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CURRENT LITERATURE

TS5~ 187

L4600 POWER DEPOSITION IN A MULTILAYERED SPHERI-

CAL MODEL OF THE HUNAN HEAD (PROCEEDINGS
ABSTRACT). (Eng.) Ncuder, S. M. (Div. Electronic
Products, Bureau Radiological Health, Food and Drug
Admin,, Rockville, MD); Hill, D. H.; Kellogg, R. B.
In: Proceadings of the 1975 Awniual Meeting of the
Intermattional Union of Radio Science Held at the
University of Colorado, Boulder, Colorado, 20-23
October, 1975, USNC/URSI. (Washington, D.C.): 200;
1975.

A theoretic Investigation was conducted of the mag-
nitude and spacial variations of power depositlons

In a multilayered spherical model of the human head
exposed to microwave radiation of various frequencies
In the assigned industrial, scientific and medical
frequency band, Numeric and graphic results are
presented, which locate hot spots within the spheri-
cal regions and the filelds both within and external
to the spheres. (No refs.)

25— 18¢

L6o1 LIGHT AND ELECTRON MICROSCOPIC INVESTIGA-
TION OF BRAINS EXPOSED TO HON-IONIZING

RADIATION (PROCEEDINGS ABSTRACT). (Eng.) Albert,

E. (Dept. Anatomy, George Washington Univ., Medical H

Center, Washington, DC). In: Proceeiings of the

1975 Annual reeting of the Iniernztioral Union of |

Radio Science Held at the Universiiy of Coloradn,

Boulder, Colorads, 20-23 October, 1975. USHC/URSI.

(Washlngton, D.C.): 224; 1975,

10, 25, and 50 mW/cm? at 1700 and 2450 MHz frequen-
cies for 30 min to 10 weeks., The brains were seri-
ally sectioned for light microscopy, but only selected
areas were examined for electron microscopy. The
light microscopic examinations were conducted on
paraffin, and frozen sections were stained with
Nauta, cresyl violet, thionine and hematoxylin and
eosin. MNeuronal histopathology was obscrved in most
of the irradiated animals in the hypathalamus and
subthalamus; whereas, cerebral and cerchellar corti-
ces, pons, medulla, and spinal cord appcarcd norcal,
The affected neurons exhibited swelling, vacuola-

(iﬁzhincse hamsters were exposed to power densitics of

_tion, and chromatolysis. The bTood vessels appeared

normal., There was no suggestion of edzma, hemor-
rhage, or congestion. (No refs.) _—

75-1€¢9
L4602 MUTAGENICITY [HDUCED BY NON-IONIZING RADI-
ATION IN SWISS MALE MICE (PROCEEDINGS AB-
STRACT). (Eng.) Varma, M. M. (Bio-Environmental
Engineering and Scicnces Rescarch Lab., Sch. Engi-
neering, Howard Univ., Washington, DC); Dage, E. L.
Joshi, R. In: Proccadings of the 1975 Arrnual Mzet-
ing of the Internaitional Union of Ralio Szience Held
at the Untversity of Coloradn, Boullcr, Colorado,
20-23 Octobar, 1975, USNC/URST. (Washington, D.C.):
13h; 1975.

The testes of Swiss mice were irradiated with micro-

waves at 2.45 GHz in three experimentls to investigate
the mutageniclty induced by non-fonizing rodiation,

1

The mice were irradlated at: (1) 100 nM/cn?, a
single exposure of 10 min; (2) at 50 aW/ci?, threo
exposurcs of 10 min cach In one day; and (3) at

50 mW/cm?, four exposures of 10 min each durlng 2
wecks. Treated males viere tested by the doninant
lethal assay for mutagenicity by mating them with
untrcated females for 6 weeks, Fertility was not
impaired following irradiatlon, but induz-d muta-
genicity was significantly higher subucousnt o
single exposure and multiple exposurcs during one
day. No effects were obscrved when muTtipTe expo-
sures were extended over a period of 2 weeks., The
results suggest that high=level acute cxpnsures are
potentially more hazardous than chronic exposures

at lower power densities. (Mo refs.)
7s=190
4603 THE EFFECTS OF MICROWAVE RADIATIOM ON

BEHAVIOR AND TEMPERATURE N RILZSUS MONKEYS
(PROCEEDINGS ABSTRACT). (Eng.) de Lorge, J. 0.
(Haval Acrospace Medical Rescarch Lah., Pens:enla,
FL). In: Proccedings of tha 1975 Arual Maoling
of the Internaticnal Urion of Fadio Scive.e FHold at
the University of Colorado, Bouliar, Colciiic, 20-23

;’)
October, 1975, USNC/URS!. (Washington, D.C.): 195-
196; 1975,

Male rhesus monkeys, trained to respond on a vigi-
lance task, were exposed to vertically polarized

2450 MHz microwaves in an ancchoic room, Power den-
sitics of 4, 16, 32, 42,.52, arnd 62 w/cn’® (moasured
at the level of the animal's hecad) and exnosure times
of 30, 60, and 120 min were used, The transaitter
system was a Holaday Magnetron with up to 1500 W of
radiofrequency output; whila all levels uployed
continuous waves, pulsed waves were also csed at 4
and 16 mW/cm? (PRF = 1 scc, P.D. = 0.1 sec). The
monkeys performed the vigilance task, while | :ing
irradiated from the front. Body tenp:rature wias
monitored during exposure at all but the lowest

power density. Vigilance pevformance was not af- i
fected until 52 and 62 wd/ca’? illuminations occurredy
and even in these instanccs behavior was only mini-
mally and inconsistently changod. Mild body heating
(0.4°C to 1.7°C) was associated with the Rhigher den-
sities {3262 rW/cm?), although body temporature wns
not related to observed Beheviorz] changes at L g
same levels, (No refs,) T e

785 14/
L6ol PHYSIOLOGICAL AND BTHAVIORAL EFFECTS OF
CHROMIC LOW LEVEL MICPOWAVE RADIATION OF
RATS (PROCEEDINGS ABSTRACT). (Eng.) HMoc, K. E.
{Bioelectromagnetics Rosearch Lab., Univ. Washington,
Seattle, WA); Lovely, R. H.; Guy, A. W. Ir: Pro-
ceedings of the 1975 Avnwal Mooling of the Imizrada-
tional Urion of Rudio Soi.nec Held abl tie Unio
of Colorado, Bouldzr, Coliriln, 20-2% Oclokar, 1975,
USNC/URST,  (Washington, D.C.): 197-198; 1975,

Aty

Eight male rats were jrradiaoted for 3 mo with 918
Milz microwaves pulsc-modulated at 11 Hz, for 8 hr/
day, at ficld strengths < 10 md/cm?, Rots were ox-
posced during the active part of the day-nlght cycle,
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The exposure apparatus consisted of a cylindrical
wavegulde capable of delivering circularly polarized
guided waves (TEjj mode) and a living chamber com=
patible with normal laboratory 1iving conditions
required by rats. The cylindrical waveguide allowed
for easy quantification of the fields for cach ex~
posed animal Independent of other rodents being si=
mul tancously exposed, Blologlcal and behavloral
comparisons between the eight irradiated and eight
sham-irradiated controls included food and water in-
take, body weight, blood sugar, me tabollc hormones,
and operant behavior during the exposure period.
These variables were assessed every 3 weeks, and the
effects of chronic Irradiation by 918 HHz pulse-

modulated microwaves on them are presented, (Mo refs.)

725192
L4605 NON-THERMAL EFFECTS OF ELECTROMAGHRETIC

’ FIELDS ON THE CENTRAL HERVOUS SYSTEM
(PROGEEPINGS ABSTRACT), (Eng.) Kritikos, H, (Dept.
Bloengtneering, Unlv, Pennsylvanla, Phlladelphia,
PA); Takashima, S. In: Proceedings of the 1375
Lrnual Mazting of the Imternational Union of Radio
Sotense Held at the University of Coloralo, Boulder,
Colorado, 20-23 October, 1975, USHNC/URSI. (Wash-
ington, D.C.): 223-22h; 13875,

A series of experiments in the radiofrequency (RF)
(1-30 MHz) and microwave region (2.45 GHz) were con-
ducted in vitro to determine whether eleclromagnetic
fields induce any non-thermal effects on the activi-
ties of the central nervous system. In the RF region
the giant axon of the myxicola worm in constant tcmp-
erature (6-87C) saline solution was exposed to current
densities of approximately 100 mA/cn? corresponding to
a heat deposition rate of .6 Wend. It was found that
the triggering threshold level does not change and
that there were no detectable effects on the shape

of the action potential. RF pufses of approximately
.6 msec duration did not trigger the nerve. It was
found that triggering was possible only in the low
frequency region by .5 msec pulses from direct current
~to 20 KHz. “The sciatic nerve of the Rana pipiens was
exposed to power densities of .5 W/em3, while immersed
in a constant temparature ringer solution. It was
found that no effects were induced in the triggering
threshold level pulse shape and that it was not pos=
sible to trigger the nerve with microwave pulses.
Higher exposure rates (l.é W/em?) associated with a
terperature rise up to 39°C did, however, damage the
nerve. In both cases electrode pick-up induced arti-
facts and may have presented a potential electromag-

netlc hazard. (No refs.)
28— 193 .
L4606 MICROWAVE AND IHFRARED RADIATION EFFECTS

ON AN OPERANT RESPONSE IN RHESUS MONKEYS
(PROCEEDINGS ABSTRACT). (Eng.) McAfee, R. D,
(Medical Rescarch Dept., Veterans Adimin. Hosp.,

New Orleans, LA)3 Elder, S. T.j Lipscorh, R. J.;
Hay, J. G.; Holland, M. G. In: Praocecdings of

the 1975 fomual Meeling of the Inlarriitlonal Union
of Radio Science leld at the University of Colorado,
Boulder, Colorado, 20-23 Oclober, 1976, USHC/URSI.
(Washington, D.C.): 196; 1975.

12

Biological Effects Nonionizing Electromagnetic
Radiation 1(2}, January 1977

Four unrestralned rhesus macaques were tralned to
lever press for a reward, The reward was ohtained,
1f they placed their mouth on an acrylic drinking
tube positioned so that drinking from It would
place the rhesus' eyes In the center of a 9.3 cHz
microwave fleld,' They were irradiated for 15 min
at povier densities ranging from 350 rd/em™2 to

hso sW/em™?, Mlerowave Irrodiatlion dld nat sup=-
press their lever press rate, which suggests that
the powcr density and times used In the experiment
were not aversive to the rhesus, (Mo refs.)

75— 194
L1607 MICROWAYE FREQUENCY AS A FACTOR IN THE
{NDUCTION OF LENS OPACITIES IN THE RAZEIT
EYE (PROCEEDINGS ABSTRACT). (Eng.) Hagan, G. J.
(U,S. Dept. Health, Educaticn, Welfare, Food and
Drug Admin., Bureau Radiolegical Health, Div, Bio-
loglcal Effects, Winchester, MA); Carpenter, R. L.
Im: Proezedings of the 1875 hnrunl Meeting of the
Interaqiional Unian of Radio Soienoe Feld at the
Untversity of Colorads, Boulzer, Colorado, 20-23
Ootober, 1975, USHC/URSI. (Washington, D.C.): 320;
1975.

The role of microwave frequency in the experimental
induction of lens opacities was tested by irradiating
the eyes of rabbits for 30 min at several power
levels of either 2,45 or 10 GHz continuous wave
radiation, The aim was to discover whether the
lowest incident pewer density provoking lens changes
in at least 50Z of the irradiated eyes in cach group
was the same or different for the two frequencies,

In an anechoic chamber, a dielectric lens was em-
ployed to focus radiation on the eye region. Dis-
tances from the emitting horn to the diclectric lens
and from the latter to the eye were kept the same

in all experivents, The effects were obsarved by
ophthalmascopy and slit-lamp biomicroscopy. 1t was
found that at 10 GHz, lens changes were induced at

a lower poser density than at 2,45 GHz. At 10 GHz,
the power density causing change in 50% of the sub-
jects was 250 pdfem?, At 2,45 GHz, it was 320 e/ en?.
(Mo refs.)

78— 195 A
4608 THE EFFECT OF MICROWAVES (2400 tiz) ON
LYMPHOCYTE BLAST TRANSEORMATION TH VIT20
(PROCEEDINGS ARSTRACT). (Eng.) Solalowicz, R. J,
(Experimental Biology Biv., Health Effects Rescarch
Lab,, U.S. Eaviranmental Protection Agency, Resrarch
Triangle pPark, NC). In: Froczedings of the La/é
fnial Meebing of the Intevealional Union of hadic
Seiense Held at the Uiveriity of Colorads, Bowlror,
Colorado, 20-23 October, 1975. USNC/URSI. (Wash-
ington, D.C.): 130-131; 1975,

The proliferalive capacity of lymphocytes that arc
responsible for cellular inmune responscs (T cells)
and humoral immune responses (B cells) was examined
following exposure in vitro to microwave radiation
at 2450 Miz. Spleen cells from BALB/c mlce ware
cultured in 35 x 10 mm plastic dishes maintained at
37°C in a tempcerature controlled exposurce chamber
during irradiation for 1-h hr at an absorbed dose
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rate of approximately 19 W/kg. Following irradia-
tion, the temperature of the cultures did not dif-
fer appreclably from that of controls, and cell
viability was comparable in both cultures. The
ability of exposed lymphocytes to undergo blast
transformation in response to mitogens that selec-
tively stimulate either T or B cells was studied
using JH-thymidine labeling. No consistent differ-
ence was found betwcen the blastogenic response of
microwave-irradiated and control splenic lympho-
cytes cultured in the presence of the mitogens
phytohemagglutinin, pokeweced mitogen, concanavalin
A, or Eschizriciia coli lipopolysaccharide,

7285196
L6039 MICROWAVE-INDUCED AUDITORY RESPONSE--
COCHLEAR MICROPHONICS (PROCFEDINGS AB-
STRACT). (Eng.) Chou, €. K. (Bioclectromagnetics
Rescarch Lab., Univ. Washington Sch, Medicine,
Scattle, WA); Guy, A, W,; Galambos, R. In: Pro-
ceedings of the 1876 Annual Maeling of the Intar-
national Union of Radio Science Hald ai the
University of Colorado, Boulder, Colorado, 20-23
Cetober, 1975. USHC/URSI. (Washington, D.C.):
36-37; 1975,

An electrical potential oscillating at 50 kHz was
recorded from the round window of guinea pigs dur-
ing irradiation with 918 MHz pulsed microwaves to
assess microwave evoked cochlear microphonics.,

This potential promptly followed the stimulus, out-
lasted it by about 200 psec, and mcasured up to

50 uV in amplitude., The potential was time-locked
to the onset of the microwave pulses, [t preceded
the auditory nerve response and disappcared with
death., f{ts intensity function versus microwave
energy absorption density resembled that of the
cochlear microphonics versus sound pressure level,
It is conclyded that this potential was a cochlear
microphonic response to the .microwave pulses, This
cochlear microphonic response suggests that the
microwave auditory effect is accompanied by a me-
chanical disturbance of the hair cells of the

cochlea. (No refs.)

75—197
L4610 A THEORETICAL STUDY OF MICROWAVE-GENERATED
AUDITORY PHEHNOMENA IH MAMHALIAN CRANIAL
STRUCTURES (PROCEEDINGS ABSTRACT). (Eng.) Lin, J.
t. (Dept. Electrical Enginccring, Wayne State Univ.,
Detroit, MI); Lam, C. -K. In: Proceedings of the
1975 Annual Meetirg of the International Union of
Radio Science Held at the University of Colorado,
Boulder, Colorado, 20-23 October, 1975. USHC/URSI.
(Washington, D.C.): 36; 1975.

A theorctic analysis of the stress and displacement
generated by impinging microwave pulses In a spher-~
fcal model of mammalian cranial structure Is pre-
sented. Assuming homogencity of the brain matter,
the absorbed energy pattern obtained from the elec-
tromagnetic wave cquation was used as the source
function for the equation of heat conduction in the
spherical head, This displacement was found by
solving the thermoclastic motion equation wlth

(Ho refs.)

13
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stress free boundary conditions., The solutlon con=
sisted of two parts: a steady state term, which

was directly proportional to the width of the inci-
dent pulsc and a transient term made up of oan In-
finite sum of oscillating components. Humerfc re-
sults will indicate the magnitude of the Induced
stress and displacement as well as the applicability
of the theory to the microwave auditory. phenomenon,
(Mo refs,)

75— 19€ .
k611 THYROID RESPONSE TO LOCALIZED MICROVAVE
EXPOSURE (PROCEEDINGS ABSTRACT). (Eng.)
Magin, R, L. (Univ., Rochester, Rochester, NY):
Lu, S. =T.; Hichaelson, S. M. Im: Fooe B
of the 1975 Amnual Meating of tie Di:
Union of Radio Seiewca Hald ab iie Un o
Colorado, Boulder, Colorade, 20-23 Ociilor
USHNC/URSI. (Washington, D.C.): 317-312

Locallzed microwave exposure of the canine thyroid
gland was undertaken to detoraine its therral sen-
sitivity., The experiments waere conducted at 2h50
‘Hz utilizing a small (2 x 1) dielectrically
loaded rectangular waveguidé applicatar. One of
the two paired thyroid glands was heated with micro-
waves, while the other was used as a control. Bath
thyroid glands were surgically exposed and bleaeod
was collected directly from caudal veins draining
each gland so that its Lhyroxinc secrction rate
could be determined. The glands were allowed a
J-hr equilibration period. '0nec gland was then sub-
jected to a 2-hr exposure to microwaves. The ani-
mals were divided into three groups according to
the temperature rise in the exposed gland (39, k2,
and 45°C) with at least five animals per group.

A sham-exposed group (37°C)4was also studied. An
_increase in the expased gland's thyroxine secretion
rate (ng Th/min) was observed in cach group. The
<mallest jncrease occurred dufing the 33°C expusure,
and successively larger increascs occurr=d during
the 42°C and 45°C heating. - It is concluded that

_thyroid gland function can be stimulated by terpar-

_ature increascs at the gland of 2°C or more ahbove
normal. (No refs.) e

=199

L6112 THE EFFECTS OF 1.7 AND 2,45 GHz MICROWAVES
ON DRUG-INDUCED SLEEPING TIHE N THE RZGBIT

(PROCEEDINGS ABSTRACT). (Eng.) Clcary, S. F. (Dept.

Biophysics, Virginia Co..onwealth Univ,, Richeond,

VA). Tn: Proceedings of Uie 1975 Awiuxl Maoeting

of the Iniernaiioral Urion ' of Radio Scicrez lleld

at the University of Colorids, Boulder, Coloradn,

20-23 October, 1975. USNC/URS!. (Mashington, D.C.):

193; 1975. .

The effect of thermal stress on the reduction In
slceping time was investigated by rectal tcuperature
measurements in irradiated, sham-irradiated, and
anlmals exposed to thermal stress by incrcased en-
vironmental temperaturcs. The effects of pulse
modulation and variation in drug dosage were also
investigated to ascertain the extent to which the
sleeping time alterations are dependent upon alter-
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ation of body temperature in the rabbit. Exposure
of ancsthctized rabbits to 1,7 and 2,45 GHz pulsed
and continuous wave (CW) microwave radiation led to

_a_dose dependent decrecase in mean slecping time,
The 2,45 GHzZ irradiations caused a gréatér decreasg
than 1.7 GHz microwaves at all power densities in =
the range of from 5 to 50 mW/cm?. Exposures of |
2.45 GHz produced a 15% decrease at 5 ml/cn?, W, |
in contrast to 1,7 GHz radiatior, which did not
significantly rcduce sleeping time at this inten- |
sity. (No refs.)

JS-200

4613 . HIGH VOLTAGE ELECTRIC FIELD COUPLING TO
HUMANS USING MOMENT TECHNIQUES (PROCEED-
INGS ABSTRACT). (Eng.) Spiegel, R. J. (11T Re-
search Inst., Washlngton, DC}. In: Proeeedinga
of the 1975 Annual Meeting ‘of the Intzrnaiional
iion of Radio Science Held at the University of
Colorado, Boulder, Coloradp, 20-23 October, 1375,

USNC/URST. (Washington, D.C.}: 2303 1975,

A numeric rmethod for predicting current and normal
electric field distributions was developed for
humans situated in the vicinity of extra high volt-
age and ultra high voltage lines. The technique
was based on the method of moments in which the
human body is modeled as a collection of straight
cylindrical sections, Various scenarios were con=
sidered, e.g., a well insulated person standing on
the ground bencath the transmission line, an in-
dividual in good contact with the earth, or a line-
man working in very close proximity to an energized
conductor, The position of the arms was varied,
for example, arms extended or down at the side,

The question of biologic hazards from exposure to

-fields of these systems is also discussed. (No refs.)

7820/ _

461k EFFECTS OF WEAK ELF ELECTRIC FIELDS ON
SCHEDULE~COMTROLLED BEHAVIOR OF MONKEYS

(PROCEEDINGS ABSTRACT). (Eng.) Medici, R. G.

(Brain Rescarch Inst., Univ. California, Los Angeles,

CA). In: Proceedings of the 1975 Arrual Meeting

of the Intsrrational Union of Bacio Scionze Held

et the University of Colorzdo, Boulder, Colorado,

20-23 October, 1975. USNC/URSI. (Washington, 0.C.)

271; 1975.

Performing monkeys (both implantcd with electroens
cephalogram electrodes and unimplanted) were exposed
to microwave frequencies from 7-75 Hz at voltages
from 1 to 100 V/m in three different experiments,
Significantly shorter Interresponse time and re-
duced variability of responding were observed for a
specific frequency (7 Hz) at 10 v/m. At higher vol-
tages the effect occurred at other frequencles as
well, and the magnitude of the change was markedly
increased. (Mo refs.)

785-202-
4615 EFFECT OF AC ELECTRIC FILLD APPLICATION
UPON HUMAN VISUAL THRLSHOLD (PROCEEDINGS

ABSTRACT). (Eng.) Sugiyama, S. (Kwansci Gakuin

14
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Univ., Nishinomlya, Hyogo, Japan); Mizuno, K. In:
Proceedings of the 1975 Arnual Meeling o] the Intor-
national Union of Radio Sciecvce lleld at the Univer-
sity of Colorado, Boulder, Colorado, 20-123 Octcler,
1975, USHC/URSI., {(Washington, D.C.): 271-272;
1975. ’

A 90 Hz alternating current (AC) electric field
(E.F.) was applied to the hcad of human subjects
while the critical fusion frequancy was depressaed
by application of low [requency photic stimulus in
order to depress the functional state. The result
was compared with the deprecsion state made by
application of low frequency photic stimulus. The
result showed that depressed functional state could
be normalized to some extent by application of 90
Hz AC E.F. (No rcfs.) :

75-203
4616 PSEUDOSUBSTRATE BINDING TO RIBONUCLEASE
DURING EXPOSURE TO MICROWAVE RADIATICN
AT 1.70 AND 2,45 GHz (PROCEECINGS ABSTRACT). (Eng.)
Allis, J. W. (Experimental Biology Div., Environ-
mental Protection Agency, Rescarch Triangle Park,
NC); Fromme, M. L. In: Proceciings of the 197:
Annzal Meeting of the Interrvaiioval Unior of Radio
Setence Held at the University of Colarzio, Bculzer,
Colovado, 20-23 October, 1975, USNC/URSI. (Wash-
ington, D.C.): 318-319; 1975. L

The binding betwecen the enzymz ribonuclease and
scveral pscudosubstrates was rmeasured during coin-
cident exposure to 1,70 or 2,45 GHz electromagnetic
radiation using a crossed-beam exposure-dctection
system, This enzyme; isolated from bovine pancreas,
hydrolyses ribonucleic acid at the position of the
pyrimidine nucleotides. Mcasurcments were made
spectrophotometrically betweon 240 and 300 nn using
a difference spectral technigue, T.e., the samplec
chamber enzyme and binding agent were in the same
solution but were kept separate in the reference
chamber by use of split corsartment cells.  The
pseudosubstrates, which bind to the enzyre but do
not undergo reaction, were 2'=cytiding monaphos-
phate, 3'-cytidine monophosphate, and 3'-uridine
monophosphate, Association constants for these
agents range from 9.x 103 471 to 300 x 10 M1 at

pH 5.5. The solutions in the sawmple chamber were
irradiated at a waveguicde termination. HMeasurcoents
were perforred immedictely after exposure and after
exposure for 36 min. The absorbed dare rate for
the irradiated samples was MO W/kg., All experiments
were carried out at 25°C, and the teiserature of
the sample and refercence solutions wis ronitored
continuously. No differcnce in the binding of ri-
bonuclease in irradiated solutions and unirradizted
controls could be detected, (Mo refls.)

75-204

LT THE INFLUENCE OF MICROWAVE EXPOSURE OHN
NEUROENDOCRINE FUNCTION IR THE RAT AND

P0G (PROCEEDINGS ABSTPACT). ({Eng.) Michaclson,

S. M. (Univ. Rochester, Rochester, NY). In: Fro-

ceedirgs of the 1975 frnnal Meeting of thr Intor-

nattonal Union of Radio Seience Held at the v



* ? N I‘ I ] 'y L i

| I

e — B | — | | | N | | S—— L——

Biological Etfects Nonionizing € lectramagnetic
Radiation 1(2), January 1977

University of Colorado, Boulder, Colorado, 20-23
October, 1975. USHNC/URSI, (Washington, D.C.):
317-318; 1397s.

Because of the importance of the neuroendocrine
system in physiologic regulation and Integration of
body function, the first phase of studies were per-
formed In rats and dogs during various periods of
their lifespan (prenatal, postnatal, juvenile,
adult, old) to relate hormone levels (adrenal,
thyroid, growth hormone) to various reglmens of

low to high (1 mW/cm?-80 m/cn?) 2450 FHz continu-
ous wave (CW) microwaves by single acute and re-
peated or chronic exposures, Dogs were subjected
to regional or whole-body microwave exposure for
assessment of Individual endocrine sensitivity and
interspecies comparisons, Endocrine perturbation
occurred In rats and dogs acutely exposed to cer-
taln power density/time durations of 2450 MHz (CW)
microwaves., Such perturbation, however, was of a
transient nature and was related to increase In
temparature of the body or the Indlvidual endocr!ne
gland, Chronic exposure at low power density

(1-10 mW/cm2) will be required to establish the
physiologic significance of these neuroendocrine
perturbations. (No refs.)

78=208
4618 THE USE OF STRIPLINE TO STUDY MICROWAVE
BIOLOGICAL EFFECTS {PROCEEDINGS ABSTRACT).,
(Eng.) Seaman, R. L. (Dept. Biomedical Engineering,
Duke Univ., Durham, NC); Wachtel, H.; Joines, W, T.
In: Proceedings of the 1975 Annual Meeting of the
International Union of Radio Science Held at the
University of Colorado, Boulder, Colorado, 20-23

“October, 1975. USNC/URSI, (Washington, D.C.):

322; 1975.

The stripline. (rectangular coaxial transmission
line) technique was used to irradiate Isolated neu-
ral tissue, while recording electrical activity
from the neurons. The confined electromagnetic
fields allowed essentially artifact-free recording
and insured investigator safety. Intracellular
recordings from individual neurons of Aplysia in-
dicated effects on neural activity and synaptic

efficiency at absorbed power levels of a few mW/cm3.

Neural output of the optic nerve of Limulus was
changed by similar absorbed power levels. Results
were obtained at experimental frequencies of 1.5
GHz and 2.45 GHz. Stripline minimized many of the
problems assoclated with rescarching microwave cf-

fects on ncural tissue, (No refs.) >
80l
4613 BIOMEDICAL ASPECTS OF RADIOFREQUENCY AND

MICROWAVE RADIATION: A REVIEW OF SELECTED
SOVIET, EAST EUROPEAN, AND WESTERN REFERENCES (PRO-
CEEDINGS ABSTRACT). (Eng.) Glaser, Z. R. (Biomedi-
cal Research Detachment, Naval Surface Weapons
Center, Dahlgren, VA); Dodge, C. H. In: Proceed-

irgs of the 1975 Amual Meeting of the International »

Union of Radio Science Held at the University of
Colorado, Boulder, Colorado, 20-23 Octlober, 1975,
USNC/URSI. (Washington, D.C.): 315; 1975,

CURRENT LITERATURE

A survey of recent sclected Sovliet and East Furopcan
references reveals few new trends In the interpre-
tation of the effects of radiofrequency and micro-
wave fields, at lcast at the clinical level. Soviet
and East Europcan investlgators continue to report

a variety of reversible changes In nervous and re-
lated functions, which can occasionally be corre-
lated with changes in arimal behavior and organalle
shifts under experimental conditions. Western in-
vestigators, however, have bcen largely unsuccess-
ful in repeating these findings until rccently,
There is evidence that some Western Investigators
are beglnning to obtain certain functional and
morphological data suggestive of Soviet and East
European findings. Recent Soviet, East Furopecan,
and/or Western experimental findings, coupled with
the pressure of public opinion, may have a signifi-
cant effect on their unique positions with regard

to the occupational exposure levels. This report
represents a continuing effort to comprechensively
compile the world literature on the subject and
complenents a 1969 revicw of the subject, Now emm
phasis has been placed on experinental and theo-
retical research. (Mo refs.)

785-207
4620 NUMERICAL SIMULATION OF THE EBFFECTS OF
NON-10ONIZIHNG MICROVAVE RADIATION UPOM THE -
HUMAN BODY (PROCEEDINGS ABSTRACT). {Eng.) Emery,
A. F. (Dept. Mechanical Engincering, Univ. Washing-
ton, Seattle, WA); Guy, A. W.; Kraning, K. K.;
Short, R. In: Proceedings of the 1975 Arowal
Meeting of the International Union of Radio Scierce
Held at the University of Color.do, Boulder, Color-
ado, 20-23 October, 1975. USNC/URSI. (Washington,
D.C.): 231; 1975, '

A human-body model was developed using a finite
difference numeric procedure to computc the therral
response of a man subjected to microwave irradla-
tion of the entire body and the head. Transient !
head and body temperatures and sweating rates vicre
computed to determine the maximum levels of irradi- :
ation permissible for long- and short-timz expo-
sures. Since the thermal response is strongly
affected by the local swcat rate, four different
models were used in which the hypothalanus, avzrage
skin and local skin temperatures, and the time rate
of change of these temperatures were the control-
ling parameters. The best of these different nod-
els, as judged by comparison of the results with
measured data, was then used in microwave simula-
tions. (No refs.)

785 =208
L621 A SUMMARY OF CELL AND TISSUE LEVEL EVENTS !
PRODUCED BY RF FIELDS PREDICTED FROM con- |
SIDERATION OF REGIONAL HYPERTHERMIA (PROCEEDINGS 5
ABSTRACT). (Eng.) Frazer, 4. W. (U, S. Air Force
Sch. Acrospace Hedicine, Brooks Air Force Base, TX).
In: Proccedings of the 1975 Annual Mceling of the
International Union of Radio Science Held at the
University of Colorado, Boulder, Colorado, 20-23
October, 1975. USNC/URSI. (Washington, D.C.): 132;
1975,
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Absorption of electromagnetic energy In any object
causes an Incrcase in collision probability of Its
constituent molecules, leading to the production of -
heat. Even In relatively homogenous absorbers, the
distribution of .this hecat is not uniform throughout
the absorber but is critfcally dependent on the size
of the absorber relative to the wavelength, the
field impedance, and the electrical charocteristics
of the absorber, Prediction of one set of biologic
results from exposure to such a field is dependent
on knowledge of the regional thermal environment

and also knowledge of the tissue response to such
thermal environment., One set of such interdependen-
cies showed that relcase of metals from one organ
leads to uptake by another., Other sets of events
are becoming clearer as a result of studies of the
prospective application of hyperthermia to the treat-
ment of cancer. It has been shown that shifting of
division cycling occurs in cultured tunor cells and
in tumors in animals exposed to hyperthermla. Sim=
ilar events have been seen with many types of normal
cells extracted from animals exposcd to a variety
of electromagnetle flelds. Another corollary, as
yet unexamined in radiofrequency fields, Is loss

of intracellular materials from such cells. (Ho
refs.)

75209 -
L4622 MODIFICATION OF INTERNAL DISCRIMINATIVE
STIMULUS CONTROL OF BEHAVIOR BY LOW LEVELS
OF PULSED MICROWAVE RADIATION (PROCEEDINGS ABSTRACT).
(Eng.) Thomas, J. R. (Naval Medical Research Inst.,
Bethesda, MD); Yeandle, §. S.; Burch, L. S. In: _
Proceedings of the 1975 Annual Meating of the In‘er-
national Union of Radio Science Held at the Univer-
sity of Colorado, Boulder, Colorado, 20-23 October,
1975. USNC/URSI. (Washington, D.C.): 194; 1975,

The behavioral effects of pulsed microwave radiation
were determined on rats performing on a reinforce-
ment schedule regulated by internal stimulus con-
trol. The reinforcement schedule required that at
least eight consecutive responses be made on one
response lever before a responsc on a second lever
would be reinforced with food. [f the aninal
switched to the second lever before the count of
eight, the sequence of eight responses had to be
restarted. Over a 6-mo period there was a discrim-
ination of the number of responses counted on the
first lever, since switching responsecs occurred
with the largest frequency following eight or more
responses, Exposure to a pulsed 2,45-GHz radiation
source for 30 min with power densities of 5, 10,
or 15 mW/cm? produced changes in the performance on
the fixcd consecutivc numbcr schedule, All Bowc

SwitchTng, with the highest pdwcr prodUC|ng the
most disruption of the counting discrimination.
Premature switching responses due to radiation ex-
posures were associated with pronounced reductions
in the percentage of correctly performed response
runs that produced reinforcements, Microwave radi-
atlon had no effects on overall or running response,
rates or on response variability., Perflormance
changes were not reclated to induced hyperthermia,
{No refs.)
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75-2/¢
L623 MICROWAVE FREQUENCY AMD E~FIELD ORIENTA-
TION INTERACT WITH ANIMAL SIZE (PROCEED-
INGS ABSTRACT). (Eng.) Schrot, J. (Dept. Micro-
wave Research, Walter Rced Army Inst. Research,
Washlngton, DC); Hawkins, T. D, In: Proceedirge
of the 1975 Annual Mzeting of the Intarnational
nion of Radio Science Held at the Universily of
Colorado, Boulder, Colorads, 20-23 Octchber, 1975,
USNC/URST. (Washington, D.C.): 233; 1975.

The interaction between microwave frequency, E-field
orientation, and animal size was investigated using
elapsed time to tonic-clonic convulsion as the de-
pendent variable. The frequencies employed were
710, 985, 1700, 2450, and 3000 MHz. The subjects
were exposed in two E-ficld orientations at each
frequency, namcly, E parallel and E vertical to
the long axis of the animal's body. At cach fre-
uency-oricentation ccambination, groups of 11 mice
?25 35 g), small rats (100-125 g), and large rats
(380-420 g) were exposed, Individual exposures
took place in an anechoic chamber, with the animal
restralned In a plexliglas enclosure, All exposures
viere performed with a 150 md/cm? continuous wave
signal., The results clearly demonstrate that the
frequency, oricntation, and body size variables
contributed significantly in dctermining elapsed
time to convulsion., The horizentally aligned E-
field produced consistently faster tines to con-
vulsion across animal size and frequency. In
general, increasing animal size produced greater
vulnerability (shorter convulsion tirmes) with lower
frequencies., For example, mice werc most vulner-
able in the 1700-2450 Mi{z range, small rats at 985
MAz, while large rats convulsed most quickly at
710 MHz, The frequency-vulnerability relationships
were most clearly demonstrated with the E-ficld
polarized horizontally. These data indicate the
importance of considering frequency, orientation,
and subject size when evaluating vulnerability to

microwave exposure. (No refs.)
VAR VY
Le24 INVESTIGATION OF ELECTROMAGHETIC EFFECTS

TV TOWER ON HIGPATORY BIRDS
(Fng.) Burks, D. G. (Elec-
ﬁuhnrn Univ., Auburn, AL);

":'Y' fu ihe 1875 Lrvvml

r'Z Ir‘r icn of Padio Seier

Cofor!fr Bouldar, Coigr-

‘“/LJ"-“ (Washington,

OF A 1000 FT.
(PROCEEDINGS ABSTRACT) .
trical Engineering Dch
Graf, E. R. In:

ﬂkeiing of the Imier

D.C.): 3 l975.
The high incidence of bird collisions at a 1000 ft
TV tower north of Tallahassce, Florida, motivated
this study of possible clectromagnetic effects in
bird navigation. Data collected over a 19-yecar
period (1956 to 1975) concerning daily bird kills,
number of birds, species, and position found forrrd'
the basis of a correlation study to determine fac-
tors responsible for high bird kills. Evidance
indicates that bird navigation is a complicated
process involving the intcgration of many sensory
inputs including sight, pressure, smell, and may-
netic ficld. This study investigated bird responses
to (1) TV radiation from the tower, {2) disturbances

ey
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of natural magnetic and electric flelds, and (3)
-lights of the tower. {Interfercnce with the bird:%
snavigation process that results in an attraction

to the tower was responsible for bird kills not |
lrcsulting In random incidence. The elcctromagnetic

-- environment of the tower and theorles of bird navi-

.:gation.regarding this. problcm are discussed. (No

refs.

7&51‘;L/$L
1S 4625 EFFECTS ‘OF 45 HERTZ ELECTRIC FIELD EXPO-
SURE ON RATS {(PROCEEDINGS ABSTRACT).
(Eng ) Mathewson, N. S. (Armed Forces Radiobiology

gl e e hemeereed St

- - gram of body weight basis,
~ the 28-day exposure period animals were sacrificed,

id,

. "October, 1975,

Research Inst., Defence Nuclear Agency, Bethesda,
MD): Oosta, G. M.; Oliva, S. A.; Blasco, A, P. In:
Proceedzngs of the 1975 Annual Hzeting of the Inizr-
naticnal Union of Radio Science Eeld at the Univer-
s8ity of Colorado, Boulder, Colorado, 20-23 October,
1975. USNC/URSI, (Washington, D.C.): 269; 1975.

- The effect of a vertlcal slnusoldal electric field
-exposure of 45 Hz was studied in the adolescent
-~ rat. Exposures were conducted-in six identical
horizontal air gap parallel plate capacitors.
..applied electric field of each chamber could be
varied individually and each chamber contained 16
‘unlformly illuminated cages. The cages were de-
signed to house one animal, to allow the food and
water consumption to be measured, and to produce a
minimum perturbation of the applied ficld,
and magnetic field map data indicated that 45~ and
75-Hz magnetic field levels were less than 2 mG,
and electric field variations within the cage areas
were typically #+ 5%, Exposures at electric field
. strengths from 2-100 V/m were performed for 28 days.
Animal growth during the exposure period was esti-
- mated by monitoring the body weights of all animals.
-.Gross metabolismwas estimated by monitoring the
food and water consumption on a per animal and per
At the termination of

The

and a complete blood count was obtained on each
-animal. In addition, the serum protein and lipid
- fractions of each animal were monitored, and a
-necropsy was performed on sclected animals of con-
trol and irradiated groups. Preliminary analysis
of data from 18 groups of 16 animals each at five
electric field strengths suggested that the 45-Hz
vertical electric field exposure did not signifi-

cantly affect the rats., (No refs.)
PAEFYAS
L626 CHRONIC LOW-LEVEL EXPOSURE OF RABBITS TO

MICROWAVES (PROCEEDINGS ABSTRACT). (Eng.)
Ferri, E, S. (U.S. Dept. Health, Education, Welfare,
Food and Drug Admin., Burcau Radiological Health,
‘Div. Biological Effects, Winchester, MA); Hagan, G.
In: Proceedings of the 1975 Awunal leeting of
the International Union of Radio Seicnce Held at the
Untversity of Colorado, Boulder, Coloralio, 20-23
USNC/URSI. (wd,h.nqLon, D.C.): 319;

1975. ’

To determine whether biologlc effects occur after
chronlc low-level irradiation, six rabbits werc ex-

Electric
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)
posed to 2.45 GHz continuous wave radiation In an
anecholc chamber to an Incident power denslty of -
10 £+ 1 aM/c? for 8 hr/day, 5 consecutive days a
wk for periods ranging fron 8-17 wk. Body weicht,
food and water consumption, and coat condition were
rmonitored daily for possible radiation responses.
Counts of total red and white blood cells were made”
weekly, and the Jens of the cyc was examined by slit
lamp for changesi, Six litter mates of the above
group, similarly treated and sham-cxposed during
identical periods of time, served as controls. A

slight loucrung of food and water consumption-vas = =

observed in the irradiated group during the flrst '
week of expoéurei The lowered consumption was not -~

accompanicd by a detectable weight loss. Ho other
differences were detected botween experirental and
control animals. No latent effucts were observed
up to 2 mo post-irradiation. {Ho refs.)

28521y
hé27 SOME DEVELOPHENTAL AND BEHAYVIORAL FACTORS
OF LOW INTENSITY X-BAND RADIATION (PRO-
CEEDINGS ARSTRACT). (Eng.) Kindt, C. W. (Regional
Primate Research at the Univ. Washington, Scattle,
WA); Bowden, D. M.; Spelman, F. A.; Morgan, M. K. '
In: Proceedings of the 1375 Awiual Meeting of'the
Inte
University of Colorado, Boulder, Coloradn, 20-23
October, 1975. USNC/URSI (Washington, D.C.):
311-312; 1975,

To determine possible toxic effects of low inten-
sity X-band radiatior, four pregnant Sprague Daw~
ley rats were exposed (dosage not specified) for
the duration of pregnancy (21 days).
were further exposed at the same level for an ad-
ditional 28 days. The offspring and mothers were
studied to determine the effects of irradiation on
weight gain, righting, exploratory behavior, eye
opening, ear flap development,
nal anatomic maliormations, tooth eruption,
steroid levels and adrenal weight, and maturation
of reproductive systems. This experiment precedes
the use of infant monkeys in a rciote respiration
monitoring system using X-band radar. (No rcfs.)

8=21d
4628 BIOLOGIC EFFECTS OF PULSED HIGH FREQUENCY
ELECTROMAGHETIC RADIATION (PROCEEDINGS
ABSTRACT). (Eng.) West, B. (M.C.V./V.C.U., Rich-
mond, VA); Regelson, W, In: Frozzadings of the
1975 Annual Mecting of thne Interncitonal Union of
Radlo Setence Held at the University of Colorulo,
Boulder, Colorado, 20-23 Octohar, 1975, USHC/URSI.
(Washington, D.C.): 93-94; 1975. ) - -

A pulsed electromagnutic nonionizing radiation
source utilizing a carrier frequency of 27,12 MHz
delivered at onc of six preselected pulsced frequen-
cies significantly altered survival time and size
of implanted B-16 mclanoma and Lewis lung tumors in
syngeneic mice. The highest pulsation rate (600
pulses/scc) had a pulse length of 65 microsec de-
livery at 975 W pcak power at an average 38 W,

Mice irradiated Tor 20 min daily for 3 days prior
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to tumor exposure showed an enhancement of tumor
growth and a decrease In life span. Postoperated
models frradiated at 400 pulscs/sec showed increased
life span., Effects against the P338 and L1210 as-
clites leukemla have been equlivocal. Biologlc actlv-
ity, Including body weight change and speed of drug
metabolism, differed from controls. Decreases in
sleeping time of mice injected with sodium pento-
barbital immediately before whole-body high fre-
quency exposurc was associated with an increase in
liver cytosol protein, implying the P450 drug hydro-
lase system may be stimulated. Significant inhibi-
tion of welght gain and differential development
patterns In maturing male mice occurred after 30

min daily exposure for 14 days at the highest pulse
frequency. Female mice showed a different weight
inhibitory pattern initiated during the l4-day
radiation schedule, Adult weight levels for both
controls and treated mice were simllar, which in-
dicated a temporary effect in developmzntal gain
equallzed at approximately 2-4 wk, These effgcts
appeared Independent of overall effects on body
temperature and were not associated with any gross
alterations in organ to bocy weight ratios.

ALY XA i
4629 TIME-COURSE OF ADRENAL RESPONSE IN MICRO-
WAVE-EXPOSED RATS (PROCEEDINGS ABSTRACT).
(Eng.) Guillet, R. (Unlv. Rochester, Rochester, NY);
Lotz, W, G.; Michaelson, S. M. In: Proceedings of
the 1975 Annual Mzeting of the International Union
of Radio Science Held at the University of Colorado,
Boulder, Colorado, 20-23 October, 1975. USHC/URSI.
(Washington, D.C.): 316; 1975.

Adrenal function was studied in six unanesthetized

~young adult male Long Evans rats exposed to micro~

waves. Corticosterone levels were determined in
sequential blood samples obtained via chronic in-
dwelling jugular catheters. Samples were taken
before, during, and following exposure to microwaves
(2450 MHz, continuous wave) at power densities of
30, 40, or 60 m/cm? for 15, 30, or 60 min. Plasma
corticosterone levels rose in all six rats exposed
to 60 mW/cm?, regardless of duration of expesure;
most rose within 15 min; all rose within 30 min of
start of exposure. Plasma corticosterone levels rose
in all six rats exposed to 40 mW/cm? for 30 or 60
min, but not in those (2/2) exposed for 15 min. One
of four rats responded with an increase in plasma
corticosterone to exposure to 30 m//cm?, Plasma
corticosterone levels tended to plateau during ex-
posure and, in general, began to drop sharply follow-
ing termination of exposure, returning to baselinc
within 30 min in all cases. The data on rats ex-
posed to thermogenic power density-time relation-
ships demonstrate the transient nature of the
response. (No refs.)

285217

4630 BIOLOGICAL THERMAL EFFECT OF MICROWAVE
RADIATION ON HUMAN EYES (PROCEEDINGS
ABSTRACT). (Eng.) Al-Badwathy, K. A. {Dcpt. Elec-

trical Engincering, Cairo Univ,, Cairo, Egypt);
Yousscf, A-B. In: Procecdirgs of the 1975 Annual

(No refs.)
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Meeting of the International Wion of Radio Scicnce
Held at the Wniversity of Colorade, Boulder, Color-
adp, 20-23 October, 1975, USHC/URSI, (Washington,
D.C.): 39; 1975.

A spherlcal model for the head Irradiated by micro-
waves was studied to asscss the cffects of microwave
radiation on human cyes. The two eyes properly
located in the head were also assumed spherical
with the eye lens in its most probable place inside
the cye, The clectromagnetic transmission problem
was first solved to find the fields in the eye and
the heat diffusion cquation was then solved in
spherical coordinates inside the eye. A constant
temperature gradlent G; was assumed on the cornea
and the part of sclera exposcd to air. Another
temperature gradient G, was assuned constant on the
remaining part of the eye ball. The constant G
accounted for cooling by aqucous humour, eye 11d
tears, and radiation; whercas, G, accounted for
both metaboli¢ heat gengration and blcod cooling

by means of retfnal arteries, and retinal, Intra-
scleral, and episcleral veins. Body reaction in
the form of increased blood circulation in blood
capillaries to avoid such forced temperature risc
was accounted for by an Increase in G,. Tempera-
ture profiles were presented for different levels
of the incident plane microwave and fdr varying
degrees of body reactions, The capability of blood
circulation to protect the eye lens from overheat-
ing was critically evaluated beccause such blood
circulation is not close ecnough to the eye lens.
Safe long-term microwave lecakage exposure levels
were also calculated. (No refs.) ‘

78=21§
463 THE EFFECT OF MICROWAVE EXPOSURE OMN BAC-
TERIA: MUTATION INDUCTION (PROCEEDINGS
ABSTRACT). (Eng.) Blackman, C. F. (Environmental
Protection Agency, Experimcntal Biology Div., Re-
search Triangle Park, NC); Surles, M. C.; Benane,
S. G. In: Proceedings of the 1975 Anrial Meeting
of the Imternational Union of Radio Science Held
at the University of Colorads, Boulder, Colorude,
20-23 October, 1975, USHC/URSI., (Washington,
D.C.): 134-135; 1975,

The mutagenic potential of continuous wave electro-
magnetic radiation at 1,70 and 2.45 GHz was cxamined

in a strain of the bacterium, Escherichia coli, which

vwas used to detect both forward and reverse muta-
tions. Log phase cultures of the bacterial strain
were placed in 35 mm diamcter sterile plastic tis-
sue culture dishes and irrediated for 3-4 hr at
35°C. Exposures at 2.45 GHz were conducted at far
field power densitics of 10 and 50 mW/cm?, which
correspond to absorbed dosc rates of 14 and 69 W/kg,
respectively, Exposures at 1.70 GHz, at a ncar
field power density of 2.0 nM/cm?, werc estimated
to correspond to an absorbed dose rate of 2,8 W/kg.
Sensitivity for mutation induction was optimlzed by
exposing the bacteria during at least onc complete
DNA replication cycle. Although positive controls
using ultraviolet light decmonstrated the expected
exponential survival curve and Increase In mutation
induction, no mutagenic activity could be decwon-
strated for cither microwave frequency. (Mo refs.)
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78217
L4632 THE EFFECTS OF ENVIRONMENTAL TEMPERATURE
ON THERMOREGULATORY, SERUM LIPID, CARBO-
HYDRATE, AND GROWTH HORMOME RESPONSES OF RATS EX-
POSED TO MICROWAVES {PROCEED!INGS ABSTRACT). (Eng.)
Houk, W. M. (Naval Aerospace Medical Rescarch Lab.,
Pensacola, FL); Michaelson, S, M.; Belschar, D. E.
In: Froceedings of the 1975 Awwal Meeting of the
Internattonal Union of Radio Science Held at the
Uitverstiy of Colorado, Boulder, Colorado, 20-23
October, 1975, USNC/URSI. (Washington, D.C.);
309; 1975.

Long Evans rats were exposed to 2450 MHz continuous
wave horizontally polarized microwave radiation at
room temperature (22.5° ¢), at low (17.5° C), as
well as at high (27.5° C) environmental temperature.
Three different exposure intensities (10,2, 19,6,
and 30.5 mM/cm?) (+ 0.8 dB) were used In a 1.8 x
1.8 x 1.8 m semi-enclosed anechoic environmental
control chamber, Sets of four animals were exposed
simultancously to a selected temperature and radia-
tlon envlronment for 150 min followad by a 60=mln
pos t-exposure perfod, After exposure the animals
were weighed, decapitated, exsanguinated, and
colonic temperaturc was measured within 90 sec after
death. This procedure with sets of four animals
was repeated with the animal sacrificed at differ-
ent times during the exposure period. Hone of the
sham-exposed rats demonstrated significant colon
temperature alterations in the normal, low, or

high temperature environments. In rats exposed at
room temperature to 10.2 mW/cm?, there were no
differences in colon tempcratures compared to the
sham-irradiated group. The 19.6 and 30.5 mW/cm?
exposure groups were observed to have from 0.7 to
1.0° € colon temperature increases in the normal
environment., Cooling the room negated the colonic
temperature increase In the 19.6 m/cm? expused
group and suppressed the increase in the 30.5

_mid/em? group. Heating the room caused all colon

temperature responses seen in all three microwave-
exposed animal groups to rise Incrementally (0.3,
0.8, and 2.4° C), with an obvious generalized
stress response observed in the 30.5 m/cn? irradi=
ated group. The complex serum parameter inter-

_relationships, which correlate with the environmen-
. tal temperature alterations and the microwave

exposures, are discussed. (No refs.)

28-220

4633 COMPARISON OF THERMAL EFFECTS I[N THE
RABBIT EYE FROM MICRCWAVE RADIATION AND

FROM EXTERNAL HEATING (FRCCEEDINGS ABSTRACT). (Eng.)

Carpenter, R, L. (U.S. Dept. Health, Education and

Welfare, Food and Drug Admin,, Burcau of Radiologi-

cal Health, Div, Biological Effects, Winchester,

MA); Hagan, G. J. In: Proceedings of the 1975

- Annual Meeting of the International Union of Radioc

Scienze Heild at the Univereity of Colorado, Foulder,
Colovade, 20-23 October, 1975, USNC/URSI, (Wash-
tngton, D.C.): 321-322; 1975.

The effects of external heating on the rabbit eye
were lnvestigated and compared with the cataracto-
genlc effects of microwave irradiation. The Intra-
ocular temperature of rabbits was elcvated by the

CURRENT LITERATURE |

same amount as occurs during a cataractogenic cxpo-
sure to 2450 MHz microwave radiation and for the
same duratlon but without cmploying nlcrowaves,
Heat was applied externally to the scleral region
overlylng the clliary body, thus heatlng the blood
flowing to It, the irls, and the corncal limbus.
The hcat source was a thin copper girdle shaped to
the contour of this region of the eye. A circular
brass tube was soldered Lo its upper surflace to
carry a flow of water from a thermostatically regu-
lated water bath, In an initial scries of experi-
ments, water bath temparatures were correlated with’
temperature measurements made by therimocouple in
the vitreous body close behind the lens. This type
of heating inflicted more scvere damagz than does
equivalent microwave heating. Local venous stasis
was observed as vell as herorrhage in ciliary body
and iris vessels, corncal reavascularization, and
many Instances of extensive hyphemia. The few opa-
cities that developed were in the anterior lens
cortex, thereby differing in location from those
induced by micrawaves. (Ho refs.)

7532/
L63Y DISCRIMINATIVE CONTROL GF APPETITIVE BE-
HAVIOR BY PULSED MICRQWAVE RADIATION IN
RATS (PROCEEDINGS ABSTRACT)}. (Eng.) -Johnson, R. B.
(Dept. Rehabilitation & Psychology, Univ. Washing-
ton, Seattle, WA); Mycrs, D.; Guy, A, W.; Lovely,
R. H.; Galaubos, R. In: Proccedinge of tha 1375
bviual Meating of the Intemiticnal Wiion of Pudio
Solence Ezid at the Univereity of Colerado, Boulder,
Colovade, 20-23 Ocichber, 1976. USNC/URSI. (Wash-
ington, D.C.): 37-38; 1875.

To assess the effects of pulsed micrewave radic: i
on rat appetitive behavior, food deprived albinu
rats were trained in an ancchoic charber to make a

“nose-poking operant, while restrained in a plexi- -

glas ret holder. During daily 1.5-hr sessions,
individual animals were presented alternating 5-min.
stimulus-on/stimulus-off periods during which food
was made available as reward for responding only :
during stimulus-on pericds. A respanse consisted

of extending the nose forward and upward to break

a lightbeam photo cell arcangsment. The original
stimulus was a 7.5 kHz audible elick produced by a
high frequency twseter driven by a 1V, 3 psec dur-
ation sguare—wave puleo at the rate of 10 pulses/sec,
Within 2 weeks, these aniwals learned to sufficicently
inhibit responding such that €5-90% of a scssion's
total responscs vere made during the appropricte
stimulus-on periods. During one of the stimulus-

off periods in which each animal was not responding,
it was exposed for 30 sec to pulsed microwave radi- -
ation at the same pulse width and rate as the audi-
tory stimulus and at field strength <5 nW/cin? :
These animals showed definite "oricnting responscs'
and began to respond during the presentation. Dur-
Ing subsequent sessions in which microwaves, not

the audible clicks, were present during the stinulus-
on periods, all animals demonstrated a continund
ability to respond at the 85-90% level. Although

the results suggest an auditory component In the
microwave control of this Lehavior, the demonstra-
tions also Indicate that stimulus control of appeti-
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tive behavior can indced be obtalned with pulsed
microwaves, This Is In contrast to reports that

such control cannot be obtained with modulated micro-
wave radlation, These findings also stand in con-
trast to, and.suggest other possible Interpretatlions
of, recent reports of detection and avoldance of
pulsed microwave radiation in rats. (No refs.)

4635 EXPOSURE OF DOMESTIC fFOWL TQ ELF ELECTRIC
AND MAGNETIC FIELDS (PROCEEDINGS ABSTRACT).
(Eng.) Durfee, W. K. (Dept. Animal Sclence, Univ.

Rhode Island, Kingston, RI); Plante, P. R,; Martin,
P.; Muthukrishnan, S,; Polk, €. In: Proceedings
of the 1975 Annual Mzeting of the Internaitonal
Unton of Radio Science Held at the Wiiversity of
Colorado, Boulder, Colorado, 20-23 October, 1975,
USNC/URSI. (Washington, D.C.): 269-270; 1975.

The domestlc fow!l, Gallus domesticus, was used in
two series of experiments designed to evaluate the
influence of continuous wave, extremely low fre-
quency (ELF) magnetic and electric fields upon:

(1) growth, development, and hatchability of the
chick embryo; (2) early post-natal growth and de-
velopment of the chick; and (3) growth of the sex-
ually fmmature bird, Special equipment was con- --
structed to provide uniform ELF fields (60 and 75
Hz) at identical frequencies (45, 60, and 75 Hz) .
and amplitudes for continuous exposure of embryos
and chicks throughout the preincubation holding,
incubation, and hatching periods and through the
first & wk of brooding. The magnetic fields were
maintained at 1, 5, 8, or 30 G, and the electric
fields were maintained at 1, 10, or 3600 V/m.

These ELF fields had no significant or consistent
effects on: (1) hatchability of fertile eggs, (2)
embryonic suryival durlng the most critical stages
of development, (3) early post-embryonic growth

{to 4 wk of age), and (4) learning and memory
consolidation in the neonatal chick. Growth and
development to 10 wk of age was not affected by
earlier (4-wk) exposure. A 60 Hz, 5 G magnetic
field had no effect on metabolic activity of chick
embryos as determined by embryo growth rate and CO,
production. (No refs.)

7S-222-
4636 EFFECTS OF WEAK LOW FREQUENCY ELECTRIC
FIELDS ON CALCIUM EFFLUX FROM ISOLATED
CHICK AND CAT BRAIN (PROCEEDINGS ABSTRACT). (Eng.)
Bawin, S. M. (Dept. Anatomy, Univ. California, Los
Angeles, CA); Adey, W. R. In: Proceedings of the
1975 Annual Meeting of the International Union of
Radio Science Held at the University of Colorado,
Boulder, Colorado, 20-23 October, 1975. USNC/URSI.
{Washington, DgC.sz 267; 1975. -

Freshly Isolated chick cerebral hemispheres were equi-
librated with a calcium Ringer's solution containing
45ca2t* for 30 min. Washed tissue portions were ex-
posed to sinusoidal electric fields at either 1, 6,
16, or 32 Hz with electric gradients of 5, 10, or

56 V/m in air for each frequency for 20 min, Then
4Sca2* efflux was mcasured In 0.2 m! of supernatant
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and compared with efflux from unexposed control sam-
ples. All tlssues were maintalned at 36°C and
checked for specific activity after the experiments,
A frequency sensitive "tuning curve'' showed sharply
reduced efflux of 15-20% at 6 Hz (p<0.05) and 16 Hz
(p<0.01) for 10 V/m fields. Similar but slightly
smaller reductions {(p<0.05) occurred at 56 V/m.
Threshold was around 10 V/m, but non-significant
trends occurred at 5 V/m. Cat visual, auditory,
suprasylvian, and scnsory-motor cortex tested at

I, 6, 16, 32, or 75 Hz, 56 V/m showed significantly
decreased effluxes at 6 Hz {p<0.05) and 16 Hz (p<0.01)
but with non-significant trends at all other fre-
quencies tested, At 10 V/m, non-significant de-
creases occurred at 6 and 16 Hz, It Is concluded
that oscillating clectric low frequency fields at

6 to 30 Hz reduce Ca efflux; whercas, weak very

high frequency fields amplltude modulated at the
same frequencies increase efflux, A model for both
effects based on cooparative interactlons of Ca with
fixed charges on stranded biopolymers is proposed,
(No refs.)

787223
L637 MICROWAVE-INDUCED HYPERTHERMIA AND RADIA-
TION SEHSITIVITY OF MOUSE INFESTINE (PRO-
CEEDINGS ABSTRACT). (Eng.) Gordon, G. A. (Dept.
Radiology and Bioengineering, Univ. Utah, Salt Lake
City, UT{; Livingston, G.; Dethlefsen, L. A, In:
Proceedings of the 1975 fnnual Mseling of the Ivier-
national Union of Radio Secience Held at the Univer-
sity of Colorado, Boulder, Colorado, 20-23 Octoter,
1975, USNC/URSI. (Washington, D.C.): 92-93; 1975.

Recent data show that heat applicd alone both in
vitro and in vivo selectively kills cancer cells and
that heat plus radiation have a synergistic inter-
action. MNormal tissue tolerance has becen studied
using only hot-water inmersion of mouse skin. In
this investigation, C3H mousc intestine was irrad-
iated to define normal tissue response more ade-
quately. Microwaves were gecncrated by a 2450 MHz
microvave magnetron and delivered through a vave
guide, which was collimated to encompass the uppar
abdomen. The mid-upper abdomen temperature of the
mouse was monitored coptinuousty with a liquid
crystal thermometer inserted into the rectum up to
the epigastrium. At a fixed power, microvaves were
pulsed until the intestine attaincd the desired
temperature (43 and 45°C), which was then sustained
for varying periods of time. Ismcdiately post-
heating, 1000 rads of whole body radiation werc ad-
ministered and at 3% days post-trecdtment, the in-
testine was removed with histopathologic sections
prepared, and the regecnerative crypts counted. With
hcat alone (45°C for 15 min), preliminary data sug-
gested survival was reduced to less than h5% (12 to
28 animals). Similar low survival (h/13) was scen
with #5°C for 2 to 4 min. Crypt-cell survival was
strikingly reduced with combination hcat and radia-
tion (45° for 2 min). Since the systemic rise in
temperature related to vascular heating may have
caused the high mortality, the above technique was
altered to improve survival. The subcutancous tem-
pcrature was monitored when cool air was blown on a
wet mouse, and this caused the subcutaneous tempera-
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ture to remaln at, or less than, normal with no
change in mortality. To avoid the vascular organs

of the llver, lung, and heart, the distal colon was
heated, and agaln therc was poor survival (4/28; 45°¢C
for 3 min). Heating of externalized bowel resulted
in the same low survival, Further studies will pur-
sue these techniques to develop complete radiatlon
dose-response curves and evaluate implanted tumor
response. (No refs.)

2522y
4638 A STUDY OF THE EFFECTS OF MICROWAVE [RRAD!=-
ATION OF THE RAT TESTES (PROCEEDINGS AB-
STRACT). (Eng.) Muraca, 6. J., Jr. (U.S. Dept.
Health, Education, Welfare, Food and Drug Admin.,
Burcau Radiological Health, Div. Biological Effects,
Winchester, MA); Ferrl, E. S. In: Proceedings of
the 1975 Annual Meeting of the International Union
of Radio Science Held at the University of Colorado,
Boulder, Colorado, 20-23 October, 1975, USNC/URSI.
(Washlington, D.C.)t 320-321; 1975,

Because of the thermal sensitivity of mammallan
germinal tissues, the testes constitute a critical
organ of jnterest in the study of microwave biologlc
effects., To investigate the possibility that ther-
mal stress by microwave irradiation, as opposed to
conventional heating, induces unique biologic effects,
the testes of albino Sprague-Dawley rats were ex-
posed in vivo to 2.45 GHz continuous wave radiation.
The testes were then histologically compared to
testes heated by immersion of the scrotum in warm
water. Prellminary experiments indicated that an
intratesticular temperature rise to 40°C by micro-
wave irradiation, maintained for periods of 5-25
min, produced degererative changes in less than 50%
of the animals exposed, The effects of temperature

‘rises to 38°C and 429C were also investigated for

single and fepetitive exposures. In both microwave
and water bath experiments the intratesticular temp-
erature was continuously monitored and maintained at
selected temperatures for chosen periods of time.
The testes of 100 animals werc exposed to microwave
irradiation, and 50 animals had their scrotum im-
mersed in warm water. Similar histologic damage

was observed in both exposure categories with obser-
vatlons classified in four categories from normal to
severely damaged. The results, however, are not
inconsistent with a thermal mechanism of microwave

injury to the testes. (No refs.)
782287
K639 LONG TERM EXPOSURE STUDIES OF HIGH PEAK

POWER (HPP) PULSED ELECTROMAGNETIC RAD|A-
TION ON MICE (PROCEEDINGS ABSTRACT). (Eng.) 0'Grady,
7. C. (Biomedical Research Lab,, Haval Surface Weap-
ons Center, Dahlgren, VA); Glaser, Z. R. In: Pro-
ceedings of the 1975 Annual Meeting of the Interna-
tional Union of Radio Science Held at the University
of Colorado, Boulder, Colorado, 20-23 October, 1875,
USNC/URSI. (Washington, D.C,): 310-311; 1975,

Three scparate groups of mice were exposcd to high
peak power (HPP) pulsed radiation over a 6-mo period,
1 hr/day, 5 days/wk to assess the effects of long-
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term exposure, Group |, which consisted of 53 ex-
perimental animals and 29 control anlmals, was ex-
posed from birth to 180 days total exposure; Group
11, which consisted of 77 experimental anlmals and
22 controls, was exposed from birth to 180 days;
Group 111 was exposced from birth to 60 days of age.
At 20-day intervals in Groups | and 1! (every other
day or blweekly in Group I11) six experimental ani-
mals and three control animals werz sacrificed and
analyzed for a variety of biologic parameters.

These parameters included clinical blood chemistries
(hematocrit, white blood cell count, platelet count,
differential counts), serum electrophoresls, llver,
heart and skeletal muscle enzyme activities, and
gross morphologies. The exposurcs were made between
the plates of a HPP pulser operating at ~27 MHz wlth
a field strength of ~100 kV/m, pulse duration ~200
nanosec, and a repetition rate of 20 pulscs/scc.

The presence of changes in any of the biologic par--
meters would Indicate a stress effect resulting fre.

the radiation., (No refs.)
7S 6
L6440 ALTERATICHNS M THE SLEEP PROCESS OF THE

RABBIT AS A FUNCTION OF CHRZNIC LOW INTEHN-
SITY ELECTRCMAGHETIC RADIATION EXPOSURE (PROCEEDINGS
ABSTRACT). (Eng.) Manthei, R. C. (Bioredical Re-
search Lab., Maval Surface Wecapons Cenhter, Dahlgren,
VA); Glaser, Z. R. In: Proceadings of the 1975
Arnual Meeting of the Inizrrational UnZon of Radio
Science Held at the University of Coicradn, Bouldzr,
Coloradn, 20-23 October, 1975, USNC/URS!. (Wash-
ington, D.C.): 192-193; 1975.

To study the effects of nonionizing radiation expo-
sure on brain electrical activity, continuous re-
cordings of electrocorticogram (ECOG), electro-
oculogram {E0G), and electromyogram (EMG) were ob-
tained from adult male rabbits on a 2h-hr basis
following daily 2-hr microwave exposure at 5 m/cm?
for 60 days. The surgical implant assembly allowed
chronic post-irradiation recording, while allowing no
metallic elements to be associated with the subjects
during microwave exposure, Logic circuitry allowed
the quantification of both the frequency and dura-
tion of rapid eye movement (REM) stage episodes,

It is concluded that prolonged cxposure of an organ-
ism to microwave radjation will deccrease the fre-
quency and duration of REM stage sleep. The slcep
process is viewed as a potential index of central
nervous system adaptation to prolonged electrowagrect-

ic radiation exposure. (Nc¢ refs.)
78227
Lokt BEHAYIORAL EFFECTS OF RESONANT ELECTRO-

MAGNETIC POWER ABSORPTIOM IN RATS. (PRO-
CEEDINGS ABSTRACT). (Eng.) D'Andrea, J. A. (Dept.
Electrical Engineering and Bioengincering, Univ.
Utah, Salt Lake City, UT); Gandhi, 0. P. In: Pro-
ceedings of the 1975 Annual Mecting of the Interna-
tional Union of Radio Science Held at the Universtity
of Colorado, Boulder, Colorado, 20-23 October, 1975.
USNC/URSI. (Washington, D.C.): 195; 1975.

Two experiments were performed to determine the ef-
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fect of RF absorption on the awake actlve rat., Flrst,
to determine the resonant absorption frequency, 15
male Long Evans rats, welghing 350-380 g, were cach
habituated for 30 min/day for 4 davs to a cylindrical
Plexiglas restraining chamber (6.5 x 24 cm}. On

RF exposure days, each rat was fltted with a liquld
crystal fiberoptics tempecrature probe (3 cm rectally),
fach rat was glven 10 min exposure to RF radiation
within a transverse electromagnetic mode parallel
plate waveguide at 15 frequencies within the 220-500
MHz band. RF absorption at 500 MHz, with the length
of the rat body parallel to the electric field, was
three times greater than the average absorption at
the other frequencies. RF absorption at 500 MHz in
the electric field orientation was 15 times greater
than with the rat body parallel to the direction of
propagation. Second, to determine the effect of

RF absorption on a well trained behavior, six male
Long Evans rats were trained to press a Plexiglas
lever for dry food pellets on a variable interval
30~sac relnforcemant schedule while In the parallel
plate waveguide. Preliminary results indicated that
resonant (500 MHz) RF exposure in the electric field
orfentation disrupted lever-pressing bchavior sooner
than RF exposure at nonresonant frequencies, Future
experiments will Investigate RF absorption extended
to 750 MHz. {(No refs.)

28-22¢ g .
4642 ELECTROMAGNETIC RADIATION EFFECTS ON THE

BLOOD-BRAIN BARRIER SYSTEM OF RATS (PRO-
CEEDINGS ABSTRACT). (Eng.) Oscar, K. J. (U.S. Army
Mobility Equipment Research & Development Center,
Fort Belvoir, VA); Hawkins, T. D. In: Proczedings
of the 1975 Annual Meeting of the Intermational Union
of Radio Science Held at the University of Colorado,
Boulder, Colorado, 20-23 October, 1375, USNC/URSI.
(Washington,” D.C.): 222; 1975.

The effect of microwave energy on the blood-brain
barrier (BBB) system of rats was Investigated. A
quantitative radiocactive isotope method was used in
an attempt to verify the increased BBB permeabillty
of rats using a fluorescein dye technique. Male Wis-
tar rats were subjected to microwave energy at a
frequency of 1.3 GHz. The permeability measurement
used two radioactive labeled indicators injected
simultaneously into a common carotid artery of the
anesthetized rat. One test substance was labeled
with 14C and the other with tritiated water, which

Is highly diffuslble in the brain tissue and pro-
vides a standard for comparison. The rats were
sacrificed 15 sec after injection, and tissue sam-
ples from five different regions of the brain were
counted. This quantitative technique was used to -
measure the uptake of a test molecule into the brain
tissue relative to water to differcntiate between a
true BBB alteration and vasodilation or stasis. The
study used controls (sham-irradiated) and animals ex-

posed to microwaves with various modulation parameters.

The double-blind study used D-Mannitol as the test
substance In most experiments, although substances
of other molecular weight also were used., The re-
sults Indicated a statistically significant increase
in BBB permeability with both pulsed and continuous
wave (CW) microwave encrgy at average power levels

Biological Etfects Nonionizing Electrornagnetic
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considerably below 10 mW/cm?. The possible differ-
ences between CW and pulsed encrgy, molecular welght
of test molecule, functional dependence of the BBB
alteration with microwave parameters, and duratlon
of BBB alteration are discussed. (No refs.)

75229
4643 ADRENOCORTICAL RESPONSE IN RATS EXPOSED TO
MICROWAVES (PROCEEDINGS ABSTRACT). (Eng.)
Lotz, W. 6. (Univ. Rochester, Rochester, NY); Hl-
chaclson, S. M. In: Procozdingas of the 1976 Arnual
Meetling of the Imtermational Union of Radio Science
Held at the University of Coloradn, Boulder, Color-
ado, 20-23 Cetioker, 1975, USNC/URSI. (Washington,
p.C.): 139; 1975,

Whole-body acute microwave (2450 MHz, continucus viave)
exposure of 120 male Long Evans rats was carried out
in the far field of a horn antenna. The rats were
housad 1n nom<restralning cages durlmg cxpnsure and
sacrificed by decapitation imsedlately after expo-
sure, Plasma collected from individual rats was
analyzed for corticosterone levels to determine the
response of the hypothalamic-hypophysecal-adrenal

(HHA) axis to the microwave exposure. Circulating
corticosterone (CC) levels were significantly higher
in rats exposed to 50 nM/cm? or 60 mW/cm? than they
were in control rats, but therec was no difference
between the CC levels of rats exposed to 10 1w/ cin?

or 20 m¥/cm? and control rats. Rats exposed to

30 mW/cn? or 40 niW/cm? showed an inconsistent tend-
ency toward higher CC levels after 1 hr of exposure—
the longest exposure used in this study. The data
suggested that for 2450 MHz exposures of up to 1 hr,
the rat HHA axis was not stimulated unless incident
power densities 2 30 W /cm? were used. The adrenc
cortical response at the higher power densities was
analogous to the adrenocortical response to olher
nonspecific stress stimuli and appcared to be a
"thermal stress,' since those power densities that
resulted in increased CC levels also increascd the |
rectal temperature of the rat by 1 to 3°C. (No refs.)

78230
Lol STUDY OF THE MICROWAVE-INDUCED PERTURBA-
TIONS OF THE BEHAVIOR BY THE OPEH-FIELD
TEST INTO THE WHITE RAT (PROCEEDINGS ABSTPACT).
{Eng.) Gillard, J. (Ecole d'Application du Service
de Sante pour la Marine, Hopital d'lnstruction des
Armees Sainte-Annc, Toulon Haval, France); Servantie,
B.; Bertharion, G.; Servantiec, A. M.; Obrenovitch,
J.; Perrin, J. C. In: Froczedings of the 1876 Arinval
Meeting of the International Union of Radio Scicnce
Held at the University of Colorado, Boulder, Color-
ado, 20-23 October, 1975. USNC/URSI. (Mashington,
D.C.): 192; 1975.

The open-field test was used to study the effect of a
microwave ficld on white rats. The spontancous be-
havior of the animal was studied using four para-
meters: locomotor activity, exploration activity,
vigilance, and emotivity. Rats (106 control and

82 irradiated animals) were exposced during 2 wk to
an X-band 9.4 GHz pulsc-modulated microwave fleld
with an average power-density of 0.7 wd/cm?. n

f"\-—.—n-nl\
barencty

O 2 3 3

E—,

——

f— —— e ey
S ) sl s (R 3 |



Biological Effects Nonionizing Electromagaetic
Radiation 1(2), January 1977

control animals, locomotor actlvity, emotivity, and
vigllance decreased during the test, while explora-
tory activity increased. |In irradiated animals, ex-
ploratory actlvity increased more slowly; vigilance
at first increased then decreased; and locomotor
activity was uniform. (No refs.)

75-23/

Lehs REDUCTION IN SENSITIVITY TO AUDIOGENIC
SEIZURE FOLLOWING A SINGLE, 2450 MHz, CW

IRRADIATION OF RATS (PROCEEDINGS ABSTRACT). (Eng.)

Hawkins, T. D. (Dept. Microwave Research, Walter Reed

Army Inst. Research, Washington, 0C); Hunt, E. L,

In: Proceedings of the 1975 Annual Meeting of the

Intermational Union of Radio Science Held at the

University of Colorado, Boulder, Colorado, 20-23

October, 1975, USHC/URSI. (Washington, D.C.):

223; 1975. .

Male and female Wistar rats from sound-sensitive
breeding lines werc assessed for convulsive response
to high intensity sound 2 min after the termination
of a 30-min period of 2450 MHz, continuous wave
irradiation. Subjects were preselected for sensi-
tivity to a noise signal (105 dB, 11-14 kHz, 60 sec),
which was presented twice weekly durlng the growth
perfod of 3-5 weeks of age, Experimentation began
at 6 weeks of age., |Individual exposures occurred

in a plane-wave field with the E-vector parallel to
the long axis of the rat., The effects of exposure
at 50 mW/cm? were evaluated In 12 rats, Seven of

the subjects were irradiated inltlally, and five
were given a sham treatment.
given b days later with the conditions reversed for
each rat, The effects of a 50 mW/cm?, 30-min ex-
posure were not significant. Only 2 of the 12 rats -
failed to respond to the sound challenge following
their irradiation, A second study was conducted in
a simllar manner with 11 new subjects. Exposure for
30 min at 75 mW/cm? produced a highly significant
reduction in audiogenic response. Nine rats showed
no response following irradiation. However, these
nine rats did respond following thelr sham treat-
ment. Recovery of responsiveness within 4 days oc-
curred in all rats for which the sham treatment had
followed the microwave treatment, The present data
show that audiogenic convulsive responses can be
attenuated by a single, 30-min, continuous wave
exposure. It is concluded that pulsed irradiation
and repeated exposures, which have been used by
previous investigators, are apparently not required
to produce a decrease of central nervous system
sensitivity as reflected by this measure, {No refs.)

75-232
L646 DEPENDENCE OF TOTAL AND DISTRIBUTED AB-
SORBED MICROWAVE ENERGY UPON SIZE, SHAPE,
AND ORIENTATION OF RAT PHANTOMS IN WAVEGUIDE (PrRO-
CEEDINGS ABSTRACT). (Eng.) Leicher-Prcka, A.
(Inst. Physiological Biochemistry, Medical Faculty,
Sarajevo, Yugoslavia); Ho, H. S. In: Proceadings
of the 1975 Annual Meeting of the Intermational
Unicn of Radio Science Held at the University of
Colorado, Boulder, Colorado, 20-23 Octcler, 1975,
USHC/URS!. (Washington, D.C.): 136; 1975.

A second treatment was
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The relationship between the total and distributed
absorbed energy in rat phantoms and thelr slzes and
orientatlons in a waveguide exposed to 2050 Kz
microwave radiation was Investigated, Six rodels
of tlssue-cquivalent materials were used to simu-
late the sizes and shapes of rats that were 1, L,
10, 23, 30, and 60 days old. The measursmuents were
made with all models at the center of the wavcguide
oriented facing (0°) and opposite to (180°) the
direction of the incident wave. For the two smaller ;
models, the orientation was also varicd stepwise
from 0° to 180°. The patterns of absorbed encrgy
In the cross sections of the phantoms were studied
using a thermographic.camera. The result indicated
that changes in size, shape, and orientation of
exposed animal models produced changes in total and
distributed absorbed cnergy. Although the total
absorbed energy changed only slightly betwecn the-
0° and 180° orientation, large differences existcd
in the distribution of absorbed energy in the ani-
mal phantoms, With the phantom head facing the
incident radiation, in most cascs, the hcad arca
(including the brain) absorbed the most microwave
encrgy. In the opposite orientation, the ranimum
absorption concentrated on the tall aad abdoninal
regions. In addition-to determining the total ab-
sorbed cnergy, the determination of the distribu-
tion of absorbed energy in animal bodles can be
important in the Interpretation of observed biologic
and psychologic effects.. (No refs.)

7S85-233 iy ..

Lohy STEADY STATE TEMPERATURE PROFILES IN MICRO-
WAVE DIATHERMY (PROCEEDINGS ABSTRACT).

(Eng.) Al-Badwaihy, K. A. (Dept. Electrical Engincer-

ing, Cairo Univ., Cairo, Egypt); Yousscf, A-B. A,

In: Proceedings of the 1975 Amiual leeting of the

International Union of Fadio Scierce Held at the

University of Colorads, Boulder, Colorzdo, 20-23

October, 1975. USNC/URSI. (Washington, D.C.): 90;

1975. £

Body reaction and heat transfer are important factors
in predictlng steady State temperaturc profiles in
microwave diathermy ahd hence in determining safe
doses of microwaves.. This study investigated how

to include such effects both in the formulation and
numeric solution of steady state temperature pro-
files. Microwave irradiation of stratified skin,
fat, and muscle layers was first considered, Steady
state tcmperature profiles were calculated by solv-
ing the hcat diffusion equation and the electronag-
netic transmission equation. The metabolic heat
gencration and blood tooling effects were included
in the analysis. Body recaction in the form of in-
creased blood circulation as a result of local micro-
wave heating was then considered for different levels
of body reaction. Tht steady state heat diffusion
equation became nonlincar when body reaction was
taken into consideration. The geometry of a cylin-
drical layer of skin enclosing fat and muscle in
suitable models was then considered. Temperature
profiles were again presented for these models and
for different frequencies, exposure levels, skin and
fat thicknesses, blood circulation rates, and levels
of body reactions. [t Is concluded that the results
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should serve as a more accurate gulde for suitable
exposures for such treatments. (No refs.)

729-23Y¢

L64B COLONIC TEMPERATURE CHANGES DURING MICRO-
WAVE EXPOSURE (PROCEEDINGS ABSTRACT).
(Eng.) Githens, S, H. (Dept. Microwave Resecarch,

Walter Reed Army Inst, Research, Washington, DC);
Hawkins, T. D.; Schrot, J. In: Proceedings of

the 1975 Annual Meeting of the International Union
of Radio Science Held at the University of Colorado,
Boulder, Colorado, 20-23 October, 1975. USHC/URSI,
(Washington, D.C.): 232; 1975,

Anesthetlzed rats and mice were exposed to planc-
wave microwaves of 100 mW/cm? for exactly 4 min

to assess changes in colonic temperature. Changes
in colonic temperature were determined from pre-
exposure and post-exposure temperature measurements
and were compared to those of comparable sham-
irradiated subjects. Exposures during which the
E-vector was parallel to the long axis of the sub-
ject conslstently resulted in higher temperatures
than did exposures with a vertical E-vector. For
each type of animal, differential frequency effects
were most pronounced during exposures with a paral-
le! E-vector. Mice (25-30 g) showed larger temper-
ature Increases at 1700 and 2450 MHz than at 710
MHz, Small rats (100-125 g) and large rats (380-
420 g) exhibited highest temperatures at 710 HHz.
Comparing the temperature changes across the groups
of subjects of different size, an interaction of
frequency and size was indicated, At 1700 and 2450
MHz, a general inverse relation between temperature
increase and body slze was evident, At 710 MHz,
the rank ordering was reversed, indicating a direct
relation between temperature Increase and the body
size of the respective subjects. These colonic
temperature changes are suggestive of differential
absorption, which is complexly determined by fre-
quency, E-field orientation, and the dimensions of
the experimental subject, (No refs.)

7852347
LeL9 LONG-TERI4 EFFECTS OF WEAK 45-75 Hz ELECTRO-
MAGNETIC FIELDS OH THE SLIME MOLD, PHYSARUM
POLYCEPUALUM (PROCEEDINGS ABSTRACT). (Eng.) Greene-
baum, B, (Div. Science, Univ. Wisconsin-Parkside,
Kenosha, WI); Goodman, E. M,; Marron, M. T. In:
Proceedings of the 1975 Annual Meeiing of the Inter-
national Union of Radio Science Held ¢t the Univer-
sity of Colorado, Boulder, Colorado, 20-23 Ociober,
1975, USNC/URSI, {Washington, D.C.): 267-268; 1975,

Cultures of the slime mold, Physarien polycephalum,
were continuously exposed to weak (2,0 6, 0.7 v/m)
75, 60, and 45 Hz electric and magnetic fields, ap-
plied simultancously to simulate electromagnetic
radlation, Exposure to this radiation caused mitotic
delay. The onset of the effect appeared to be fre-
quency depcndent; the time for two cell cycles (ror-
mally 14-16 hr) was Increcased by 1-2 hr aflter 30-120
days of exposure at 75 Hz and after shorter exposure
times at 60 and 45 Hz. When cultures showing the
delay were removed from the fields, the mitotic delay
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slowly dlminlshed, becoming indistingulshable from
the control after about 30 days., Other cffects In-
duced by exposure to electromagnetic flelds included
a slowing of reversible protoplasmle streaming and

a depression In the rate of respiration (0, uptake/mg
protein/min). Exposure did rot affect the abillty
to complete i ther the sexual or asexual life cycles,
Experiments sceking thresholds have found no slgni-
ficant mitotic delay in cultures exposed to 0.4 G,
0.15 V/m /5 Hz fields. Experiments are In progrecss
to determine whether these effects are due to elec-

tric, magnetic, or a combination of fields. (Mo refs.)
7\5/'/? 3 ('7
4650 MICROWAVE=-NDUCED AYOIDANCE BEHAVIOR IN

THE MQUSE (PROCEEDINGS ABSTRACT). (Eng.)
Monahan, J. C. (Bureau of Radiological Health, s
Rockville, MD); Ho, H. S. In: Proceedirgs of the
1975 Arvnual lMeeting of *he Internatioral Union of
Radio Science Held at the University of Coloradp,
Boulder, Colorado, 20-23 Octcber, 1975, USNC/URSI.
(Washington, D.C.): 197; 1975.

The ability of low level 2450 MAz continuous wave
microwave energy to generate avoidance behavior in
the male mouse (30-3l4 g) was investigated., Subjects
were irradiated in an environmentally controlled
waveguide assembly at incident power levels of .8&h,
1.6, 2.4, 3.2, 4,0, and 4.8 W. At 1.6 W and higher,
the percent absorption decrcased after the Initial
5 min and remained lower for the duration of expo-
sure, Subjects exhibited an average maximum of 57%
absorption at .84 W, and this decreased with in-
creasing power to an asymptote of approximately 35%
at 3.2, 4,0, and 4.8 W. Although no visual obser-
vations were possible during irradiation, it was
assumed that the subjects were actively decrecasing
their potential dose of microwave energy by alter-
ing both their orientation and their position with=
in the waveguide assembly. The date suggest that
the subjects were capable of detecting average dose
rates of as little as 28 nW/g. Furthermore, this
level of irradiation, while not producing core
temperature increases of more than 0.5°C, was aver-
sive and caused the animal to actively try to avoid

the microwave radiation. (Mo refs.)
73237
4651 THE EFFECT OF CATARACTOGENIC DOSES OF

MICROWAVE RADIATION OM LENTICULAR TRANS-
PORT (PROCEEDINGS ABSTRACT). (Eng.) Rabinowitz,
J. R. (New York Univ. Medical Center, Inst. Environ-
mental Medicine, Mew York, NY). In: Praccedings
of the 1975 Annual Mecting of the Intornaii
Wiion of Radio Seienca Held al the Urnivs tu
Colorads, Boulder, Colovadn, 20-23 Oclcler, 1975.
USHC/URS]. (Washington, D.C.): W1-h2; 1975.

To study the effect of cataractogenic doscs of
microwave radiation on lenticular transport, the
Influx of L-ascorbic acid (C-14 labelled) into un-
irradiated and irradialed (cataractogenic doses)
rabbit lenscs was mecasured., The lenses were re-
moved and cultured at various times after Irradia-
tion and the rate of influx (1.2 ug/hr lens) was
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found to be the same for lrradlated and unlrradl-
ated pairs., Further, the rate of Influx was too
slow for transport to be responsible for the early
decrease In the lenticular concentration of ascorble
acld after microwave irradfation. In another ex-
periment, using similar procedures, the transport of
3-0-methy!l D-glucose, a nonmetabollzed 0D-glucose
transport analog, and thymidine was studied. Micro-
wave radiation was found to cause changes in the
rate of influx. These changes, however, occurred a
significant time after irradiation. (No refs.)

78-23¢
4652 EFFECTS OF 35 AHD 107 GHz CW MICROWAVES
ON THE RABBIT EYE (PROCEEDINGS ABSTRACT).
(Eng.) Blrenbaum, L, (Polytechnic Inst, of Hew
York, Brooklyn, NY); Kaplan, 1, T.; Metlay, W.;
Rosenthal, S. W.; Zaret, M. M. -In: Proceedings
of tha 1976 Amuual Mzating of the Imtamalieral
iton of Radio Seiewce Held at the Univeraity of
Colorado, Boulder, Colorade, 20-223 Oclober, 137§,
USHC/URS1. (Washington, D.C.): h0; 1975..

The eyes of anesthetlzed rabblts were Irradiated
(56 anlmals at 35 GHz, 46 at 107 GHz, and 1] sham
exposures) with continuous wave microwaves using a
circular horn applicator, By this means, the na-
ture of the threshold Tnjury followlng a single
exposure was defined, and the corresponding power
levels and exposure times observed, Effect on the
cornecal stroma, as seen by slit lamp, was found to
be a valld indicator of threshold Injury. Although
107 GHz power was more effective In produclng Im~
‘mediate stromal damage, It was generally gone by
the next day. On the other hand, 35 GHz effects
were persistent, almost always present the next day,
and assoclated with high levels of eplthellal in-
Jury. Fluoresceln staining was employed to detect
epithelial damage. Power levels were principally
50 mW and below, Exposure tlmes ranged from 15-80
min., The degree of stromal InJury seen wlth the
st lamp correlated well wilth the degree of de-
rangement of the collagen flbers within the corneal
layers, as scen wlth the electron mlcroscope,
Threshold levels of power disslpated In the eye,
measured In the closed-wavegulde experlment, were
used to estimate free-fleld planewave Incldence
thresholds for Immediate Injury following an acute
exposure, 1t Is concluded that thresholds for
chronlc low level exposure cannot be deduced from
these results but requlre additlonal work.

J8-239 -
4653 MICROWAVE PERTURBATION ON CELLULAR ENZY-

,  MATIC REACTIONS (PROCEEDINGS ABSTRACT),
(Eng.) Hsleh, S. T. (Tulane Unlv., New Orleans,
LA); Seto, Y. J. In: Proceedings of the 1975
Arnual Meeting of the International Uiion of Radio
Science Held at the Wiversity of Colorado, Boulder,
Colorado, 20-23 October, 1975, USNC/URSI, (Wash-
tngton, D.C.)s 131-132; 1975. :

An attempt was made to account for the mlcrowave-
fnduced cellular growth effect In the facultative
non-photosynthetlc micro-organlsm observed In pre-

(No refs.)
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vious experiments., To cstablish theoretlcal data,
a three-dimensional spherical cell model for extra-
and Intra-cellular nutrlent transports was used.

An externally applled electromagnetlic field Inter-
acting wlth the transport process of charged nu-
trlent substrates was examined uslng a perturbatfion
approach and Green's function techalque, Solutions
correct to second order were obtained. Taking Into
consideration the localization of respiratory enzy-
matlc systems, a mlcrowave~-Induced radlofrequency~
diffuslon effect on substrates was found to rodify
the nutrient comsumption rate. The rodifled
Michaelis-constant {n the Monod growth rate equa=
tlon was shcwn to alter the batch growth pattern

at the deccleratlon phase Iscthermally. Analytical
results were found to have good agrecment with the
observed changes of growth pattern In Escherichia
coli under low Intenslty microwave perturbatlon,
(No refs.) '

YR R4

Lesh EFFECTS OF MICROWAVE RADIATION ON MAMMA-

. L1AN CELLS I VITRO (PROCEEDINGS ABSTRACT) .
(Eng.) Lin, J. C. (Dept. Electrical Englncering,
Wayne State Unlv,, Detrolt, M1); Chea, K. C. In:
Proceedings of the 197§ Arnual Meotling of the Inler-
national Union of Radio Scicncz Held at the Univer-
eity of Colorvads, Boulder, Colorads, 20-23 Octcher,
1975, USHC/URS|. (Washlngton, D.C.): 132-133;

1975. -

A bloengineering approach was developed to differen=
tiate the therma! and non-thermal facters of mlcro-
waves actlng on mammallan cells In culture. Cells
of a Chinese hamster somatlc cell llne, V79-12201,
derlved originally from the lung of a male anlmal,
were synchronized by treating cells with a sul table
concentration of hydroxymen In conjunction with

the mltotic shake-off technlque. The synchronlzed
cell populatlons were then exposed to 2450 Miz
radlatlon of both lew and high Intensities In @
wave-gulde chamber, The blologlc effacts of micro-
wave radlation on these cells were shown to be 2
functlon of Incldent and absorbed pover denslties
and duratlon of exposure, The possibllity of non-
thermal Involvement In the radiation effect at the
cellutar level Is discussed. |t Is concluded that
this experirent could provlide a model system for
future studies of the molecular mechanlsms of
mlcrowave-Induced blologic effects In 1ivling systems,
(No refs.)

7824/

4665 EVALUATION OF DOMINANT LETHAL TEST AND

DHA STUDIES IHN MEASURING HUTAGENICITY
CAUSED BY HON-1ONIZING RADIATION (PROCEEDINGS AB=-
STRACT). (Eng.} Varma, M. M, (Dept. Blo-Envlron=
mental Engineerling and Sclences, Howard Unlv,,
Washlngton, DC); Trabculay, E. A., Jr. Ins Pro-
ceedings of the 197§ Annual Meeting of tha Intzor-
nattonal Wicn of Radio Science Held at tha
Untveraity of Colorado, Boulder, Colorado, 20-23
October, 1975, USNC/URS!. (Washington, D.C.):
133-134; 1975,



CURRENT LITERATURE

Two dominant lethal tests and three DHA studles
were conducted on fifty-six day old Swiss mice ex-
posed to microwave radlation, In the first experi-
ment, of the dominant lethal test, the mlce were
exposed to 1.7 GHz, 50 mW/cm? for 30 min, and in
the second experiment, the mlce were exposed to

1.7 GHz, 10 md/cm? for 80 min. In the first exper-
iment of the DNA studies, the mice were exposed to
1.7 GHz, 50 mW/cm? for 30 min; in the sccond, 1.7
GHz, 10 mW/cm? for 80 min; and in the third, 0.985
GHz, 10 m¥/cm? for 80 min, In the domlnant lethal
test, mice exposed to 1.7 GHz, 50 mW/cm? showed
that mutagenicity was significant at the 99% lcvel
in the third week and at the 95% level in the
fourth, fifth, and sixth weeks. The parallel DHA
study showed a change in the temperature from 87°¢
In the control to 85°C in the irradiated group,
with subsequent changes in the based composltion
and asymmetry ratio, In the sccond dominant lethal
test, mutagenicity was significant at the 99% level
In the fIfth weck and at the 95% level In the first,
second, third, and slxth weeks. The parallel DNA
study showed changes In the temperature (86°c),
base composition, and asymmetry ratio. A third DHNA
study was performed at 0,985 GHz, 10 mW/cm? for 80
min and similar changes in the temperature (85.5°C),
base composition, and asymmetry were observed. The
change In the optical density of the irradiated DNA
supports the possibility that Irradiation causes
strand separation and reflects a decrease in hydro-
gen bonding. A polnt mutation would then result,
if there is imprecise base matching. (No refs.)

7822 E
L656 CHRONIC EXPOSURE OF A RAT POPULATION BY
©C CIRCULARLY POLARIZED GUIDED WAVES (PRO-
CEEDINGS ABSTRACT). (Eng.) - Guy, A. W. (Bioelectro-
magnetics Research Lab., Univ. Washington, Sch.
Medicine, Seattle, WA); Chou, C. K.; Lovely, R. H,
In: Proceedings ol the 1975 Anmual Meeting of the
International Unton of Radio Science Held at the
University of Colorado, Boulder, Colorado, 20-23
October, 1975. USNC/URSI. (Washington, D.C.}: 138;
1975.

A system was developed for economically exposing a
large number of rodents on a long-term basis without
disturbing their normal laboratory living patterns.
The use of separate cells consisting of cylindrical
wave-gulde excited with circularly polarized guided
waves provided relatively constant and easily quan-
tifiable coupling of the fields to each animal,
regardless of the animal's position, posture, and
moving patterns. The VSWR to each cell was suffi=
ciently low that any number of cells could be coupled
to a single source through a power splitter without
the need for isolation circultry. Tests made on
ellipsoidal phantom models of a 333 g rat exposed

in various possible shapes and positions in a 20 cm
diameter exposure chamber operating at 918 MHz in-
dicated that the subjects absorbed approximately
one-quarter of the input power to the cell, regard-
less of position. Based on a net 1 W Input (average
Incident power denslty of 3 mW/cm?) the average ab-
sorbed power density varied from 0.79 to 0.92 W/kg
and the pcak absorbed power denslty varied from 1.06
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to 1,42 W/kg In the phantoms. Measurcments were made
for the total power absorption as a function of time
in a 323 g llve rat exposed for a number of hours in
the chamber, With an Incldent input power of 1 i
to terminal Rp, the mcan absorbed power was 0.43 oM
with a standard deviation of + 0,07 mW. (No refs.)

725-243
L657 INTERACTION OF MODULATED ELECTROMAGMETIC *
FIELDS WITH NERVOUS STRUCTURES (PROCEED-
INGS ABSTRACT). (Eng.) Wu, €. =L. (Dept. Electrical
Englneering, Wayne State Univ., Detroit, MI); Lin,

J. C. In: Proceedings of the 1975 Anmual Meeling
of the Imtzynaiional Unton of Padio Scieree Held

at the Univereity of Colovadn, Poulder, Colorzdo,
20-23 October, L3975, USNC/URSI. (Washlngton, D,C.):
226-227; 1975,

Low level alectromagnetic fields, amplitude modulated
at brain wave frequencies, have been shown to Influ-
ence the conditioned and spontancous electroenceph-
alographic patterns in cats and to increase the cal-
cium efflux from Isolated bralns of nconatal chicks,
One hypothesis offered was that the electric fields
induced in the brain were modifying the membrane
characteristics of neurcns cither by-triggering con-
figurational changes on the surface macromolecules

or by inducing small displacemncnts of the surface-
bound cations. This study examined the theoretic
consliderations for the induced fields immediately
surrounding the central neurons. By using a ''greater
membrane model" as a basis, the possibility of the
interaction of impinging low level electromagnetic
fields with the central nervous system was investi-
gated, A comparison between the cffects of amplitude
modulated and continuous wave radiations is pre-

sented. (No refs.)
7JF;JJ/7'
4658 MICROWAVE-INDUCED SHIFTS OF GONADOTROPIC

ACTIVITY IN ANTERIOR PITUITARY GLAND OF
RATS (PROCEEDINGS ABSTRACT). (Eng.) Mikelajczy,
H. (Inst. Occupational Medicine, Lodz, Poland). In:
Procecdings of the 1975 Annual Meeting of the Inter-
raiioral Union of Raldio Setence leld ab the Univer-
sity of Colorads, Boulder, Colorado, 20-23 Octaohar,
1975, USHC/URSI. (Mashington, D.C.): 225; 1975.

The effects of microwave irradiation on the hormonal
activities of rat pituitary glands were studicd.
Twelve 35-day-old male rats {l) were exposed 6 hr
daily for 6 days weckly for 6 wecks to mlcrowaves
(2860-2880 MHz, continuous wave, 10 mW/cm?). Each
day the animals were caged randomly in a perforated
polyviny! box spaced for pairs of anlmals, and the
box was placed in an anechoic chamber before horn
antenna in far field. At the same time 12 contro]
rats (11), manipulated and caged In comparable man-
ner, were placed in a scparate anechoic chamber with-
out radiation source. Microwave-irradiated and
control rats were killed on the day after last ex-
posure, and scparated anterior pltuitaries were
stored for 48 hr in cold acetone. The sallne ex-
tracts of indlvidual pituitary homogenates were
tested scparately; the extract from each pituitary
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was tested In a single Immature hypcphysectomlzed
rat. Six pltultarics of cach group of anlmals (I
and 11) were tested for follicle stimulating hormone

© (FSH) and for gonadotropic hormone (GH) and the

.- other six pituitaries werc tested for luteinlzing

. hormone (LH).

v o

© th; GH:

NIH-FSH-$7, NIH-LH-S15, and NIH-GH-$§

were used as standards, The followlng quantitles

..of hormones were found In ug/pltuitary (X £ S.D.
S.EL): /(1) In Trradiated rats = FSH:
5 503 LH:

-
655 = 123 ¢

302 £ 81 £ 33; GH: 140 £ 37 £ 115 (11) In
control rats - FSH: 635 + 84 + 33; LH: 197 £ 34 +
134 + 41 + 13, The amount of LH was slg-

'niflcantly higher (at p < 0,05) In the pltultary
.‘gland of lrradlated than of control rats, ~The re-

" Caldwell, R.j Barnes, F. S.

~ Boulder, Colorado
- (Washington, D.C.S: 204-205; 1975,

. fish embryos was studied,

sults of this Investigation support the findings of
a prevlous study about the possible shifts of gon-
adotroplc activlitles In pltuitary gland of rats
exposed to microwave radlatfon, (No refs.)

VAR SLH

4659 ELECYRIC DIPOLE INTERACTIONS FOR MICROWAVE
PULSES AND DAMAGE T0 EM3RYQS (PROCEEDIHNGS
ABSTRACT). (Eng.) Pyle, S. D. (Dept, Electrical
Engineering, Unlv. Colorado, Boulder, CO0); Hu, C. L.;
In: DProceedings of the
1975 Annual Meeting of tne Internuticnal Union of
Radio Science Held at the Univeraiiy of Colorado,
20-23 Octoter, 1375, USNC/URSI.

The effect of hlgh power microwave pulses on zcbra

“.tric field strengtas between 5 and 15 kV/cm at 2.7
IGHz were used to kill flsh embryos In a temperature=

contralled envlironnent., A partlal temperature In-

‘ dependence for damige was found, and the orlentation

of asymmetric dlel «ctrlc¢ bodles may have been re-
sponsible for death by changes In osmotlc pressure,

" Low frequency data on electrically-induced blirefring-

ence changes In blood plasma are presented, (No refs.,)

S22 YL
. 4660

. S01DAL PHANTOMS IN AN IRRADIATION CHAMBER (PROCEED-
- {NGS ABSTRACT). " (Eng.)

THEORETICAL CALCULATIONS OF POWER ADSORBED
BY MONKEY AND HUMAN SPHEROIDAL AND ELLIP=

Massoud!, H, (Unlv, Utsh,

.Salt Lake Clty, UT); Durney, C. H.; Johnson, C. C.}

. Allen, S,

In: Proccedings of tha 1976 lomnial Mook

“ing of the International Union of Fadio Seicrce Hold

7 20-23 Ociober, 1875,
1933

at the Wiversity of Colorado, Bouldur, Colorado,
USNC/URST. {Washlngton, D.C.):
1975,

The electromagnetic fleld perturbation technlque was
. -used to calculate tho total absorbed puwer of monkey

and human spheroidal and ellipsoldal phantoms In a

 near-plancwave lrradlation chamber to compare uxper=
i Imental and theoretlc valucs,
. of electric and magnetlc fleld strength ta the cmply

The measured valucs

" frradiatlon chamber were used to calculate the ab-

sorbed power. S$ince the medsurced values of £ and H

~dld not have the plancwave Impedance of 377 ohms, a

theoretlc technlque was devaloped In whlch the power

‘absorbed In the prolate spherold phantums In the

presence of two opposltely traveling planciaves was

Microsec pulses wlth elec- .

CURRENT LITERATURE

calculated., Thls method gave the power absorbed In
an lrradiatlon field In which the E/H lmpedance ra-
tlo was not necessarily cqual to 377 chms, Calcu-
lated data for power absorbed by monkey and human
phantoms from 10 MHz to 50 MHz are presented and
dlscussed, For the monkey phantoms, data are given
for the three princlpal polarizatlons: electric,
magnetlc, and cross, but for the hunan”phantom, data
are given only for magnetlc and cross polarizatlon
because the phantom was teo long to allcw measure-
ments with electrlc polarization, (Mo refs.)

7671
L4661 THE THERMAL, HON-THERMAL AND THERAPEUTIC
EFFECTS OF 2450 Mz ARADIATICH Gl PAMMALIZN
CELLS (MEETING ABSTRACT). {Eng.) Key, M. (Radia-
tlon Therapy Div., Ualv, Miaml Sch. Mediclne, Miaml,
FL 33152); Charyulu, K. K. N. Radiat. Rze. 67(3):

549; 1976, ;

thinese hamster cells ware grown tn vl and ralsed
to various temperatures, betwsen 34°C and 45°C for
periods up to 5 hr, by exposure to 2L50 MHz radia-
tion or lmmersion in a warm water bath. -Indices of
cell damage were measured, Effects 2t teoperatures
below 37°C were class!fled 2s non-thermal, and In
mast of the experiments these effects ware ant sig=
nlficant, At glven temporatures above 37°C thare
were only slight differences butween the danage
caused by the microwaves and by the water bath fm-
merslon. Mo effect, other than thermal, could be
clearly determlned at these higher tenperatures,
The therapeutle effect of the mlcrewave radlation
was assessed by uslng 1t to locally heat Ehrllch

~ascltes cells grown Intraperltoncally Tn mice. A

temperature of 42,5°C for a period of 30 min was

the best compromlse treatment consistent wlth mouse
survival and tumor cell death, Several dally treat-
ments generally produced extendid survival times

but very few total cures, Tumor cell-vlabllity was
measurcd by the dye excluslon techniqie following
elther i1 vive or in vitro Irradiatlon., (Ho refs.)

7672

EFFECTS OF |ODOACETAMIDE, X=RAYS, AND MAG-
NETIC FIELDS ON LYMPHOMA CELLS IN VIVO
(MEETING ABSTRACT). (Eng.) Fcola, J. M, (Unlv.
Kentucky, Dept. Radlatlton Mediclne, Lexlngton, KY
40506) . Radiat. Fes. 67(3): 5503 1575,

4662

Lymphoblastic ascltes tunnr (LSA) of the .CS/0L rmuse
was treated £n viwo and assayed for tumoc-forming

cabitity (TDge) tn normal 10-12 wk old re¢ipients.

Scven-day-old turors were uscd throunghnut) they were

tInftlated by the Intraperitoncal (ip) (lnjectlon of

10" cells. A survival curve obtatned by lrradiatlon
wlth x-rays had a Dg = 369 2 50 rads &nd n » 1.7,
Simultancous experiments were done tn whlch 0,185 g
of lodoacctamldo (IA) were Injected 1p 10 min before
Irradlation. 1t gave a survival curve with Dy = 243
£ 35 rads and n v 0,54, showlag an lndependent as
wall as a sensltizlng effect, with a dose-aodlfylng
factor DHMF = 1,52 ¢+ 0,32, The comblned actlon of 1A
and x-rays was studled In a magnatlc field (HF) of
100 G, uscd elther as a constant MF or a]ternating
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at 60 Hz. These flelds produced a similar effect
but an Intermediate dosc-survival curve resulted,

Dy = 194 + 24 rads, n = 2.8, The MF secemed to mod-
ify the combined action of IA and x-rays on the
tumor cells. MNo synerglstic action of the MF with
x-rays was found; however, the results indicate that
magnetlc fields may distort radiation sensitivity of
cells under certain conditions. (No refs.)

726-73

4663 METABOLIC RATES IN FIVE AMIMAL POPULATIONS
AFTER PROLOMGED EXPOSURE TO WEAK EXTREMELY

LOW FREQUENCY ELECTROMAGHNETIC FIELDS [N NATURE,

(Eng.) Greenberg, B. (Dept. Biologlcal Sclences,

Univ. tl1linois at Chicago Circle, Chicago, IL 60680);

Ash, N. Radiat. Res. 67(2): 252-265; 1976.

Soll-dwelllng animals were collected under or some
distance from the Navy's Project Sanguine extremely
low frequency experimental antenna in Sapterber 1974
and In summer 1975, and thelr oxygen consumpllon
and respiratory quotient (RQ) were tested and com-
pared. The antenna generated a 4i2-76 Hz electro-
magnetic field. The species Included earthworms,
Lumbricus tevrestris L. and Lwihricus rubellus Hoff--
meister; slug Arion sp.; wood louse, Oniscus asellus
L.; and redbacked salamander, Plethodon cincreus
ctnereus (Green). Controls were collected on the
same or next day, 6-13 miles from the nearest an-
tenna. Test and control animals were tested simul-
_ taneously. In Septerber 1974 there were no signifi-
“ cant differences In 0, consumption and RQ, except

_ for a marginal difference (0.05 > p > 0.025) in 0

" consumption of L. rubellus; in 1975, there were no
significant differences. Comparisons of metabolic
rates between exposed and control groups in fall of
1974 and between fall and summer (1973 and 1975)
populations, revealed no scasonally linked change in
sensitivity to the electromagnetic fields. Controls
showed an autumnal increase in metabolic rate of
wood lice and salamanders. In an experiment to de-
termine the effect of mode of animal transport on
the metabolic rate, it was found that oxygen con-
sumption of wood lice was significantly {p < 0.05)
affected by method of shipment. There was no evidance,
however, that exposed and control animals recacted dif-
ferently from each other to shipment by air or by
car. It was also found that short-term (1 wk) ex-
posure of earthworms to the electromagnetic fields
did not alter metabolic rate; however, confinement
in nylon bags and translocation did, thereby limit-
ing meaningful conclusions., No abnormalities in
behavior, habitat selection, or external features,
and pigmentation have been observed in any of the
exposed populations during 4 yr of collecting and
observation, (22 refs.) -

728247
Leby ELECTROMAGHETIC FIELD EFFECTS ON [SOLATED

. NERVE TISSUE (PROCEEDINGS ABSTRACT). (Eng.)
sandler, S. S. (Bioelectromagnetics Lab., Dept. Elec-
trical Engineering, Northwestern Universlty, Boston,
MA). In: Procecdirgs of the 1975 Anmual Meeting of
the Internalional Union of Radio Scicnce Held at the
University of Colorado, Boulder, Colorado, 20-23
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October, 1975, USNC/URSI, (Washington, D.C.): 322-

323; 1975, )
A technlque was developed for exposing Isolated nerve
tissue to a known electric fleld., Freshly dissccted
frog brains were placed In a coaxial exposure chawber
and subjected to a knowm electric field. Both ther-
mal and nonthermal fleld effects are possible. In
previous experiments, in which large motor neurons

of the spinal cord were exposced to high-voltage sub-
nanoscc pulses, which produce negllglble thermal
heating, no gross histologlc damage was found. Mew
experiments have been performed to determine whether
there is any field effect that can be seen with the
electron mlcroscope, A series of thermal heating
studies have also been initiated to corrclate tissue
damage to the specific local electric field and to
the local power density in the tissue. (No refs.)

725-24¢
4665 MECHANISH OF MIGCROWAVE CATARACTOGENESIS

IN RABBITS (PROCEEDINGS ABSTRACT). (Eng.)
Kramer, P, (Bloelectromagnetics Research Lab., Univ,
Washington Sch, Medicine, Seattle, WA); Harris, C.;
Guy, A. W.; Emery, A. In: Procszdings of the 1975
Arvual Meeling of the Intermaiional Union of Padis
Science Held at the Uaiversity of Cofovadn, Boulder,
Colorado, 20-23 Ocicher, 1975. USHC/URSI. (Mash-
ington, D.C,): LO-41; 1975.

The possible existence of a specific non-thermal
factor in microwave cataractogenesis was investi-
gated by raising the retrolental temperature to a
level known to be associated with cataract formation
(42°C or above for at least 30 min) by mzans other
than microwaves. |f cataracts develop under these
conditions, heat itself is responsible for the lens
damage. Rabbits were exposed to conditions of gen-
eral hyperthermia and their rctrolental temperaturcs
maintained above 42°C for over 30 min. The animals
vere allowed to recover, and their eyes vere exam-
ined periodically thercafter. To date no detectable
lens abnormalities have been found, Differences and
similaritics between the two mcthods of clevating
the retrolental temperature are presented, (Ho refs.)

29249
4666 MODELS OF BIOLOGIC INTERACTICN WITH ELEC-
TROMAGNETIC FIELDS (PROCEEDINGS ABSTRACT).
{(Eng.) Frazer, J. W. (U.S. Air Force Sch. Aerospace
Medicine, Brooks Air Force Base, TX); MacDougal, J.;
Webb, M.; Guy, A. W. In: Proceedings of the 1876
Annual Meeting of the Inteimational Unton of Radio
Science Held at the Urniversity of Colorado, Boulder,
Colorado, 20-23 October, 1975, USNC/URSE. (Wash-
ington, D.C.): 201-202; 1975.

Simple rectal temperature measuremznts in rats ex-
posed to strong magnetic ficlds (40 amp metecr-1) at
19 MHz In the USAFSAM near-ficld syntheslzer denon-
strated qualitative agreement with theoretic power
deposition predictions. An increase in diameter was
accompanied by more rapid heatlng over a narrow
range of animal radli. Distribution of absorbed
energy was measurcd at frequencies of 19 MHz and

:
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1600 MHz In rats sectioned along thelr long axls

and In two spceclally deslgned head lnactivators at
2450 MHz using electric and magnetle fleld concepts.,
In addition, energy distribution In prolate elllp-
soids was measured at 19 Miz with a field Impedance
~337 ohms, in the near field syntheslizer with fleld
impedance of ~100 ohms and ~1000 ohms, as well as

at 1600 MHz with field impedances of ~377 ohms. It
was found that eddy current-Induced hcating at 19 MHz
varied wlth the aspect to the field and that, even
In a uniform ellipsold, distinctly non-unlform heat~
Ing patterns were groduced In electric and magnetlc

fields., (No refs.
728-250
POSSIBLE MECHANISMS AS DEFIMED

4667 - RF SOUND:

i BY RECENT RESEARCH (PROCEEDINGS ABSTRACT).
(Eng.) Elchert, E. S. (Randomline, Inc., Huntingdon
Valley, PA); Frey, A, H, In: Procesdings of the
1976 Annual Meeting of the Intermational Union of
Radic Sciemce Held ai the Univevsitly of Colovado,
Boulder, Colorado, 20-23 Octecber, 1975, USHC/URSI.
(Washington, D.C.s: 38; 1975.

Proposed mechanlsms of the human audltory system re-
sponse to low power density, pulse modulated, elec-
tromagnetlic energy were consldered. It was found
that previously proposed radiofrequency (RF) sound
mechanisms were derived from model studies and were
Inconsistent with the recently obtalned physiologic
and psychophysic data. Several alternate possibili-
tles were then considered that were consistent wlth
the body of experimental data, For each, the slte
speciflic physical phenomena, which may explain the
energy-biologic tissue interaction, are discussed,
and experimentation, which should provide an under-
standing of the RF sound mechanism, is suggested.
(No refs.)

96-7Y

L4668 INFARCTION OF FALLOPIAN TUBE AFTER TUBAL

DIATHERMY (LETTER TO EDITOR). (Eng.)
Cordiner, J. W, (Dept. Gynecology, Western Infirmary,
Glasgow GI1 6NT, Scotland); Carty, M. J.; Mackay, C.
Lancet 1(7970): 1178; 1976.

A case Is described In which Infarction of a fallo-
plan tube occurred after tubal dlathermy in a 38-yr-
old para 2 + 0 on whom laparoscoplc sterllization
was performed, The diathermy was appllied at three
separate places on each tube. The pelvic organs
vere normal, and the appendix had been removed pre-
viously. Twenty hr after the procedure, the pa-
tient complained of severe lower abdominal paln.

The abdomen was rigid, and there was generalized
rebound tenderness. Bowel sounds were present and
excltation tenderness was noted on pelvic examlna-
tion. Pulse, blood-pressure, and temperature were
normal. Laparotomy was performed through a right
lower paramedian Inclsion. The small and large
bowel were normal throughout thelr lengths. The
fimbrlated end of the right fallopian tube was
black and Infarcted distal to the diathermied arcas.
There was no evidence of torslon, and both ovaries
were healthy. The Infundibulopelvic llgaments were
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normal, and the fimbriated end of the left tude was
healthy dlstal to the points of dlathermy. Bilateral
partial salplngectomy was performed to prevent a
similar occurrence in the opposlte tube. Slgns of
paralytic lleus developed postoperatively but re-
solved within 48 hr with nasogastric suctlon and
intravenous fluids. HlIstology conflrmed that the
tube was hemorrhagic and infarcted at the fimbrlated
end. No other abnormality was noted. Thls case Is
the flrst of its kind to be rcported in the lltera-

ture. (No refs.)
7¢6-728"
L4669 THE INFLUEHCE Qf SUPERHIGH FREQUENCY RADI-

ATION ON BRAIHN MITOCHONDRIAL OXIDATIVE
PHOSPHORYLATION., (Rus.) Rudichenko, V. F. (Klev
Research Inst, General and Communal Hyglene, Kiev,
USSR) . Gig. Sanit. (h4): 108-103; 1376,

Forty-two male rats werc expcsed to microwave radia=
tlen (wavelength = 12 em, vertically polarlzad
waves) of varlous power flux denslties (10, 25, 50,
100, 500, 1000 aW/cm?) for 40 min, 3 times/day at

5 day/wk Intervals for 4 mo. Changes In the resplr-
atory process during braln mltochondrial oxidatlon
of succlnate and a-kctoglutarate were observed. The
changes Included reductlons In the rates of phos-
phorylatlve resplration and ADP phosphorylation (at
25 md/cm? and hlgher for u-ketoglutarate and at 50
mW/cm? and higher for succlnate), an Increase

in nonphosphorylative respiration, and a decrcase In
respiratory control values (at 25 md/cm? and hlgher
for both substrates)., A mechanlsm of oxalacetlc
acld inhibltion of phosphorylation vias observed.

No decrease In the ADP/0 ratlo was noted durlng
succinate oxidation, but decrcases in thls ratlo
during a-ketoglutarate oxldation (at 50 md/cin? and
higher) indicated damage to the respiratory chaln

at the lipoate-NAD-flavoprotein sectlon, Slnce
power flux densitles of 10 m/cm? were wlthout ef-
fect, thls value should be consldered in the deslgn
and productlon of apparatus uslng mlcrowave radla-

tlon of a 12 cm wavelength., (4 refs.)
76-7¢
4670 THE DEPENDENCE OF THE FUNCTIONAL ACTIVITY

OF LIVER MITOCHONDRIA OM SUPERHIGH FRE-
QUENCY RADIATION. (Rus.) Dumanskll, Yu. D. (Kiev
Rescarch Inst., General and Communal Hyglene, Klev,
USS?); Rudlchenko, V. F. Gfg. Sanit. (4): 16-19;
1976,

Forty-two male rats were cxposed to superhlgh fre-
quency radlatlion (wavelength = 12 cm, vertically
polarized wave) of varlous power flux denslties (10,
25, 50, 100, 500, 1000 nW/cm?) for 40 min, 3 times/
day at 5 day/wk intervals for 4 mo. Densltles of
less than 50 mW/cm? had no cffect, but resplratory
processcs In the llver mltochondrla were altered
durlng nonphosphorylatlve resplration at densltles
of 50 mW/cn? and hlgher, and then durlng phosphoryl-
atlve resplration at densltles of 100 mW/cm? and
higher. Nonghosphorylative oxldatlon of Krebs cycle
metabolltes (succinate and a-kectoglutarate was In-
tensl fled and the rate of oxygen consumptlon during
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phosphorylative respiration was reduced. The reduc-
tion In phosphorylative respiration and the partial
reduction in the ADP/0 ratio (during a-ketoglutarate
oxidation) led to a decrease In the rate of ADP
phosphorylation. Respiratory chaln oxidation of
succinate was more radioresistant and was assoclated
with greater values of ADP phosphorylation than of
a-ketoglutarate oxfdation. Apparently there was a
block In the respiratory chain substraterlipoater
NAD»flavoprotein>cytochromes*0 to flavoproteins,

the pathway for a-ketoglutarate oxidatlon., These
results should be considered in the development of
superhigh frequency apparatus, (4 refs.)

7825/

4671 PREDICTING THE INTENSITY OF SUPER HIGH
FREQUENCY RADIATION. (Rus.) Sorochkln,

A. 1. (No affillation glven). Voen. Med. Zh., (7):

kg-52; 1975,

A formula for determining the power flux density of
miccowave radlation s proposed. Examples of the
applled calculatlon methods based on this formula
Indicate thelr simplicity and the close correlation
of their results with those of instrumental measure-
ments. The calculation methods are recommended for
use In the hygienic supervision of the radiation
effect from radio-location stations on the surround-
Ing area and population., (No refs.)

72¢-27 i

THE USE OF MAGNETIC FIELDS AND ELECTRONIC

4672 .
NOISE IN THE TREATMENT OF [NSOMNIA AND
NEUROSIS. (Cze.) Gruenner, 0. (Vyzkumn! ustav

balneologicky, Prague, Czechoslovakia). Cesk. Neu-
rol. Newrochir. 39(1): 1-11; 1976.

Preliminary experiments showed that, on the basis of
subjective evaluation, neurotic symptoms were signl-
ficantly influenced by atmospheric pressure and geo-
magnetic activity, Further preliminary studies on
the effect of electronlic nolse (5 Hz-30 kHz) on rab-
bits suggested the existence, primarily in the deep
structures of the brain, of a mechanism sensitive

to such noise., A series of four clinical experirents
with neurotic insomniacs were then conducted to de-
termine the effects of electronic noise and of a
constant homogeneous magnetic field, with results
evaluated on the basis of changes in skin electro-
conductivity (SEC), skin electroresistance (SER),
and subjective and objective descriptions of alert-
ness. Tests on 21 neurotics revcaled no significant
differences between the effects of 1 hr of electronic
nolse supcerimposed on a constant uniform component
or an Impulse current supcrimposed on a constant
uniform component, but both caused significant re-
ductions in alertness and SEC in comparison with
placebo control tests. When pure electronic noise
(I ef = 5 mA) was applied to a group of 23 neurot-
ics, Its effects were significantly greater than
those of both the other tests. Longltudinal analy-
sls (trcatment cvery other day for 3 wk) in 10 pa-
tlents showed that superimposed electronic noise
caused a significant reduction In alertnecss and In-
crease in SER compared with controls. In 59 necurot~
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lcs, the head was placed in the center of a constant
homogencous magnetic ficld (0.73 Oc) for 1 hr. SER
Tncreased In 50 neurotlcs, decreased fn 8, and re- ¢
matned unchanged In 1, while In control experiments
It Increased In 21, decrcased in 35, and was un-
changed in 3. The results indicate that electronlc
nolse and a constant homogencous magnetic field have
2 tranqullizing effect and may be of value In the
treatment of insomnia and neurosis. (43 refs.)
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26-7¢

4673 AVOIDANCE OF RADIATION HAZARDS FROM MICRO-
WAVE ANTENNAS. (Eng.) Shinn, D. H. (Mar-
conl Resecarch Lab., GEC-Marconi Electronics Ltd.,

West Hanningfield Rd., Great Baddow, Essex, England).
Mareoni Rev., 39(201): 61-80; 1976,

—
A

A graphic method was used to determine the boundaries
of hazardous regions caused by powerful microwave ra-
diation, The peak and mean power radiated, and the

slze and galn of the antenna were used In thuso dater=
minations., The "blologlical hazard reylon' (100 W/i?
mean power) and the “ignition hasard region' (3200
£2 Wm? peak power, f=frequency in GHz) were found
first by a theoretic prediction, followed by actual
measurement if a potential hazard appearced lo exist.
Theories for computing the power flux for antennas
with circular, elliptical, or rectangular aperaturcs
are presented. For circular aperatures it was neces-
sary to determine the power flux in a ncar-field and
a far-field region. For elliptical or rectangular
aperatures, where the width was greater than the
vertical extent, or vice versa, a near-field, far-
field, and intermcdiate region had to be determined.
The appropriate power flux values were calculated
for a tropospheric scatter communications installa-
tion and a radar height finder. Methods of avoiding
hazards were also considered. (9 refs.)
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7¢-79
Le7h INFLUENCE OF 50 HZ ALTERNATING ELECTRIC AKD
MAGNETIC FI1ELDS ON HUMAN BEINGS. (Eng.)
Hauf, R. {Research Inst. Elcctropathology, Freiburg in
Brisgau, W. Germany). Rev. Gen. Electricite (#rumero

Spectal) 85: 31-“9;_July, 1976.

) & 03

3

The effects of 50 Hz alternating electric and magnetic
fields on healthy human volunteers (average age 25 yr)
were investigated in a laboratory setting simulating
the field conditions of high voltage installations.
Electric field intensities of up to 20 kV/m at 1.50 m
above the ground (undisturbed field) were usced alone
or in combination with a magnetic field of 0.3 mT. The
latter field was also used alone in some experiments.
A displacement current of 200 pA was also generated
during some experiments. Test periods lasted for a max-
imun of 3 hr. The electric field experiments resulted
in an improvement in subject reactlon time, which was
considered to be a stimulation effect. During the rmag-
netic field and displacement current tests, no changes
in recaction time with respect to control values were
noted. No differences in erythrocyte count or hewoglo-
bin content were observed during any of the tests in
relation to control values. However, absolute ncutro-
phils and reticulocytes increased markedly with re-
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spect to controls, although the values were within
physiologic limits, These changes were considered to
be related to a non-specific excitation effect. Cho-
lesterol and triglyceride levels of subjects cxposed
to both electric and magnetic fields did not fluctu-
ate from the norm. Electrocardiograms and electrocn-
cephalograms of subjects exposed to the elcctromagnet-
ic fields also remained normal as did arterial blood
pressure. In addition, no subject expressed any sub-
jective discomfort. The effects of exposure to the
above fields for perlods lasting up to 3 hr seemed rto
be limited to a stimulation effect and a nonspecific
excitation effect, neither of which was pathologic.

(9 refs.)

76-§0
4675 MORPHOFUNCTIONAL STATUS OF THE HYPOPHYSZO-
GONADAL SYSTEM DURING EXPOSURE OF THE QRGA~-
NISM TO ELECTROMAGNETIC FIELDS WITH DIFFERENT CHARAC-
TERISTICS. (Rus.) Evtushenko, 6. [. {Inst. Industri-
al Hygiene and Occupational Diseases, Kharkov, USSR);
Kolodub, F. A.; Ostrovskaia, 1. S.; Timchenko, A. N.:
Chegnyshcva, 0. N. Gig. Tr. Prof. Zabol. (6): 52-5h;
1976.

The effect of the magnetic component of pulsed electro-
magnetic field (7 kHz, 72 kA/m, pulse duration 1.3
msec, pulse interval 10 sec) (Group 1) and of the
electric component of high-frequency clectromagnetic
field (41 MHz, 1kV/m) (Group 2) on the hypophyscogo-

__nadal function of male albino rats was studied. Ex-

posure of Group 1 to the pulsed electromagnetic field
over 3 hr each for 15 days had a direct effect on Ley-
dig cells, and caused a sharp depression of the andro-
genic function of the testicles. The testosterone lev-
el in the blood draining the testicles dropped from
1.2320.35 ug% to 0.23#0.01 ug% in the controls. Expo-
sure of Group 2 to the high-frequency field over 3 hr
daily for 15 days caused ultrastructural changes in
the hormone-producing cells of the posterior lobe of
the pituitary gland, causing an activation of the se-
cretion and release of gonadotropins. The total go-
nadotropin level in the pituitary gland decreased.

The findincs indicate that pulsed and high-frequency
electromagnetic fields directly affect Leydig cells
resulting in a reduction of the blood androgen

level, which provokes intensified gonadotropin secre-
tion and release In the pituitary gland. (6 refs.)

726-&/
L4676 PROLONGED EFFECT OF A CONSTANT AND ALTERNA-
TING MAGNETIC FIELD OF 1,000 OERSTED ON THE
MITOTIC ACTIVITY. (Rus.) Strzhizhovsky, A. D. (No
affiliation given); Galaktionova, G. V. Kosm. Biol.

Aviakosm. Med. 10(2): 63-67; 1976.

The prolonged effect of permancnt magretic field of
1,000 Oe on the mitotic activity of cells of the cor-
ncal epithelium and of bonc marrow cells was studied
in C57B) mice. Exposure to the perimancnt magnetic
field over a 15-day period caused an initial decrease
in the mitotic activity of cpithelial and bone marrow
cells, which was followed by increascd mltotic activi-
ty and hyperregeneration. The cell count of the tis-
sucs showed only slight changes, and it rapidly norm-
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alized after the ficld was switched off. Daily alter-
nation of the field direction with respect to the
body position of the animals caused no additional
changes in the mitotic activity, but it caused an
appreciable decrease in the effectiveness of the
adaptive process. The exposure did not cause chrono-
somal aberrrations, which indicates the absence of

mutagenic effect. (6 refs.)
26-52-
L4677 EFFECTS OF ELECTRIC AND MAGNETIC FIELDS ON

LIVING ORGAMISHMS AND I[N PARTICULAR ON MAN:
GENERAL REVIEW OF THE LITERATURE. (Eng.) Cabanes, J.
(International Association on Occupational Medicine).
Pev. Gen. Eleciricite (Mumero Srecial) 85: 19-26; 76.

July, 1976,

The literature dealing with the effects of low fre-
quency (50 Hz) electelie and magnetic fields on man
and other biologic organisms is revicwad. Studies of
workers in the Sovict Union who were exposed to low
frequency electric fields at 400 and 500 kV substa-
tions revealed neurologic, cardiovascular, and diges-
tive disturbances. However, studies in the United
States involving the repetitive exposure of linemen
working on 345 kV high voltage lines failed to re-
veal any biologic changes. Soviet studies involving
the exposure of volunteers to low frequency electric
fields ranging from 0-30 kV/m revealed hecmatologic
changes in addition to neurologic and cardiovascular
disturbances at field values exceeding 5 kV/m. Stud-
ies in ltaly involving the long-term exposure of mice,
rats, and guinca pigs to strong electric fields (100
kV/m) showed statistically significant modifications
in polynuclear neutrophil and lTymphocyte numbers
along with electrocardiogram changes; however, these
changes were within the physiologic range of values,
Genetic studies in France involving the exposure of
bacteria to electric fields of 10, 50 and 200 kV/m
failed to demonstrate alterations in mutation fre-
quency. Contradictory results have also bcen reported
for studies involving the biologic effect of low fre-
quency magnetic fields {50 Hz) ranging in strength to
as high as 9 G. It is concluded that the disparity of
these results is possibly due to vague study proce-
dures and reporting in some instances, and the use of
an insufficient number of subjects in other cascs.
(No refs.)

783
L678 THE EFFECT OF A DISCHARGE OF A HIGH-VOLTAGE
CONDENSER ON THE OPTIC PROPERTIES OF THE
FROG CARDIAC MUSCLE. {(Rus.) Arlevsky, I. P. (Kazan
Advanced Training Medical Inst., Kazan, USSR); Bezug-
lov, V. K.; Buzukin, V. G. Biull. Eksp. Biol. Med.

81(5): 531-533; 1976

A high-voltage condenser discharge, with a duration

of 3-5 msec, caused a sharp increcasc in the intensity
of a flux of plane-polarized light passing through a
strip of frog myocardium. The duration of the lumi-
nescence was 15-100 msec at a discharge voltage of 500
V and 100-350 msec at 1,000 V. The incrcasec in the
light flux under the effect of high-voltage discharge
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is believed to be due to conformation changes in the
membrane proteins. The configuration changes In the
cell membrane proteins are probably due to the direct
effect of the electric discharge on the hydrogen bonds
of hydrate layers stabilizing the steric structure of
the macromolecules and to an indirect change in the
physicochemical parameters of the medium in the imme-
diate vicinity of the protecin molecules. (7 refs.)

26-84

4679 MAGNETIC FIELD JIRRADIATION, ''JONOMODULATOR'
AND "EICHOTHERM'' APPARATUS. (Ger.) Ott, V.

R. (Klinlk und Institut fur Physikalische Medizin

und Balneologie, Universitat Giessen, 6350 Bad Nau-

heim, Ludwigstr. 37-39, W. Germany); Rusch, D.

Dtsch. Med. Wochenschr, 101(33): 1236-1237; 1976.

General physical and therapeutic characteristics of
magnetic field therapy, which employ 'Jonomodulator"
and YElchotherm' apparatus, are described. Magnetle
field therapy experiments, in which the patient is
located inside a magnetic coil, have not been proven
therapeutically valuable. Dyadynamic electrotherapy
using frequency-modulated impulse current with 50-
100 Hz frequency (Jonomodulator) is valuable in con-
trolling pains and disorders of arterial blood cir-
culation. Its effect is based upon neurophysiologic
principles. The "Eichotherm' apparatus, including a
combination of light orange and UV light sources, is
used in the treatment of cervical and lumbar syn-
dromes. (No refs.)

76-98" )
4680 HORMONAL REACTION OF THE SYMPATHICOADRENAL
SYSTEM ON SINGLE EXPOSURE TO ALTERNATING
MAGNETIC FIELD. (Rus.) Sakharova, $. A, (No affil-
- iatfon given); Ryzhov, A. l.; Udintsev, N. A. Biol.

—— Nauki (1): LO-hl4; 1976. .

The catecholamine and dioxyphenylalanine levels of
the blood and adrenals were studied in male albino
rats following a 2k-hr exposure to an alternating
magnetic field (200 Oe, 50 Hz). Considerable in-
crease in the catecholamine and dioxyphenylalanine
levels of the blood and adrenals was observed dur-
ing the first 12 hr after exposure. Dilatation of
the lacunae In the medulla and hypcremia of the ad-
renal gland were observed. ‘A second phase was char-
acterized by high norepinephrine and epinephrine
levels in the blood and by reduced epinephrine lev-
el in the adrenals. The catecholamine levels drop-
ped both in the blood and the adrenals in a third
phase. Normalization of the hormone levels was ob-
served 14 days after exposure. The findings illus-
trate the powerful stress effect of alternating
magnetic field on the neuroendocrine system.

(16 refs.)

76-86
4681

TUMOR ERADICATION BY RADIOFREQUENCY THERAPY
[Letter to Editor]. (Eng.) Le Vecen, H. H.
(Veterans Admin. Hosp., Brooklyn, NY). JAM4 236(15):
1691; 1976.
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Tumor eradication by radiofrcquency therapy is dis-
cussed in terms of tumor temperature measurcment and
the association betwecen preferential tumor heating

and tumor blood flow. Criticism that radiofrequency
therapy causes hcating of temperature scnsors and
lcads to erroneous tumor temperaturc measurements is
valid only for inductive type heating by radiofrequen-
cy application. Dielectric typc radiofrequency heating,
which is accomplished by placing the part to be hecated
between two plates of a condenser, results in the
hcating of only poorly conductive substances and does
not directly affect the tempcrature sensors. Imped-
ance measurements of cancer and normal tissues during
radiofrequency therapy experiments proved to be simi-
lar, indicating that the asount of heat captured by
each type of tissue was similar. The only explanation
for an obscrved preferential heating of cancer tissue
is that cancer cools more slowly than normal tissue..
The rate of coaling depznds on the rapidity of blood
flow. Criticism that bload flow In some turors may

not be reduced Is not supported, and sluggish blood
flow in brain tumors has been confirmed by computer-
ized scanning. Radiofrequency-induced cancer disseni-
nation and destruction of normal tissue has not becen
observed in over 20 incperable cases of cancer that
were treated with dielectric radiofrequency heating
and immunotherapy. (5 refs.)

26-87 :
4682 _PHYSI0LOGICAL REGEMERATION OF THE CORMEAL

EPITHELIUM EXPOSED TO SUPERSTROHG CONSTANT
MAGNETIC FIELOS. (Pus.) Strzhizhovsky, A. D. (lInst.
Biochemical Problems, Ministry of Public Health of
the USSR, Moscow, USSR); Galaktionova, G. V. Tsttol-
ogtia 18(3): 330-335; 1976.

The effect of permancnt magnetic field of 9.9-39.4
kOe over 0.5-24 hr on the corneal epithelium of mice
was studied. Exposure to a permanent magnetic field
with an intensity of 39.4 kOe over 3 hr caused a re-
duction of the mitotic index, while exposure to the
came Field over B-24 hr stimulated the mitotic activi-
ty. The changes in the mitotic activity decreased as
the field potential was decrcased. The rate of the
regeneration of the corneal epithelium decreased with
increasing duration of the exposure. MNo increase wes
observed in the number of aberrant mitoses in the
cells of the corneal cpithelium under the effect of
the permanent magnetic field. The findings Indicate
the possibility of the therapeutic use of permancnt

magnetic fields. (7 refs.)

78 =28 2~

4683 HEALTH HAZARDS IN MICROWAVE FIELDS (PRO-
CEEDINGS ABSTRACT). (Eng.) Voolas, K. D.

(Medical Officer, MOD, United Kingdom). In: Pro-
ceedings of the 1975 Ammal Meeling of the Interna-
ttonal Union of Radio Scierce Held at the Universi-
ty of Colorado, Boulder, Colorado, 20-23 Octoler,
1975. USNC/URS!. (Washington, D.C.): 313; 1975.

The use of rats, rabbits, and other small animals

for experiments has the advantage of strictly con-
trolled conditions and the great disadvantage that
the results of such work do not always clearly ex-
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trapolate to human beings. Among populations of
working people exposed to microwave fields there is

a wealth of clinical opportunity for research, but
the problem is, as always, what to look for. Much
work has been concentrated on discovering the thresh-
old of specific macroscopic damage to discrete organs
such as the formation of cataracts in eye lenses. It
was upen sueh wofk that the present 10 mW/en?

safety level has bcen based. The Russian standards,
which are not based on such heating effects, cause
much heart-searching among occupational health phy-
sicians. Instead of sccking gross pathologic changes
resulting from microwave exposure, we should be on
guard against the occurrence of more subtle effects,
which detract from Industrial comfort or an indi-
vidual's efflciency. For instance, recent work has
shown that protracted exposure to low power microwave
fields can cause small vacuole formation and abnor-
mal striation In the eye lens. While this causes no

" discernible opacity, it would cause impairment of the

lens elasticity. The focusing capacity is therefore
Impairead, and the usual onset of preshyopla In middle
life occurs at an carlier age. Investlgatiens into
changes of this degree in human populations are advo-
cated, and preventive measurces are discussed.

T8-2872
L4684 A TRIAL INVOLVING THE USE OF PULSED ELEC-
TRO-MAGNETIC THERAPY ON CHILDREN UNDER-
GOING ORCHIDOPEXY. (Eng.) Bentall, R. H. C. -{(Dept.
Applied Physiology, Royal Coll. Surgeons, Lincoln's '
Inn Fields, London, England); Eckstein, H. B. Z.
17(4): 380-389; 1975.

The effect of postoperative non-thermal pulsed high
frequency electromagnetic therapy on bruise healing
and edema formation was evaluated during a double
blind trial involving 50 paired boys undergoing
orchidopexy. Electromagnetic therapy was given 3
times a day for the first 4 postoperative days and
consisted of the local administration of 500 pulses/
sec at a penetration of 5 for 20 min followed by a
second application of 500 pulses/sec at a penetration

“of b to the epigastrium for 10 min. Patients so treat-

ed showed a significant increase in bruise resolution
rate as well as a rrend toward increased rate of re-
duction of scrotal circumferential measurement. No
side effects were ubserved, nor was there any diffi-
culty experienced in the application of this nonther-
mal therapy. It is concluded that previously reported
beneficial effects of this therapy on bruise resolu-
tion and edema reduction were confirmed. (33 refs.)

7087 - . :

4685 EFFECTS OF TRANSCEREBRAL ELECTROTHERAPY

(ELECTROSLEEP) ON STATE ANXIETY ACCOR-
DING YO SUGGESTIBILITY LEVELS. (Eng.) Ryan, J. J.
(Psychology Service, Veterans Admin. Hosp., North
Little Rock, AR); Souheaver, G. T. Biol. Psychia-
try 11(2): 233-237; 1976,

Transcerebral electrotherapy (TCET) was tested for its
ability to relicve anxiety in 24 (23 men and ) woman,
aged 21-59 yr) psychiatric inpatients. Subjects com-
teted the State Anxicty Inventory (SAl). On the basis
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of the Harvard Group Scale of Hypnotic Susceptibility
scores the patlents were assigned toe a high or low
suggestibility group (12/group). These subjects were
again assigned to an active TCET or placcho condition
(6/qgroup). The TCET group rcceived a burst of current
at a rate of 100 Hz/sec with a width of 2 msec for 30
min for five sessions on consccutive days., Controls
received no eleetrleal stlinutatiem athaf than that de-
livered at an initial adjustment and 15 min readjuct-
ment period. Six to nine days following the last treat-
ment each subject again completed the SAl. These scores
indicated that for the low and high suggestibility
groups the pre- and post-scores changed from 58,33 to
43.50 and from 57.66 to 50.66 respectively. Subjects
in the active TCET conditicn showed significantly
greater anxicty reduction than the control group (p<
0.01, F=3.26). There was no overall effecct of <ug-
gestibility, nor was there a significant intera-tion
between suggestibility and type of trcatment (p>0.10,
F=2.89). Likewise there was nq diffcrential response
between the low- and high-suggastible control subjects

(F=<1), (1 refs.)
7828y
4686 CONSIDERATIONS OF CHAMBER DESIGN, ENVIRGH-

MENTAL CONTROL, AND MICRCWAVE FIELD INTER-
ACTIONS Il SMALL AMIMAL EXPERIMENTATION. (PROCEED!INGS
ABSTRACT). (Eng.) Houk, W. M. (Naval Acrospace
Medical Rescarch Lab., Pensacola, FL); Grissett, J. D.;
Longacre, A., Jr. In: Procecdings of the 1976 Annal
Meeting of the Intsrrational Union of Radio Sciznce
Held at the University of Colorado, Boulder, Colorado,
20-23 October, 1975, WUSKC/URSI. (Washington, D.C.):

137; 1975.

The criteria for design and pcrformance of a facility
utilized for studying microwave biologic effects in
rats weighing up to 500 g were investigated. The re-
sults of using a 1.2 x 1.2 x 1.2 m semi-enclosed an-
echoic exposure chamber including field measurement
techniques, material selection, environmental control,
and biologic experimental design are discussed, with

an analysis of the problems encountered in its usc.

The problems were related to certain biologic para-
meters studied in a finite experiment dealing primar-
ily with environmental control, field measurements,

and the simultaneous use of several subjects in the
enclosure, Using the same basic design and performance
criteria as the first experimental charber, a second
larger and more sophisticated scmi-enclosed ancchoic
chamber, 1.8 x 1.8 x 1.8 m in size was constructed.
This chamber addresscd environmental control and micro-
wave field parameters from its inception. Absolute re-
quirements included: (I) a 2450 MHz microwave refcrence
field located in the far field of a 15 dB standard gain
hern showing no greater than 21.0 dB variation over a
100 cm? working arca; (2) an absolute tempcrature con-
trol of the environment where the experimental animals
were located, in a range of 12.5 to 45°C, and control
of +0.5°C at the sclected control point; and (3) a
uniform air flow over the experimental animals with
provision for dumping chamber air rather than recir-
culating it. Using the N85S XD-1 and EMD-IC microwave
scnsors, the field pattern alterations induccd by poly-
styrene foam products used in the construction of
animal enclosures was studied along with a standardized
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method of measuring exposure levels. Usling analogous
technlques, field amplitude patterns around single and
mult Iple experimental anfmals were derived along with
enerdy absorption estimates made from standing wave
patterns created by the animals. (No refs.)

- -
782858
L4687 NUMERICAL STUDY OF ELECTROMAGNETIC POWER

DEPOSITION IN BIOLOGICAL TISSUE BODIES

(PROCEEDINGS ABSTRACT). (Eng.) Barber, P. W, (Dept.
Bioengineering, Univ. Utah, Salt Lake City, UT). In:
Proceedings of the 1975 Annual Meeting of the Inter-
national Union of Radio Seience Held at the Univer-
gity of Colorado, Boulder, Colorado, 20-23 October,
1975. "USNC/URSI, (Washington, D.C.): 229; 1975.

The extended boundary condition method (EBCM) was
applied to the problem of obtaining quantitative

power absorption Informatlon for a homogeneous pro-
late spheroid model of man. It Is known that this
technlque can readily be applied to power deposition
calculations for man at relatively low frequencies.
The EBCM and the long wavelength analysis method give
exactly the same results at 10 MHz. This study was
concerned with making calculations at higher fre-
quencies to determine the frequencies of maximum ab-
sorption, t.e., the resonant frequencies of man. Ex-
tension of the numeric work to bodies that are elec-
trically larger required the consideration of various
numeric problems, including the solution of an unusual
set of simultaneous equations. Although the matrix in-
volved was not ill-cenditioned, the wide variation in
the amplitude of the elements could result in appre-
ciable error in the solution because of the finite
precision arithmetic of the computer. This behavior,
which is a consequence of the large dielectric con-
stant of the muscle tissue used In the model, appeared
to limit the application of the EBCM to frequencies be-
low 100 MHz. This, however, did permit a determination
of the first resonance. The numeric results gave the
average power absorption and peak power absorption for
man as a function of frequency, polarization, and ori-
entation through the first resonance. (No refs.)

7$5-18e

L4688 DISTRIBUTION OF ELECTROMAGNETIC ENERGY DE-
POSITION IN MODELS OF MAN WITH FREQUENCIES
NEAR RESONANCE (PROCEEDINGS ABSTRACT). (Eng) Gandhi,
0. P. (Dept. Electrical Engincering and Biocngincer-
ing, Univ. Utah, Salt Lake City, UT); Sedigh, K.;
Beck, G. S.; Hunt, E. L. In: Procecdings of the 1975
Arnual Meeting of the Inmternational Union of Redio  _
Science Held at the University of Colorado, Boulder, -
Colorado, 20-23 October, 1975. USNC/URSI. (Wash- =
ington, D0.C.): 201; 1975.

Experimental results are described for wholc-body ab-
sorption of a series of saline-filled and biologic-
phantom figurines of major lengths (L) that varied
from 0.4 to 1.5 A. Mcasurements are also reported of
« parameter values (ratio of mW/g of absorbed energy
to mW/cm? of incident field energy) for different re-
gions of the body. The energy distribution was meas-
ured for 12.1 and 18.4 cm tall figurines under free
space irradiation at both 985 and 2450 MHz using the
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1lquid crystal temperature probe. These results were
compared to those obtained in the transversc clectro-
magnetlc mode parallel plate chawmber, namely, of whole-
body values for the 220-750 MHz frequency range with
12.1 and 18.4 saline-filled figurines and prolate
spheroids of a/b=6. The highest intensity of encrgy
deposition was observed for the neck region of the
body in both free space and parallel plate exposure
conditions. The « for the ncck region was approximate-
ly 30 times that observed for the whole-body average.
The « values for other parts of the body, in descend-
ing order of magnitude, were reported for the thighs,
shins, chest, pudendal region, and the eye region, For
figurines with the feet touching the ground plate of
the parallcl-plate chamber, maximum energy deposition
was observed for the shins, with «=12 at 240 MHz (L/x
= 0.15). A monopole-above-ground chamber is presently
under construction to permit assessment of ground ef-
fects and measurements of = values. (to refs.)

782877

4689 CRITICAL ASPECTS OF HUMAN VERSUS TERRESTRIAL
ELECTROMAGNETIC SYMBIOSIS (PROCEEDIHGS AB-

STRACT). (Eng.) Maxey, E. S. (Research Div., Miami

Proceedings of the 137§

Heart Inst., Miami, FL}. In:
Arnual Meeting of the International Union of Fadio
Setence Held at the University of Colorado, Boulder,

Colorado, 20-23 October, 1975, USHC/URSI. (Washing-
ton, D.C.): 314; 1975.
Man's terrestrial electrical cnvironment includes

electrostatic fields, magnetic fields, field modula-
tions, and aerion (positive and negative) concentra-
tions. Nature imposcs harmonious variations in these
four factors. Laboratory studies often attribute bio-
logic changes to variations in a single factor with-
out adequate consideration of the remaining variables.
Humans exhibit revealing electric characteristics.
Brain waves physiologically present at frcquencies
paralleling the terrestrial Schumann resornance and
sferics, and states of conciousness and decision
making abilities are correlatable to cercbral alpha,
beta, and theta frequencies. Can brains be entraincd

to terrestrial field modulations in the same way that
mammalian hearts become synchronized to external ro-
tating magnets? Positive and ncgative aerions affect
numerous biologic responses including blood pH and
serotonin fluctuations, changes in pulmonary oxygen
exchange efficiency, and variations in the degree of
lTeft/right electroencephalographic synchronization.

The travel of all charged particles is influcnced by
both electrostatic and magnetic field factors. Currents
induced into the human organism by earth's electric
forces are subtle but biologically significant. It is
recommended that working spaces such as aircraft cock-
pits, where rapid response and precise decision
ing are critical, be conditioned with regard to aerion
concentrations, magnetic fields, electrostatic fields,
and field modulations. (No refs.)

mar

76—59
4690 IMPACT OF RADAR IRRADIATION ON HUMAN SYS-
) ~ Tems. (Eng.) NataraJan, K. (No affllia-
tion given); Jagannathan, N. J. Inst. Electronics

Telecommoiication Eng. 22(5): 326-329; 1976.
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The impact of microwave radiation on the human body
Is dlscussed., Human exposure limlts regarded as

safe are 0.03 W/cm? for frequencies below 0,5 GHz

and 0.02 W/cm? at frequenclies higher than 3 GHz. An
examination of the absorption of mlcrowave enzrgy by
varlous human tissues in the frequency range of 0,15-
10 GHz reveals that at 0,15 GHz the penctration f|s
much deeper; whereas, at 10 GHz the energy is ab-
sorbed in or ncar the skin, Parts of the body that
do not have blood vessels (chambers of the eye and
the hollow viscera) are partlcularly vulnerable to
electromagnetic radiation because the heat can dis-
sipate only by conduction to the surrounding vascular
tissues. A case of bilateral cataracts has been re-
ported for a person subjected to an intermittent ex-
posure of about 0.005 W/cm? at 1,7-3.4 GHz for 3

days and to a level of 0.12 W/cm? for a total of 2
hr. Precautlons for avoiding the hazards associated
with occupational exposure to electromagnetic radia-
tion include increasing the height of microwave
antennae, the use of reflective clothes and protec~
tive goggles, and field strength monltoring in poten-
tlal exposure areas, (6 refs.)

76=90
4691 EXPERIMENTAL DEVELOPMENT OF SIMULATED BIO-
MATERIALS FOR DOSIMETRY STUDIES OF HAZARD-
OUS MICROWAVE RADIATION. (Eng.) Cheung, A. Y.
(Dept. Radiology, Section Radiatlon Physics and Radi-
““ation Biology, Univ., Maryland at Baltimore, Baltimore,
MD); Koopman, D. W, IEEE Trans. Microvave Theory

Techniques MTT-24(10): 663-673; 1976.

Simulated biotissues for microwave radlation dosime-
T try studies at X-band frequencies and for S-band

modeling experiments, which use miniature phantoms

at X~band frequencies, were developed. The influence
-- of materlal composltion on the dlelectric and heat

properties of the materials was studied at frequen-
~“cies of 8.5 and 10.0 GHz for two types of materials:

one corresponding to tissues of high water content

Based on measured dielectric properties using a

[] ~~"-=-(muscle) and the other for bone and fat tissues.

[] ; -
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“- short-circuit waveguide technique, a simulated bone
material consisting of Laminac 4110 (a polyester
“reslIn), acetylene black, and aluminum powder was
chosen. A muscle composition simulated by combinling
a gelling plastic Super Stuff (Whamo Manufacturlng)
with water, polyethylene powder, and sodium chloride
was similarly chosen. Formulations for the proper-
ties of high-water-content materials are valuable
for identifying phantom materials for many parts of
the human body that have a wide range of dielectric
properties. (8 refs.)

- 7828
LEeg2 - EFFECTS OF ELECTROMAGNETIC FIELDS BELOW
e 30 MHz ON ANIMAL BIOLOGY. (Eng.) Pler-
lulssl, J. H. (Lawrence Llvermore Lab., Univ. Cali-
fornfa, Livermore, CA 94550) . Prepared by Lawrerce
Liverore Laboratory for ERDA wnder Coniract No.
W-7405-Eng-46. (UCRL-51880): 14 pages; August, 1975.

The blologic consequences of exposure to electromag-
netic fields below frequencles of 30 MHz are re-

3%
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viewed. Data obtained from triple-layer rodels of
the human body indicated that electromagnetic ab-
sorption increased linecarly with frequency in the
region below 100 MHz. Differcnces In absorption for
the various thicknesses typical of the human body
were insignificant in the radiofrequency reglon, and
calculations indicated an absorption of about 15%

at 30 MHz. It is suggested that personnel working
with electromagnetic pulse simulators be restricted
to 1440 pulses over any E-min pcriod; 1 pulsc/min
produces a power density of 0.0hk md/cm?, which Is
about 1/200 of the acceptable dose. The increase

in body temperature for such exposures is estimated
at 0.00009°C, Since the threshold of temperature-
increase sensation on the surface receptors of hurans
s about 0.05°C, the thermal effects procuced In
hunans by electromagnetic pulses are probably incap-
able of even generating sensations of warmth. Bic-
logic effects of nonthcrmal orlgin resulting from
human exposure to electromagnetic ficlds below 30 ic
MHz include: vascular conditionzd reflexecs (static
frequency, field intensity of 10,000 V/@); diurnal
rhythmicity (10 Hz, 2.5 V/m); brachycardia (static,
2600 A/m); changes in reactinon tine (less than 12

Hz, about 2 V/m), and interference with cardlac
pacemakers (0.5-1.0 Hz or 10-30 Hz at high-frequancy
communicatlons levels for the latter frequency range).

(39 refs.)

76~ 9/
4693 A MICROWAVE APPLICATOR FOR IN VIVO RAPID
INACTIVATIGON OF ENZYHMES [N THE CENTRAL HER=-
VOUS SYSTEM. (Eng.) Lenox, R. H, (Dept. Neuroendo-
crinology, Div. Neuropsychiatry, Walter Reed Army
Inst. Res., Washington, DC 20012); Gandhi, 0. P.;
Meyerhoff, J. L.; Grove, H, M. Lpp., 1976 (available
through lnst. of Electrical and Electronics Engincers,
Inc., New York, N.Y., No. 60IMTIO1L).

A microwave applicator for the in vive rapld Inactlv-
ation of rat brain enzymes Is described. The appll-
cator includes a WR 430 wavcguide test cell and a
2450 MHz pulscd power source that delivers 3.5 kW of
microwave power, which is matched to the complex

load (rat's head) by a double screw tuner. The rat
s placed In a plexiglas tube, which Is wrapped with
copper screening that acts as a cyllindrical waveguide,
and the shielded tube is Inscrted Into the wavegulce
chamber, Uniformity of fields along the width of

the waveguide (zar to ear of the anlmal) s obtaincd
as a result of the symmetrical dielectric loadlng
achieved with the rat head in that dimenslon. Improv-
ed uniformity of heating the braln is achleved in the
rostral to caudal dirmenslons by attaching tapcred
alumlnum shims to the broad faces of the waveguide.
In the vertical plane, a slight heatlng gradient
exists that apparcntly is due to the overheatlng of
the abundant muscle on the ventral slde of the brain.
The exposure time required for enzyme lnzctlvation

ls 2.8 sec. Measurcmants of cyclic adencslne wono-
phosphate In the microwave-treated braln Indlcate
rapid enzyme inactlvation and the preventlon of post-
mortem changes in enzyme actlvity assoclated wlith
more conventlonal methods of sacriflce. Mcasurements
of cyclic adenoslne monophosphate and cyclic guano-
sine monophosphate have been made In 13 distinct re-
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gions of the rat braln: cercbellum, bralnstem, mid-
brain, substantia nigra, thalamus, hypothalamus,
hippocampus, amygdala-pyriform cortex, scptal nuclel,
nuclcus accumbens, olfactory tubercle, striatum, and
cortex. (15 refs.)

76-92 ,

Loyl EFFECTS OF SHMALL ELECTRICAL CURRENTS ON
COLLAGEN IN SOLUTION. (Eng.) Eriksson,

¢. (Inst. Stomatology, Sch. Dentistry, Unlv. Pretoria,

P.0. Box 1266, Pretoria, 0001, South Africa); Jones,

S. S. Afr. J. Sci. 72: 114-116; 1976,

The effects of small electrical currents on soluble
collagen solutions made up from rat tail tendon were
investigated. When a direct current of 15 pA was
passed through a 400 pg/ml collagen solution (pH 6.80)
via vertlcally placed stainless steel electrodes, a
brown-colored Interface denoting a boundary between
two reglons of apparently differlng viscosity was
observed. On the cathode side of the band, the solu-
tion appeared very viscous, indicating the presence
of collagen. The phecnomenon appeared to be one of
collagen molecule aggregation rather than polymeriza-
tion, and electron micrographs of the viscous band
revealed no fibers. The passage of a 10-uA direct
current through a 160 pg/ml collagen solution (pH
4.70) via vertically placed stainless steel wire
-electrodes did not produce a band-like structure,
and there was no evidence of collagen molecule ag-
gregation. When a 5-pA direct current was passed
through an 80-ug/ml-collagen solution (pH 6.50) via
horizontal platinum electrodes, polymerization of
the tropocollagen molecules fnto well-characterlzed
fibers was observed in the form of a whitish band
that formed concave to the cathode In a horizontal
plane. Thus, different effects were observed for
different current gradients and different coliagen
solutions., (8 refs.)

76-93
4635 IN CHANGES OF THE CEREBRAL ELEC-

TRIC ACTIVITY IN MENOPAUSAL PATIENTS DURING
THE TREATMENT OF PULSE CURRENT. (Rus.) Persianinov,

L. S. (All-Union Scientific Research Inst. Obstetrics

DYNAMICS

cow, USSR); Tkachenko, 1. M.; Smetnik, V. P.; Verul-
ashvili, Ya. V. Akush, Ginekol. (2): 8-1k; 1976,

The cerebral electric activity was studicd in 76 men-
opausal women before, after 5, 10, 15, 20 and 25

_pulse current treatment scssions, and 4-6 mo after

the treatment. The current intensity was 0.5-0.8 mA,
at a frequency of 300-600 Hz, and a pulse duration
of 0.5 msec. The current contalned an additional
galvanic component. The electrodes were placed in
the frontomastoidal reglon. The pulse current ther-
apy resulted in an improvement of the general well-
being, in normalization of the arterial pressure,
reduced Irritabllity, and disappcarance of conges=~
tion. Normalization of the elcctroencephalogram
(EEG) was observed in most abnormal cases. Regard-
less of the original EEG pattern before the therapy,
the pulse current treatment causcd stereotypical
changes in the EEG; appcarance of alpha~-waves when
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they had been absent, increcase in the alpha-wave am-
plitude and duration, irradiation of the alpha-waves
Into the temporal regions of the cerebrum, and its
synchronization ir ail regions. Correlation was es~
tablished between the clinical improvem:nt and the
normalization of the EEG, The therapeutic effect

of pulse current on menopausal symptoms 1s thought
to be due to its direct action on the neuroendocrine
and vascular systems. (15 refs.)

76-9¢

L696 MEDICAL COHTROL OF MEN WORKING WITHIN FLEC-
TROMAGNETIC FIELDS. (Eng.) Malboysson, E.
(Hidroelectrica Espanola S.A.). Rev. Gen. Elaziricite

(wacro Speetial) 85: 75-80; July, 1976.

Periodic medical examination data and abscntecism rates

were analyzed for 84 workers exposed to electric
fields at transformer stations or near high voltage
Yines (up to 400 kY) and &h 1lncmen working on low
voltage overhead lines. The first group showed a
higher incidence of digestive, acrvous, and locanotor
system disorders; however, differences in the living
and working habits of these two groups might also
explain the different rates. Absentecism due to ill-
ness was greater for the second group, thus confound-
ing the significance of the above findings. It is
concluded that electromagnetic Fields caused no last-
ing pathologic effects in the workers, since no bio-
chemical changes were observed, (Ho refs.)

76-95
Leg7
(Eng.) Cerretelli, P. (Inst. Human Physiology, Univ.

Milan, Milan, ltaly); Malaguti, C. Rev. Gen. Flcc
tricite (Murero Spectal) 85: 65-7h; July, 1976.

RESEARCH CARRIED OUT IN ITALY BY ENEL ON

THE EFFECTS OF HIGH VOLTAGE ELECTRIC FIELDS.

The effects of high voltage electric field exposures
on experimental animals were investigated. Anesthc-
tized rabbits were exposcd to 80 kV/m electric fields
at a frequency of 50 Hz for periods varying from a
few minutes to about 500 hr. HNo significant altera-
tions in cardiac output, heart rate, or arterial
blood pressure during acute exposures were observed,
although the last cardiovascular pararmeter tended to
be elevated in animals receiving chronic exposures.
Increases in heart rate were observed in a conscious
dog exposed to 25 kV/m during the first 10 sec after
a change in electric field, Slight changes in the
total and differential white cell count were observed
in rats and dogs exposed to electric fields of 100
and 25 kV/m, respectively; the dogs also showed a
fall in hemoglobin concentration and red cell count.
Male rats exposed to an electric field of 100 kV/m
for acute exposures of 30 min/day and chronlc expo-
sures of 8 hr/day over a total period corresponding =
to the complete maturation cycle of the germinal
cells showed no change in gonadal function; however,

diminished libido was observed durlng acute exposures.

No embryotoxic or teratogenic effects were observed
in the first generation progeny of male rats sub-
jected to acute (30 min/day) or chronlc (8 hr/day)
exposures of 100 kV¥/m. Likewise, no changes in the
macro- or microscopic structure of the llver, kid-
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neys, lungs, heart, spleen, pitultary gland, thyrold
gland, adrenal glands, prostate, scminal vesicles,
testicles, cervical lyumph nodes, or stomach were ob-
served In rats subjected to acute and chronic expo-
sures of 100 kV/m. (6 refs.)

- 7¢-%6
L4698

© (Eng.)

BIBLIOGRAPHIC STUDY ON THE ELECTRIC AND
MAGHETIC FIELD EFFECT ON LIVING ORGANISMS,
Cabanes, J. (30, avenue de Wagram, 75008

Parls, France). Rev. Gen, Eleciricite (Numero Spe-

“etal) 85: 27-30; July, 1976.

A bibllography of 145 documents deallng with the ef-
fects of electrlc and magnetlc fields on living or-
ganisms is presented, Specific toplcs covered In-
occupatlional exposures to electric flelds,
the ecologic Influence of electric fields, the dynam-
lcs of low frequency magnetic fields, the cffects of
electromagnetic fields on patlents with cardlac pace-
makers, the development of safe weorklng procedures
for persons occupationally exposed to electromagnetic
radiation, central nervous system effects in animals
exposed to extremely low frequency magnetic flelds,
the locomotor activity of animals exposed to hlgh
tension alternating fields, the effects of low fre-
quency electric fields on plant growth, devices for
measuring the Intensity of alternating current elec-
tric fields, the interaction of extremely low fre-
quency electromagnetic fields with brain organeclles,
the effects of electrical currents on Escherichia
coli growth rates, displacement currents to the human

:.body resulting from dielectric fields under overhead
‘lines, the absorption of electromagnetic energy In

body tissues, the mechanism of the behavior of cells

E - In an alternating electric field, and the influence
. " of weak electromagnetic fields on human circadian
~ periodicity. (145 refs.) B

.

76-97

4699 CHANGES OF THE ACTIVITY OF SUCCINATE DEHY-

DROGENASE IN CELLS OF VARIOUS BRAIN STRUC-
TURES UNDER THE EFFECT OF UHF FIELD OF LOW INTENSITY,
Belokrinitsky, V. S. (A. N. Marzeev Kiev
Scientific Res. Inst. General and Communal Hyglene,
Klev, USSR); Nikitina, N. G. Vrach. Delo (3): 127-
131; 1976.

Changes in the succinate dchydrogenase activity of
cells of the archipallium, paleopallium, ncocortex,
subcortical structures, vascular plexes of the ven~
‘tricles, ependyma and pia mater of the brain were
studied in 99 sexually mature male rats during |- to
L-mo exposure to low-Intenslty UHF electromagnetic
field with 10-1,000 mW/cm?. The animals were exposed
to the electromagnetic field on work days more than
three times daily for 40 min. Considerable field
‘intensity-dependent Increase was observed in the

. succlnate dehydrogenase activity following a 30-day

exposure In all braln structures. The smallest In=-

. crease was In the nucleus caudatus and sublculum,

and the field Intensity had little effect on the
actlvity lIncrease In Amon®s horn. The enzyme actlv-
ity decreased at the end of a 60-day exposure to
show increased values again at the end of the b-mo
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exposure. The changes In the eazyme activity were
dependent on fleld Intenslty, exposure time, and the
specific anatomlc sltes, (10 refs.)

72¢ -5

4700 EFFECT OF MAGHETIC AND ELECTRIC FIELDS OH

THE GROWTH AND RATE OF MUTATIONS OF VARIOQUS
MICRO-ORGANISMS. (Eng.) Rivlcre, J. (Natl. Agricul-
tiral Coll,, Paris-Grlgnon, France). Rev. Gen, Elec-
tricite (Numero Special) 85: 98-101; July, 1976.

The effect of magnetlic and electrlc fields on the
mutation rate and growth of the bacterlum Escherichiia
coli and the fungus Pentieilliwn chrysogeniom was In-
vestlgated. Electric fields ranging from 10-200 kY/nm
were generated between two clircular metal plates
sltuated In an Incubater, The magnetic field experl-
ments Involved exposing the above mlcroorganisms to
50-Hz alternating magnetic fields ranglng from 10-350
times the earth's magnetic field, The exposure time
was 48 hr, MNelthar mutation rats nor grawth rate of
the above organisms changed durlng exposure to fag=
netic or electric flelds, even at the maximum dosages
applied. (No refs.)

76 -99
4701 BIOLOG!CAL EFFECTS OF ELECTRIC FIELDS.
(Eng.) Kornterg, H. A. (Electric Power
Research Inst., Palo Alto, CA SL303). Rev, Gen.

Electiricite (Numero Special) 85: S51-64; July, 1976.

Results from experiments investigating the effects
of high voltage ficlds on humans and animals are )
reviewed. Studies In the Sovlet Union on 319 men ™
working in 220, 330, and 500 kV swltchyards revealed
nonspecific central nervous system disturbances.
Similar observations were reported from Spain vhere
8 or 9 switchyard workers were transferred to a ncw
500 kV station and several of them complained of
headaches, drowsiness, fatigue, and nausea. In con-
trast, a review of seven studies performed In the
U.S. and Western Europe reveals no adverse effects
in humans exposed to fields as high as 20 kV/m (50
hz) for 45 min. These studies also revealed no ad-
verse effects In humans exposed to 60 Hz fields from
765 kV lines. Laboratory studles wlth animals in-
volving exposures as hlgh as 160 kV/m (60 Hz) over
1500 hr also have revealed no adverse effects. How-
ever, the proceny of mice exposecd to the above field
strength showed a slightly slower growth rate than
controls, which could have been due to dlfferences
In water avallability and temperature. Research In
the U.S. and Western Europe has not reproduced the
adverse effects noted in Sovlet and Spanish studles.

(19 refs.)

76 =/00

IMMEDIATE EFFECT OF ELECTRIC CARDIOVERSION
ON THE INDICES OF HLCHODYHAMICS AND MYOCAR-
DIUM CONTRACTILITY (M PATIENTS WITH AURICULAR FIERIL-
LATION. ({Rus.) Bogoslovsky, V. A, (A. L. Mlasnikov
Inst. Cardlology, USSR Acad. Medical Sclences, Mos-
cow, USSR); Kukharchuk, V. V.; Mazacv, A, V.; Plchu-
gin, V. N. Ter. Arkh. 47(h4): 100-104; 1976.
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The effect of cardioversion, using a 4,700 V defibril-
lator, on the indices of central hemodynamics was
studied In 23 patlents with left atrlal fibrillation.
- The patients were administered phenobarbftal and
anesthetized with hexcnal. The minute volume showed
_no change 25-30 min after the restoration of the
- sinus rhythm. However, the frequency of the cardiac
contractions decrecased and the systollc volume In-
- creased after cardioversion. The reduction in the
Sonnenblick-Feragut contractility indices was be-
1 lieved to be due to the adverse effect of the elec-
‘tric discharge on the myocardium, and partly to the
hexenal anesthesfa. (18 refs.) s

25259

4703 CERVICAL ENDOMETRIOSIS AS A COMPLICATION
AFTER DIATHERMIC COAGULATION OF THE UTERINE
CERVIX. (Bul.) Karagiosov, f. (Medical Acad., Ma-

ternity and Pediatric Center, Bulgaria); Makavceva,
V. Akugh. Ginekol, (Sofia) 14(3): 203-208; 1975.

A study of the Incidence and colposcopic morphology
of cervical endometriosis as a complication of dia-
thermic coagulation (not described) of the uterine
cervix Is presented, Of 5,531 women examined colpo-
scopically, 40 (.72%) showed evldence of cervical
endometriosis. All cases occurred in patients in
whom diathermal coagulation had been performed. ... .
(40/636 patients, 6.28%). Pseudotumors, flat, ulcer=
ous and pseudoectopic forms of cervical endometriosis
were distinguished colposcopically. (14 refs.)

P¢-/0/ o
;4704 . CONFORMATIONAL EFFECTS ON THE ACTIVATION
FREE ENERGY OF DIFFUSION THROUGH MEMBRANES
AS "INFLUENCED BY ELECTRIC FIELDS., -(Eng.) Offner,
..F. F. (Technological Inst., Northwestern Univ., -
Evanston, IL 60201); Kim, S. H. J. Theor. Biol.
5612 97-112; 19760 = " - e s

.~ The influence of an electric field on the permeabil-
ity of biologic membranes to potassium and sodium
ions Is theoretically analyzed., Permeability changes
i~ in membranes are explained by simple electrostatically
. induced conformational changes at the mouths of mem-
»- brane pores, which result from the deflection of
. - long-chain molecules having fonized polar groups near
' the interface. The deflection of such a chain in-
creases approximately as the cube of the number of
deflecting atoms In the chain increases. Such a
“molecule will suffer a considerable deflection if
subjected to a component of an electric field normal
to Its axis. For example, a 20-atom chain would de-
Tt flect 1.0 Angstrom as a result of a normal field
. component of 100,000 V/cm acting on a single electron
charge.” A conformational change requiring a low
.: free energy for Its production may result in a large
< change in the free energy of actlvatfon, Thls dif-.
" ference is due to the time scale of the two pro-
. cesses: the electrical displacement can occur cver
a relatively long time (fraction of a msec), while.
the process affecting activatlon energy occurs over
a time scale on the order of 10712 sec. Thus the
_activation energy for diffusion through pores should
he highly sensitive to the boundary electric field,
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provided that the pore openlng Is of a suitable form
and carries charges at the Interface. The energy
required to partially dehydrate sodlum and potassium
lons plays an essential role in the process.

(22 refs.)

76-/02-

4705 MYOSIN SYNTHESIS JMCREASED BY ELECTRICAL
STIMULATION OF SKELETAL MUSCLE CELL CUL-

TURES. (Eng.) Brevet, A. (Dept. Medicine, Stanford

Univ. Medical Center, Stanford, CA 94305); Pinto, E.;

Peacock, J.; Stockdale, F. E. Scterce 193(4258) :

1152-1154; 1976,

The effect of electrical stimulation (100 V and 5 mA
maxImum) on protein synthesis in skelctal muscle cell
cultures establlshed from 12- to 13-day embryonic
chick breast muscle was investigated. When the mus-
cle cultures were -5 days old, they were stimulated
for 14<48 hr wlith a 0.6-sec train of 10- to 2h-msec
biphasic pulses delivered cvery i sec by way of agar
saline bridges. The quantity of protein cxtracted
from the cultures with pyrophosphate buffer was in-
creased by a mean of 21% over that of unstimulated
control cultures, and the amount of radicactive leu-
cine in myosin heavy chaln protein was increased by
a mean of 39% over controls. A 29% ihcrease in the
pyrophosphate-extractable protein as conpared with
only a 7% increase in total cellular protein indi-
cated that the electrical stimulation effect was
greater on contractlle proteins, such as myosin. A
comparison of the deoxyribonucleic acid content of
stimulated and unstimulated cultures revecaled that
the protein enhancement in stimulated cultures was
due to increased protein synthesis rather than to
cell proliferation. Thus, direct electrical stimu-
lation of the contraction of skeletal muscle cells
in vitro enhances the amount of protein produced by
myotubes, and this increase is greater for the con-
tractile proteins., (26 refs.)

Ji-103
4706 ELECTRIC FIELD-1HDUCED CONFORMATIONAL CHANSE
OF POLY(L-LYSINE) STUDIED BY TRANSIENT ELEC-
TRIC BIREFRINGENCE. (Eng.) Kikuchl, K. (Dept. Chem-
istry, Coll. General Education, Univ. Tokyo, Meguroku,
Tokyo, Japan); Yoshioka, K. Biopolymers 15(9): 1669-
16765 1976. )
Transient electric birefringence measurcments on poly
(L-1ysine hydrobromide) in methanol-water mixtures
were carried out at various solvent composltions in
the vicinity of the helix-coil transition region

(from 87 to 98 vol % methanol). The electric field
was applied to the solution in a Kerr cell iIn the

form of single rectangular pulses of up to & kV ampli-
tude. Anomalous birefringence transicnts were ob-
served between 90 and 95 vol % methanol above a thres-
hold field strength. A dlstlnct difference between
the responses to weak and strong electric fields was
noticed over a narrow range of the solvent composi-
tion. The effects of polymer concentration and tem-
perature on the field-strength dependence of the
birefringence were studied at a solvent composition
of 90 vol % methanol where the anomalous transients
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. appcared most clearly. The double logarithmlc plots
of the steady-state specific birefringence versus
the square of fleld strength for different concentra-

tions and tempcratures could be superimposed by shift-

ing them horizontally along the abscissa., The thres-
hold field strength, which was determined from the
shift factor, decrcased with decrecasing concentra-
tion., The results provide further evidence that
strong electric fields can cause a hellx-coil transi-
"tlon In this system under favorable conditions,
" (17 refs.)

"6 -/0Y

4707 EXPERIMENTAL AND THEORETICAL STUDIES ON
ELECTROMAGHETIC FIELDS INDUCED IKNSIDE FI-
NITE BIOLOGICAL BODIES, (Eng.) Guru, B, S. (Dept,
"Electrical Englincering and Systems Sclence, Michigan

State Univ., East Lansing, Ml 48824); Chen, K-M.

IEEE Trans. Microwave Thzory Tech. MTT-24(7): 433-440;

1976.

The tensor Integral equation was used to calculate
the Induced electric field inside a blologic body
ITluminated by a simple plane wave. Simulated bioc-
logic bodies made of plexiglas were filled with
saline and put Into an anechoic chamber and !1lumin-
ated by electromagnetic waves with frequencies rang-
ing from 1,7-3.0 GHz radiated from a horn antenna.,
The induced electric field inside the solution was
measured by a dipole-type probe loaded with a micro-
-wave detector diode at the terminal. Model sizes

were 6x6x1 cm, 12x12x1 cm, 16x16x1 cm, and 12x12x2 cm.

Results of the theoretlc and experimental values of
the dissipated power (DP) are presented graphically.
The distribution of the DP was shown to change slg-
‘nificantly when frequency, conductlvity and permlt-
tivities changed only slightly., In the model 2 cm
.deep (two 1 cm layers) the DP in the first layer was
several decibels higher than that in the second
= layer, as was theoretically predicted, The patterns

. "of the DP Indicated the complexity of the Induced
» field In the models. (10 refs.)

F26-/08"

4708 TUMOR ERADICATION BY RADIOFREQUENCY THERAPY
[Letter to Editor). (Eng.) Selker, R. G,
. {Univ. Plttsburgh, Pittsburgh, PA); Wolfson, S. K.

JAMA 236(15): 1690-1691; 1976,

A report of tumor eradication by radiofrequency ther-
apy Is questioned because of problems associated with
tumor temperature measurcment and the assumption that
all tumors have decreased blood flow. Most tempera-
ture measuring devices are directly heated in the
radiofrequency field and give false readings of in-
tratumoral events; therefore, special thermistors
must be used to prevent distortion of the absolute
temperature values produced. A review of the con-
flicting reports In the literature concerning the
effect of radiofrcquency therapy on tumor eradication
illustrates the Importance of the above temperature
measurement precautions. At 40°C, for example, en~ -
hanced tumor growth with metastatic Implants and
raplid death occur in experimental animals. That the
results of radiofrequency~induced tumor eradication
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are totally related to tumor blood flow is doubtful,
and In the absence of data outlining Intratunoral
temperatures, necrosls related to high temperatures
scems more reasonable, Total tumor necrosls can
occur within mlnutes after the application of radio-
frequency heat. . (5 refs.)

76 -/06 )

L709 COMPLEX PERMITTIVITY AND PEMETRATIO!N DEPTH [
OF MUSCLE AHD FAT TISSUES BETWEEN 40 AND

90 GHz. (Eng.) Edrich, J. (Dept. Electrlcal Engi-

neering, Univ. Denver, Denver, CO 80210); Hardec,

P. C. IEEE Trans. Micrcwave Theory Tech. MTT-24(5):

273-275; 1976.

The dlelectrlc constant (e), conductivity (¢), and
penctration depth (8) of millimeter waves in fat and
muscle tissue were mcasured over the frequency Lands
40-54 GHz and 85-90 GHz. Fat from recently slaugh-
tered cattle, and muscle tissue fram Sprague-Dawley
rots, were used for mecasurements. The mecasured &

of fat at 40-54 GHz and 85-90 GHz ranged from approx-
imately 1.8-2.5 mm (peak at 45 GHz) and from approx-
imately 1,2-1.3 mmn (peak at 90 GHz), respectively.
The § for muscle in the two frequency bands ranged
from approximately .4 to .27 mm (peak at 40 GHz) and
from approximately .22 to .21 mm {peak at 85 GHz).

A phaseless technique was used to determine the rela-
tive € and the o for the tissues. A substantial
shift in the characteristics of fat was determined
by these values., The initial values for € and o
increased from 8.4 and 15 7! m™! respectively, for
about 1.5 hr, after which they shifted dowmvard to

L and 7 27! m™l. This shift did not seem to be af-
fected by temperature. The results indicate that
millimeter wave irradiation of human body tissue
similar to that investigated has to be considered
for microwave hazard studies. (11 refs.)

76-/07
4710 EXPERIMENTAL REGEHNERATION IN PERIPHERAL

- NERVES AND THE SPINAL COKD I[N LABORATORY
ANIMALS EXPOSED TO A PULSED ELECTROMAGNETIC FIELD,
(Eng.) Wilson, D. H. (Accident and Emergency Dept.,
General Infirmary at Leeds, Leeds, England); Jaga-
deesh, P. Paraplegia.lh: 12-20; 1976.

The use of pulsed electromagnetic flelds for peri-
pheral nerve and spinal cord regeneration In labora-
tory animals was investigated, The apparatus used
was a Diapulse machine that ls capable of delivering
field strengths of from 5-120 mW/cm? in the form of
65-microsec pulses over frequancles of 80-600 pulses/
sec, Peripheral nerve section and suture (nedian-
ulnar nerve In the upper forelimb) was performed on
132 rats, and postoperatively half of the rats were
treated for 15 min/day with diapulse therapy (dosage
not given). The diapulse-trcated anlmals demon-
strated a return of nerve conduction 12 days after
divislon and suture of the nerve, although a 10-fold
incrcase in stimulus strength (0.5-5.0 V) was re-
quired for the response. No responses to the 5.0-V
stimulation were observed in control apimals, His-
tologlc scctlons distal to the point of suture in
the treated anlmals 30 days after surgery showed
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chat the nerve contained abundant recgenerating nerve
fibers but of reduced dlameter. Comparable scctlons
from untrcated animals 60 days after division and
suture also showed regeneratlion, but the degree of
recovery was not as great as that In treated animals
at 30 days postoperatlve., Studles of spinal cord
regeneration followlng hemicordotomy In cats were
also performed, Exposures to dlapulse therapy were
for 0.5 hr cach day for 1 mo using an average ficld
strength of 50 mW/cm? and a frequency of 400 pulses/
sec, When the anlmals were sacrificed 3 mo after
hemicordotomy, electromagnetic-Induced nerve fiber
regeneration across the scar region was observed,

(6 refs.)

285260
VAR THE EFFECT OF 1.6 GHz RADIATION ON HEURO-
TRANSMITTERS IN DISCRETE AREAS OF THE RAT
BRAIN. (Eng.) Merritt, J. H. (Radiobiology Div.,
U.S. Air Force Sch, Aerospace Medicine, Brooks Air
Force Base, TX); Hartzell, R.; Frazer, J. H. In:
Proceedings of the 1975 Annual Meeting of the Inter-
national Union of Radio Science Held at the Univer-
sity of Colorado, Boulder, Colorado, 20-23 October,
1975. USNC/URSI. {Washington, D.C.): 227-228; 1975.

To investigate the effects of radiofrequency radia-
tion on the central nervous system of rats, power
distribution was thermographically determined in

rats exposed to 1.6 GHz radiation at a measured. power
density of 80 mW/cm? for 10 min. Rectal temperature
rise was 4°C. Serotonin and its metabolite 5-hydroxy-
indole acetic acid, dopamine and its metabolite homo-
vanillic acid, and norepinephrine were measured in the
hypothalamus, corpus striatum, midbrain, hippocampus,
cercbellum, medulla-pons, and cortex. Parallel hyper-
thermal and normothermal controls were also exmained.
The hyperthermal controls were maintained in a 75°C
environment for 10 min which resulted in a rectal
temperature rise of 4°C. A significant decrease in
hypothalamic norepinephrine content was noted in the
irradiated and hyperthermal groups compared to the
normothermal controls. The hippocampal content of
serotonin was decreased in the irradiated but not

the hyperthermal animals. Conversely, cerebellar

and cortical serotonin concentrations were decreased
in the hyperthermal but not the irradiated rats. The
dopamine content of the corpus striatum was signifi-
cantly lower in the irradiated group but not in the
hyperthermal animals. The decrease in hypothalamic
norepinephrine supports other data suggesting that
neurotransmitter subszrves a neuronal system to lower
bedy temperature. The other changes agree with
thermographic imagery of rats exposed to 1.6 GHz
radiation. The results indicate that the effects

on the neurotransmitters are a result of radiofrequen-
cy radiation induced hyperthermia and not a direct
effect on innervated tissue. (No refs.)

75-4¢/

4712 THE EFFECT OF 1.6 GHz CW FIELDS ON TRACE"
METAL CONTENT OF SPECIFIC REGIONS OF RAT
BRAIN. (Eng.) Chamness, F. (U.S. Air Force Sch.

Aerospasce Medicine, Brooks Air Force Base, TX):
Scholes, H.; Sexauer, S.; Frazer, J. W. In:; Proceed-
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ings of the 1975 Annual Mceeting of the Intc mational
Union of Radio Scicnee lield at the Uitversity of
Colorado, Boulder, Colorado, 20-23 Octohber, 197§,
USNC/URST. {Washlngton, D.C.): 226; 1975.

To study the effects of radiofrequency radiation on
the trace metal content of specific regions of the
rat brain, rats vere exposed to 80 mW/cm™2 plane wave
fields at 1.6 GHz in the USAFSAM ancchoic¢ chamber.
Companion studies were made on the brains of animals
cxposed to an cnvironment of 80°C in a warm air oven
for an cquivalent period of time. Brain areas ana-
lyzed included the cortex, corpus striatum, hippocamp-
us, hypothalamus, midbrain, ccrebellum, and medulla,
Metals analyzed were Na, K, Ca, Mg, Fe, Cu, and Zn,
all by atomic absorption. Hajor differcnces from
controls were found in the magnesium content of the
hypothalamus in both hypertherimal and radiofrequency
exposed rats. |If the iron changes are interpreted
as due primarily to alterations in blood distribu-
tion, then it appears that intracerebral circulatory
changes were produced by hyperthermal environments
which were not produced by radiofrequency exposure.
Previous studies have found decrcases in zinc con-
tent in liver and increases in the zinc content in
brain cortex of animals exposed to high frequency
band radiation. The present results are similar

to the latter findings and show that.some cerebral
effects are produced indirectly as a result of
primary effects on other organs. (No refs.)

7822

4713 EFFECTS OF THE FIELD FREE SPACE ON THE CIR-
‘ CADIAN RHYTHM OF THE HOUSE SPARROW, PASSER

DOMESTICUS, AND OF THE SONG SPARROW, MELOSPIZA |MeLOD-

TA. (Eng.) Bliss, V. (Dept. Zoology, Univ. Rhode

!sland, Kingston, R1); Heppner, F. In: Proceedings

of the 1975 invual Meceting of tne International

Unton of Eadio Science FEeld at the University of

Coloraio, Boulder, Colorado, 20-23 October, 1975.

USNC/URSI. (Washington, D.C.): 268; 1975, d

Experiments were performed to test the hypothesis

that changes in the earth's electromagnetic field

can act as a Zeitgeber for birds that normally deron-
strate pronounced circadian rhythms. Two identical
Helmholtz coils were constructed, each containing
eight nonragnetic cages arranged symmetrically within
the computed field-free space. The birds' activity
was monitored with an event recorder. The experirent
was conducted in a soundproof room at a constant temp-
erature. Oscillations in background noise from the
power supply and recording apparatus were masked by a
white noise generator. Eight birds (one bird/cage)
were placed in each coil. Each group consisted of
four House Sparrows and four Song Sparrows. All birds
were entrained to an LD 9:15 cycle. The experimental
group was placed on an electromagnetic field 9:15
cycle (9 hr field-free space: 15 hr earth's electro-
magnetic field) that coincided with the LD cycle.

All birds were maintained at the LD 9:15 cycle.

After several weeks, all birds were placed in constant
darkness. The electromagnetic field 9:15 cycle was
raintained for the experimental group, and all activ-
ity was tested for periodicity. (No refs.)



A
¢ :

8i0logical Etfects Nonionizing Electromagnetic
Radiation 1(2), January 1977
'

P9-263
4714 BROADCAST RADIATION: A SECOND LOOK. (Eng.)
Tell, R. A, (Environmental Protection Agency,
Washlngton, DC); Janes, 0, E. In: Proceedings of the
197§ Anaual Meeting of the International Union of
Radio Science Held at the University of Colorado,
Boulder, Colcrado, 20-23 October, 1975. USNC/URSI.
(Washington, D.C.): 312-313; 1975.

As part of its program to determine the health and
environmental effects of exposure to nonionizing
radiation, the Environmental Protection Agency is
gathering and analyzing information on sources that
produce radiation levels in the environment. This
paper extends the results of a previous project that
studied broadcast stations as environmental sources of
nonionizing radiation. This investigation was develop-
ed around vertical radiation patterns and data supplied
by the Federal Communications Cormlission regarding the
heights of transmitting antennas above ground and

above supporting structures, such as, building roofs,
In particular, power densities at roof and ground

level were calculated for areas very near FM broadeast
installations using recent information on steep depres-
sion angle radiation from commonly used FM transmitting
antennas. Associated field measurement data are also
discussed and the overall implications of this analysis

Iy
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are examined in terms of present radiofrequency expos-
ure standards and philosophy. (No refs.)

26 -/08
4715 EIGHTH SUPPLEMENT TO BIBLIOGRAPHY OF REPORT-
ED BIOLOGICAL PHENOMENA ('EFFECTS') AND
CLINICAL MANIFESTATIONS ATTRIBUTED TO MICROWAVE AND
RADIO-FREQUENCY RADIATION. (Eng.) Glaser, Z. R.
(Naval Medical Research Inst. Detachment at Naval
Surface Weapons Center, Dahlgrea Lab., Dahlgren, VA
22448) ; Brown, P. F. Prepared by Darlgren laboratcry
for the Naval Medical Research & Development Comwand,
Bethesda, MD. AD 734-391: 19 pages, August, 1976.

Approximately 350 references on the biolngical respon-
ses to radiofrequency and microwave radiation are in-
cluded In this continuing bibliography of the world
literature. Citations include such topics as biomed-
ical studies using electromagnetic pulse radiation,
biological dosimetry, effects of electromagnetic
radiation on implanted electronic cardiac pacemakers,
mlerowave exposurs !imlts, requlations and standards,
and electroanesthesia. Particular attention is paid
to the effects of nonionizing radiation on man. Soviet
and East European literature is included in detail.

(33) refs.)



