY RADIATION 

R.J. Smialowicz, M.M. Riddle, P.L. Brugnolotti, 
K.L. Compton and J.B. Kinn 

Environmental Protection Agency 
Health Effects Research Laboratory 

Experimental Biology Division (MD-72) 
Research Tri angl e Park, N. C. 27711 

The primary immune response of mice was used to assess the 
effects of exposure to either continuous-(CW) or pulsed-(PW) wave 
modulation at 425-MHz. Female BALB/c mice were exposed in a 
transverse electromagnetic mode (TEM) transmission line under 
temperature controlled conditions for one hour on each of five 
consecutive days. An equal number of sham-exposed animals served 
as controls. Mice were exposed to 425-MHz (CW) at average2forward 
powers of 78, 20 or 5 W equivalent to 39, 10 and 2.5 mW/cm 
respectively. In other experiments mice were exposed to 425-MHz 
(PW) at av~rage forward powers of 17.7, 5 or 1.25 W (9, 2.5 or 
0.63 mW/cm). For the pulsed wave exposures a 1 msec pulse with 
a pulse repetition rate of 250 pulses/sec was employed. The 
specific absorption rate for mice exposed at 70 W (CW) forward 
power was 7.7 mW/g as determined by twin-well calorimetry. No 
difference in the primary immune response to sheep erythrocytes, 
as determined by the direct plaque-forming cell assay, was 
observed between sham-exposed and exposed mice or between mice 
exposed to either CW or PW 425-MHz. 
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GK>Wl'H OF HUMAN rom MARROW CELLS IN roAR aJLTURE 
UNDER THE INFLUENCE OF EJ:.EcrRICAL CURRENTS 

J. Bojsen and B. '!hing Mortensen 
The Finsen Laboratory and Medical Department 

'!he Finsen Institute 
Copenhagen, Denmar k 

'll1e aim with the present study was to elucidate the effects of 
Jl,C- and DC-currents 00 grCMth of bone marrCM cells in agar as a 
model. . 

By rnodificatioo of plastic petri dishes an electrode system was 
coostructed with two fixed platinum electrodes. Electrical 
contact was established to the culture by gelling of agar 
around each electrode and by placing a gel slab fran the 
electrode gel to the agar culture. '!he agar method of 
culturing bone marrCM cells is well characterized. Cultures 
were placed 7 days in a fully humidified incubator under 
electrical influence and the results scored as number of cell 
clusters (> 5 cells). 

Electrical currents were supplied from 1) a biphasic 
square-wave generator with fixed identical amplitudes (12 
volts). '!he current amplitudes were limited by series 
resistors chosen in decade steps fran 1 k.n. to 1 M.n.. In most 
of the experiments. the impulse width were individually adjusted 
to 5 )lsec and 2.4 rnsec respectively and with the repetition 
frequency at 8 or 80 Hz. Electrode and agar impedances were 
determined. 2) A mercury battery (5.4 v - 1 Ah) in series with 
DC-current limiting resistors (0.2 nA in decade steps to 2 
rnA). DC-current-voltage characteristics were measured. 

Shortly, the results showed a synmetrical 1\C-impulse current to 
be without effect 00 cell grCMth, while a DC-current (10 pAl 
gave severe grCMth reductioo and protein electrophoresis in the 
culture. The reductioo in cell grCMth was proportional to the 
logarithm of the 1\C-current amplitudes. HCMever, when the 
frequency was changed to 8 Hz a proportional shift was seen in 
the growth reductioo curve due to the decrease in amount of 
charge distriruted. It could be proved that the observed 
growth reductioo was non-related to heat productioo, pH 
changes, or protein electrophoresis. Q1 cellular level an 
explanatioo for the found results remain obscure and need 
further investigatioo. 
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EFFECTS OF HYPERTHERMIA AND MICROWAVE INDUCED HYPERTHERMIC SHOCK 
ON HPC CELLS. 

W.A.G. Voss*, A. Kennedy**, A. Fontaine**, B. Hall** and J. Van 
Netten***. 

*Division of Biomedical Engineering and Applied Sciences, 
Surgical Medical Research Institute, University of Alberta, 
Edmonton Canada, T6G 2El, **Department of Biology, University of 
Victoria, Victoria, British Columbia and ***Royal Jubilee 
Hospital, Victoria, British Columbia, Canada. 

A comparison is made between slow waterbath heating 
(dT/dt 0.22oC/s) and rapid microwave heating (dT/dt = 9.2

o
C/s) 

prior to 15 minute hyperthermic exposures for human prostate 
cancer cells in vitro. The effect of dT/dt is shown to be small 
in the exposure range 43.5 - 47.50 C. Data are also presented to 
show that microwave induced hyperthermic shock (dT/dt = 9.2

o
C/s) 

followed by immediate waterbath cooling (an exposure of a few 
seconds above 37oC) has no effect on cell survival below 43

0
C. 

Above this temperature, the percentage cell survival (S) to 
hyperthermic shock decreases with increasing exposure temperature 
(TE) accordin§ to the linear relationship S = -11.6TE + 593, 
(43 < TE < 50 C) with a correlation coefficient r = 0.95. Effects 
have been assayed by cellular attachment and colony formation; 
they are also shown by SEM photography. 
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THE EFFECTS OF 9-GHz PULSED MICROWAVES ON CIRCULATING 
ANTIBODY TITERS OF MICE 

C.G. Liddle, J.P. Putnam, J.Y. Lewis, B. Bell, 
M.W. West and O.L. Huey 

Environmental Protection Agency 
Health Effects Research Laboratory 

Experimental Biology Division (MD-72) 
Research Triangle Park, N.C. 27711 

The effect of microwaves on the circulating antibody titers 
of mice was investigated. Female CD-l mice were immunized against 
Streptococcus pneumoniae, type III, and then exposed to 9-GHz 
pulse~ microwaves at an average incident power density of 10 
mW/cm for 2 hours daily, for 5 days. Twenty four hours following 
the last exposure, blood samples were taken and plasma was 
analyzed for antibodies to type III pneumococcal polysaccharide. 
The mean titer from 103 irradiated mice was compared to that of 
100 sham-irradiated mice and was found to be significantly 
elevated (means ~.24 and 7.88 respectively, p=0.0025, titers 
expressed as 1/2). Approximately half of the animals were 
challenged with virulent ~ pneumoniae, type III, following 
irradiation. Mortalities in the two groups were almost identical, 
47.2% among the irradiates (25/53) and 50% among the controls 
(27/5~). It is concluded that 9-GHz pulsed microwaves at 10 
mW/cm can significantly increase the circulating antibody response 
of mice, but this increase did not alter the ability of the animals 
to withstand a challenge. This confirms the results of other 
investigators showing a stimulatory effect on B-lymphocytes; 
however, this effect does not appear to confer any additional 
benefit. . 
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THE EFFECT OF RADIO FREQUENCY (148 MHz) ELECTROMAGNETIC 
FIELD EXPOSURES ON HYPERSENSITIVITY RESPONSES IN MICE 

Jeannine A. Majde* and James C. Lin** 
*Office of Naval Research, Chicago, IL 60605 

and 
**Department of Electrical Engineering 

Wayne State University, Detroit, MI 48202 

Hypersensitivity responses in mice to red cell antigens, as 
expressed by paw swelling reactions at certain time intervals follow­
ing antigen challenge, have proven highly sensitive to modulation by 
mild, intermittent environmental stress. C3H female mice maintained under 
low stress housing conditi2ns were exposed to 148 MHz fields at P2wer den­
sities of either 0.5 mW/cm (average SAR = 0.013 mW/g) or 30 mW/cm (average 
SAR = 0.75 mW/g) in a Crawford cell. Animals were exposed for 1 hr/day for 
3 ~uccessive days starting at 24 hr after subcutaneous immunization with 
10 human type 0 red blood cells. Paw challenge was performed on day 14 
following immunization when all 3 forms of hypersensitivity responses 
(anaphylactic, Arthus, delayed-type) were vigorous in controls. Paw 
thickness was measured with a micrometer and compared to saline injected 
contralateral paws. A mild but significant suppression of the anaphy-
lactic response was seen when the mice were expos~d to power densities of 
30 mW/cm2 but not at power densities of 0.5 mW/cm. No consistent effect 
of these 148 MHz fields on the Arthus or delayed-type responses was 
detected. The degree of suppression of anaphylaxis was comparable to that 
seen in animals exposed to 1 hr in the cold on the day following immunization. 
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IMMUNOLOGIC AND HEMATOPOIETIC ALTERATIONS BY 2450 MHz ~ADIATION 

Andrew T. Huang, M.D., Associate Professor and Nelda Mold, Research 
Assistant, Division of Hematology-Oncology, Department of Medicine, 
Duke University Medical Center, Durham, North Carolina 27710 

Previous published work has demonstrated changes in morphology 
(Huang, et al., 1977) and responsiveness of lymphocytes (Wiktor­
Jedrzejczak et al., 1977) attributable to the electromagnetic 
radiation at 2450 MHz. Data from our laboratory have also reveal­
ed an inverted U-shaped relationship between the morphologic 
transformation of lymphocytes and power densities ranging from 
5 to 45 mW/cm2 with no significant changes in rectal temperature 
of the test animals between 5 and 15 mW/cm2 (Huang et al., 1977). 
These findings stimulated further investigation in search of 
corroborative alterations in the immunologic system of these 
animals. 

BALB/c mice were exposed to 2450 MHz microwaves (continuous wave) 
under far-field conditions in a temperature and humidity controlled 
environment. A biphasic modulation of responsiveness of spleen 
lymphocytes to mitogens (phytohemagglutinin, concanavalin A for T­
and lipopolysaccharide from E. coli for B-lymphocytes) was observed 
at power densities of 5 - 15 mW/cm2 with exposure for 30 min/day 
over a period of 1 to 17 days. In comparison to sham exposed mice, 
a depressed response was seen in the first 2 days of exposure, 
followed by normalizing tendency lasting for 2-3 days. An enhanced 
response subsequently appeared between 7 and 9 days. Extended 
period of radiation beyond 10 days was associated with a lower 
responsiveness to mitogens. An improvement of mitogen respon­
siveness was observed after the removal of macrophages from spleen 
lymphocyte preparations. Addition of peritoneal macrophages from 
exposed mice suppressed unexposed spleen lymphocyte responsiveness 
when macrophages from sham exposed mice did not. This modulated 
phenomenom may be due to the interaction of two factors: 1) sup­
pression of lymphocyte response by .activated macrophages which 
persists throughout the entire course of radiation and 2) progres­
sive direct stimulation of lymphocytes which culminates on the 9th 
day of exposure. 

Using methylcellulose as a culture system, colony forming precursor 
B lymphocytes .in the spleens of animals exposed for 9 days, 30 minI 
day at 15 mW/cm2 of radiation were stimulated by 55% over B lymph­
ocyte colonies from the spleens of sham exposed mice. This finding 
supports that of mitogen study and suggests a proliferative 
stimulation of lymphocytes by microwave radiation. Using the same 
exposure, the highly proliferative hematopoietic marrow cells from 
femurs of mice were also examined for their sensitivity to micro-
wave radiation. The colony-forming units of myeloid and erythroid 
series from the exposed animals were consistently reduced by 50%. 
It is unclear whether the effect is due to marrow suppression or 
emigration of precursor cells from the marrow. This observation may 
lead to a new and more sensitive assay for studying biological effects 
of microwave radiation in the future. 
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INFLUENCE OF PUrSED MIcrowAVE RADIATION 
ON '!HE LYMPHXYTES OF RATS 

Jana Pazderova-Vejlupkova 
Department of Occupational. Diseases 

University Hospital 
Charles University of Prague 

Czechoslovakia 

A group of 20 young male rats of mean initial body weight of 
65.53g was irradiated for seven weeks (five days per week, four 
hours per day) with an electrcmagnetic pulsed field of the 
follCMing par ameters : \\Or king frequency 2736 • 5 MHz, pulsed 
rate 395 HZ, pulse width 2.6 usee, vertical polarizaticn, mean 
PCMer density 24.4 llW/cm2, and accuracy of measurement + 6%. 
The rectal temperature of experimental animals increased dUring 
irradiaticn by a maximum of 0.5 OC. 

Blood was taken before irradiaticn, at the first, third, fifth, 
and seventh week of exposure and at the first, second, sixth 
am tenth week after irradiaticn. There was a significant 
decrease in leucocyte and absolute lymphocyte oount in 
peripheral blood during the secooo half of the irradiation 
perioo with the persistence of a relatively higher percentage 
of large lymphocytes. An attempt was made to determine whether 
or not an influence of pulsed microwaves at this PCMer density 
upcn nucleoli of lymphocytes would be present. (ccmpact 
nucleoli and nucleoli with nucleolonemas are oonsidered to be 
active in the sense of synthesis RNA). N::> significant changes 
were found in the nucleolar ooefficient and in the different 
types of nucleoli with the excepticn of the first week of 
irradiaticn when a significant drop of mean value of nucleolar 
ccefficient was present. 

A similar experiment was carried out in cooperaticn with 
oolleagues in the Institute of Industrial Hygiene and 
Qccupaticnal Diseases, l\cademy of Medical Sciences in Moscow. 
Twenty-four male rats were exposed to pulsed micrCMave 
radiaticn of these parameters: \\Orking frequency 3000 MHZ, 
pulse rate 300 HZ, pulse width 2.5 usec, mean power density 1 
llW/cm2, accuracy of measurement + 30%. N::> significant 
changes were fouOO in either leucocyte am lymphocyte oount or 
in the proporticn between large and small lymphocytes. No 
significant changes were observed in the nucleolar ccefficient 
and in different types of nucleoli in lymphocytes of irradiated 
animals. 

477 



BEMS POSTER B - 21 

KINETICS AND MECHANISMS OF THE INDUCTION OF AN INCREASE IN 
COMPLEMENT RECEPTOR POSITIVE (CR+) MOUSE SPLEEN CELLS FOLLOWING 

A SINGLE EXPOSURE TO 24S0.MHz MICROWAVES 

C. Schlagel,l K. Sulek,2 A. Ahmed,l H. Ho,3 and W. Leach. 3 lNaval 
Medical Research Institute, Bethesda, MD; 2Military School of 
Medicine, Warsaw, Poland; 3Bureau of Radiological Health, FDA, 
Rockville, MD 

We have previously shown that exposure of mice for 30 minutes to 
24S0 MHz microwaves induced a marked increase in the level of CR+ 
lymphoid cells in the spleen. A series of experiments were con­
ducted to examine the kinetics of this inductive event. It was 
determined that a minimum of a single IS-minute exposure induced 
a significant increase, and a maximal increase was noted after a 
4S-minute exposure. The orientation of the mice in the waveguide 
during exposure did not alter the results. 

The mechanisms for the induction of the increase of CR+ cells were 
reasoned to be: a. due to maturation of CR- to CR+ cells; b. due 
to their effect on T cells, which subsequently produced factors 
affecting B-cell receptors; c. due to the increased permeability 
of the gut lining, which allowed molecules like lipopolysaccharide 
(LPS) from the gut flora to cause B-cell activation; and d. it 
could be due to a genetic susceptibility for this specific induc­
tive event. Experiments performed with the use of athymic nu/nu 
mice showed data which suggested that this increase in CR+ cells 
was not due to the presence of mature T cells. Secondly, mice 
less than 6- to 8-weeks old, which normally possess few CR+ cells, 
failed to show an increase 3 to 6 days following microwave expo­
sure. This suggests that if microwaves are inducing the matura­
tion of CR- to CR+ cells, the CR- cells must first undergo a cer­
tain level in .situ maturation before being converted to CR+ cells 
by microwaves.--rhirdly, intraperitoneal injection of several 
strains of mice with LPS resembled the effect of microwaves by in­
ducing an increase in CR+ cells. However, two strains of mice 
that showed a marked increase in CR+ cells following exposure to 
microwaves (C3H/HeJ and CBA/N) failed to show a similar increase 
after LPS injection, suggesting perhaps that other mechanisms were 
involved. Finally, using various genetically defined mice, it was 
determined that mice bearing the major histocompatibility (H-2k) 
haplotype showed marked increases, whereas mice bearing the H-2b 
and H-2d haplotypes were refractory. 

We conclude that susceptibility to the inductive events may be 
under H-2 control. The inductive effects of microwaves are not 
mediated by LPS, nor by T-cell factors that affect B-cell surface 
receptors. The evidence suggests that microwaves are inducing the 
maturation of relatively mature CR- to CR+ B cells. We cannot 
exclude the possibility that microwaves are increasing the density 
of CR on the B-cell surface. 
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ALTERED IN VIVO LYMPHOCYTE MIGRATION FOLLOWING 
WHOLE-BODY RFR EXPOSURE: DIFFERENTIAL 

EFFECTS ON T- AND B-LYMPHOCYTES 

Robert P. Liburdy 
Radiation Sciences Division 

USAF School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235 

Spleen lymphocytes exhibit altered in vivo migration patterns 
when transplanted into recipients which are~n immediately ex­
posed to microwave radiation (2.5 GHz, 30 mW/cm2, 45 Wig SAR, 30 
min at 250C) (R. Liburdy, 1978 IMPI Symposium, Ottawa, Canada; 
The Journal of Microwave Power, in press). These studies have 
demonstrated that microwave exposure results in lymphocyte trapping 
in the lung, impaired lymphocyte migration to the spleen, and an 
increased number of lymphocytes being driven into the bone marrow. 
The present investigation was conducted to identify which sub­
population of lymphocytes, the T- or B-cell fraction, contributes 
to microwave-induced alterations in lymphocyte migration. A 
novel double-isotope labeling technique employing Cr-51 labeled 
T-lymphocytes and In-lll-oxine labeled B-lymphocytes was used to 
follow both cell types simultaneously in the same mouse. In these 
studies T- and B-cells were purified on a Sepharose 6MB anti-mouse 
Ig affinity column, labeled with isotope, and i.v. transplanted 
into mice immediately prior to RFR exposure. Migration patterns 
were determined 18 hours post-exposure by quantitating CPM/organl 
gm organ for the lungs, spleen, liver, and bone marrow. T-lympho­
cytes (~95% negative for surface immunoglobulin, Ig-) exhibited 
altered in vivo migration characterized by marked trapping in the 
lungs, redu~traffic to the spleen and a significant redirection 
of lymphocytes into the bone marrow. This pattern is identical, 
although more marked in degree, to the altered migration for un­
fractionated spleen cells. B-lymphocytes (~85% Ig+), however, were 
essentially unaffected by microwave irradiation. These results 
indicate that T-lymphocytes are preferentially sensitive to micro­
wave effects on in vivo lymphocytes migration. An alteration of 
T-lymphocyte compartmentalization may affect cell-mediated immune 
function since T-lymphocytes are required for initiation and effector 
phases of cell-mediated immune processes. (See R.P. Liburdy, "Serum 
and Lymphocytes From Microwave Exposed !1ice Enhance Cell-Mediated 
Effector Function: Increased Lymphocyte-Mediated Cytotoxicity 
During Allograft Rejection of EL-4 Lymphoma Cells", this symposium). 

The animals involved in this study were procured, maintained, 
and used in accordance with the Animal Welfare Act of 1970 and the 
"Guide for the Care and Use of Laboratory Animals" prepared by the 
Institute of Laboratory Animal Resources - National Research Council. 
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SERUM AND LYMPHOCYTES FROM MICROWAVE EXPOSED MICE 
ENHANCE CELL-MEDIATED EFFECTOR FUNCTION: 

INCREASED LYMPHOCYTE-MEDIATED CYTOTOXICITY DURING 
ALLOGRAFT REJECTION OF EL-4 LYMPHOMA CELLS 

Robert P. Liburdy 
Radiation Sciences Division 

USAF School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235 

Previous investigation~ have shown that whole-body microwave 
exposure (2.5 GHz, 30 mW/cm (45 W/gm SAR) , 30 min at 250C) (R. 
Liburdy, Federation Proceedings (1978) 37(6), 1281) results in en­
hanced cell-mediated immunocompetence i~the mouse as measured by 
early allograft rejection during in vivo EL-4 lymphoma tumor-cell 
destruction. To answer the questli)n-crr-whether this impact on 
cell-mediated immune function is the result of microwave inter­
action with the host immune defense system or with the transplanted 
EL-4 cell directly, or both, an in vitro correlate assay for in 
vivo EL-4 allograft rejection waS-u~o test the effect of serum 
ana-lymphocytes from RFR exposed mice on lymphocyte-mediated cyto­
toxicity. Balb/c (H2-d) mice were given i.p. EL-4 (H2-b) cell 
transplants and irradiated for 30 minutes for ten consecutive days 
(2.5 GHz; 30 mW/cm2 (45 W/gm SAR) or mW/cm2 (15 W/gm SAR); 250C). 
On day eleven serum and spleen lymphocytes were collected for use 
in an in vitro assay to quantitate lymphocyte-mediated cytotoxicity 
against:Cr-51 labeled EL-4 target cells. Addition of serum or 
lymphocytes from microwave exposed mice to sensitized lymphocytes 
obtained from non-RFR treated mice significantly enhanced cyto­
toxicity in this assay. Similar results were obtained using target 
EL-4 cells from microwave treated mice. The above results indicate 
that a factor present in mouse serum or sensitized spleen lympho­
cytes from microwave treated mice can act to enhance lymphocyte­
mediated cytotoxicity. The data presented here supports the 
notion that microwave induced enhancement of in vivo cell-mediated 
immune function during allograft rejection, as--reported earlier, 
is the result of microwave impact on the lymphocyte in contrast to 
the EL-4 cell. The fact that serum can enhance lymphocyte-mediated 
cytotoxicity suggests that this enhancement is mediated by a bio­
chemical factor that acts on the lymphocyte in vivo. 

The animals involved in this study were procured, maintained, 
and used in accordance with the Animal Welfare Act of 1970 and the 
"Guide for the Case and Use of Laboratory Animals" prepared by the 
Institute of Laboratory Animal Resources - National Research Council. 
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A BEHAVIORAL PROCEDURE AND 60 HERTZ EXPOSURE 
SYSTEM FOR DETERMINING FIELD DETECTION BY RATS * 

S. Stern, V. Q. Laties, C. Stancampiano, Q. B. 
Inglis, E. Carstensen, S. M. Michaelson, M. W. Miller, 
Department of Radiation Biology and Biophysics, School 
of Medicine and Dentistry, University of Rochester, 
Rochester, New York 14642; J. O. de Lorge, Naval 
Aerospace Medical Research Laboratory, Pensacola, 
Florida 32508 

A new system has been constructed to determine 
the threshold for detecting 60 Hertz electric fields by 
the rat. A variant of the Method of Constant Stimuli, 
which has been studied intensively by other 
investigators for determining the thresholds of animals 
to 'a variety of stimuli, will be used in the present 
study. The present report describes significant 
features of both the exposure system and behavioral 
paradigm deSigned to study the sensitivity of the rat 
to 60 Hertz electric fields. 

* This report is based on work supported by a 
contract with the U.S. Department of Energy at the 
University of Rochester Department of Radiation Biology 
and Biophysics and has been assigned Report No, 
UR-3490-1557. 
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EFFECTS OF 60 Hz ENVIRONMENTAL ELECTRIC FIELDS ON THE 
CENTRAL NERVOUS SYSTEM OF LABORATORY RATS 

S.M. Bawin, I. Sabbot, B. Bystrom, P.M. Sagan, W.R. Adey 
VA Medical Center, Lorna Linda, CA 92357 and Depts. of 

Physiology and Surgery, Lorna Linda University, CA 92350 

Groups of 10 male albino rats 'were exposed to vertical 60 Hz 
electric fields of 0 (ambient), 50, 500 and 1000 Vim for a period 
of 30d. Duplicate tests were run of 0, 500 and 1000 Vim exposures. 
Subjects lived in a plastic test facility for 7d prior to exposure 
and for 7d following the 30thd of exposure. 

Throughout the 44d experiment the subject's body weight, water 
and food consumption, urine output and general activity were mea­
sured. Urine from 6 animals was obtained by a fraction collection 
and all samples for selected days were tested by atomic absorption 
analysis for levels of K, Na and Ca. Following completion of the 
experiment subjects from the 500 Vim and 1000 Vim conditions were 
sacrificed; thyroid and adrenal tissues were removed and weighed; 
intracardiac blood samples were taken and fully analyzed. 

Most measures in this large pilot experiment showed no statis­
tically significant differences between experimental subjects and 
control subjects or between experimental subjects exposed to the 
various field strengths. 

Two activity measurements, however, showed field correlated 
effects: 1) the relative size and duration of the late night 
activity bout was considerably reduced in the 1000 Vim condition, 
as compared.to the 500 Vim and control conditions during the first 
days of field exposure; 2) relative activity during the 0900-1000 
period was consistently but not significantly greater in the 1000 
Vim condition than the 500 Vim and control conditions throughout 
the field exposure field (binomial test, 5 of 5 1000 Vim sessions 
greater, p = .188). 

These effects were taken as indicating 1) a possible 'on' 
effect associated with the 1000 Vim field, and 2) an enhanced 
sensitivity to external stimuli associated with the 1000 Vim 
condition. 

Urine analyses were closely correlated between sham and ir­
radiated animals, including initial field exposure days associ­
ated with altered periodicity in circadian movements. These 
urinary electrolyte data did not suggest altered steroid excre­
tion as a result of field exposure. 
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EFFECT OF CHRONIC EXPOSURE TO AN ELECTRIC FIELD 
ON SUBSEQUENT DISCRIMINATION OF ELECTRIC FIELDS 

Dennis L. Hjeresen 
Biology Department 

Pacific Northwest Laboratory 
Richland, WA 99352 

Operated by 
Battelle Memorial Institute 

An experiment was conducted to determine if pre-exposure to a 
60-Hz electric field affects the subsequent ability of rats to 
discriminate the presence or absence of electric fields at 
various field strengths. Male, Sprague Dawley rats (N=120) 
were exposed or sham exposed to a 100 kV/m, 60-Hz electric 
field for 30 days (22 hours/day). Rats were subsequently 
tested for side of residence in a Plexiglass shuttlebox where 
one end was shielded from the electric field while the other 
end was exposed at field strengths of 0, 25, 50, 75 or 100 
kV/m (N=12 pre-exposed and 12 sham pre-exposed rats per field 
strength). Pre-exposed rats spent significantly more time of 
a 45-minute session in the exposed region at 25 kV/m compared 
to sham pre-exposed controls. Within the pre-exposed group, 
there was significantly higher exposed side residence across 
field strengths [F = 6.44, P < 0.05, (4.55 df)], while within 
the sham pre-exposed group there was significantly higher 
unexposed side residence time among field strengths (F = 
6.84, P < 0.05, (4.54 df)]. Results are discussed in terms 
of adaptation to an electric field stimulus. 
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EFFECTS OF HIGH INTENSITY 60 Hz ELECTRIC FIELDS 
ON PRIMATE BEHAVIOR 

EXPOSURE FACILITY, FIELD MEASUREMENT TECHNIQUES, 
AND INDIVIDUAL PERFORMANCE 

CHARLES S. FELDSTONE, RICHARD T. SMITH, HERMAN F. BARSUN, 
EDWIN BRONAUGH, RON SPIEGEL, JIM POLONIS, EDWARD E. DEAN, 

KAY ST. MARY, A. DWAINE SMITH 
SOUTHWEST RESEARCH INSTITUTE 

SAN ANTONIO, TEXAS 

A preliminary study, sponsored by the Department of Energy 
(Contract No. ET-78-C-Ol-~875), is underway to develop and 
thoroughly test the experimental protocols and apparatus which 
are planned for a major study of the behavioral and biological 
effects of high intensity 60 Hz electric fields. The African 
baboon (Papio anubis and Papio cynocephalus) has been chosen as 
an animal model for the examination both of individual perfor­
mance (operant conditioning) and natural (social) behavior. The 
behavior of baboons is being observed before, during, and after 
exposure to 60 Hz electric fields at a maximum intensity of 
60 kV/m. 

This paper is concerned with the exposure facility, the electric 
field measurement techniques and the individual performance tasks. 
There are three different tasks in this present study: a vigilance 
task, a matching-to-sample task, and a mUltiple operant schedule 
(fixed-ratio schedule and differential-reinforcement-for-low­
response-rate schedule). 
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NA VIGATIONAL COMPASS IN MAGNETOTACTIC BACTERIA 

R. B. Frankel, Francis Bitter National Magnet Laboratory* , MIT, 
Cambridge, MA 02139, R.P. Blakemore*, Department of Microbiology, 
University of New Hampshire, Durham, NH 03842 and Ad.J; Kalmijn 
and C.R. Denham, Woods Hole Oceanographic Institutiont, Woods Hole, 
MA 02543. 

Iron containing bacteria from diverse aquatic environments that orient 
and swim in a preferred direction in magnetic fields have been de­
scribed by Blakemore [1]. Orientation of live and kUled cells in the 
earth's magnetic field as well as orientation reversal induced by a 
strong (up to 600G, 1.25p.sec) magnetic pulse has been observed by 
Kalmijn and Blakemore [2], showing that the bacteria behave as mag­
netic dipole moments swimming in the direction of the north seeking 
pole. They hypothesize that these moments function as an internal com­
pass for navigation. Frankel, Blakemore and Wolfe [3] used Mllssbauer 
spectroscopy to show that iron -rich particles (50 nm) in a mass cul­
tured, fresh-water, magnetotactic spirillum consist primarily of mag­
netite (Fe304)' In this paper we will discuss the observation of Fe304 
in terms of the compass hypothesis. In particular, we will show: 
a) magnetite particles of the observed size are in the single magnetic 
domain size range, larger than superparamagnetic particles and small­
er than multi domain particles; b) a chain of closely spaced particles 
wUl orient with their individual moments along the chain direction and 
function as a single magnetic dipole; c) the total magnetic dipole 
moment of a single bacterium is sufficient to produce alignment in the 
earth's magnetic field at ambient temperature (MH> kT); d) the ob­
served time required for orientation is approximated by a passive ro­
tational mechanism; e) the applied field required for orientation re­
versal is consistent with the magneto crystalline anisotropy of magnetite. 
These results are consistent with the hypothesis that magnetotactic 
bacteria are oriented by passive dIpole alignment in the geomagnetic 
field. 

* Supported by N.S.F. 
t Projects supported by O.N.R. and N.S.F. 
1. R.P. Blakemore, Science 190, 377 (1975). 
2. Ad.J. Kalmijn and R.P. Blakemore, in Animal Migration Navigation 

and Homing, K. Schmidt-Koenig and W. T. Keeton, eds., (Springer 
Verlag, New York 1978) p. 344. 

3. R. B. Frankel, R. P. Blakemore and R. S. Wolfe, Science (to be 
published). 
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THRESHOLD VALUES FOR MAGNETO- AND ELECTROPHOSPHENES 

- A COMPARATIVE STUDY. 

P. Lovsund, P.!. Oberg and S.E.G. Nilsson 
Departments of Biomedical Engineering and Ophthalmology, 
Linkoping University, S-581 85 Linkoping, Sweden. 

It has been known for a long time that low frequency, transient mag­
netic fields and electric currents of moderate strengths generate 
visual phenomena called phosphenes. Several authors have studied the 
threshold values for electro- or magnetophosphenes. However, the two 
phenomena have never been compared under identical experimental con­
ditions. 

In this work we have compared the threshold value curves of the two 
different ways to induce phosphenes. The threshold values are deter­
mined at a luminance level on the eye of 3 cd/m2• We have used both 
broad spectrum light and light with the wavelength 572 nm as back­
ground illumination. At the two types of background illumination the 
two threshold curves are nearly identical up to a magnetic field fre­
quency of about 20 Hz, but for higher frequencies they are diverging. 
The threshold curves for magnetophosphenes have a local sensitivity 
minimum at 30-35 Hz, which is missing in the electrophosphene curves. 
The preliminary results indicate that principal differences exist 
between an electric current and a magnetic field in the generation 
of phosphenes. 
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STUDIES OF MUTAGENIC EFFECTS OF MAGNETIC FIELDS IN BACTERIA 

S. C. Causey and F. P. Hungate 
Biology Department 

Pacific Northwest Laboratory 
Richland, WA 99352 

Preliminary testing of the mutagenicity of magnetic fields, em­
ploying bacterial systems, suggests that slight increases in 
mutation frequency may occur following exposure. Field strengths 
used in these studies range from 0.1 to 1.1 Tesla (Tl. The most 
extensive data were obtained with Salmonella strain TA100 which 
mutates principally by base exchange. Statistical analysis shows 
an effect at the 95% confidence level. The data are insufficient 
to indicate any difference due to the level or duration of the dose. 
The TA98 strain, which mutates primarily by frameshift, failed to 
show an increase in mutation frequency. 

'Initial tests with E. col i have given data suggesting that 
increased frequencies of forward mutation to resistance to 
nalidixic acid and rifampicin occur following exposures in a 
0.3 T field. Similar suggestive data were also obtained with 
B. subtilis 168 when tested for frequency of cells resistant 
to rifampicin and with Photobacterium fisheri, strain ~IAV, tested 
for resistance to tetracycline. In all tests, mutation frequencies 
of exposed cells were compared with simultaneously tested controls. 

Work supported by the U. S. Department of Energy under contract 
EY-76-C-06-1830. 
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SHORT-TERM EXPOSURE OF RHESUS MONKEYS TO 20,000 GAUSS STEADY 
MAGNETIC FIELD 

Joseph H. B~ttocletti*+, Sergio salles-cunha+, Richard E. Halbach+, 
Jedd Nelson, Joel Mykelbust*, Anthony Sances,Jr.*+, and Fred J. 
Antonich+ 
*Research Service,Veterans Administration Medical Center 
.. Wood, Wisconsin 
+Departrnent of Neurosurgery, The Medical College of Wisconsin, 

Milwaukee, Wisconsin 

Tests Performed. Two adult Rhesus monkeys were exposed to a 
steady, relatively uniform, magnetic field of 20,000 gauss for a 
oeriod of 48 hours. Blood hematology, chemistry, and gases were 
tested before, during, and twice after exposure. Somatosensory 
evoked potentials were taken from surgically implanted bilateral 
epidural cortical electrodes with leg or arm stimulus, both inside 
and outside the magnetic field. Blood pressure and heart rate 
were measured both inside and outside the magnetic field. It was 
not possible to take a meaningful ECG inside the magnetic field 
due to Faraday effects caused by fluid movement in the magnetic 
field. All measurements were made while the monkeys were sedated 
by ketamine hydrochloride (O.l cc/kg). 

The Magnet. The Rhesus monkeys were kept in cages made of plastic 
and non-ferrous metals, and placed inside the room-temperature 
bore of a superconducting magnet. The bore of the magnet is 63 
cm I.D. and 185 cm long. The magnetic field is uniform, within 1%, 
over the central 69 cm length of the bore. 

Results. Evoked potentials measured inside and outside the magnet 
were essentially the same. The latency of fast and slow waves 
from limb to brain was not changed by the magnetic field. The 
blood pressure tests show opposite results in the monkeys inside 
and outside the magnet. However, heart rate was lower inside the 
~agnet. The noticeable changes in blood hematology and chemistry 
can be attributed to the trauma caused by the implantation of the 
cortical electrodes. Before exposure, white blood cell count 
(WBC) was high, Doehle bodies were observed in one monkey, and 
hypogranulation and vacuolization of PMN's (polymorpho nucleides) 
were noted in the other monkey. WBC decreased to normal levels 
during and after exposure. SGOT (transaminase) levels returned to 
normal 4 weeks following implantation. However, it took 10 weeks 
for LDH (lactic acid dehydrogenase) to return to normal. CPK 
(creatinine phosphokinase) levels were still elevated after 10 

weeks following implantation. 

Conclusion. From the tests which were performed, as described 
above, we conclude that there were no observable effects in the 
two monkeys. They are currently healthy and active, apparently 
'.maffected by the 48-hour exposure to the 20,000 gauss magnetic 
field. 
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AN IMPROVED IMPLANTABLE ELECTRIC FIELD PROBE 
FOR MICROWAVE DOSIMETRY 

by H. Bassen*, K. Franke*, E. Aslan**, and S. Neuder* 
*Food and Drug Administration, Bureau of Radiological 

Health, Rockville, Maryland, U.S.A. 20857 
**Narda Microwave Corporation, Plainview, New York 11803, USA 

A miniaturized probe has been developed for microwave dosi­
metric measurements in phantom models and experimental animals. 
Its primary features are a small tip size (1 mm by 2 mm, including 
insulation) and optimized sensitivity, achieved through the use of 
a specially-selected Schottky diode whose parameters match those of 
the 1.5 mm-long dipole antenna. Extensive testing in free space 
and in muscle equivalent spheres yielded data which were compared 
with theoretically predicted responses. Because of the small tip 
size, excellent agreement with theoretically-predicted fields, was 
achieved in a highly repeatable manner at 915 and 2450 MHz. Th~ee 
readings must be taken with this single axis device, at a point 
within a dielectric object or biological specimen, to obtain the 
total internal field strength at that site. These readings are 
obtained by rotating the probe in 1200 increments a~ound the axis 
of the handle. Rapid, continuous line scans can be made by rlriving 
the probe through phantoms, since the response time of the probe is 
less than 1 millisecond. 

The probe's high sensitivity allows the measurement of 
internal field strengths of 9 to 80 Vim (SAR = 0.1.6 to 12.8 W/Kg) 
in muscle. Both CW and amplitude modulated fields can be measurerl. 
Probe sensitivity is limited by flexure noise in the high resist­
ance lines at the low end of. its range and diode non-linearity at 
the high end of its range (both of which could be compensated for, 
through additional steps). In free space, the probe's useful range 
is from approximately 10 microwatts per square centimeter to 5 
milliwatts per square centimeter. 

Present tests indicate that good accuracy should be achievahle 
in muscle, brain, eye, and other high-water-content tissues. 
Preliminary in-vivo 2450 MHz measurements in mice testes were per­
formed by Cairnie and associates of the Radiation Biology Section, 
Defence Research Establishment of Canada. Additional biological 
compatibility tests with various animals will be performed in the 
near future, by several groups. 
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A NONPERTURBING TEMPERATURE PROBE SYSTEM 
DESIGNED FOR HYPERTHERMIA MONITORING 

D. A. Christensen and R. J. Volz 
Department of Bioengineering and Department of Electrical Engineerin~ 

University of Utah 
Salt Lake City, Utah 84112 

ABSTRACT 

As electromagnetic energy becomes more and more utilized as 
the heating source for hyperthermia therapy trials, the need for 
accurate and convenient thermometry becomes more critical. We have 
developed a nonmetallic fiber-optic temperature probe with a semi­
conductor sensor at its tip for use in microwave and radio wave en­
vironments where metallic-bearing temperature probes may lead to 
large measurement errors. The sensor, fabricated from a small 
single crystal block of gallium arsenide, absorbs light whose nar­
row spectrum is near the band edge of the semiconductor. As the 
temperature of the sensor varies, the amount of light absorbed 
will vary. For the GaAs sensor, near infrared light at A = 907 nm 
is used. 

The probe consists of a bundle of O.08s-rom diameter glass 
fibers; some are used for transmission of the light from the LED 
and the remainder used for reception by a photodiode after passage 
through the sensor. In the tip region, the probe diameter is such 
that it is less than the outer diameter of a 2s-gauge needle, 
facilitating implantation in tissue. A unique insertion set employ­
ing a Teflon sleeve has been designed to ease the implantation pro­
cedure. The range of the instrument is IS O -55°C, sufficient for 
practically all hyperthermia experiments. 

The overall system is designed to support up to a total of 
six probes whose displays are integrated into a single package. 
An 8085 microprocessor board controls the linearization, display, 
and calibration of the system. Calibration of each probe is de­
signed to be accomplished either by a built-in calibrator module 
under control of the microprocessor monitor, or by a single-point 
external temperature reference supplied by the user. 
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AN OPTICAL NON-PERTURBING PROBE FOR TEMPERATURE MEASUREMENTS 
IN BIOLOGICAL MATERIALS EXPOSED TO MICROWAVE RADIATION 

F. Cavatorta, P. E. Schoen, J. P. Sheridan 
Naval Research Laboratory 
Washington, D. C. 20375 

In studies of the interaction of electromagnetic radi­
ation (EM) with biological systems it is essential to monitor 
internal temperature by a method which neither distorts the 
EM field, nor is, itself, influenced by EM induced currents. 
Described here is a technique utilizing the temperature­
dependent fluorescence of the Rl line of ruby as a means of 
remotely monitoring temperature in very small biological 
samples. In this technique a small «50 ~m) fragment of 
ruby is juxtaposed to the biological sample and equilibrated 
in a thermostatted chamber, the temperature of which is 
controlled to ± 0.15°C. The frequency of the temperature­
sensitive fluorescence maximum of Rl line (~ 14402 cm-l at 
room temperature) is measured at various temperatures with 
respect to a calibration line at 14414.06 cm-l obtained 
from an argon lamp. For each temperature a minimum of 
three scans were digitally recorded at a resolution of 16 
channels/cm-l • Scans were analyzed by a self-adjusting 
least squares fitting program in order to find the peak 
maximum positions. The temperature was established by 
taking the average of several thermocouple measurements 
during the course of the fluorescence scans. A plot of 
fluorescence frequency vs. temDerature yields a straight 
line with a slope of 0.141 cm-l/deg and a standard devia­
tion of ± 0.0005. The precision afforded by this method 
is ± 0.21°. Subsequent Raman/fluorescence runs were con­
ducted in the presence of microwave fields of varying 
strength (freq = 2.4 GHz) and no perturbations were found 
of the fields cr of the temperature calibration curve. 
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COMMERCIAL MICROWAVE HAZARD METERS: A LABORATORY EVALUATION 

By William A. Herman and Donald M. Witters, Jr. 
Bureau of Radiological Health, FDA 

A test protocol has been devised to evaluate the performance 
of selected commercially available microwave hazard meters used in 
determining compliance with standards and for laboratory measure­
ments. The protocol was designed to yield a comprehens·ive analysis 
of instrument errors associated with the more significant environ­
mental variables and source characteristics, as well as with the 
instrument design and production tolerances. Among the parameters 
considered were calibration accuracy, response linearity, frequency 
response, polarization ellipticity, temperature response, near­
field characteristics, RFI susceptibility, response to amplitude­
modulated fields, probe receiving pattern, drift, response time, 
and sensitivity to changes in battery supply voltage. 

Using five different laboratory test systems, procedures have 
been developed to evaluate the effect of each parameter. The 
unertainty of each test has been analyzed. 

The procedures of the test protocol have been employed in the 
evaluation of selected commercial hazard meters in current use. 
Error values for each parameter have been computed for each instru­
ment, and a composite error has been calculated. Techniques for 
assessing composite uncertainties in special measurement situations 
have been outlined. 
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A HIGH-SENSITIVITY, ULTRA-BROADBAND RADIATION PROBE 

S. Hopfer and Z. Adler 
General Microwave Corporation 

Farmingdale, New York 11735 

Abstract 

The design, construction, and performance of an isotropic 
radiation probe with full-scale sensitivities ranging 
from 10uW/cm2 to 10mW/cm2 and covering the frequency 
range from 10 MHz to 20 GHz will be described. 

493 



BEMS POSTER B - 37 

DOSIMETRIC USE OF SCHOTTKY DIODES 

by William A. Herman 
Bureau of Radiological Health, FDA 

The use of electric and magnetic field probes for dosimetric 
measurements has relied heavily on the use of microwave diodes. In 
this paper the performance of such diodes is examined at length 
with particular emphasis on Schottky barrier or hot-carrier diodes. 

The basic characteristics of diodes in these applications are 
examined including physical mechanisms and equivalent microwave 
circuits. Analytic expressions are developed that illuminate the 
existence of linear, square-law, and other regions of operation. 
The effects of load-resistance, bias-current, and temperature are 
explored. 

The analysiS is employed in the evaluation of one E-field 
probe model which has been designed and used for dosimetric 
purposes. For this probe-type, measurement and theory are 
compared. Practical limitations on such probes are discussed, and 
means of selecting diode-parameters for maximum probe performance 
are presented. 
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rowER DENSITY FLUX MFASUREMENl'S 

Tadeusz M. Babij, Hubert Trzaska 
Institute of Telecommunications and Acoustics 

Technical University of Wroclaw 
wyb. Stanislawa Wyspianskiego 27 

50-370 Wroclaw, Poland 

The measurement of E and H fields and ~r density flux (PDF) 
is important fran the point of view maintaining safe labor 
oonditions for the people \\Orking in the vicinity of the EM 
field sources, and environmental conditions for the general 
pop.llation, people's houses, hospitals, etc. Since these 
measurements are usually done in the vicinity of the radiation 
source in the zone of induction fields and multipath 
propagation, meters equipped with resonant size antennas, 
having directional radiation patterns can oot be used. '!hus, 
PDF measurements in the induction zone are based upon the use 
of electrically small antennas. In this \\Ork we discuss the 
accuracy of the determinatiuon of PDF based on E or H field 
strength measurements, PDF measurements with the use of a 
non-screened loop antenna sensitive to the E field, value of 
the arithmetical mean of the ~r densities based on electric 
and magnetic field measurements, and as a conclusion the 
authors proposal in using the geometr ical mean of these ~r 

.densities since this gives maximal accuracy of measurements. 

The problem of interaction of an arbitrary merle field and 
measuring probe is discussed and it is concluded that fran the 
point of view of accuracy the simplest antennas should be used. 
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CONSIDERATIONS AND CRITERIA FOR A RECOMMENDED STANDARD FOR 
OCCUPATIONAL EXPOSURE TO RADIOFREQUENCY AND MICROWAVE FIELDS 

Richard F. Boggs, Ph.D. and Zorach R. Glaser, Ph.D. 

National Institute for Occupational Safety and Health 
5600 Fishers Lane 

Rockville, Maryland 20857 

and 

Robert F. Cleveland, Ph.D. and Joseph K. Kielman, Ph.D. 

Equitable Environmental Health, Inc. 
6000 Executive Boulevard 

Rockville, Maryland 20852 

In May 1978, NIOSH initiated the development of a criteria document 
and recommended standard for occupational exposure to radio frequency 
(RF) and microwave fields to protect workers from these radiations. 
The document is scheduled for completion by August 1979. The 
criteria and recommendations are based upon many factors including 
NIOSH research and field studies prior to initiation of the formal 
document effort, an extensive review of world literature on the 
subject, communications with industry, organized labor, trade 
associations, professional societies and academia, and extensive 
internal and external review by individuals selected for their 
expertise in particular aspects dealt with in the document. In 
addition, these criteria and recommendations consider information 
obtained from visits to industrial, communication and military 
facilities where RF and microwave radiation is routinely encountered. 

The recommendations are based upon a critical evaluation of the 
biological effects and epidemiological data (or, at times, lack 
thereof) and consideration of commercially available instrumentation 
and monitoring techniques. The recommended standard is proposed to 
apply to all workers exposed or potentially exposed to RF/microwave 
fields of frequencies between 500 kilohertz and 300 gigahertz. 

While there is a lack of complete agreement in the literature on 
the causal relationship bet~een exposure to RF/microwave energy 
and certain biological effects associated with such exposures, 
sufficient animal studies, human case reports, and epidemiological 
studies do exist to permit the recommendation of an occupational 
exposure limit that is expected to provide increased protection 
for the American worker. In addition, recommendations will be made 
with regard to appropriate monitoring instrumentation and procedures, 
medical surveillance, work practices, engineering controls, record­
keeping, and procedures for informing employees of potential hazards 
of exposure to RF/microwave energy. The document will also outline 
research needed to enable the development of an improved recommended 
standard, and will discuss the compatibility of the recommendations 
with existing standards and guidelines. 
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DE.VELOPMENr OF <XXm'ATIONAL EXPOSURE REXX>1oMENDATIONS: 
OBSERVATIONS ON THE USES OF RF /MICRJWAVE ENERGY 

ZOrach R. Glaser, Robert F. Cleveland, 
Joseph K. Kielman, and Richard F. Boggs 

National Institute for Occupational Safety and Health 
Rockville, Maryland 

and 
Equitable Environmental Health, Inc. 

Rockville, Maryland 

As a major part of the develotment of a criteria document to 
incllrle a reconmended occupational exposure standard for ~rker 
protection fran radio frequency (RF) and microwave fields, 
NIOSH has attempted to gather information on the uses of 
RF/microwave energy. The objective was to collect facts and 
data on ~rkplace practioes and engineering controls involved 
in the production and/or use of microwave energy, and to obtain 
information on recognized biological effects. '!he scope was 
limited to information relevant to the production and/or use of 
RF/microwave energy in the frequency range from 0.5 MHz to 300 
GHz; any incidental information to be collected only when and 
where it aids comprehension of the data; current 
state-of-the-art to be emphasized. 

More than 300 contact letters were mailed in July 1978 to 
manufacturers of RF/microwave equitment, and to potential 
Federal and industr ial users of RF /microwave energy. Letters 
were also sent to trade associations, professional societies, 
and to selected labor unions. The letters incllrled the October 
28, 1977, FR notioe (42 FR 56799), and were of ~ types: one 
for manufacturers and potential users of RF /microwave energy 
and equitment, the other for trade associations, professional 
societies, and labor unions. Both types of letters announced 
NIOSH's plans to develop a criteria document containing a 
reconmendation for an occupational exposure standard for 
RF/microwave energy, and requested fran the facility or 
organization receiving the letter information on: bioeffects 
sttrlies, engineering controls, medical/biological devices, 
measurement techniques and equitment for monitoring of 
RF/microwave fields, work practioes, record keeping , warning 
devioes. 

A detailed description of the types of responses received, and 
a tabular presentation of the outcane of the responses (i.e. , 
plant site visit, etc.) will be discussed. 

Visits were made to several plants and facilities where 
RF /microwave energy is used. On some of these visits 
measurements of electranagnetic fields were made and 
photographs were taken. Representative slides and results of 
these site visits will be presented. 
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MEASURED MODULATION WAVEFORM OF LEAKAGE RADIATION FROM MICROWAVE 
OVENS 

Henry S. Ho and William P. Edwards, U.S. Department of Health, 
Education and Welfare, Public Health Service, Food and Drug 
Administration, Bureau of Radiological Health, 5600 Fishers Lane, 
Rockville, Maryland 20857, USA. 

Recent reports of biological effects indicate amplitude 
modulation of microwave radiation as a parameter of interest. 
The leakage radiation from microwave ovens is known to be low­
frequency amplitude-modulated because of the effect of the 
mode-stirrer built into the ovens. 

In the present investigation, amplitude-modulated waveforms 
of leakage radiation from a 2450 MHz and a 915 MHz microwave 
oven was measured by the use of a miniature 3-D probe which 
utilized microwave-diode detector chips. The frequency spectra of 
the resultant detected modulation envelopes were also analyzed. 

The results indicated that the amplitude-modulated envelopes 
of both the 2450 MHz and the 915 MHz radiation had large 
fluctations. These leakage radiation waveforms were essentially 
100% modulated. The frequency spectrum of the detected amplitude­
modulation envelope of the 915 MHz oven leakage radiation 
contained components which were primarily within the range of 0 
to 100 Hz. The frequency components with relatively high 
amplitudes were concentrated within the 0 to 10 Hz range, with 
1 and 3 Hz components having the highest amplitude. The 
detected amplitude-modulation envelope of the 2450 MHz oven 
leakage radiation had a frequency spectrum that contained 
components between 0 and 500 Hz. The frequency components of 
60 Hz (and its higher harmonics) and 4 Hz (and its higher 
harmonics) dominated this spectrum. These two modulation spectra 
contained frequencies that are within the range where biological 
effects of modulated RF radiation have been reported (3 to 30 Hz). 
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MICROWAVE-INDUCED PRESSURE WAVES IN A MODEL 
OF BIOLOGICAL TISSUE 

Richard G. Olsen and Wayne C. Hammer 
Naval Aerospace Medical Research Laboratory 

Naval Air Station 
Pensacola, Florida 32508 

ABSTRACT 

Microwave-induced pressure waves were studied in simulated 
muscle tissue consisting of water, salt, gelling agent, and poly­
ethylene powder. Pulsed microwave energy at 5.62 GHz was obtained 
from a type AN/SPS-5D radar transmitter, and the induced elastic 
waves were recorded using hydrophones. Measurements were made in 
a 15 kg rectangular model contained in a low-density, foamed 
polystyrene box. The model was subjected to near-field, horn 
irradiation of half-microsecond pulses, each pulse having a peak 
incident power density calculated to be about 1 kW/cm2 . Compari­
son tests of irradiated sal ine solutions were performed as were 
tests using a hydrophone ultrasonic source. 

Initial results of this study showed the existence of micro­
wave-induced pressure waves which propagated in the phantom mate­
rial at a velocity of approximately 1460 meters per second, some­
what slower than similar waves observed in sal ine. Wave attenua­
tion was greater in the tissue-equivalent material than in the 
sal ine; nevertheless, a single pulse that traversed the length of 
the model and then reflected from the back surface was still 
visible after a total propagation of 45 cm. These results suggest 
that microwave-induced elastic waves in biological tissues could 
exhibit the properties of focusing and of resonance under certain 
conditions of curvature, boundaries, propagation velocity, and 
pulse repetition rate. 
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ELECTROMAGNETIC EXPOSURE reFFECTS 
ON 'lHE VISUAL SYSTEM OF A FLYING INSECT 

Sheldon S. Sandler and William Peros 
Departments of Electrical Engineering and Biology 

Northeastern University 
Boston, Mass 02115 

The pursuit responses of houseflies have been investigated by 
many authors (Srinivasan and Bernard J. Compo Physiol. 1!2, 101-117 
(1977), Reichardt, Naturwissenschaften 60, 122-138 (1973». In the 
present work, houseflies were secured to a fixed tethor which was 
connected to a device which measured the torque responses of the 
fly. The fly was connected to a lever arm on which a silicon 
strain gauge was glued. Stimulus was provided by a pendulum which 
moved in front of the fly. The flies tracked the pendulum and his 
torque response was detected by a strain gauge bridge which was 
connected to a paper chart recorder. The motion of the pendulum 
was also recorded. 

A series of control tests were made to be certain of the fact 
that the flies do indeed track the moving target. Next, a series of 
tests were performed on the flies when they were exposed to 1000mHz 
fields in a coaxial exposure chamber. Initial results showed that 
the track;ng behavior was being affected in the flies at exposures 
150 mw/cm2 for five minutes. These measurements were made on dif­
ferent flies, since metal clips were used. In the present series 
of measurements, plastic clips are used which allow us to use the 
same fly for both exposure and control tests. Limits on the mini­
mum radiation level for affecting the visual tracking behavior of 
the flies is also being established. 
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RADIATION OF OPEN WAVErnIDES 
APPLICATlOO 'ID BICMEDlCAL PROBES 

J. Audet, J.Ch. Bolaney, Ch. Pichot 
Laboratoire des Signaux et Systemes 

Groupe d'Electromagnetisme 
C.N.R.S. - E.S.E. 

91190 GIF-sur-YVETTE 
France 

Practical problems of radiatioo by open waveguides used in 
biological applications have been modeled by discontinuity of 
two rectangular waveguides and by a flanged plane waveguide. 

We shew that accurate results 00 the reflectioo coefficient of 
the principal mode and field distributioo in the waveguide 
aperture can be deduced fran the simple Fresnel reflection law. 
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A CORRUGATED WAVEGUIDE APPLICATOR 

Q. Balzano and O. ~aray, Motorola, Inc. 
C. H. Sutton, U. of Miami School of Medicine 

The paper 'describes the design and the construction of a 
corrugated waveguide applicator. Corrugated waveguides, 
propagating the HEll balanced mode, are known to give E 
and H patterns of same beam width and very low side lobes. 
These features make corrugated waveguides attractive for 
appl icator use, because they produce axially symmetric 
heating patterns and relatively low leakage. 

The'applic~tor presented in this paper is an alumina­
loaded corrugated waveguide of 1.25 inch radiating 
aperture. The waveguide is constructed by alternating 
alumina disks of two different diameters: 1.25 inch and 
2.1 inch. The disks are rimmed by metal rings of 
2.3 inch 00. 

The waveguide is fed by a cavity of 3 inch ID, which is 
partially loaded with teflon. The cavity is excited 
by a monopole of variable depth, which can be positioned 
along the axis of the cavity. The back plate of the 
cavity can be moved like a p~ston. By selecting 
the proper monopole length and location and by correctly 
positioning the back plate, it is possible to match 
the radiating aperture for maximum transfer of power into 
a biological target at any distance from the applicator. 

The appl icator is currently being used at the Univers,ity of 
Miami School of Medicine for Blood Brain Barrier disruption, 
cerebral blood flow tests and tumor hyperthermia in mouse 
and rat mode Is. 

SAR measurements have shown that the appl icator deposits an 
average of 17 mW/gr/W in rat brain tissue placed at 2 cm 
distance from the radiating aperture. The maximum measure­
ment leakage at 5 cm dis~ance in direct contact appl ication 
is approximately 1 mW/cm for 100W incident power. 
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MEASURED INTERNAL ELECTRIC FIELD IN PHANTOM HUMAN HEADS EXPOSED 
TO LEAI(AGE RADIATION FROM MICROWAVE OVENS 

Henry S. Ho, William P. Edwards, and Howard Bassen, U.S. 
Department of Health, Education and Welfare, Public Health 
Service, Food and Drug Administration, Bureau of Radiological 
Health, 5600 Fishers Lane, Rockville, Maryland 20857, USA. 

Information on energy absorption induced in human bodies 
exposed to actual microwave sources is needed to assess health 
hazards through a comparison with animal biological effects data 
using the common denominator of local absorbed energy. The 
existing absorption data based on whole body exposure to plane 
waves cannot be readily applied to the case of exposure in the 
near field of sources such as microwave ovens. 

In the present investigation, the internal electric field 
distributions of phantom human heads were measured, and the data 
were converted to equivalent dose rate. The sources of expos~re 
were leaking 2450 MHz and 915 MHz microwave ovens. The phantom 
human heads were made of actual skulls of an adult and a child, 
and were filled with dielectric materials equivalent in 
electrical properties to that of muscle or brain. A miniature 
3-D probe was used to detect the internal electric field in the 
phantom tissues. The ovens were made to emit 2 to 20 mW/cm2 
leakage radiation measured 5 cm from the oven surface by the use 
of teflon strips inserted between the door seals. The phantom 
heads were located as close to the oven door as possible with 
the maximum leakage field near the left eye which was 3 cm from 
the oven door. The 3-D probe was scanned along a straight path 
normal to the oven door surface, from the back of the phantom 
head to the surface of the left eye. 

The results indicated that for a leakage of 5 mW/cm2 as 
measured 5 cm from the surface of the 2450 MHz microwave oven, 
the maximum equivalent dose rate was 9.6 W/kg in the adult 
phantom head and 14.6 W/kg in the child phantom head. The 
positions of the maximum dose rates were 0.5 cm interior to the 
eye for the child phantom head, and at the surface of the eye 
for the adult phantom head. Some penetration of the microwave 
energy into the cavity filled with brain equivalent material in 
the child phantom head was evident. The peak value in the brain 
equivalent material was 20% of the maximum absorption in the 
eye. For a leakage radiation of 5 mW/cm2 from the 915 MHz oven, 
the maximum equivalent dose rate was 3.0 W/kg in the adult 
phantom head and 5.3 W/kg in the child phantom head. The 
positions for these maxima were both 3 cm from the surface of 
the eye. Penetration of the radiation into the phantom brain 
region was found for both phantom heads. The peak absorption in 
the phantom brain region was 50% of the maximum eye absorption 
in both phantom heads. 
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PR IC E R. 141 ROSENTHAl S. • · 46j 
PROHVATlLo.Y.V. • · • • · 362 ROSICH R.K. · · 16C 
PUES H. • • 116 ROSS D.R. · · 24~ 

PURDUSKI S.M. · • · · · · 207 ROSS W.M. 441 
PURSLEY M.B. · • • • · 137 ROSZKOWSKI W. · · • • · · 39( 
PURSLEY M.V. · · · · · · 214 ROIKOVSKA D. • • · • · 44l 
PUTNAM J • P. 474 ROTMAN S.R. 23~, 

QUaOA K. · · · · • 430 RUBENSTEIN C. · · · · • 46C 
QUaoA S.H.J. · · · ll~ RUBENSTEIN C. 46] 
QUINCY E.A. 190 RUDNEV M.I. 38C 
RADCLIFF 11..0. • • · · • 200 RUDNEV M.I. · • · · · 38~ 
RAHMAN M.M. · · · · 190 RUFENACH C. • · 2 4~ 
RAHMAT-SAMII Y. 27 RUFENACH C .L. 24' 
RAHMAT-SAMII Y. ~O RUKSPQLLMUANG S. 42' 
IUJAN G.G. H RUNS HDLER p. 4H 
RAJOTTE R. 42'1 RUSCH W.V.T. · · • ~c, 

RANA I. · • 113 RUSH C.M. · · · 10( 
RANA I • ~ • 50 RUSH C.M. · · 26i 
RAO N. N. · · · 261 RUSHDI A.~. · • · · • • 6, 
RAD I.C.K. 100 RUSHDI A.M. · · · ~: 

RAPOPORT S • I • 367 RUS TAKO A.J.JR. 2H 
RAZ S. • • 36 SABaOT I • · · · 4b" 
RAZ S. 119 SACHER R.R. lL, 
Ri:CH K.D. 11'3 SAFAVI-NAINI S. 3' 
RtEVi:S D.L. • • • • 328 SAFROO'lOV V.p. · · 38/ 
REEVES D.L. 309 SAGAN P.M. 4tl; 
KEEVES D.L. 407 SAILORS 0.6. · · • · • 15] 
Kt:GELSoO'l W. · • 435 SAKAGAMI S. · · 12( 
REITER.L.II. 397 S ALL ES-C UNHA S. 48! 
REMILY R. · • 460 SAfliCES A.JR. 48 ~. 
Rt;UDINK D.O. 144 SANDERS A.P. · · 391, 
RHOADS C.M. 111 SANDHu G.S. 'l1 
RIAlI A. • • 350 SANDLER S.S. · · · 50( 
RiAlI A. 414 SANFORD N.A. · · 5< 
RlAZl A. 464 S Ai'1T AGO P. · · 22; 
RIAZI A. 465 SANZGIRI S.M. • · ll~ 
RICARDl L • J. 145 SARKAR T.K. a' 
RICHARD J.E. 112 SARKAR T.K. 1lf 
RICHMOND J.H. · · · 190 SARKAR T.K. 31, 
RIDDLE M.M. 471 SArO G. · • 11, 
RILEY V. 362 SATO R. 11, 
RILEY II • 433 SCHAEFER O. J. 39j 
RIND C. 269 SCHANDA E. · · · · · · 1H 
RISPIN L. 68 SCHEPPS J.L. · · 31: 
RISHNBATT M.P. 13'l SCHtPP S J • R. • · 37, 
R.L TT R.K. 128 SCf1LAGEL C. • · 47', 
ROBERTS 0.101. · · · · · 418 SCHLESAK J • J • · · ll' 
ROGERS !{.R. 174 SCHOtN p.e. • · · 461 
RUMBERG K.M. 120 SCHOI'O'l p.!:. • · 4~:. 
RONCYI, L. · · • · 44 SCHROT J • · · 45: 
RONCHI L. 45 SCHUCHMAN R.A. 24! 
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:HULE:R D.L. • • • • • · 241 SDDFI K. • • • • 184 
:HWAN H.P. • • · · • 337 SOOFI K. • · • · (,07 
:HWAN H.P. • • 373 SPACKMAN D.H. 362 
:HWERING F. • • • • • 96 SPACKMAN D.H. • • • · • 4B 
:OTT A.C. · · 295 SPAULDlNG A.D. • · · • · 159 
:OTT A.C. • · - · • 311 SPIEGEL R. • · · • 484 
:OTT l.D. • · · 81 SPIEGEL R.J. · · • · • · 3<;3 
EAL S J. · · 422 STAHIN D.H. · • 234 
EAlS J. • · • · · 434 STAlMAN D. 146 
EAMAN R.L. • • • · 447 STA'1PALIA L.J. • • 1 
EGRETO V.A. · • • • 438 STANCAMPIANO C. .' 48. 
EIolER W.A. • • · • 299 STARAS H. • · · 142 
~KINS K.M. · · 413 STAUFF E~ P.R. • · · • 420 
:KNINS K.M. 3i39 STEINBERG B.D. 49 
,EMHS8ERGER R.G. 16 STENGER F.S. • • 359 
ENIOR T.B.A. · • • · · 30 STENSUS L.J. · · • • · 464 
ERAFIN J.p. · · 43 STeRN S. • • 332 
ESSIONS G.R. • · · · · 450 STERN S. • · 481 
ETO J.". · · · 394 STERZER F. · · • 143 
ETO Y. J • • · • • · 394 STEwART c.V. 19 
-fANDAlA M.G. · ., . • • 325 STEWART R.H. • • · 246 
.-fANDALA M.G. · · 380 STEo/AiH-DEHAAN P.J • 441 
HANDUA M.G. · • • • 382 STILES W.H. • · 233 
-fElDON R.l. · • · · 395 ST.MARY K. 4134 
-fELTON W.W.JR. · · 338 STURM F .K • 415 
HI:MDIN O.H. · • • • · 1'30 STREABLE C.W. • • 82 
-fEN L.C. 98 STRICKLAND J.I. 219 
,HEPPARO A.R. • • · • 310 STROHBEHN J.W. 41R 
HERIDAN J • P. • · • · 385 STUBENRAUCH C.S. 21 
~cRIDAN J.P. 468 STUCHLY M.A. 404 
HERIDAN J.P. · • • • 469 STUCHlY 5.5. 4J9 
HERIOAN J.P. • • · · • 491 STuTZMAN w.L. · • • • · · 222 
HISATA T. · · 165 STUTZMAN W.L. 249 
HIMIZU K. • · • · • 73 STUTZMAN W.L. · · • · · 250 
~IN J.G. • · 152 SUDHAKAR RAO K. 1.7 
HIN R. 205 SULEK K. 478 
,HIN R. • · • · · 206 SUTTON C.H. • • · · 370 
HLANTA A. · · 227 SUTTON C.H. 423 
,HORE M.L. • • · · 400 SUTTON C.H. 502 
,HUBERT K.A. · · · 66 SwENSON G.W.JR. • • · 3 
,HVAln S~URG A.B. 322 SWICORD M.L. 431 
HVARTSBURG A.B. 323 SWICOiW M.L. • • · · · · 4:i9 
IKOV M.R. · · · 396 SwIFT C.T. 178 
,IL VEN S. 281 swIFT C.T. • · 179 
LOAN S.A. · • 33 SwIFT C. T. · • • · :>32 
:MIALOWlCZ R.J. • · 397 SZMIGJ.ELSKI S. Hu 
MIAlOWICZ R.J. .' 471 SlMIGIELSI(I S. 4 '36 
,MIRN[]VA E.N. • • · · · · · 342 TA6RAH F .L • · • 437 
MITH A.D. • · · · · 4i34 TAl C. T. · • • dO 
jMITH L.G. · · · · · 396 TAKASHI"1A S. 337 
,MI TH R.T. · · • · · 484 TAMBURELLO C. • • 462 
HIDER J.B. 252 UNAKA I • 463 
DICHER H. • · • · 271 TANG D.O. • · · • Z 15 
OllMINI D. · · · 177 TATEI!IA M. · · 72 
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UYLO~ C.D. 94 VAN BLADEL J. · · • · · 5~ 

TAYLOR C.D. • • · • · 125 VAN DE CAPt:ELE A. IH 
TAYLO~ L • S. · · · 419 VAN LIL E. • · • • llc 
TELL R.A. · · · • · 347 VAN NETTEN J. · · 4 7~ 
TELL R. 0\. • · • • 360 VANDENSANDE J. · • • · 1ll 
HNFORDE T.S. 343 VANZANDT T.E. • • • · 16 j 
TESCHE C.D. · · • · • • 20 VANZANDT T.E. • · 17: 
TESCHE F.M. • · · 79 VASILENKO Y.I. • · · • 38, 
TESCHE != • M. 87 VAZIRI F. • • • 9~ 

THElLt G.A. · • · • · 113 IIESECKY J.F. · • • · 24~ 

THOMAS J.R. · · 451 VIDMAR R.J. • • • · 28e 
THOMAS J.R. 452 IIINIGRADOIi G.I. · • • 38~ 

TIBERIO R. · · 21l VOGEL W.H. 40, 
TINGA ~.R. · · 42/\ IIOGEL W.J. • • • • • 2 2~ 
TOLER J. · · • • 4ZZ IIOGEL W.J. 24 ~ 
TOLER J. · • 434 VOGES R.C. · • · • · 11, 
TOMAR R. S. 199 VOGLER ~. • .. 43( 
TOMASHEWSKO\YA L.A. 341 VOLZ R.J. · • 49: 
TOMASHtw)KAYA L.A. 382 VON HuE~NER S. • · • · • • 112 
TOMA)IC B. 52 VOSS \II.A.G. • • • · 40E 
TOMlYASU K. 5 VOSS W.A.G. · • • · 421 
TOMIZAWA I • • · 165 IIOSS iII.A.G. • • • 4 7~ 
TONG T.C. 1Z0 WACHTEL H. • • 30i 
TOPUZ E. · · · 29 WACHTEL H. 33t 
TORREGROSSA H.II •• · , 462 WAIT J.R. • • • • · TOlJRNEUR J • 119 WAIT J.R. • · · E 
TOWNSt:N:l W.F. • · 243 \!jAlT J.R. • · • • • 11 
TRANQUILLA J.M. 54 WAIT J.R. • • • • • 19i 
TRANOUlLLA J.H. 55 WAIT J.R. 23( 
TREMBLY B. S. · · 418 WALDMAN H. • • • • · · 14i 
TkETTER S.A. 162 WALLACE J. · • • · • 41C 
TREIiITHICK J.R. · · 441 WALLACE J. • • • 412 
TRICOLES G. · • · 64 WALTON E.K. · • • • • 22 
TRICOLt:S G. 120 WAl TON E.K. • · 22 
aoy B.E. · • 231 WAkG J • J • HI., 
T~ZASKA H. · · 495 WANG J.J.H. • • • • • 42G 
TSANG L. · · 205 WANG N.N. · • • • 51 
HANG L. 206 WANG S .5. · • • · 51 
TULYATHAN P. · · · 117 WARNOCK J.M. · • • · • 173 
TURNER R. 428 WATERMAN A. T. • • • • 174 
TV ASHELOII V.V. · · · · · 381 WEENINK M.P.H. • · 2'18 
TVAZHEL'JV 11.1/. · · 384 WEIFFENI3ACH G. • • · • • l1Z 
ULA'IY F.T. • · 233 WElL C.M. · · 397 
UMEDA f'1. · · · 112 WtIL H. · • • 40 
USLE"IGHI p. L. E. 62 WEINt:R D.O. 31Z 
USLENGHI P.L.E. J.02 wtISS B. 332 
USlENGI-II P.L.E. 124 WEISS H.J. • · · 148 
UHE"IGH I p.L.E. zen WEISSFELD D.M. • · 394 
USLtNGHI I'.L.E. 294' WEISS,"IAN D.E. · · 1116 
USLIONGYI P.L.t:. 311 WEISSMAN D.E. · · • · • 243 
USLENGHI P. L. E. 317 WtST B. 435 
UZUNOGLU N.K. • · · 113 WEST M.W. 474 
IIAC~K A. 444 WESTER L.S. · • • • 47t 
VALt:NZUELA G.R. 182 WETZEL L • B • · · · Zo~ 
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IHITNEY H.E. • • • · 270 WU T.K. • · • • • 432 
vILEY P.I-l. • · · 222 YEH C. • • .. · 110 
ULLlAMS W.M. 3'!9 YEH K.C · · · 201 
HLLIAMSON R.C. 139 YtH K.C. · · • 270 
HNTER C.F. • · · · · 112 HH K.C. • • • · · • 271 
liNTON L. • • • · · 434 YOSHINO T. · · • · · · 164 
HSLER M.M. • • · • · · 231 YOSHINO T. · · 16~ 

UTTERS D.M. • · 411 YOUNG J.D. · • • • • • ,~ 

lITTERS D·. M. • • · • • • 492 YU W.-M.P. 227 
WLF SON 11..1. • • • • · 112 YUNG E.K. • · • • • • 11Z 
WNG W.Y. · · • · 113 ZANFORLIN L.. • · • • · • 462 
mo K. • • • • · 92 ZOTOV S.V. · • · · · '''''1 
WO R. · • 42 ZUG G. · • • · • · 118 
vORL EY S.E. 369 ZUNIGA M. • • • · 2CJ5 
iU F.T. · • · 227 ZUNIGA M. 20~ 

4U T.K. • • 122 
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FUTURE MEETINGS 

National Radio Science Meeting - Boulder, CO, 5-8 November 
1979 in cooperation with various groups and societies of the IEEE 
(contact Professor S. W. Maley - Electrical Engineering Department, 
University of Colorado, Boulder, CO 80309). 

Canadian/American Radio Science Meeting - Quebec City, 
2-6 June 1980 to be co-sponsored by CNC/URSI and held jointly with 
AP-S/IEEE (contact J. A. Cummins - Universite Laval, Departement 
de Genie Electrique, Faculte des Sciences et de Genie, Cite Univer­
sitaire, Quebec Glk 7P4, Canada). 

International URSI - Symposium on Electromagnetic Waves -
Munich, 26-29 August 1980 (contact Dr. H. Hochmuth, International 
URSI - Symposium Postfach 70 00 73, D-8000 Munchen 70, Federal 
Republ ic of Germany). 

The Twentieth General Assembly of the International Union of 
Radio Science (URSI) - Washington, DC, 10-18 August 1981 (contact 
R. Y. Dow, National Academy of Sciences, 2101 Constitution Avenue, 
N.W., Washington, DC 20418). 
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5: KANE KANE KANE KANE KANE KANE HUB HUB HUB HUB UNIVERSITY 
130 210 220 120 110 WALKER 106B 309A AUD 108 TOWER 

TIME AMES W-Lounge HOTEL 

AP-l B-1 F-l C-E SUNDAY 
MONDAY Array High Scattering Non-Gaussian BEMS 8:00 p.m. 

8:30 - 12:00 Synthesis Frequency by Environment ANSI Meeting 
a.m. Scattering Turbulence Condon Room 

AP-2 (a) AP-2 (b) AP-2 (e) B-2 F-2 C·l G-l MONDAY 
1 :30 - 5:00 Reflector Microstrip Numerical Waves in John W. High Time- Diagnostic BEMS 5:30p.m. 

p.m. Antennas Antennas Techniques Random Wright Bandwidth etc. of BEMS 
Media I Memorial Product Ionosphere Board 

5:00 Meeting 
5:00 p.m. B-Business 6:30 p.m. G-Business Presidents 

Wave Prop. Room 
8:00p.m. Bremmer Standards 

Lecture Committee, 

AP-3 
Adaptive B-3 F-3 C-2 G-2 

TUESDAY and SAR Antennas I Propagation CCIR New Ionospheric BEMS 
8:30·12:00 12a.m. Arrays Earth Satellite Irregularities 

a.m. Meet Ad Com Systems 

1:30 - 5:00 AP-4 (a) AP-4 (b) AP-4 (e) 8-4 (a) F-4 AP/B E G-3 B-4 (b) BEMS 
p.m. Inverse Reflector Guided Field Rough Poster A Effect of Waves in 

Problems and Fields Waves Penetration Surface Antennas Noise Ionosphere Random Poster 
Atm. Prop. Scattering Media" 

SALMON BAKE SALMON BAKE 



WEDNESDAY WEDNESDAY 
9:00 -11 :30 Plenary , 2:30 p_m_ 
a.m. Antenna 

Standard 
12:00a_m_ Conference Luncheon, HUB Ballroom Conference Luncheon, HUB Ballroom EEB 420 UW -

5:00 p_m_ I 
2:00 - 5:30 AP-5 (a) AP-5 (b) AP-5 (c) F-5 AP/B H-1 AP-S Local 

p.m. Lens Microstrips Scattering BREMMER Earth-Space Poster B BEMS Chapter 
and and Small and SESSION Propagation Wave Plasmas Pres. Room 

Horns Antennas EM Phenomena 5 p_m_ BEMS -5:3OP:;;':--
, 

F- H- C- Membership AP-S Ad-Com 
5:30p_m_ Business Business Business Meeting Condon Rm. 

THURSDAY AP-6 B-6 F-6 JIlL-1 A-1 BEMS THURSDAY 
8:30 -12:00 Aspace Modes and Non-Linear Measurements 12:00 a,m, 

a.m. Antenna Transients Rays I'M EM-BID 
Systems Snow and Ice Workshop 

_R~~~!!...m..:..._ 
'1 :30 - 5:00 AP-7 (a) AP-7 (b) AP-7 (c) B-6 F-7 AP/B NL-II A-2 BEMS 5:30 p,m_ 

p.m. Environmental High Transients Antennas Radio Poster C Non-Linear Measurements Poster A-Business 
Effects Frequency Dielectrics II Oceanography Scattering EM Presidents 

Diffraction Radomes Room 
" 

FRIDAY AP-8 B-7 F-8 NL-III BEMS 
8:30 -12:00 Array Guided Propagation Non-Linear 

a.m. Analysis Waves Modeling EM 
Design 

1 :30 - 5:00 BEMS 
p.m. 
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