AD=A093 %02  FRANKLIN RESEARCH CENVER PHILADELPHIA PA SCIENCE INF=-£TC F/6 6/18
BIOLOGICAL EFFECTS OF NONIONIZING ELECTROMAGNETIC RADIATION. VO==ETCIU)
SEP 80 B H KLED&TEIH- 5 A DYNER

UNCLASSIFIED 806-C5003~01=VOL-5~




133 34 2
ddaa

EEEEETT -

|

MICROCOPY RESQLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




ADA093402

= COPY.

ILE.

-

Biological Effects
of Nonionizing
Electromagnetic
Radiation

t VOLUME V
} (& NUMBER 1
b,

\ SEPTEMBER, 1980

A DIGEST OF CURRENT LITERATURE

\.P‘L—‘i“
P sE

U S
(f Deld LECTY
. DEC2419

A Quarterly Publication Produced for
National Telecommunications and Information Administration %_ .-

o1t

A

STRIBUTION STATEREN A |
oo roved for public releasat 1

“ rribution Unlimited .



I

BIOLOGICAL EFFECTS
OF NONIONIZING ELECTROMAGNETIC RADIATION

A Digest of Current Literature

A Quarterly Publication Produced for
National Telecommunications and Information Administration

Li Sl and A
by
! Group, Scit Infc ion Services Org

Bruce H, Kleinstein, Ph.D,, J.D., Project Manager
Sheryl A. Dyner, Managing Editor

"Tha uiews and i i n this are those




BIOLOGICAL EFFECTS OF NONIONIZING ELECTROMAGNETIC RADIATION

September, 1980 Volume V, Number 1

TABLE OF CONTENTS

Preface........ P eeaas berrrreeeteanraananas v
Abbreviations and Acronyms......ccovvierivinnnens vii
News ltems......... e teteie sttt 1
Meetings and Conferences.............. e 7
Current Research................ Chteenereenes el 9
Current Literature.......... et etress e, 15
Authors of Current Literature Index........... e 79

.--v‘i“_-\ Tor

(S




PREFACE

Biological Effects of Nonionizing Flectromagnetic Radiation
is a publication researched and prepared by the Franklin
Research Center, Science Information Services Organization,
under contract to and funded by the National Telecommunica-
tions and Information Administration (NTIA).

This digest serves as a vehicle through which current
documentation of research highlights on the biological
effects and health implications of nonionizing electro-
magnetic radiation (microwave and other radio frequency
radiation) are compiled, condensed, and disseminated on
a regular basis. Biological Effects of Nonionizing
Electromagnetic Radiation is intended to be a highly
useful current awareness tool for scientists engaged

in research or related activities. The great number
and diversity of relevant publications make imperative
the availability of the service to persons whose work
requires that they keep abreast of current developments
in the field.

Biologieal Effecte of Nonioniaing Electromagnetic Radiation
is published quarterly., The issues of Volume V, and future
volumes, will include materials received during the preceding
three months. Each issue will include news items and
announcements, a listing of meetings and conferences,
abstracts of current literature, and a directory of current
research. Materials for which full text is not available
will be included as summary abstracts.
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ABBREVIATIONS AND ACRONYMS

A, amp - ampere(s)

- angstrom({s)
BRH - Bureau of Radiological Health
C - centigrade
cm - centimeter(s)
cps - cycles per second
d8 - decibel(s)
EPA - Environmental Protection Agency
FDA - Food and Drug Administration
g - gram(s)
G - Gauss
GHz - gigahertz
HEW - Health, Education, and Welfare
he - hour
Hz - hertz
VEEE = Institute of Electronic and
Electrical Engineers
IMPI - International Microwave Power
Institute
1U - international unit(s)
J - joule(s)

k - kilo--
1 - Viter(s)
m - meter(s)
m=milli--
M - mega--

mho - unit of measurement of
conductivity

min = minute(s)

mo - month(s)

n - nano--

NBS - National Bureau of Standard

NIH - National Institutes of Health

NSF - National Science Foundation

NIOSH - National Institute for

Occupational Safety and
Health

NTIA - National Telecommunications
and Information Administration

NTIS - National Technical Information
Service

Oe - oersted(s)

QSHA - Occupational Safety and Health
Administration

OTP - Office of Telecommunications
Policy

PHS - Public Health Service

rad - radiation absorbed dose

R - roentgen(s)

rpm = revolutions per minute

sec ~ second(s)

USAFSAM - U.S. Air force School of

Aerospace Medicine

USDA - U.S. Department of Agriculture

UV - ultraviolet

vV - volt(s)

VA -Veterans Administration

W -watt(s)

Wb - Weber(s)

WHO - World Health Organization

wk - week(s)

wt = weight

yr - year(s)

B - micro--
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‘COMBINED MICROWAVE-HYPERTHERMIA
TECHNIQUE USED TO TREAT
CANCER PATIENTS

A technique that uses microwaves to induce hyper-
thermia is being used with good results in cancer
patients at the Henry Ford Hospital in Detroit, MI.
According to Dr. Halm Bicher, head of the division
of radiology and physics and a staff radiotherapist,
to date 65% of 121 tumors that have been treated
over the last 2 yr have shown total tumor regres-
sion. The hyperthermia is delivered in one of two
ways--with an intracavitary antenna for regional
hyperthermia (e.g., for the neck, mediastinum, and
pelvis reglons) or with applicators for external
tumors. The patients are given a total of eight
hyperthermia treatments over a 4-wk period. Each
microwave treatment consists of hyperthermia to
117 F for 1.5 hr, 2x/wk; the tast four treatments
are Immediately preceeded by x-ray irradiation
(1,600 rads) as an adjuvant therapy. The best
results have been observed in patients with mela-
noma, lymphoma, and recurrent breast cancer on the
chest wall. Skin squamous cell carcinoma, metasta-
sizing from a lung tumor, and basal cell carcinoma
have also been treated. The failures have occurred
mainly with sarcomas. Dr. Bicher noted that a
particular advantage of hyperthermia "'is that
this is the only modality used to treat cancer
that does not induce cancer."

Oncology Times 2{3}: 17; 1980.

HYPERTHERMIA FOR CANCER TREATMENT

The use of hyperthermia for the treatment of cancer
is being studied in a number of institutions across
the country. Researchers may use a variety of tech-
niques to produce hyperthermia inciuding radio waves,
microwaves, ultrasound, and water or hot wax baths.
As an experimental therapy still under investiga-
tion, hyperthermia is never used as a first line

of treatment for cancer; surgery, chemotherapy,
radlation, and possibly immunotherapy, are the
recognized primary modalities. Since 1975, Drs.

Jae Ho Kim and Eric Hahn have been doing clinical
work at the Memorial Sloan-Kettering Cancer

Center in Mew York, NY using radio frequency

waves to induce hyperthermia (see Current Litera-
ture 6327, 6491). About 100 patients have been
trested, most of whom, according to Dr. Kim, have
been "in the more advanced stage of cancer and who
have already had conventional treatment." Their
treatment regimen consists of a dose of radio waves
followed immediately by radlation therapy. 2x/wk for
8-10 sessions. This treatment |s now being used
with some success on breast cancer patients, but

Or. Kim warns that "it's too early to say If these
results are permanent." Or, F, Kristian Storm, Or,
Donald Marton. Dr. Robert Elliott. and Villiam Marri-

They developed a large cylinder ar maynetrode that,
according to Dr. Storm, provides "deep internal
heating to any depth with no injury to normal tis-
sue.’' The patients received ten 30- to 60-min
treatments during a 2-wk period. UOr. Storm adds
that when chemotherapy or radiotherapy is combined
with hyperthermia, the results are "“dramatic.' At
the Roswell Park memorial Hospital in Buftalo, NY,
microwaves are being used to create hyperthermic
temperatures in tumors. Dr. Richard Johnson, a
radiation oncologist, and Henry Kowal, a former
Air Force engineer, have treated more than 1IN0
patients at the hospital since 1975 (see Current
Literature 6430, 6477, 6515, 6673) . The treatment
at frequencies of 915 MHz to 434 MHz usually con-
sists of ionizing radiation (300-400 rads) followed
by 30-90 min of microwaves (to produce tcmperatures
of 42-42.5 C), 2x/wk. To date, results from the
various hyperthermic techalyues have ranged from
temporary remission to ''no response." Dr. Storm
states that he knows "of no patient who's been
'cured’ by hyperthermia,' but, he adds, "'in a few
of his patients, survival was clearly enhanced."
Most hyperthermia clinicians seem to agree with Dr.
Storm, who says that "At present, hyperthermia is
nothing more than an investigational therapy," but
“we think that once it's understood, it may well
be a fifth form of treatment for cancer."
New York Timea 129(44531, Section 6):
96, 98, 100, 102, 108;
March 1380

PROFESSOR RECEIVES GRANT TO CONTINUE
STUDIES OF MICROWAVE EFFECTS
ON CANCER CELLS

Professor E. H. Grant of the Physics Department of
Aueen Ellzabeth College in London, England has re-
ceived a grant for 1980 of 11,728 pounds from the
British Cancer Research Campaign for continued re-
search into the effect of microwave energy on cance
cells. Two aspects of microwave hyperthermia--
localized heating and accurate temperature measure-
ment--are being studied. A minlature applicator
within a hypodermic needle has been designed and
two more applicators are proposed to boost the
energy dissipated by the cancer tissue. The initia
experiments were performed with 2.45 GHz, but the
effects of varying the microwave signal frequency
to obtain optimum heating will also be studied.
Mospital trials may be conducted later this year
or early in 1981,

Mienuaanes 19(5): 68; 198

DR. DURNEY RECEIVES RESEARCH AWARD
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Research and Professor of Bloengineering, recelved
the award for his ploneering research into the
medical effects of microwave radiation. The award
was presented at the June 1980 graduation ex-
ercises.
Utah Bioengineering Newsletter
p. I, Spring 1980.

STUDY SHOWS NO BIRTH DEFECTS IN RATS.
DUE TO NONTHERMAL MICROWAVES

Following a decade of extensive laboratory research
on microwave bioceffects, Or. Ronald P. Jensh, Ph.D.
{Department of Anatomy, Thomas Jefferson University,
Philadelphia, PA 19107) has found no physical or be-
havioral birth defects due to nonthermal microwaves.
Dr. Jensh's research included one study performed on
a grant by the EPA on the teratologic potential of
microwaves at 915 and 2,450 MHZ (see Current Litera-
ture 6258) and another study perfarmed for the
General Telephone and Electronics Corporation on the
effects of a carrier frequency at 6,000 Mhz.
According to Dr. Jensh, associate professor of
anatomy and radiology at the College of Allied
Health Sciences, their "studies indicate that
microwave ovens can be one of the safest appli-
ances you can have in your kitchen," and the ovens
will not harm anyone who uses them correctly. Dur-
ing the course of Dr. Jensh's study for the EPA, rats
were exposed to microwaves 8 hr/day for 16 days dur-
ing a 3-wk gestation period. The postnatal effects
of prenatal exposure were studied and rats and their
of fspring were dissected to determine if any tis-
sue damage occurred. Both the mothers and fetuses
were healthy. When mothers were bred more than
once to determine |f microwave exposure affected
future offspring, "Neither the first nor the second
generation offspring was deformed,'" says Dr. Jensh.
To observe subtle behavioral defects, five tests
of the offsprings' ability to learn and memorize
simple tasks were conducted, as well as six tests
of the rats' reflexes. No abnormalities were de-
tected.

Allied Health Rev Rew Wkly (11): 9-10; 1980.

AMENDMENT TO MICROWAVE OVEN STANDARD
FORMEASUREMENT AND TESTING
P

The FDA has proposed to amend the performance stan-
dard for microwave ovens to delete the error limit
and effective aperture requirements for instruments
used for compliance measurement of leakage radia-
tion from microwave ovens. The proposal would pro-
vide, as part of the manufacturer's testing pro-
gram for microwave ovens, tnat periodic reports

Biological Effects of i
Radiation Vi1}, September 1980

evaluations of the characteristics and methods
callbration of many microwave survey Instrumen
have Indicated that it is possible that a comm
clally available instrument may produce readin
of oven leakage that are in error by more than
The proposed alternate compliance policy would
into acccunt the technical limitations associa
with the measurement of microwave radiation.
BRH will have the responsibility to review tes
programs by which the manufacturers certify th
ovens. Under the proposal, manufacturers may
any Instrument with uncertainties greater than
db in their compliance testing programs provid
that the uncertainties are taken into account .
that the BRH concurs with the manufacturer's s
limit of uncertainty. The FDA has determined
this proposal would not compromise microwave o
safety. The FDA has also proposed that the co
cept "‘equivalent plane-wave power density" be
stituted in the existing standard for "'power d
sity" (performance standard 2) CFR, sectlons
1030.10 [C]1 and [c]3i) and that a definition
of ‘equivalent plane-wave power density' (as
'the square of the root-mean-square electric
field strength divided by the impedance of
free space [377 ohms])" ve addeo to improve the
standard's technical accuracy. The proposed an
ments are designed to reflect the actual compli
test situations for microwave ovens. No change
the permissible leakage levels is to be made.
further information contact Joseph Wang, BRH (b
460), FDA, HEW, 5600 Fishers Lane, Rockville, !
20857 or (301)-443-3426.

Fed Regist 45(87): 29307-29308: 1

NATURAL RESOURCES DEFENSE COUNCIL
UNSATISFIED WITH NIOSH CRITERIA
DOCUMENT ON NONIONIZING RADIATION

The Natural Resources Defense Council (NRDC;
10 East 78th Street, New York City, NY) criti-
cized the November draft of a NIOSH criteria d
ment on nonlonizing radiation. The environmen
group felt that the draft paid too little atte
to low=-level radiation effects. The NRDC also
quested that a modified version of the draft b
leased as an "interim' working draft, and that
modi fied version recommend that OSHA adopt a "
exposure standard of 1| mW/cm? for frequencies
tween 0.3 MHz and 300 GHz and drop the ''comple
frequency dependency' in the proposed standard
NRDC letter to Anthony Robbins, N10SH Director
charged that the November draft paid too much
tention to the thermal effects ot radiation an
offered ''no explanation of why the proposed st
dard would adequately protect worker health.''
Oveupr Saf Health Rep 9(31): 724-725;

|EC RELEASES INTERIM REPORT
ON WORLDWIDE RADIATION STANDARDS
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interin report, Publication No. 657, that sum-
marizes the present limits and attitudes
towards nonlonizing hazards that have been adopted
by a number of countries, the IEC, and other inter-
national agencies. The report emphasizes that there
Is still no worldwide consensus on what levels of
nonfonizing radio frequency radliation constitute
a hazard to man and calls for further work at the
national level. The orligin of some of the dlffer-
ences between the national standards are reviewed
and discussed. Some preliminary conclusions are
drawn. It Is suggested that when considering stan-
dards for maximum allowable levels of nonionlizing
radiation, it is Important to distinguish between
personnel safety limits and equipment specifica-
tions. The study suggests, that if there was world-
wide agreement on personne! exposure limits, then
there would be no great difficulty In deriving ap-
propriate specification limits for the various
classes of equipment.

Miorowaves 19(b): 30; 1980.

DETAILED RESEARCH PROGRAM ON BIOLOGIC
EFFECTS OF HIGH-VOLTAGE POWER LINES
REQUESTED BY THE NEW YORK
PUBLIC SERVICE COMMISSION

Following an extensive public hearing on the health
and safety effects of high-voltage power lines,
negotiations have been concluded for the initiation
of a '"detailed” rescarch program on the biologic ef-
fects of the lines' 60-Hz electric and magnetic
fields. The 5-million dallar program will be designed
and administered jointly by three New York state
agencies: Public Service Commission, Department of
Health, and the Power Authority. Requests for pro-
posals for research efforts are expected to be
issued around January 1981. The aim of the program
will be to determine as precisely as possible what
health risks might be suffered by people who live
and work along a high-voltage right-of-way. Nego-
tiations on the research program follow a 3-yr Pub-
lic Commission hearing on the Authority's 765-KV
line, which stretches 155 miles from the Quebec
border to Utica, NY. After evaluating the evidence
presented at the hearing, the Commission decided
that the fields did constitute a health risk and
ordered the Authority to expand its right-of-way
by 100 feet and forbade operation of the line unti)
the Authority promised to contribute 22 of its
construction costs to a research program. The
authority contested the order in court, and began
operating the line. despite opposition by resi-
dents who had opposed the line's construction. |In
court, the Commission's original decision on the
blologic effects was upheld, but the order for

the Power Authority to fund a research program was
overturned. Following the court's decision, the
Commission filed an appea) to a higher court on

the latter decision., The present negotiations are
apparently the result of the Power Authority's
failure to answer tne appeal. Although

the details are no: Nn:liud. the reucrcl: pro-

S Ll laatia okl P dmmval
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by a panel of Independent sclentific experts. If
the Commission determines after the research is
complete that human exposure limits to 60-Hz
electromagnetic flelds should be even stricter, it
will have the authority to impose regulations en-
forcing these limits, not only on 765-KV lines but
on smaller ones as well.

Bull At Sei 36(h): 28-30: 1980.

FIRST CALL FOR PAPERS FOR 1881 IEEE/MTT-S
INTERNATIONAL MICROWAVE SYMPOSIUM
ANNOUNCED

The Institute for Electrical and Electronics En-
glneers (IEEE)/Microwave Theory and Techniques
Society (MTT-S) has announed the first call for
papers for their 1981 International Microwave Sym-
posium to be held June 15-17 in Los Angeles, CA.
The theme for the 1981 Symposium is '"Around the
Morld with Microwaves." The Symposium will be
held jointly with the IEEE Antennas and Propaga-
tion Symposium that will meet June 17-19. Papers
describing original work, which have never been
published or presented, are solicited. Papers
concerned with new techniques, devices, systems,
applications, and bioeffects will be considered.
Authors should submit both a 35-word abstract and
a 500-1,000 word summary {up to & illustrations)
explaining their contribution, its originality,
and relative importance. Abstracts and summaries
{5 copies) should be received by Dr. Don Parker,
TPC 1981 MTT-S Symposium, Hughes Aircraft Co.,
Building 268/Mait Station AS4, Canoga Park, CA
91304 by January 15, 1981,

|EEE/MTT-5 Announcement.

MAGNETIC ORIENTATION IN BIOLOGY
DISCUSSED AT THE 18th INTERNATIONAL
INTERMAG CONFERENCE

The 18th International Intermagretics Conference
was held April 21-24, 1980 in Bosten, MA.  Session
25 of the Conference was concerned with magnetic
orientation in organisms. Four papers were pre-
sented that summarized recent work on the ability
of organisms to sense the earth's magnetic field
and use it for orientation and migration. A. J,
Kalmijim reviewed electroreception in sharks and
skates and magnetotaxis based on ferromagnetic
alignment in bacteria. R. P. Blakemore and C.
Denham comprehensively reviewed bacterial magneto-
taxis. Blakemore discussed his expedition to New
Zeatand where south-swimming maanetotactic bacteria
were found, and Denham presented magnetic data on
whale cells and cellular components that identified
magnetosome as the site for the biomagnetic compass
of these cells. For the third presentation, C.
Walcott reviewed the evidence that suggests that
pigeons use the earth's magnetic fleld in their
homing behavior. The evidence suggests that pigeons
may use their magnetic sense(s) both as a compass
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fourth presentation on magnetic orientation in
biology was 4. L. Kirschvink's review of evidence
concerning the honey bees' sensitivity to the
earth's magnetic field. Magnetite has also been
detected In the abdomens of bees.
TEEE Magnetios Society Newsletter
16(1): 3; 1980.

BATTELLE LAB STUDYING THE EFFECTS
OF MICROWAVES AND TRANQUILIZERS

A two-part study is being conducted at Battelle's
Pacific Northwest Laboratory to determine if micro-
waves enhance the effect of tranquilizers and If
they have any affect on learning. According to
Dr. Richard Lovely, a senior research scientist at
Battelle's Biology Department, “Recent studies
using laboratory rodents suggest that microwaves
may intensify the effects of chlorodiazepoxide, one
of the most widely prescribed tranquilizers in the
country. Other preliminary findings suggest that
microwave exposure has an adverse effect on the
brain's ability to memorize complex or sequential
tasks.' Battelle's study Is specifically investi-
gating the higher levels of microwave radiation
(as opposed to lower levels emitted from microwave
ovens, etc.) and the workers who may be exposed to
them.

Ind Res Dev 22(6): 39; 1980.

RESEARCH SUGGESTS POSSIBLE
NONTHERMAL EFFECTS FROM LOW-LEVEL
MICROWAVE EXPOSURE IN ANIMALS

Research -onducted at the John B. Pierce Foundation,
New Haven, CT and the University of Rochester,
Rochester, NY has suggested tnat low levels of micro-
wave radiation may produce interference with the
body's mechanism for regulating internal tempera-
tures. At the Plerce Foundation, squirre! monkeys
trained to regulate their cage temperature lowered
the temperature after 10 min of exposure to 2.45-
GHz continuous-wave (CW) radiation of incident
power density 6-8 mW/cm?. Their body temperatures,
however, did not change until the power density was
22 mW/em?, Similar results were reported at the
University of Rochester for emxperiments with rats.
Another study at Pierce demonstrated measurable

tail vein dilation in irradiated (2.45-GHz CW radi-
atlon at 10 mW/cm?) monkeys without any change in
the deep body temperature. Experiments conducted
at the Naval Medical Research Institute in Bethesda,
MD have demonstrated that the stimulating effect of
dexadrine amphetamine in rats Increases greatly at

Biological Effects of Nonionizing Eectrom
Radiation V( 1/, September 1980

sible changes In the body regulatory mechanisa
caused by drug and radiation combination, but
terest in studying the longer term effects of
doses of microwave radiation is growing. A pr
gram [s scheduled at the University of Washing
to study the behavior of rats exposed to micra
radiation over a period of years.

Flectronios 53(7): 46:

ELECTROTHERAPY USED TO STIMULATE
BONE GROWTH

Or. C. Andrew L. Bassett, professor of orthope
surgery at Columbia University's College of Pt
cians and Surgeons, New York, has developed a
invasive system for stimulating bone growth.
technique involves a 10-V pulse generator that
drives current through externally mounted, ''0
shaped wire coils, setting up an electromagnet
field of 2 G between the coils over the nonuni
site, Bassett's device, which has received pr
market approval by the FDA, sells for about $2
The device, which has been used in more than |
patients, has an BOY suzcess rate for healing
union fractures in adults. It can be used to
fractures all over the body, although the majc
of cases involved the tibia. Aside from its ¢
advantage--noninvasiveness--the device is alsc
able to precisely deliver current to area of 1
nonunion. The precision, and subsequent bone
ing, depends on the accurate placement of the
ternal coils. "The placement of the coils mus
be done under x-ray control...." says Dr. Bass
and adds that ... the orthopedic surgeon is ¢
solutely critical in this whole business." He
agrees that electrical bone growth stimulatior
not and probably will never replace bone graft
as a method for treating some cases, e.q.. syr
ovial pseudoarthroses, serious infections, anc
gaps greater than one-half the bone diameter:
ever, an advantage of Bassett's electrotherapy
technique is that it appears to work well in ¢
bination with bone grafting surgery.

JaMA 243(14) . 1402-1403;

ELECTROMAGNETIC DEVICE DETERMINES
DEGREE OF SKIN BURN

A device that uses electromagnetic fields {wa\
length 0.7-1.1 cm) at current density of 100 .
to analyze the degree of human skin thermal da
was patented. The degree of burn is determim
comparing the characteristics of healthy and ¢
aged skin after irradiation with an electromac
fleld. The reflected signal power is measurec
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ELECTROMAGNETIC TREATMENT FOR
NECK BONE CARTILAGE IS DESIGNED

A method for the application of decimeter electro-
magnetic waves followed by sinusoidally modulated
currents for tne treatment of neck osteochondrosis
has been cesigned. The electromagnetic waves are
applied for 8-10 min and followed witnin 5-10 min by
the sinusoid currents, frequency B0-100 Hz and
current intensity 10-50 mA.

Sov Imvent Illust CO9(Su-P3): 6; 1980.

DISINFECTION OF EGGS
BY AN ELECTROMAGNETIC FIELD

A method for disinfecting eggs in a high-frequency
electromagnetic field has been designed. The tech-
nique employs an amplitude modulated electromag-
netic field with a carrier frequency of 1.0-1.2 x
109 Hz and an electrical field strength of 200-250
V/cm or a modulated field with a frequency of 1.0-
1.5 x 107 Hz and a field strength of 150-200 V/cm.
Treatment with the modulated field is periodic; the
duty factor is 10-100 and the interval is 0.1-1
sec. The total treatment takes 1-4 hr. For ex-
ample, the temperatures of hens' eggs that have
been placed between the flat electrodes of the
electromagnetic field source are increased over
8 min to 52.4 C at the shells' surface and 43.0 C
inside the eggs. The eggs remain at this temper-
ature for 2.5 hr. The temperatures at the shell
and within the egg are controlled by heat resistors
to an accuracy of 0.01 C. The characteristics of
the field and shape of the voltage curve are con-
trolled by an oscillograph, pulse voltmeter, and
multimeter. Biologic tests demonstrate that con-
taminating microflora were absent after treatment,
while the embryos continued to develop and grow.
This technique increases the effectiveness and re-
duces the time necessary for egg disinfection.

Sov Invent Ttlust B4T(SU-D): 5; 1980.
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39th ERMAC MEETING HELD

The 39th meeting of the Electromagnetic Radiation
Management Advisory Council (ERMAC) was held August
26-27, 1980 in Washington, DC. The meeting, spon-
sored by the NTIA, was basically concerned with
two topics--the biologic implications resulting
from the Soviet irradiation of the U.S. Embassy in
Moscow and the scientific basis for microwave
and other radio frequency radiation standards.
The session concerned with the microwave irradiation
of the U.S. Embassy included presentations and dis-
cussions on the analysis of the microwave environ-
ment, its biologic implications, and report strategy
and contents. The sessions concerned with the
scientific basis for standards included presenta-
tions and discussions on the specific absarption
rate concept, physical and mathematical modeling,
selection and scaling of key experiments to
humans, modeling and selection of Jata, and the
possible mechanisms for the observed effects.
Copies of the minutes of the meeting will be
available from NTIA.

ERMAC 39th Meeting--Revised Agenda.

ITEMS FROM THE COMMERCE BUSINESS DAILY

=) THEORETICAL RESEARCH STUDY TO
DETERMINE THE EFFECTS OF HIGH POWER
MICROWAVE RADIATION ON MATERIALS.

The Office of Naval Research, 800 N. Quincy St.,
Arlington, VA 22217 is negotiating with the Sci-
entific Research Center, 1640 Fifth St., Santa
Monica, CA 90401 for the above study. (June 2, 1980)






MEETINGS AND CONFERENCES

BIOELECTROMAGNETICS SOCIETY
SECOND ANNUAL MEET™MG

Date: September 14-18, 1980

Place: $San Antonio, TX: El Tropicano Hotel

p : Bioelectromagnetics Society

Requests for Information: Bioelectromagnetics
Society, P.0. Box 3651, Arlington, VA 22203

Content: Topics will cover the interaction of elec-
tromagnetic energy and acoustic energy with biologic
systems, including behavioral, physiologic, neurolo-
gic, endocrine, developmental, genetic, and cellular
and ultrastructural effects. Also included are the
dielectric prope: ties of biologic materials, elec-
tric field effects, 'xposure systems, dosimetry,
diagnostic and therapeutic applications, interac-
tive mechanisms, instrumentation, hyperthermia,

and field perturbations

INTERNATIONAL CONFERENCE ON
ELECTROMAGNETIC COMPATIBILITY

Date: September 16-18, 1980

Place: Southampton, England: University South-
ampton

Sponsor: Institution Electronic and Radio Engineers,
Institution Electronical Engineers, Institute Elec~
trical and Electronics Engineers, Institute Marine
Engineers, Institute Quality Assurance, Royal Aero-
nautic Society

Requeste for Information: Conference Registrar,
Institution Electronic and Radio Engineers. 99
Gower St., London WCIE 6AZ, England

Selectod Bibliography of Fapers to be Presented:

AN EM ENVIRONMENT FOR AIRCRAFT--PREDICTION OF
FIELD STRENGTH NEAR HF TRANSMITTERS. P. J.
Frank, J. M. Thomson

ESTIMATING BULK SURFACE CURRENT OF FAT CYLINDERS
DUE TO AN EMP. J. Bishop

INVESTIGATION OF SOME RF RADIATION HAZARD METERS.

1. Langlet

RF INTERFERENCE GENERATED BY A THYRISTOR CON-
TROLLED HAND-HELD DRILL MOTOR. J. K. Hall, M.
W. Quelch

FIFTH INTERNATIONAL WROCLAW SYMPOSIUM
ON ELECTROMAGNETIC COMPATIBILITY

Date: September 17-19, 1980

Place: Wroclaw, Poland: Wroclaw Technical Uni-
versity

Sponsor: Association Polish Engineers, Wroclaw
Technical University, Institute Telecommunications,
Polish Acadery Sciences, International Union Radio
$cience (URSI), International Electrotechnical
Commission (I1EC)

Recuenta for Informtion: W. Moron. Svmposium

Selected Bibliography of Papers to be Presented:

MICROWAVE ON-LINE MOISTURE CONTENT MONITORING
IN LOM-HYDRATED ORGANIC MATERIALS. S. Kulinski,
K. Zielkowski, J. Madziar, A. Kraszewski

POSSIBILITIES OF MICROWAVE HEATING. 5. Lefeuvre

MICROWAVE THERMOGRAPHY--THE MODELLING OF PROBES.
AN APPROACH TOWARD THERMAL PATTERN ROCOGNITION.
D. D. N'Guyen, M. Robillard, M. Chive, Y. Leroy,
J. Audet, Ch. Pichot, J. Ch. Bolomey

NUMERICAL SIMULATION AND MODELS FOR MICROCOAXIAL
STROBES, APPLICATION TO "IN VIVQ'' MEASUREMENTS
OF DIELECTRIC PARAMETERS OF BIOLOGICAL MEDIA IN
THE MICROWAVE BAND 1-12 GHz. F. Bliot, A. Cas-
telain, B. Dujardin

MICROWAVE HEATING OF REALISTIC CYLINDRICAL
MODELS OF HUMAN LIMBS. H. Tosun, |, Karayilan

33rd ANNUAL CONFERENCE ON ENGINEERING
IN MEDICINE AND BIOLOGY

Date: September 30-Gctober 3, 1980

Place: Washington, DC: Washington Hilton Hotel
Sponsor: Alliance for Engineering in Medicine and
Biology, Institute Electrical and Electronics
Engineers ((EEE) Engineering in Medicine and Biology
Society

Requests for Ivformation: Alliance for Engineering
in Medicine and Biology, 4405 East-West Highway,
Washington, 0OC 20014

Selected Bibliography of Fapers to be Presented:

SHORT COURSE 1--RADIOFREQUENCY AND MICRO-
WAVE THERMOTHERAPY IN THE TREATMENT OF CAN-
CER. A. Y. Cheung. D. R. Justesen, M.
Saleman, G. 1. Samaras. R. M. Scott, M. A.
Stuchly, 5. §. Stuchly

UTILITY ELF ELECTRIC FIELD MEASURES FOR
BIOPHYSICAL STUDIES. 0. H, Schmitt, R. D.
Tucker, J. E. Holte

NONINVASIVE ANKLE BLOOD PRESSURE MEASURE-
MENTS. S. X. Salles-Cunha, N. Wynn, D.
Vincent, K. D. Vollrath, H. D. Itskovitz

UNDERWATER ELECTRIC FI1ELDS CONTROL MOVE-
MENTS OF MIGRATORY FISH. R. B. Northrop

HAZARDS OF ELECTROSURGICAL DEVICES--SOME
CASE REPORTS. F. S. Osman, D. L. Johnson

A MICROWAVE DEVICE FOR ARTERIAL WALL MO-
TION ANALYSIS. S. S. Stuchly, A. Smith,
M. Goldberg, A. Thansandote, A. Merard

A VARIABLE FREQUENCY MICROWAVE SYSTEM FOR
HYPERTHERMIA. D. E. Cunningham, R. A.
Frey, D. E. Velkley

MEASUREMENTS OF MAGNETIC FIELD OF ISOLATED
NERVES. J. P. Wikswo

MEDICAL COMPUTED TOMOGRAPHY LSING MICRO-



MEETINGS AND CONFERENCES

1980 IEEE INTERNATIONAL SYMPOSIUM
ON ELECTROMAGNETIC COMPATIBILITY

Date: October 7-%, 1980

Place: Baltimore, MD: Baltimore Hilton Hotel, 101
West Fayette St.

Sponsor: Institute Electronfcs and Electrical
Engineers

Requests for Information: \EEE EMC 'B0 Symposium,
P.0. Box 1711, Annapolis, MD 21404

Selected Bibliography of Papers to be Presented:

RF AND MICROWAVE EMISSIONS FROM A VIDEO DISPLAY
TERMINAL, COLOR TV RECEIVER, AND A MONOCHROME
Tv RECEIVER. A. A. Smith

ANALYSIS OF ALRBORNE RF MEASUREMENTS FROM USA
URBAN AREAS. R. E. Taylor, J. Hill

NEW AND KNOWN METHODS OF THE APPLICATION OF
TRANSFORMS TO QUASIPERIOQDIC BIOMEDICAL S!GNALS.
B. Meffert, D. Schubert, T. Lazarus, R. Poll

MOBILE DATA COMMUNICATION RELEVANT TO SAFETY.
G. H. Schildt

A SYSTEM PERFORMANCE CRITERION FOR COMPARING
ELECTROMAGNETIC ENVIRONMENTAL EFFECTS. M. L.
Van Blaricum, A. R. Hunt

A PRACTICAL APPROACH TO ESTABLISH EFFECTIVE
GROUNDING FOR PERSONNEL PROTECTION. C. C.
Kleronomos, E. C. Cantwell

AN EMC TEST PROCEDURE FOR AN ELECTROENCEPHALO-
GRAPHY (EEG) USING HUMAN SUBJECTS AND SIMULATED
PATIENTS. P. S. Ruggera

FIFTH INTERNATIONAL CONFERENCE ON
INFRARED AND MILLIMETER WAVES

Date: December 8-12, 1980

Place: Wurzburg, West Germany

Sponsor: Institute £lectrical and Electronics
Engineers (1ESE)/Microwave Theory and Technigues
Society

Requests for Information: K. J. Button, MIT
National Magretic Laboratory, Cambridge, MA 02139
Content: Sessions will cover the biologic effects
of electromagnetic radiation

FOURTH INTERNATIONAL ELECTROMAGNETIC
COMPATIBILITY SYMPOSIUM

Date: March 10-12, 1981
Place: Zurich, Switzerland:
Technology

Sponsor: Association Swiss Electrotechnicians
Requests for Information: Dr. T. Dvorak, ETH Zen-
trum-KT, 8092 Zurich, Switzerland

Content: Topics will cover the protection of the
electromagnetic environment and will include the
social and economical impact of electromaanetic

Federal Institute

Effects of ing g
Radiation V(1) September 1!

EMC of communications, electric power, and auto-
motion; EMC hazards to vital safety systems; com-
patibility of medical electronics; biologic effect
of radio frequency energy; and shielding and
absorptive materials

19th INTERNATIONAL MAGNETICS
CONFERENCE

Date: May 12-15, 1981

Place: Grenoble, France

Spongor: Magnetics Society/Institute Electrical a
Electronics Engineers, Societe Francaise de Physiq
Societe des Electroniciens et des Radioelectricien
Requeste for Informiion: James M. Lomme!, Genera
Chairman, General Electric Company, Corporate RED,
P.0. Box 8, Schenectady, NY 12301

Content: Topics will cover new developments in
appliea magnetics ana related magnetic phonemena,
including magnetics in the life sciences

1981 IEEE/MTT-S INTERNATIONAL
MICROWAVE SYMPOSIUM

Date: June 15-17, 1981

Place: Los Angeles, CA: Bonaventure Hotel
Spongor: Institute Electrical and Electronics Eng
neers (IEEE)/Microwave Theory and Techniques Societ
{HTT-S)

Requests for Information: Al Clavin, Chairman,
Hughes Aircraft Co.. Building 268/A-55, Canoga Parl
CA 91304

Content: Topics will inzlude microwave techniques.
devices, systems, applications, and bioeffects

TENTH L. H. GRAY CONFERENCE

Date: July 13-16, 1981

Place: Oxford, England

Sponsor: Institute Cancer Research

Requests for Imformation: Or. R, C. Hill, Insti-
tute Cancer Research, Royal Marsden Hospital,
Sutton, Surrey, England

Content: The biology and biophysics of radio
frequency, microwave, and ultrasonic radiation wil
be reviewed, particularly with respect to their
potential therapeutic value

URSI 20th GENERAL ASSEMBLY

Date: August 10-19, 1981

Place: Washington, DC: Hyatt Regency Hotel, 400
New Jersey Ave., NW

Spongor: Internationa) Union Radio Science (URSI)
Requests for Imformation: Mr. R. Y. Dow, Naticnal
Academy Sciences, 210) Constitution Ave., NW,
Washington, DC 20418

Convent: Topics will cover the branches of radio
science including electromagnetic metrology, such
as radio standards, and interactions befween elec-
tromagnetic radiation and biologic systems. A
2-day series on interactions of electromagnetic
waves with biologic systems will include a) two
traditional summary and review sessions on the
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0618 IMPLANTABLE MICROWAVE APPLICATORS. Tay-

Yor, L. S. (Dept. Electrical Engineering,
Sch. Engineering, Univ. Maryland, College Park
Campus, College Park, M0 20742).

Small implantable applicators in the form of hypo-
dermic needles are being developed that can be In-
serted into tissue or into minfature flexible radi-
ating cables that can then be inserted into body
cavities. The potentlials and characteristlics of
modified sleeve and colinear array radiators, mag-
netic radiators, and cylindrical and coaxial wave-
guide radiators are being evaluated and compared.
(funding perlod 11/79-4/82)

Supporting Agency:NSF, Directorate for Engineering
and Applied Science, Div. Electrical Computer and
Systems Engineering

0619 MICROWAVE- INDUCED MECHANICAL RESONANCES

IN BIOLOGICAL SYSTEMS. Olsen, R. G.:
Grissett, J. D. (Medical Sciences Dept., Naval Aero-
space Medical Res. Lab., Navy, U.S. Dept. Defense,
Pensacola, FL 32508).

The effects of pulsed or modutated microwave energy
on biologic systems will be studied, with regards
to the mechanical waves produced thermoelastically
by the irradiation. The microwave-induced mechani-
cal waves will be evaluated empirically in man. |In
addition, the impact of any of the observed effects
on the relative hazard potential of various types
of Navy transmitting systems will be assessed.
Pulsed and amplitude modulated microwave energy
from 1 to 10 GHz will be beamed at brain, bone,

and muscle models that have been Instrumented with
sensitive transducers to record the excitation of
vibrational modes. The observed mechanical waves
produced in the models will be compared to theo-
retical predictions of resonant frequencles, and
attempts will be made to stimulate the mechanical
vibrations withln the samples by modulating or
pulsing the microwave energy at the observed reso-
nant frequencles. The microwave carrier frequency
and intensity will be chosen for each mode! to
produce an electromagnetic absorption of sufficient
magnitude and optimal spatial pattern to elicit

a vigorous thermoelastic response. (funding period
10/78-9/81)

Supporting Agency:U.S. Dept. Defense: Navy, Naval
Medical Res. and Development Command, Nat]. Maval
Medical Center

Lab,, Univ. California, Berkeley Campus, Berkeley,
CA 94720).

The possible effects of the stationary and alter-
nating magnetic and electric fields produced by
controlled thermonuclear reactors, high-voltage
transmission lines, magnetic energy storage sys-
tems, and magnetohydrodynamic systems are being
investigated. Data will be analyzed from an epi-
demiologic study of 2,000 sclientists and techni-
clans who have been exposed to high fields for
substantial cumulative exposures. (funding period
0/79-n/a)

Supporting Agency:U.S. Dept. Energy, Office Health
and Environmental Res.

0621 BIOLOGICAL EFFECTS OF HIGH MAGNETIC

FIELDS. Tenforde, T. S. (Lawrence Berke-
ley Lab., Univ. California, Berkeley Campus, Berke-
tey, CA 94720).

Biomagnetic effects are being investigated to pro-
vide quantitative baseline data for the establish-
ment of exposure guidelines for workers in energy-
related technologies that utilize stationary and
pulsed direct current (dc) fields. Magnetic field
effects are being evaluated from physiologic meas-
urements in small mammals, including body temper-
ature, cardiac activity, respiration, blood and
urine composition, hormones, hematopoiesis, tissue
pathology, and neurobehavioral parameters. Bio-
magnetic effects in potentially sensitive neural
and visual tissues are being assessed by electro-
physiologic techniques. Oevelopment of organisms
in strong fields is being studied with model insect
and plant systems. After fabrication of a suitable
large-volume magnet, functional studies will be
carried out on the visual, cardiovascular, respira-
tory, and nervous systems of exposed individuals.
These studies will provide a comprehensive assess-
ment under well-controlled experimental conditions
of biomagnetic effects in mammalian systems, This
data will be directly relevant to the establishment
of occupational exposure guidelines at fusion re-
actor facilities, magnetohydrodynamic systems, mag-
netic energy storage systems, lsctope separation
facilities, cyclotrons and bubble chambers, and
technologies that involve induction-type devices
such as induction welding. (funding period n/a)

Supporting Agency:U.S. Dept. Energy, Office Health
and Environmental Res.
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TEM. Smith, A.; Jedrejczak, W. W. (Sch. Medicine,
Georgetown Univ., 3800 Reservoir Rd., NW, Washing-
ton, DC 20007).

The effect of microwaves on the immune system will
be investigated in inbred mice strains. Microwave
exposures will be carried out In a recently con-
structed waveguide Facility. The first study will
attempt to repeat some previous research in which
an increase was found in the proportion of lymphoid
cells bearing a receptor for complement (CR+) in
the spleen. In addition, the establishment of the
threshold for this phenomenon will be attempted.
Kinetic studies will be carried out to determine
the most appropriate latent time for assay follow-
ing the microwave exposure. Finally, the effects
of multiple, subthreshold exposures will be studied
to determine if such exposures are cumulative.
(funding period 3/78-n/a)

Supporting Agency:U.S. Dept. Defense: Navy, Office
Naval Res.

0623 EFFECTS OF RADIOFREQUENCY RADIATION (RFR)
ON BIOLOGIC MEMBRANES. Dowben, R. M,;
Matthews, L. (Dept. Pathology, Sch. Medicine, Baylor
;%;.)Medlclne. 1200 Moursund Ave., Houston, TX
5).

Unique, state-of-the-art experimental techniques
will be used to evaluate membrane structure and
function in rodents after whole-body exposure to
pulsed radio frequency radiation. The following
parameters will be studied: 1) membrane protein
composition as analyzed by two-dimensional poly-
acrylamide gel electropioresis using nove! deter-
gents; 2) membrane fluldity, lateral mobitity of
membrane proteins, and transmembrane potential

as measured by unique fluorescent probes and a
one-of-a-kind time-correlated laser fluorimeter;
and 3) membrane ultrastructure as revealed by cross-
sectional and scanning electron microscopy. (fund-
ing period 10/79-4/81)

Supporting Agency:U.S. Dept. Defense: Alr fForce,
Sch, Aerospace Medicine, Brooks Alr Force Base

0624 AN INVESTIGATION OF THE MECHANISM OF

Aurce In

Biological Effects of Nonionizing Electror
Radiation Vi1), September 1980

The interaction mechanisms responsible for 1o
level microwave-induced changes in membrane p(
meability of the blood-brain barrier will be

vestigated, with particular attention paid to
role of modulation and temperature. Radioiso
methods will be employed to monitor the membr:
transport properties of mammalian cells expos
to microwave radiation. Studies will be carr
out systematically to determine the exact dep
ence of any observed permeability changes on 1
lation and temperature. To further elucidate
interaction mechanisms responsible for any ob:
permeability changes, dynamic measurements wi
used to monitor structural changes that occur
the biologic membrane and its environment dur
a single microwave pulse. These data will be
ful In identifying the mechanism of interactic
the microwave field with the blologic membrane
The transport data taken together with the dyi
measurements should identify thresholds for ar
observed effects. (funding period 10/77-9/82)

Supporting Agency:U.S. Dept. Defense: Navy, Ni
Medical Res. and Development Command, Natl. N:
Medical Center

0625 ELECTROMAGNETIC FIELD EFFECTS ON THI

CELL MEMBRANE. HMarron, M. T.; Good
E. M.; Greenebaum, B. (Dept. Chemistry, Sch. !
ence and Society, Univ. Wisconsin, Parkside C
Kenosha, Wi 53140).

The mechanism by which extremely low frequenc
electromagnetic fields (ELF EMF) affect livim
organisms will be identified and characterize
Initially the hypothesis that the cell membra
is altered by interaction with ELF EMF will b
studied. Using an organism that has been pre'
ously shown to be affected by ELF EMF, Phusam
polycephalum, the following topics will be in
tigated: (a) the transport of Ca ions and gl
across the cell membrane by measuring the inf
and efflux of Ca ions and the rate of glucose
take (Experiments have been designed to isola
the membrane-dependent component of transport
the component due to intracellular processes.
the electrical properties of the cell membranc
measuring changes in both membrane surface anc
membrane potential: and (c) electric and magm
field components that will be appiied individi
and measurements (a) and (b) will be repeated
dividual field components have been observed °
produce similar effects in Physarum; these ex:
periments will determine whether the effects .
similar at the membrane level., (funding peri:
1/80-12/80)
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0626 THERMAL AND NONTHERMAL EFFECTS OF MICRO-

WAVE RADIATION. Wissler, E. H.; Diller,
K. R.; ltosh, T. (Dept. Chemical Engineering, Sch.
Engineering, Univ. Texas, Austin Campus, 200 W.
21st St., Austin TX 78712).

The thermal response of humans to whole-body ir-
radiation and the changes in cellular and endo-
thellal membrane permeability after microwave
irradiation will be evaluated quantitatively in a
two-part study. A comprehensive mathematical model
for computing speciflc absorption rates and trans-
lent-state temperature profiles for irradiation
under various conditions will be developed in the
first part of the study. Factors that will be
evaluated using this model Include frequency and
polarization of the incident field; subject's size,
exerclse, and clothing; and environmental condi-
tions. For the second phase of the study, new and
innovative experimental techniques of stopped-flow
spectrophotometry, computerized microscopic densi~
tometry, and digital velocity correlation will be
applied to the analysis of transient and steady
state alterations of tissue transport function.
Speciflc studies will be conducted to characterize
the biologic response to microwave irradiation
according to: 1) the permeability of human eryth-
rocytes and cultured cells to water and solutes,
2) the extravasation and interstitial diffusion
of plasma macromolecules in the microvascular bed,
and 3) the in vivo velocity of blood flow in the
microcirculation. (funding period 4/80-3/81)

Supporting Agency:U.S. Dept. Health and Human Ser-
vices, PHS, NIH, Natl. Inst. General Medical Sci-
ences

0627 BIOELECTRIC PHENOMENA CONTROLLING BONE
GROWTH. Bassett, C. A.; Pawluk, R. J.;
Chokshi, N. R.; Doty, 5. B.; Moran, D. (Dept. Or-
thopedic Surgery, Coll. Physicians and Surgeons,
l:&l.;d):lo Univ., 630 W. 168th St., New York, NY
2).

To investigate the mechanism of electromagnetic
field effects on bone formation, the interaction
between pulsing electromagnetic flelds and celfu-
lar responses Is being investigated, particularly
as they relate to growth, cell differentiation
and/or speclalization, synthesis of macromolecules,
and transfer of ions across the plasma membrane.
Tissue culture, experimental surgery, and histo-
chemical, biochemical, and ultrastructural analyses
are being employed In a coordinated, multidisci-
plinary approach. Results will have not only
sclentific importance In defining the physiologlc
selectivity of electromagnetic flelds with specific
pulse characteristics, but will aid in increasing

CURRENT RESEARCH

Supporting Agency:HEW, PHS, NIH, Natl. {nst. Arthri-
tis, Metabolism, and Digestive Diseases

0628 MICROMAVE DIELECTRIC PROPERTIES OF TUHOR

TISSUE. Foster, K. R.; Schwan, H. P.
(Dept. Bloengineering, Sch. Engineering and Applied
Sciences, Unlv. Pennsylvania, &001 Spruce St.,
Philadelphia, PA 19104).

The dielectric properties of various normal and
tumor tissues and of cell suspensions will be meas-
ured using a coaxial line technigue and microwave
network analyzer. Measurements will be made in the
0.1- to 18-GHz frequency range, Including the fre-
quencies most useful for electromagnetic induction
of hyperthermia. Tissues studied will Include sur-
glcally exclsed tumors from live dogs, normal
tissues from freshly killed dogs, lymphoma and as-
clites cell suspensions, and mouse spleen tissue.
The net water content of each sample will also be
measured. Dielectric data from these soft tissues
will be interpreted using the Maxwell moisture
theory and compared to the known properties of
pure water in this frequency range to yield (a} the
apparent amount of "'bound'’ water and (b) the ro-
tational mobility of the major fraction of water in
normal and tumor tissues. This analysis will be
useful for the determination of the dielectric
properties of soft tissue from a single measure-
ment of the net water content of the tissue and
for the comparison of the physical properties of
water in normal and tumor tissues. (funding pe-
riod 7/79-6/81)

Supporting Agency:U.S. Dept. Health and Human Ser-
vices, PHS, NIH, NC}

0629 MICROWAVE=- INDUCED HYPERTHERMIA FOR DEEP-
SEATED TUMORS. Douple, E. B.; Strohbehn,
J. M.; Walsh, J. E.; Bartrum, R. J.; Roberts, D.
W.; Saunders, R. L. (Dept. Medicine, Sch. Medicine,
Dartmouth Coll., P.0. Box 833, Hanover, NH 03755).

An invasive irradiation system that uses microwaves
In the gigahertz range to achieve local hyperthermi.
will be developed for the treatment of deep-seated
cancers. The system wil] be adapted for percutane-
ous insertion and surgical implantation to produce
appropriate hyperthermla In difficult to heat,
deep-seated tumors in humans. Microwaves will be
delivered directly to the tumor site through trans~
mission lines and sntenna structures. Antenna
probes with diameters <i mm will be employed.
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many of the problems associated with the delivery
of heat to deep-seated tumors will be circumvented.
The heat distributions produced by the impraved
system in tissue phantoms, tumors, and normal tis-
sues of animals and humans will be predicted theo-
retically and measured experimentally. The thera-
peutic efficacy of the proposed system will be
evaluated by studying the hyperthermia effects
alone and in combination with lonizing radiation
and chemotherapy on animal tumors and In pilot
clinical studies. In addition, the effect of local
hyperthermla on blood flow and the uptake of chemo-
therapeutic drugs In tumors and in normal tissues
will be examined. Tumors will Include transplant-
able mouse mammary adenocarcinoma (MTG-8), chemi-
cally-induced tumors in the rat, and spontaneous
brain tumors In dogs. The effects of the treat-
ment on tumor cell viability will be assessed using
the TD5y and tumor latency assays as well as histo-
logic evaluation. Tumor growth, median tissue cul-
ture dose, and host life span will also be studied
as Iindicators of therapeutic effectiveness, and
normal tissue response will be carefully observed
in heated animals. Clinical tumors will include
brain tumors and other tumors such as pancreas

and prostate cancer. {(funding period 3/80-2/81).

Supporting Agency:U.S. Dept. Health and Human Ser-
vices, PHS, NIH, NCI

0630 EFFECTS OF MICROWAVE RADIATION ON THE

BEHAVIORAL DEVELOPMENT OF LEARNING PRO-
CESSES: ACUTE AND CHRONIC EXPOSURES ON ANIMALS.
Schrot, J. F.; Thomas, J. R. (Behavioral Sciences
Dept., Naval Medical Res. Inst., Navy, U.S. Dept.
Defense, Bethesda, MD 20014),

The effects of microwave radiation on the acquisi-
tion of behavior by rats will be studied. (Initial
studies will be concerned with establishing the
threshold range of power densities that alter the
learning process. Additional studies will focus
on the long-term effects of chronic exposure. Oper-
ant conditioning techniques are used to develop a
baseline of repeated acquisition of behavioral
chains in rats. The schedule requires the animal
to learn a different four-member response chain
each session, which results in the daily genera-
tion of an individual learning curve. The base-
line is used to assess the effects of low-level
(near 10 mW/cm?) microwave flelds. Initial empha-
sis is on establishing threshold radiation values
producing behavioral change. Subsequent studies
will focus on long-term chronic exposures with
effective radiation parsmetars. With this method-

B Etfects of
Radiation V{11, Saptember 1980

Supporting Agency:U.S. Dept. Defense: Navy, Nava
Medical Res. and Development Command, Natl. Nava
Medical Center

Funding Period Modifications:

0631 BOSE-EINSTEIN CONDENSATION IN BIOLOGIC?
SYSTEMS. Wu, T. {Dept. Physics, Sch.

Arts and Sciences, State Univ. New York, Bingham

Campus, Vestal Parkway, Binghamton, NY 13901).

Funding period extended to 2/81. See Current Re
search 0506 for description of this project.

Supporting Agency:HEW, PHS, NIH, Natl. Inst. Gen:
eral Medical Sciences

0632 INTERACTION OF ELECTROMAGNETIC FIELD W

BIOLOGICAL SYSTEMS. Chen, K. (Dept.
Electrical Engineering and Systems Science, Sch.
Englineering, Michigan State Univ., £ngineering
Building, East Lansing, M| 48824).

Funding period extended to 7/79. See Current Re
search 0267 for description of this project.

Supporting Agency:NSF, Directorate for Engineerii
and Applied Science

0633 LOW LEVEL MICROWAVE RADIATION EFFECTS (
BEHAVIOR. Thomas, J. R,; Schrot, J. £

(Behavioral Sclences Dept., Naval Medical Res.

Inst., Navy, U.S5. Dept. Defense, Bethesda, MD 201

Funding period extended to 10/B1. See Current Re
search 0k92 for description of this project.
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0634 REMOTE STIMULATION BY RADIO-FREQUENCY
TRANSMISSION. Glenn, W. W.; Gee, J. B.;
Alllson, T.; Goff, W. R.; Lange, R. C.; Manuelidis,
E. E.; Schachter, E. N. (Dept. Surgery, Sch. Medi-
cine, Yale Univ., 333 Cedar St., New Haven,CT 06510).

CURRENT RESEARCH

Funding perlod extended to 12/B0. See Current Re-
search 0458 for description of this project.

Supporting Agency:HEW, PHS, NIM, Nat). Heart, Lung,
and Blood Inst.






CURRENT LITERATURE

8675 ELECTROMAGNETIC PROPERTIES OF

BIOLOGICAL SOLUTIONS.--l. GENERAL
CONSIDERATIONS AND PRESENTATION OF AN IM-
PROVED SYSTEM FOR MICROWAVE SPEC-
TROSCOPY OF SMALL BIOLOGICAL SAMPLES.
{Eng.) Bianco. B. {Laboratorio per i Circuiti Elet-
tronici. Consiglio Nazionale delle Ricerche. 16145
Genoa. Haly). Drago. G. P.. Marchesi. M.; Martini. C.;
Mela. G. S.: Ridella. S. Boll Soc ital Biol Sper 55(22):
2322-2328: 1979 (25 refs).

A mic spectr pi thod for ing
the complex permittivity of small samples of biologic
liquids is described and some preliminary results are
presented. The liquid under tesl is placed in a sam-
ple holder that acts as an infinite circular waveguide
Since the penetration depth of the electromagnetic
tigld into the sample is very small (about 1.4 mm). a
small amount of liquid (<1 mi is sufficient to make ac-
curate The ment sy isa
Hewlett-Packard 8542A automatic network analyzer,
controlled by an HP 2116C computer. Measurements
made in the 100- to 2.000-MHz frequency range (in
steps of 50 MHz) with liquids of known permittivity
(sodium chioride solution. ethanol. and alb in-

that the precision of the hod is normal for
the real part of the complex permittivity and is good
for the imaginary part of the complex permittivity.

6676 ELECTROMAGNETIC PROPERTIES OF
BIOLOGICAL SOLUTIONS.--lIl. METHOD-
OLOGICAL CONSIDERATIONS ON MICROWAVE
SPECTROSCOPY OF HUMAN SERA. (Eng.) Bianco,
B. (Laboratorio peri Circuiti Elettronici, Consiglio Na-
zionale delle Ricerche. 16145 Genoa. ltaly). Drago. G.
P.. Marchesi. M.; Martini. C.. Mela. G. S.: Ridella. S.
Boll Soc ital Biol Sper 55(22): 2329-2333: 1979 (1 reh.

Complex permitlivity measurements were made for
20 sera of healthy young men. The measurements
were made at 39 frequencies over the range of
100-2.000 MMz in 50-MHz steps. A linear regression
was consltructed tor the serum conductivity versus
the square of the frequency lor all of the 39 frequen-
cies. and the results were found to be in good agree-
ment with theorelical predictions

0877 ELECTROMAGNETIC PROPERTIES OF

BIOLOGICAL SOLUTIONS.--ill. DIF-
FERENCES BETWEEN SERA OF NORMAL YOUNG
MEN AND CHILDREN. (Eng.)Bianco. B. (Laboratorio
per i Circuiti Efettronici. Consiglio Nazionale delle
Ricerche. 18145 Genoa, Naly): Drago. G. P.. Intra. E ..
Marchesi. M.. Martini. C.. Mela. G. S.. Ridella. S. Boll

sera obtained trom 15 children (1- to 6-yr 0ld) 1o deter-
mine if complex permittivity 1s similar for healthy in
dividuals. Complex permittivity measurements were
oblained for all sera in the frequency range of 100-
2.000 MHz at 50-MHz steps. Serum conductivity (SC)
was i tor all frequ . and a regression
was made versus the square of the frequency (1) to
obtain the following relationship SC a + bt where
a and b are assumed as charactenstics of the elec
tromagnetic properties of the sample For all sub-
jects. the regression SC a + b showed a very high
significance (lowest correlation coefficient r 099
and the percent standard deviation of the a and b
parameters was less than 55°. Although the pro-
tein. . and g contents ot the
sera did not dilter significantly between children and
adults, the parameter 'a’" was significantly lower in
children (p::0.017) than in adults Thus. the elec:
tromagnetic properties of sera expressed by the ~'a

parameter seem to depend not only on serum protein
content but also on some other factor related to the
age of the subject. Since the “a' parameter heavily
depends on the direct current conductivity of the
sera. the above factor could be related to the sall
percentage of the sera.

6678 THE BIOLOGICAL EFFECTS OF
MICROWAVE RADIATION--A REVIEW.
(Eng.) Cornelius. W. A (Health and Salety Section
Australian Radiation Lab.. Melbourne Australia)
|Report No. ARL/TR002] 23 pp.. 1978 (SBrefs)

A review of the biologic ettects of microwave radia-
iion in animals and man s presented Most ex-
periments conducted on the biceflects of
mi.crowaves have employed a limited range of
microwave frequencies. pulse repetiion rates and
power levels. and the only interaction mechamism
proven 1o be biologically signihcant 1s the thermal el-
fact. Problems assoicated with microwave dosimetry
in biologic experiments make the evaluation of the
observed biologic eftects ditticult. examples include
nonuniform power absorption (*hot spots’) per
turbation of the microwave held. and resonance con
ditions. The etlect of microwave irradiation on
animats s ditticult 10 extrapolate trom one species 1o
another. Microwave-induced cataracts are well
documented in animal experiments tor the rabbit
eye the cataractogenic microwave irradiance at 2 450
MHz for a single acute 100-min exposure 1s about 150
mw/cm:, which 1s equivalent to 138 W'/ kg peak ab
sorption immediately behind the lens This elfec!
which appears to be due to heating occurs at an
intra-occular temperature of about 43 C tor a single
acute exp C deling indicates that
the temperature rise expected in the human eye
would be similar to that lor the rabbit lor an
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relationship was not found for loss of visual acuity or
cataract production, Eastern European countries
have reported revambls eflects such as headache.
. tired Irrllnblnlny cardiac pain,
ioss of tite, memory ditt
libido. changes in heall rate and blood chemistry.
and in el and elec-
trocardiograms. and in thyroid "and adrenat output at
chronic exposure levels below 10 mW/cm’ However,
due to defects in study design. these reports have
been largely discounted by western researchers.
Allered ral in at apparent-
ly microthermal or nonthermal microwave doses ap-
pear 10 be due to thermal hot spots in view of the fre-
quencies used in relation to the size of the animal.
T Hects due to mi have also
been demons\raled in animals. and these elfects are
evidently diract thermal eftects.

8879 LONG-WAVELENGTH ANALYSIS OF

NEAR-FIELD IRRADIATION OF PROLATE
SPHEROIDAL MODELS OF MAN AND ANIMALS.
(Eng.) Massoudi. H. {Depl. Electrical Engineering.
Univ. Utah. Sait Lake City. UT 84112). Durney. C. H..
Iskander. M. F. Electron Lett 16(3): 99-100: 1980 (6
refs).

A long wavelength analysis was derived for
spheroidal and ellipscidal modeis of man and some
test ani that a strong dep ce of
electromagnetic (EM) energy absorption on orienta-
tion of the body. This analysis was applied to
calculate the average specific absorption rate (SAR)
n spheroids irradiated by EM near fields, when the
long wavelength approximation is given, and when
the spatial variation of the EM field is not ‘too rapid.”
The incident electric tield and the incident magnetic
fieids. as well as the average SAR, were derived for
an EM plane wave that was incidental on a lossy
dielectric prolate spheroid along its Z-axis. The

y Qgave an approximation for the
average SAR in a prolate spharoidal model of man as.
a function of dipcle location.

6680 DETERMINATION OF A THERMAL

EQUIVALENT OF MILLIMETER
MICROWAVES IN LIVING CELLS. (Eng ) Dardalhon.
M (Institul Curie. 28. rue d’'Uim. 75005 Paris. France).
Averbeck. D . Berteaud. A. J J Microwave Power
14(4). 307-312. 1979 (10 refs)

Diptoid strain D5 Sacch. 8rovi: cells
were irradiated at frequencies o! 70 5 and 73 GHz on
millipore lilter discs placed on agar plates in open
natri diahaa tn datarmina if micrnwavas can affact
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to genetic insult, was uaed to sludy the eftects of
both p e (co g at 30. 37. 42.
47. and 52 C) and microwave i(radiatlun on cell sur-
vival, induction of mitotic recombination. and induc-
tion of cytop ic “'petite” ions. No e

of altered survival. impaired function. or structural in-
jury was seen at either frequency. even at power
densities as high as 60 mWicm’ (duration of ex-
posure =3 hr). Conventional heating had no
deleterious effects until temperatures of specimens
exceeded 50 C. When two haploid strains of yeast of
opposite mating type were compared with respect to
temperature and microwave treatment for zygote for-
mation. the ratio of zygotes formed in treated
samples over that of control samples was observed
to be a function of increasing power density and in-
creasing temperature. The effect of conventional
heating at 30 or 37 C on zygote tormation was greater
than the effect ot 70.5-GHz microwave irradiation al a
power density of 60 mWicm’ Elevation ol
temperature due to microwave treatment at 60
mW/cm’ and 2 mm distance was estimated to be 3C.
Thus. the results of these experiments indicate that
microwaves do not induce lesions and genetic ef-
fects in cellular ONA.

6681 PRELIMINARY STUDIES: FAR-FIiELD

MICROWAVE DOSIMETRIC
MEASUREMENTS OF A FULL-SCALE MODEL OF
MAN. (Eng ) Olsen. R. G. (Naval Aerospace Medical
Res. Lab., Pensacola. FL 32508). J Microwave Power
14(4): 383-388. 1979 (10 refs)

Measurements of microwave heating were made ina
75-kg. full-size. upright human model composed of
electrically simulated muscle that was placed in the
far-zone of a standard gamn horn inside an absorber-
lined chamber The material of the model was closely
matched to human muscle in terms of permithwty
and y at thelreq yolir n Pulsed
1.28-GHz (L-band) microwaves (3-usec puise dura-
tion. 310 pulses/sec repetition rate) from a military
radar trar inan ge power densi-
ty of 6-14 mWicm-’ at the location of the model
Microwave heating at the ftront surface was
measured at nine locations on the phantom
Measurements at several depths within the phantom
were also made at a central location to assess the
depth ot penetration of the microwave energy The
above measurements permitted a caiculation of the
approximate whole-body average specific absorption
rate (SAR) when the model’s long axis was parallel to
the electric field vector. For a normalized power den-
sity of 1 mW/cm- at a lrequency ol 129 GH2. the
whole-body average SAR was 0031 W/kg. which
agrees well with the predicled vaiue of 003 Wrkg
based on absorption in prolate spheroidal models of
man
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TION OF MICROWAVES. (Eng.)Chou, C. K. (Bioelec-
tromagnetics Res. Lab.. Dept. Rehabilitation
Medicine. RJ-30. Sch. Medici Univ. ing!
Seattle,. WA 98195 Galambos. R. J Microwave
Power 14(4). 321-326. 1979 (9 refs)

The contribution of the ossicles (middie ear bones)

CURRENT LITERATURE

recordings were made during acute exposure of two
rabbits to 2.450-MHz microwave radiation directed to
the right eye at an incident power density of 100
mWicm‘ (specitic absorption rate in the
hypothalamus of about 25 W/kg), there was no ob-
vious radio frequency interference picked up by the
carbon-loaded Teflon electrodes. Histologic ex-
i d good tissue compatibility for the

and external ear bones to auditory p p of
i was 1 d by the brain-st L
{BER) thod in gui pigs (500-750 g).

The animals were placed upside down with the head
inserted inside a circular microwave exposure
system, and the amplitude and latency of BERs were
recorded as guinea pigs were stimulated at various
intensities by acoustic pulses coupled to the
auditory canal or via bone conduction and by 918-
MHz microwave pulses (10 usec pulse duration, 30
pulses/sec repetition rate). Blocking of the external
ear, middle ear damping. and middie ear destruction
produced little change in the BERS thal were elicited
by microwave pulses. The results indicated that the
middle ear is not critical for auditory perception of
microwaves and that the mechanisms involved in this
perception are similar to those responsible for hear-
ing by bone conduction. Also. since no response to
microwave or to acoustic stimulation was recorded
when the cochlea was destroyed. it is clear that
microwave hearing requires activation of the
cochlea. Conduction of pressure waves through the
bones of the calvarium appears to be the mechanism
responsible tor perception of pulsed microwaves.

6683 CARBON-LOADED TEFLON ELEC-
TRODES FOR CHRONIC EEG RECOR-
DINGS IN MICROWAVE RESEARCH. (Eng.)Chou. C.
K. (Bioelectromagnetics Res. Lab.. Dept. Rehabilita-
tion Medicine. RJ-30, Sch. Medicine. Univ.
Washington, Seatile. WA 98195):. Guy. A. W. J
Microwave Power 14(4): 399-404: 1979 (15refs).

Carbon-iocaded Teflon electrodes with a conductivity
close to that of tissue were implanted in cortical and
subcortical locations of rabbits for periods of 4-6 mo
1o delermine their usefulness for making chronic
electroencephalogram (EEG) recordings during
microwave irradiation. Two types of carbon-loaded
Teflon were used. One was a fine carbon-loaded
Tellon wire (0.25 by 0.3 mm cross- section) with a con-
ductivity of 4 S/m that was used as a conductive lead
and as a subcortical electrode. The other type. witha
conductivity of 1 S/m. was machined into 2-56 or 4-40
screws that were used for cortical recordings. One
rabbit was d both with ional metal
and with carbon-loaded Teflon electrodes. Three rab-
bits were implanted with carbon-loaded Teflon elec-
trodes only. and two other rabbits with metal elec-

bemdan anl. WMlhan o @0 M lbar wao sand in AAninan

carbon-loaded Teflon electrodes The resulls in-
dicate that carbon-loaded Teflon electrodes can be
implanted chronically to record the EEG in animals
during the course of microwave radiation.

6684 MINIATURE ANECHOIC CHAMBER FOR

CHRONIC EXPOSURE OF SMALL
ANIMALS TO PLANE-WAVE MICROWAVE FIELDS.
(Eng.) Guy. A. W. (Bioelectromagnetics Res. Lab
Dept. Rehabilitation Medicine. RJ-30. Sch. Medicine.
Univ. Washington, Seattle. WA 98195). J Microwave
Power 14(4): 327-338. 1979 (4 refs).

A sy of miniature ar chambers that can
be used at trequencies of 2,450 MHz and higher for
chronically exposing several small animals 1o plane-
wave microwave fields is described. The system.
which occupies a floor area of only 73 by 73 cm. con-
sists of a combination of tapered and rectangular
sections lined with Model AN-77 absorber material on
the sides and thicker SPY-1Z pyramidal absorber
material on the bottom. The system allows for the
simultaneous exposure of eight experimental
animals, while eight sham-exposed controls are
simultaneously maintained in the same environment.
During actual and sham exposures, each animal is
contained in a separate plastic cage that is electrical-
ly isolated from the other cages. Each animal is ex-
posed to ltields under simulated free-space condi-
tions. Tests showed that although the plastic cage
containing the animal within the exposure chamber
causes field perturbance. specific absorption rate
{SAR) patterns within exposed cadavers or models
show very little modification. Each animal can be
supplied with food and water by a system designed
to eliminate severe perturbations of the field and of
SAR patterns in the animals. Each chamber is
mounted on casters that allow easy transport when
the horn bly is r . Experimen-
tal measurements indicated that at 1 W of input
powaer. radiation at a power density of 169 ,W/cm*®
was obtained at the position normally occupied by
the animal. At an incident power density of 1
mW/cm’. peak SAR values as high as 0.84 W/kg were
produced in a prolate spheroidal model! of the rat
SARs as high as 2.21 W/kg were produced in the rat
cadaver.
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TROMAGNETIC ENERGY. (Eng.) Ho. H. S. (FDA,
BRH. 5600 Fishers Lane. Rockville, MD 20857). Health
Phys 37(6): 743-750. 1979 (22 rets).

Varying the source frequency. aperture size and

shape and he\d distribution was th ically ex-
in to igni aperture sources that
deliver deep uf izing elec-

tromagnetic energy into different sizes of spherical
tissue-equivalent bodies. Fifteen source frequencies
ranging from 10 MHz to 10 GHz were used. Three
types of sources were used: plane wave: “'Cap™
aperture. a circular aperture shaped like a polar cap
in contact with the irradiated sphere; and ‘‘Belt’”
aperture. a loop source that wraps around the ir-
radiated sphere. Four different sizes and three dif-
ferent aperture field distributions of each aperture
were used. Twelve sizes of the tissue-equivalent
sphere were used with radii ranging from 0.5 to 10.0
cm. For each size of the sphere. four cases were
considered: a single-layered muscle sphere and
three triple-layered spheres with muscle. fat. and
skin layers (1.0-mm thick). The thickness of the fat
layer of the three triple-layered spheres was 10. 20,
and 30° of the radius of me muscle sphere. respec-
tively. The indicated that for each
souce frequency. the size of the aperature source
equaling n/4 yields the lowest energy penetration
factor (quotient of dose rate at the sphere center by
the maximum dose rate at the surface of all tissue
layers of the sphere). The resuits lndicaled a strong

Effects of N Eiy
Radiation V{11, September !9&1

has been as has a cumul
tion ot effects from repeated exposures to ineffectin
small doses. Partial synergism of radio frequenc
radiation in the centimeter range and infrared radi
tion has also been observed experimentally. Little
known on the selectivity of the radiation effect on d
terent organs. Electromagnetic radiation has bee
shown to have a direct or thermal ettect and an il
direct effect. which is manifested by such symptom
as neurosis. asthema and cardiovascular tunction

ly during e to low-int:
radiation. The organism as a whole is assumed 1o t
more to electr 1 the

isolated organs and cells. Thus. the sensitivity
higher in vivo than in vitro.

6687 ELECTRIC CURRENT AND HIGH FRI

QUENCY WAVE HEATING PROCESSE!
(Fre.) Dutreix, J. (institut Gustave-Roussy. 16 bit
avenue Paul-Vaillant-Couturier. 94800 Villejui
France): Convert. G.:. Cosset. J. M.: Damia. E
Dufou:r, J.: Salama, M. J Radio! 69(11); 669-673: 197¢
(11 refs).

Recent studies on the therapeutic possibilities ¢
capacitive. radiative. and inductive diathermy ar
reviewed. One study involved the use of inductiv
diathermy with a frequency of 27 MHz to treat ski

r type of di d on freq

for deep electr g energy p Thls
resonance frequency decreased with increased
sphere size. The energy penetration was also a
strong function of aperture size. With optimum
design. the aperture sources could produce deeper
energy penetration characteristics than those obtain-
ed with plane wave sources. The optimum energy

into size spl (<5.0 cm
radms! was much greater than that for larger size
ph In ges p leap energy p
tion ch of tripl were

not as good as those of sinqle-layered spheres

6688 CURRENT PROBLEMS OF
RADIOBIOLOGY OF RADIO FREQUENCY
ELECTROMAGNETIC RADIATION. /Aus.) Akoev, |. G.
iinst. Biophysics, USSR Acad. Sciences. Pushchino,
USSRY). Radicbiologiia 20(1): 3-8: 1980 (14 refs).

Recent studies on and current problerns associated
with |ne diobiology of radio freq y elec-
are r P tudi

. The depth of penetration into muscul:
tissue decreased with increasing frequency frot
14.1 ¢m at 25 MHz to 1.7 cm at 3.000 MHz. A similz
decrease was also observed in fatty tissue. from 1£
cm at 25 MHz to 7.5 cm at 3,000 MHz. Intracavitary an
imerstiual diathermy is possible with the use of i
p ing at such fr a

0.50r 80 MHz.

6688 THERAPEUTIC APPLICATION OF CONS

TANT AND LOW-FREQUENC
MAGNETIC FIELDS (LITERATURE REVIEW). (Rus
Bogoliubov. V. M. (Central Inst. Balneology an
Physiotherapy, Moscow. USSR): Skurikhina. L. 2
Vopr Kurorto! Fizioter Lech Fiz Kul't (2): 65-72. 197¢
(58 refs).

Clinical and experimentat reports on the therapeuti
uses and effectiveness of constant and low
gnetic fields are Oiten con

blned with other col ional th
mnunatnc tield therapy has been iound to produc
ble results in such diseases as astheni

have demonslraied that most cmnges induced by
radio frequency radiation are reversible. and mor-

neurosis. arterial aneurysms. neuritis of inflam
matory and ischemic etiology. lumbrosacr:
diculitis. phantom pain. ischemic heart disease

ohotooic changes are rare and sliaht. |
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premenstrual disorders. and chronic diseases of the
uterus). fractures. psoriatic polyarthritis. and burns.
Considerable palliative effect has been observed in
many cases. No therapeutic effect has been obsery-
ed with patients with rheumatoid arthritis. Ex-
periments with erythrocytes have demonstrated in-
creased storage stability due to magnetization.

6689 STATE OF THE ART AND PROSPECTS
FOR THE USE OF RADIO FREQUENCY
AND MICROWAVE HYPERTHERMIA. (Fre.)
Gautherie, M. (Lab. Biomedical Thermology. Faculty
of Medicina. French Natl. Inst. for Heaith and Medical
Res.. Universite de g. 1. rue H
67055 Strasbourg cedex France Caisse Nationale cla
illeurs Salaries). J
Radml 60(11): 685-689. 19?9 (J refs).

Recent achi and prospects for the use of
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8691 MUSCLE BLOOD FLOW CHANGES IN

RESPONSE TO 915 MHz DIATHERMY
WITH SURFACE COOLING AS MEASURED BY Xe'"
CLEARANCE. (Eng.)Sekins. K. M_(Dept. Mechanical
Engineering. FU-10. Univ. Hosp.. Sch. Medicine.
Univ. Washington. Seattle. WA 98105): Dundore. D.:
Emery, A. F.. Lehmann. J. F.; McGrath. P. W.. Nelp.
W. B. Arch Phys Med Rehabil 62(3): 105-113; 1980 (20
refs),

Muscle blood flow (MBF) response of the human
anterior thigh to treatment with a 915-MHz. direct-
contact microwave >r with simul 1S air-
cooling (5.0 = 0.5 C at 60 m‘/min) was measured by
'*'Xe (0.1 ml in isotonic saline) clearance. Forty-four
anterior thigh MBF studies were performed in 13
volunteers (11 men and 2 women, all 30 yr old) in 25
separate sessions. All subjects had <1 cm of sub-
cutaneaus anterior thigh fat. '“'Xe clearance was
measured at depths of either 1.5 or 3.0 cm from skin
surface Pnor to treatment, resting blood fiow (RBF)

radio frequency hyperthermia in cancer py are
reviewed. The therapeutic use of hyperthermia is
based on the fact that cell death occurs above a cer-
tain temperature (above 42 C for mammalian cells).
The frequencies that have been tes(ed to dale m-

d a uniform p it perfu-
sion field with a measured mean RBF value of 1.8 =
11 and 2.06 + 1.03 mI/min/100 g at 1.5 and 3.0 cm.
tespectively: adjusting the RBF values for correla-
tions with direct flow measurements found in the

clude I3. 27. 434, and 2.450 MHz The [ g

on cell and exper should be
extended to include the mechanism of action of radio
frequency at the cellular level. Various lechnoloulcal

p are such as ir

cy. appli s. and i y {e.0.. nnruntallenng

probes. microwave radiomelry). Other topics to be
idered when ing the prosp of

mn:rowava hyperlhermm for cancer therapy include:

g radio fr y hyperthermia
and ionizing radiation or drugs. the long-term effects
of radio frequency and heat on healthy tissues. the
anhancement of tumor growth and lymphogenic
dissemination of tumor cells. and the specific. non-
thermal effects of radio frequency radiation.

8690 MECHANISM OF ACTION AND

THERAPEUTIC APPLICATION OF SINE-
MODULATED CURRENTS. (Rus.) lasnogorodskii, V.
G_(Central Inst. Balneology Physiotherapy, Moscow,
USSRA). Vopr Kurortol Fizioter Lech Fiz Kui't (2): 5-13;
1979 (93 refs).

The action and i ther ic ap-
licati of sine-modulated currents (SMC) are

iewed. Studies have d d that SMC have
an analgesic effect. they have been shown to in-
crease the blood circulation. perfusion. and trophism
of tissues. SMC have also bean shown to normalize
the sympathetic function of the adrenals in ex-
osis and in clinical cervical

p

P

e resulted in a RBF value of 2.6 mI/min/100 g.
The i MBF ed in r 1o heating
with simultaneous surface cooling was 32.35
mi/min/100 g (mean, 27.23); this figure was in fair
agreement with the reported maximum pertusion
rate of 35-40 mI/min/100 g for skeletal muscle. To fur-
ther i ig: the thermoregulatory mec
involved with diathermy and simuitaneous surface
cooling. the indirect effect on the perfusion of one
thigh caused by treating its counterpart was briefly
studied. Results of this experiment demonstrated
that 1} the effect of surface cooling a limb to depress
the perfusion of its counterpart dominates that of
heating one thigh to elevate blood flow in its counter-
part and 2) contralateral responses to cooling
dIlTIlnlSh with depth. The results with this diathermy

with  si surface cooling
demonstrate the “‘focusing’” of pertusion and
temperature into the muscle bed. thus providing
therapeutic deep-heating effects while maintaining
safe superficial temperatures.

6602 MICROWAVES AND HEALING OF BONE
FRACTURES. (Ger.) Babayan. R. (Ab-
ta.lung fur Allgememchnrurgue Chlrurglsche Univer-
und P Mar 52. D-2000
Hamburg 20. W. Germany): Hahn. W.: Bensien. H
Med Welt 30(34): 1224-1226. 1978 (14 refs).

Osteotomy of the tibia was performed in 50 4- t6 5-mo-
old rabbits. The fractures were set and then ir-
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and the tensile strength of the fractured bone was
determined. Both the ir d and nonirradiated

Etfects of
Radiati. n V1), September 1980

Haas. W. G. (Orthopedic Res. Lab.. Facu

bones refractured at the site of the primary fracture
The mean value of the tensile strength of the tibia
was 6.7 kp in the controls and 7.9 kp in the irradiated
animals on day 14 after osteotomy: the difference
was not statistically signilicant On day 16, the mean
tensile strength was 7 4 kp in the controls and 9.7 kg
in the irradiated Iy significant dif-
ference. These lmdmgs demons(rale that nhigh-
frequency irradiation accelerates the healing of bone
fractures.

6693 FRACTURE HEALING IN RATS EXPOSED

TO EXTREMELY LOW-FREQUENCY
ELECTRIC FIELDS. (Eng.)Marino. A. A_ (VA Hosp., Ir-
ving Ave. and Univ. Place, Syracuse. NY 13210}
Cullen, J. M.; Reichmanis, M.. Becker, R. O. Clin Or-
thop Relat Res (145): 239-244; 1979 (10 refs).

The eftects of full-body exposure to 2 5,000 V/m elec-
tric field (1.590 V at 60 Hz) on bone healing were in-
vestigated in 27-day-old male Sprague-Dawiey rats
following a standardized fibular osteotomy (SFO).
Both experimental and control rats (same living con-
ditions except for the absence of the 6§0-Hz field)

Medici Univ. Calgary. Calgary 44. Alber
Canada): Lazarovici. M. A.: Morrison. D. M. Clin (
thop Relat Res (145): 245-251. 1979 (26 reis).

The etffects of noninvasive exposure to relative
strong. low-frequency magnetic tields on the healii
of freshly created osteotomies of the rabbit radi
were investigated using a solid core electromagn
energized by a square wave unidirectional curret
The magnetic field was pulsed transversely acro
the osteotomy site of the radius while the animal w.
confined to a restraining device for 6 hriday.
days/wk. In one experiment. the influence of d
ferent pulse frequencies (0.1, 1. or 4 Hz) w.
evaluated in 51 adult rabbits (2-4 kg). with the perit
of stimulation being kept constant at 2 wk: 18 non
radiated rabbits served as controls. In a seco!
study. pulse frequency was kept constant at 1 H
and the exposure period for nine animais was eith
3 or 4 wk: nine nonirradiated animals served as co
trols. A definite healing effect was observed in cor
parison with nonexposed control animals when
magnetic field of 250 G. pulsed at either 0.1 or 1 H
was applied to the recently created osteotomy of tt
rabbit radius. This was especially noticeable

animats exposed to the 1-Hz pulse frequency; after
wk of exposure (60 hr) at this frequency. tt

were sacrificed at 14 days postfracture. The fi
of rats exposed to 5,000 V/m electric field ibited a

gic and radiologic scores in experiment
is were apprc ly double those of the co

di Itered histologic app ed
with lhat of control rats. In the field-exposed rats. the
new bone had much thinner trabeculae. most with
cartilaginous cores. than in control rats. Large blocks
of cartilage were evident throughout the callus. in
some instances, a cartilage plate, exhibiting typical
epiphyseal plate organization, was seen at the union
site in the region of the uniting callus. New compact
bone was strictly limited to the anchoring callus and
was never extensively developed. After 2 wk of field
exposure, fractures exhibited less new bone forma-
tion, and correspondingly more carlilage, than did
control fractures. The mean healing index for the
field-exposed rats was significantly less (p<0.001)
than that ior control rats Itis concluded thal bone
ling in field d rats was

probably because of a systemic stress inleraction
The early stress response is catabolic in nature; l| in-
¢ludes labile protein br and

negative nitrogen balance. Under these conditions,
bone collagen synthesis may be impaired and heal-
ing time lengthened accordingly. Since this effect
occurred at much lower power levels than are
presently used in electrical osteogenesis. the
therapeutic evaluation of electricity-promoted bone
healing must consider both local and systemic ef-
fects and the local manifestations of systemic ef-
fects.

trol animals. However. the initially accelerated hez
ing effect observed after 2 wk of magnetic fie

lation was not d after 3 wk. After4 v
of exposure (120 hr). the degree of healing in e
perimental animals was still more advanced than
controis, but the difference in the histologic ar
radiciogic scores was less pronounced. It appeare
that although the initiation of the healing proces
was accelerated, the period of time required for so!
union was not significantly reduced. Also. none :
the osteotomies. even after 4 wk of stimylation. wet
judged to be completely healed on a histologic bas
{i.e.. bone formation in all 4 sectors). In view of thes
findings, this form of treatment is not recommende
for clinical use in the treatment of recent fractures ¢
long bones.

6695 AN INVASIVE MICROWAVE ANTENN

FOR LOCALLY-INDUCED HYPERTHEI
MIA FOR CANCER THERAPY. (Eng.l Strohbehn. .
W. (Thayer Sch. Engineering. Dartmouth Coil
Hanover, NH 03755); Bowers. E. D.. Walsh. J. E.: Dot
DIT E. B. J Microwave Power 14(4): 339-350. 1978 (1
rels).

An invasive microwave system Inat uses hypoderml

mmadba 1o mmhoa o
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critical design p: ters were id fied. Absorbed
power was measured in saline. in tissue equivalent
phantoms. and in tumors {mouse mammary
adenocarcinomas implanted in the flanks of
C3H/HedJ mice) in live and dead mice. The results
suggest that this system will produce significant
heating in small tumors. However. the resulting ther-
mal distributions are not sufficient for clinical applica-
tions, where a heating volume with a diameter of 2-4
cm is required. Using a 3-W. 1-GHz oscillator,
temperature increases of more than 18 C were
achieved in tumors of live mice in less than 10 min.
Temperature profiles measured in mouse WUMOrs in-
dicated that this system produced significant and
sufficient heating of tumor material at a 5-mm
distance from the antenna. A several degree varia-
tion in tumor temperature was noted because of the
large temperature rise needed to bring the
anesthetized mouse from a low core temperature up
to therapeutic levels of 44.5 C. It is anticipated that
human tumor temperatures would be raised from 37.5
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celts. The quantitative distribution of cell cycle
phases produced by microwave irradiation after 72 hr
was 42.8% (G, phase). 28.4% (S phase). and 28.8% (G,
+ M phase). and after 24 hr was 60.4%. 18.5%. and
21.1%, respectively. Hyperthermia for 72 and 24 hr
caused cell cycle distributionsinthe G,.S. orG, + M
phase as follows: 44.1% and 46.8%. 18.7% and 32.3%.
or 37.2% and 20.9%. respectively. Of the methods
tested, it is suggested that the preferred pretreat-
ment for cell synchronization for radiotherapy is the
combined use of vinca alkaloids (vincristine) and
nitrosourea derivatives (ACNU).

6697 ELECTROMAGNETIC HYPERTHERMIA

AND ITS EFFECT ON MALIGNANT
TUMORS. (Cze.) Pokorny. J. (Ustave radiotechniky a
elektroniky CSAV. Prague. Czechoslovakia). Cas Lek
Cesk 118(30): 929-933: 1979 (14 refs).

to 44-45 C and that the predicted g b

the antenna and a distance 5 mm away would be
much less, H . to have cli r ,
antenna designs must be found that will produce flat-
ter temperature distributions over larger volumes.
Agreement between theoretical calculations and
measured temperatures for the microwave antenna
was quite good. The theoretical calculations
predicted that there may be a small advantage in us-
ing a frequency of 3 GHz in animal tumors of about 1
cm in diameter. The microwave antenna system pro-
vides a heat distribution that is superior to that ob-
tained using a resistance heater of similar dimen-
sions. Future modifications of the antenna design
will require measurements of absorbed power and
temperature distributions in vivo or in very carefully
constructed phantoms.

6696 PULSE-CYTOPHOTOMETRIC STUDIES

ON EXPERIMENTAL BRAIN TUMORS
UNDER THE EFFECT OF CHEMOTHERAPEUTIC
AGENTS, MICROWAVE |IRRADIATION, AND
HYPERTHERMIA. (Jpn.) Shitara., N. (Dept.
Neurosurgery, Univ. Tokyo Hosp., Bunkyo-ku, Tokyo
113, Japan). Kohno. T.: Nagamune. A.: Takakura. K.;
Sano. K. Neruol Med Chir (Tokyo) 18(3): 199-207.
1978 (20 refs).

To determine the best hod to ptimal
brain tumor cell synchronization as a pretreatment
for radiotherapy. the resuits of treating cultured ex-
perimental glioma C6 strain rat tumors with various
chemotherapeutic agents. hyperthermia (40 C). or
microwave irradiation were analyzed. The cultured
cells were exposed at the day 3 log phase stage of
culture to the agents. hyperthermia. or microwaves.

Experi results concerning the use of
microwave hyperthermia to kill malignant human
tumor cells are reviewed. in experiments with mice
with sarcoma 180. exposure to electromagnetic radia-
tion (frequency ranging from 0.01 to 10 GHz). at a
temperature of 44.2 C for a 30-min period. resulted in
irreversible damage to cancer cells (95%). Irrevarsi-
ble damage to cells in vitro was judged by the amount
of DL-glyceraldehyde or oxygen accepted by the
cells from the environment. At 45.2 C healthy cells
were damaged. At temperatures <42 C, the effect of
heat was negligible even with long-lasting exposure.
The results of other studies with humans have in-
dicated that the temperatures required to kill malig-
nant and heaithy cells are different. i.e.. 45.3 and 46.2
C. respectively. Other studies have demonstrated
that hyperthermia is lethal for most types of tumor
cells. except for peripheral celis. which are less sen-
sitive to heat and maintain their biologic activity.
thereby propagating the tumor. Cells of various
cancers differ in their sensitivity to heat. i.e..
temperatures 244 C are lethal for human stomach
cells, while temperatures >46 C result in death for
human skin melanoma cells. The experimenial
results to date are i q to fully the
potential usefulness of hyperthermia for treating
human malignancies.

6688 ELECTROTHERAPY OF COMMON CER-

VICODYNIA WITH OR WITHOUT
RADICULALGIA. (Fre.) Teyssandier. M. J. (Service
de Rhumatologie. CHU. Nice. France). Cinesiol
18(72): 81-86; 1979 (7refs).

Electrotherapy of common cervicodynia with or
without radiculalgia is discussed. Electrotherapy 1s
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rep at 5-day intervals for up to 30 sessions) Tt

7
radiation (no dosage information specified) is in-
dicated for analgesic purposes. Modulated and non-
modulated low-frequency currents are recommend-
ed for the treatment of acute cervicodynia. Cen-
timeter and decimeter waves have in-depth
analgesic. thermal, and vasodilating effects. Meter
waves are contraindicated because of their potent
thermal effect. Long-pulse currents are of great
value in the treatment of cervicobrachial neuralgia
causing paresis.

6699 THERAPEUTIC EFFECT OF CENTIMETER

PULSED WAVES IN PATIENTS WITH
OSTEQARTHROSIS DEFORMANS. (Rus.)Grigor'eva,
V. D. (Central Inst. Balneology Physiotherapy,
Moscow, USSR). Vopr Kurortol Fizioter Lech Fiz
Kul't (2): 36-40; 1979 (8 refs),

The therapeutic effect of puilsed wave irradiation in
the centimeter range (PWI) was studied in 90 patients
{59 women and 31 men, aged <40 to >60 yr) with
osteoarthrosis deformans. Stage | was diagnosed in
19 patients. stage Il in 58. and stage Il in 13. The
length of the disease was 1-25 yr. The pulse frequen-
¢y was 70 or 700 Hz, the power output was 0.8 W. and
the duration of the treatment was 57 min/day or
every other day for 12-18 sessions. A favorabie effect
of the treatment (alleviation of arthralgia. disap-
pearance of exudation in secondary Synovitis. and
improvement of the iunction of the joints) was
observed after the tirst 4-6 sessions. Improvement
continued until the end of treatment. Alleviation of
leukocytosis. reduction of blood hexose level in the
patients with secondary synovitis, and normalization
of the glycoprotein and lipid levels were also observ-
ed. Blood pressure. which had teea increased. nor-
malized during treatment. There was no epicardial
pain. nor were there any significant electrocar-
diogram changes. The results demonstrated that the
treatment had a general analgesic and antii

duration of the disease was 5-23 yr. Pnimary ar
secondary rheumatoid arthritis were diagnosed in |
and 35 cases. respectively. Twenty-one patien
were in stage Il and 43 were in stage Ill. Thirty-thre
patients in stages Il and Il without pronounce
secondary synovitis received magnetotherapy on
(group 1): the other 31 patients (group 2) in stages
and [It with pronounced secondary Synovitis receive
intra-articutar hydrocortisone injections (25 m
before sessions 1 and 8: their magnetotherapy cot
sisted of 15-20 sessions. The controt group consiste
of 40 patients with pronounced secondary synovit
who were treated with hydrocortisone only. Intlan
mation and nocturnal pain disappeared during or in
mediately after the magnetotherapy in most patien:
in group 1. The nocturnal pain and inflammatic
disappeared in 25 patients in group 2, 4 patient
achieved considerable improvement. Th
therapeutic effects were similar in the two group:
but they appeared sooner in group 2 than in group
The total necessary hydrocortisone dose we
smaller in group 2 than in the controls. Forty-eigl
patients were followed up for 6-24 mo: positiv
therapeutic effects continued in 24 cases: 19 patieni
had periodic exacerbations: and 5 cases showed n
improvement.

6701 ELECTROSTIMULATION WITH SIN

MODULATED CURRENTS IN THE COM
PLEX TREATMENT OF PATIENTS WITH DISEASE
OF THE SPINAL CORD ASSOCIATED WITH SPASTI
AND MIXED PARESES. (Rus.) Bagel'. G. E. (Dep
Physiotherapy. Belorussian Postgraduate Medici
Inst.. Minsk. USSR)}. Vopr Kurortol Fizioter Lech F
Kul't (2):32-36: 1979 (3 refs).

Electrostimulation with modulated sine currents wa
performed in the complex treatment of 50 patients (2
men and 15 women) with spastic paraplegia (5 cases

matory effect. The therapeutic effect was greatest at
70 Hz and it was comparable to that observed in con-
trol patients treated with a permanent magnetic field
(20-40 W).

6700 LOW-FREQUENCY VARIABLE

MAGNETIC FIELD FOR THE TREATMENT
OF PATIENTS WITH RHEUMATOID ARTHRITIS OF
THE KNEE JOINTS. (Aus.) Silin. L. L. (Dept.
Tr . Ortt di and Military Field
Surgery. |. M. Sechenov First M M Inst.,
Moscow, USSR). Brovkin, S. V.. Gorfinkel'. I. L.
Vinogradov. E. V. Vopr Kurortol Fizioter Lech Fiz
Kul't (2): 41-43;1979 (3 refs).

tic paraparesis (27). or mixed paraparesis (18
The duration of the disease was up to 3 mo in 1
cases. up to 6 mo in 10. up to 6-12 Mo in 10, and >1
mo in 17. Pronounced spasticity was observed in 1
cases, moderate spasticity was observed in 25, an
mild spasticity was observed in 11. The antagonist
of the i les were in the p:
tients with spastic paraparesis and the perone:
nerves and long peroneal muscles were additionall
stimulated in the patients with mixed paresis. Cor
tact electrodes were placed in the electromotc
points and the muscle-tendon junctions. The
modulating trequency was 150 Hz for cases of pro
nounced spasticity and 30-100 Hz for cases of milc
and moderate spasticity and mixed paresis. The
modulation factor was 50-75%. the current intensit'
was 30-40 mA, and the duration of the pulse plu:
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eftect was best when the electrostimuiation was ad-
ministered within 1-12 mo: good results were also ob-
tained. however. when the patients were treated dur-
ng the later phase ol the recovery period (1-3 yr).
Early treatment (1-3 mo trom the onset of the
disease) prevented the aggravation of spasticity.

6702 COMPLEX CONSERVATIVE THERAPY OF
ACUTE PANCREATITIS WITH THE USE
OF PERMANENT MAGNETIC FIELDS. (Rus.) Val'ter,
E O (Dept Clinical Surgery. Izhevsk Medical Inst..
1zhevsk, USSR). Sov Med (2): 34-38; 1980 (13 refs).

Experience with the use of permanent elec-
tromagnetic fields for the treatment of acute pan-
creatitis in 25 dogs and 109 patients (22 men and 87
women) is reported. Pancreatitis was induced in 25
dogs by introducing bile into the pancreatic tissue
Twently dogs were treated with an electromagnetic
field by applying two radiation sources
(magnetophores. 360 Oe each) for 10-20 days. 5 un-
treated dogs served as confrols. The mortality was
6/20 in the experimental group and 5/5 in the control
group. Compared with the controls, the experimental
animals showed a more rapid normalization of the
trypsin. trypsin inhibitor. and amylase levels. In the
clinical trials. 80 patients with acute pancreatitis and
29 with cholecystopancreatitis received elec-
tromagnetic treatment by wearing two
magnetophores (360 Qe each. gradient 41 Oe/mm)
continuously tor a few hours or up to 2-3 wk. depen-
ding on the seriousness of the clinical picture and
the therap: eftect in co ion with the stan-
dard conservative treatment. The magnetophores
were placed on the anatomic projections of the pan-
creas on the abdomen and back. The urine diastase
level returned to normal in 4-5 days and the blood
amylase and trypsin levels normalized in 6-10 days.
but the trypsin inhibitor level remained elevated for
20 days. Improvement was seen in 14 patients within
the first 5 days of complex treatment. on day 10in 17,
on days 14-15in 17, on days 15-20 in 35. and after 20
days in 2. The therapeutic results were more
favorable than those reported for an untreated con-
trol group (results not available). These findings sug-
gest thal the magnelic field acts not only on the
trophic connections between the active sites of the
skin and the internal organs. but also directly on the
pancreas. thus potentiating the eftects ot drugs.

6703 VERY LOW FREQUENCY AND SMALL IN-

TENSITY ELECTROMAGNETIC AND
MAGNETIC FIELDS AS AN OECOLOGICAL FACTOR.
{Eng.) Achkasova. lu. N. (Crimean Medical Inst.. bul.
Lenina 5/7. Simferopol. USSR); Pyatkin, K. D.:
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tromagnaetic tields (EMF) and magnetic fields (MF) on
the biologic properties of several strains of bactenia
(Staphyiococcus aureus. Bacilus anthracordes.
Klebsiella pneumoniae. Escherchia coh. Salmonelia
typmimurium, and Shigella sonne) were examined
The bacteria were exposed to EMF and MF either for
4 hr/day or repeatedly for B hr/day (20-30 passages)
EMFs of 0.1 Hz and 0.4 V/im, 0.5 Hz and 0.4 V/m, 1.0
Hz and 0.4 Vim. and 1-20 kHz and 4 mV/m stimulated
the rale of cellular proliferation. increased bacterial
enzyme activity. produced no change in the type of
nutrition, and increased resistance to antibiotics. An
EMF of 0.5 Hz and 100 V/m inhibited the rate of pro-
fileration and enzyme aclivity. produced unstable
auxotrophs, and increased resistance to antibiotics
An MF of 0.1 Hz and 0.5 gamma inhibited the rate of
proliferation. resulted in mallose-negative enzyme
activity, produced auxotrophs. and increased
resistance to antibiotics. MFs of 0.6 Hz and 1 gamma
0.5 Hz and 16 gamma. 0.5 Hz and 30 gamma. 0.5 H2
and 46 gamma, and 0.5 Hz and 92 gamma inhibited the
rate of proliferation and enzyme activity and produc-
ed auxotrophs. MFs of 0.6 Hz and 1 gamma. 0.5 Hz
and 46 gamma, and 0.5 Hz and 92 gamma increased
resistance to antibiotics. while MFs of 0.5 Hz and 16
gamma and 05 Hz and 30 gamma decreased
resistance to antibiotics. A single exposure to both
EMF and MF changed the rate of bacterial proliiera-
tion, however. the rate returned to normal when the
exposure was discontinued. Resistance to antibioics
and the development of auxotrophs were observed
after long-term exposure. Considerable scatter of
resulls was observed in all experiments. A study of
the tluctuations of natural MFs during the experimen-
tal period revealed that the growth of bacteria in a
control group was greatly influenced by magnetic
storms. Thus. it is necessary to take into considera-
tion perturbations ot the geomagnetic field when stu-
dying the effects of very low frequency and intensity
MFs and EMFs on bacteria.

6704 EXPERIMENTAL EFFECTS OF COMBINED

EXPOSURE TO INFRASOUND AND
ULTRA-HIGH FREQUENCY ELECTROMAGNETIC
FIELDS. (Rus.) Gabovich. R. D. (Kiev Medical Inst..
Kiev. USSR). Shutenko. O. I.: Koziarin, |. P.. Shvaiko.
1.1, Gig Sanit (10): 12-14: 1879 (6 rels).

The physiologic etfects of exposure to intrasonic
waves (8 Hz. 110 dB, 2 hr/day for 10 consecutive wk),
an ultra-high frequency electromagnetic field (100
uWicm?. 2,375 + MHz. 2 hriday lor 10 consecutive
wk), and their simul lication were studied
in 160 male aibino rats (initial body wt, 130 < 5g} The
animals were divided into four equal groups: group 1
received no treatment, group 2 received elec-
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observed in ail groups 2 wk after exposure. but it was
significant in group 4 only (p<0.05). Performance

pacity (as d by a ing test) was
significantly reduced (p<0.05) only in group 4 by the
end of the experiment. The summation threshold in-
dex. reduced in group after 2 wk, was significantly in-
creased after 6 wk in groups 3(16.9 = 0.69) and 4 (18.1
+ 0.65) compared to the controls (14.5 + 0.36). The la-
tent period for ur itioned refl was reduced
in group 4 compared with controls after the first 2 wk;
it was significantly increased in all three exposed
groups at 6 wk, but it remained significantly increas-
ed until the end of the experiment in group 4 only
(60.2 = 2.5 msec). The duration of hexobarbitol-
induced sleep was significantly prolonged in all three
exposed groups after the second experimental
week. but it remained increased until the end of the
experiment in group 4 only. Blood cholinesterase ac-
tivity was significantly reduced in the three exposed
groups at 2 wk. but no difference was observed at the
end of the experiment. Oxygen consumption was
reduced in group 2 only (by 7.7%) at the end of the
experiment. After an initial stimulation. the thyroid
function was depressed in the exposed groups at the
termination of the experiment: radioiodine uptake
was 33% in group 2. 28.7% in group 3. and 25.4% in
group 4 versus 36.9% in the controls. These findings
demonstrate a synergistic effect for the combined
exposure to infrasonic waves and ultra-high frequen-
cy electromagnetic waves.

6705 NEW STEP IN THE HYGIENIC SUPERVI-

SION OF THE USE OF ELEC
TROMAGNETIC RADIATION SOURCES IN MOSCOW.
(Rus.) Appenianskiii, A. 1. (Public Health
Epidemiology Station. Moscow. USSR): Gordon, Z.
V.. Tsessarskii, A. V. Gig Tr Prof Zabol (10): 49-51;
1979 (7 refs).

Reports ibing the hygieni ion of work
places and workers exposed to electromagnetic
radiation in Moscow are reviewed. Three hundred
of iati levels were
performed during the period 1968-1978. The maximum
allowable radiation levels (not specified) were ex-
ceeded in 29-37% of all cases. Exposure to elec-
tromagnetic fields was reported to impair the
resistance of exposed workers to other harmful en-
vironmental factors {e.g.. infections) and to increase
the incidi of some such as ischemi
heart disease, The hygienic inspection will be ex-
tended to all frequencies of nonionizing radiation and
radiation levels will also be measured in the general

gical Effects of
Radiation V(1J, September 1960

hygienic evaluation at the design stage and du
testing.

6706 NEW VDE REGULATIONS F

MICROWAVE OVENS. (Ger.) Schroth
(No affiliation given). Electrotech Z 100120): 1
1102; 1978 (4 refs).

New Association of German Electrical Engine
(VDE) regulations for microwave ovens

presented. Warning labels are required on

microwave ovens only if the radiation intensity
ceeds 5 mW/cm‘ when one of the covers is remo
{e.g.. for repair). The leakage radiation intensity i
not exceed 5 mW/cm’ during attempts to open
door with all but the principal safety interlocks ou
order. The i permissi ge for botr
tact and repaired microwave ovens is 5 mW/cra’

8707 A REVIEW OF SELECTED BIOLOGK
EFFECTS AND DOSIMETRIC D&
USEFUL FOR DEVELOPMENT OF RADIOFREQUI
CY SAFETY STANDARDS FOR HUMAN EXPOSUI
(Eng.) Tell, R. A_ (Office Radiation Programs. E|
P.O. Box 18416. Las Vegas. NV 89114); Harlen. F
Microwave Power 14(4): 405-424; 1979 (88 refs)

Bases for ping radio fr y (RF) expos:
stand~ ds. which can be related to the thermoge
propé€. ues of electromagnetic fields. are present
In addition. selected biologic effects. includ
dosimetric data. that are pertinent to the devel
ment of the standards are reviewed. On the basis
available bioeffects data, the following conclusic
seem reasonably supportable. When an animai
thermally loaded to approximately its basal metabc
rate (BMR) value. noticeable signs of heat stre
become evident. Clearly discernible elevations
rectal temperature in laboratory animals can occu
thermal loads as low as 20-30% of the BMR. Althou
numerous behavioral and endocrine effects as w
as heart and respiration rate changes are observec
specific absorption rates below the equivalent of
animal's BMR. there is little evidence that the
observed effects are anything but manifestations
normal physiologic responses to mild thermal stre:
When RF induced thermal loads exceed about tw
the BMR in smail laboratory animals. the therr
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pulsed electromagnetic fields are any more hazar-
dous than an equivaleni average power continuous
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Their penetration depth may exceed 100 mm. In the
trequency range of 3-30 MHz, the recommended

wave lield. Based on the analogy of ther t
standards that have been developed for hot industrial
environments, limits on increases of body
temperature are proposed as criteria for limiting ex-
posure to RF fields. i.e.. occupational exposure s in-
volving deep heating of the whole body should not in-
crease core temp in of1C.t

since energy d ition from e to some FIF
fields is likely to be nonuniform and may be high in
tissues that are not adapted to high rates of absorp-
tion or dissipation of thermalizing energy, means are
needed to adjust focal thermal loading against the
whole-body averages. A limit on core temperature is
inadequate when focal elevations of temperature are
close to the limits for protein denaturation: this may
occur even though the core temperature may rise
lass than 1 C. On the basis of available data. it is con-
cluded that the sate value for continuous exposure to
10 mW/cm'’ appears to provide an adequate margin of
safety for both i and envir ex-
posure for frequencies above about 1 GHz. This limit
may be too high (perhaps by an order of magnitude)
for some frequencies below 1 GHz where body
resonances cause a significant increase in energy
deposition and where local temperature rises occur.
Itis also luded that tbe p period
01 0.1 hr seems unjustifiably short.

8708 RISKS OF MICROWAVES AND RADIO

WAVES FOR HUMANS. (Ger.) Bernhardt,
J. (institut fur Radiologie. Universitat Eriangen,
Krankenhausstrasse 12. 8520 Erlangen, W.
Germany). Disch Med Wochenschr 104(50): 1757-
1761: 1979 (32 rets).

Studies of the effects of microwaves and radio waves
on the human body are reviewed. On a molecular

level. the el gnetic field the motion
and partial ion of polar which leads
to the developmant of heat due tn frictional losses.
Thermai di ol macr occurs on-
iy in lields of ex y high mal

affect (excitation of nerve and muscle cells) may oc-

per ible field p s are 1.5 kVim
and 4 A/m for long-term exposura exceeding 0.1 hr
In the range of 10 kHz-3 MHz. the recommended max-
imum per ible field sare3 kV/mand 8
Alm for long-term exposure (>0.1 hr).

6708 ACUTE MICROWAVE IRRADIATION:

REPORT OF A CASE TREATED RECENT-
LY AT BEGIN HOSPITAL. (Fre.} Delahaye. R. P.
(Clinigue de Rheumatologie. Hopital Begin. Saint
Mande, France); Doury. P.. Conrad. J.; Metges. P. J .
Pattin. S. Med Aeronaut Spat 18(72): 293-296: 1979 (4
rets).

A 36-yr-old technician was exposed to whole-body
microwaves for about 20 min while repairing radar
equipment. The power density was estimated to be
10 mW/cm’: the wavelength was 1.3 cm: the puise
length was 0.5 usec: and the pulse frequency was
4,000 Hz. The exposure produced a sensation of
heat, especially in the hands. and dorsolumbar
pains. which prompted the technician to leave the ex-
posed area. The palient was unable to move for
saveral hours. Primary treatment consisted of bed
rest and treatment with analgesics. The patient was
in good condition 3 days after the exposure. but
nausea without emesis persisted for a iew weeks.

Thorough, comprehensi clinical
performed a few weeks after exposure lailed to
reveal any ] The oph logic

and neurologic nndmgs were normal,

610 TIME PARAMETERS IN MICROWAVE IR-

RADIATION (ABSTRACT). (Eng.)
Davydov. B. I. (No affiliation given). Antipov. V. V_;
Tikhonchuk, V. S. Eng Mon index 18(1): 418, 1980 (19
rets).

Tne time cnaracleristlcs of injury and recovery after

cur at frequencies below 30 kHz and at
high field intensity. Microwaves and radio waves wnth
frequencies above 30 MHz g heat in

ir were anlyzed from ex-
periments on 3,080 mice and 604 rats. The processes
Iting from exposure to microwave and ionizing

tissues. The panetration of such waves is 0.1-100
mm. At power densities >100 mWicm’, the eye is the
critical organ. and irradmlon may cause cataracts.
The issible power
density for exposure exceeding 0 1 htis 10 mWicm?
or 200 V/m and 0.5 A/m. Whole-body effects may be
manifested above 30-100 mW/cm’. The recommend-

fadiallon were sutqec\ed to a formal comparative

ysis. The a similarity between
the effects of exposure to microwave and ionizing
radiation.
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THE ADRENAL CORTEX FUNCTION IN CHILDREN
WITH BRONCHIAL ASTHMA. (Rus.)Stepanova. L. T.
{Moscow Inst. Pediatrics and Pediatric Surgery, Rus-
sian SFSR Ministry Public Health, Moscow. USSR);
Gromova. V. N.; Titov. G. N_; Terfilova, E. V.; ludaeva,

I.; Strekalovskaia. N. N. Vopr Kurortol Fizioter
Lech Fiz Kul't (2). 26-31. 1979 (10 rets).

The effects of centimeter waves and of inductother-
my on the tunction of the adrenal cortex was studied
in 150 children aged 5-15 yr with bronchial asthma of
allergic-infectious etiology (70% of the children) or of
allelgnc aluulogy only {30%). Severe asthma was

Effects of El g
Radiation V(11, September lm

n given.). Dy . V. D.; Kachura. V.
Vybornyi, V. P. Elektron Obrab Mater (6): 64-71. 19
(9refs).

The general principles and the physical aspects
the biologic effect of industrial frequency (50 +
alectromagnetic fields are described. In addition. t
results of in vitro experiments of the effects of el
tromagnetic fields (50 and 150 kV/m)} on hum
peripheral lymphocytes and embryonal fibrobla
like cells are presented. Exposure to the ele
tromagnetic field caused disturbances in the grov
and development of the cultures: ultrastructu
changes in lne chromatin in the nuclei. nucleoli. a

d in 20 p and was
diaonosed ln 130 Group 1 isted o! 79 c
wave irradi

not gwen 2 W for those in the 5-7 yr bracket aw ior
those in the 7-10 yr bracket, and 6-8 W for those in the
11-15 yr bracket) for 10 min every day or every other
day. totaling 8-10 courses. Group 2 included 36
children aged 58 yr who received contact in-
ductothermy (UHF. output 30 W) for 10 min every day
or everv other day, totaling 10-12 courses. Thirty-five
children servsd as contrals. In adduion the children

also r ived a r diet.
(13 cases). and specific desensitization (19 cases). In
i with mo in group 1. the serum

cortisol and corticosterone levels were 10.1 ug% and
9.8 ug%. respectively, before treatment and 12.9 ug%
(p<0.002) and 6.9 ug% (p<0.001). respectively, after
treatment. In group 2. the levels were B.B ug% and 11
ug%. respectively, before treatment and 9.9 ug% and
8.9 ug% (p<0.05). respectively. after treatment. The
respective serum levels for controls were 9.8 ug%
and 8.7 ug% before treatment and 8.7 ug% and 8.2
1@% after treatment. The C21 corticosteroid level and
the 17- onycorhcosteroldl17-deoxycomcoster0|d
ratio i d y after 1 in group
1. Along with Ihe i of cor oid b
thesis, the hepatic metabolism of these hormones
was also increased. Similar changes were seen in
group 2. In the children with the most severe form of
asthma, who had been on Iong -term hormone treat-
ment, tr with waves and in-
my was ineff . the a
turther deteri of the cortex f
The therapeutic etfect was better in children aged 5-8
yr in group 1 than in group 2 The tindings indicate
that timeter wave irr and i my
have a pronounced clinical efrecl. i.e.. normalizati

: and a reduction in mitotic:
twlty The passage of the cells in the phase of deo:
ribonucleic acid synthesis within the mitotic cys
was slowed. the duration of the S phase was prolor
ed. and ribonucleic acid and protein syntheses we
inhibited. These experimental data give indire
evidence of the direct effect of industrial frequen
electromagnetic fields on cells.

8713 CHANGES IN THE BIOLOGIC ACTIVI

OF CERTAIN RABBIT BRAIN STRU
TURES UNDER THE EFFECT OF MICROWAVE
(Rus.) Ershova. L. K. (Inst. General Municif
Hygiene. Kiev. USSR): Rudnev. M. . Fiziol Zh 25(
132-138; 1979 (1B refs).

The effects of microwave irradiation (2.375 + 50 b
energy flux density of 1. 5. 10. 50. and 500 uW/cr
length of exposure. 7 hr/day for 3 mo) on the bioel¢
tric activity of various brain structures (poster
hypothalamic nucleus, central median thalan
nucleus. and sensory-molor and visual cortice
were studied in 36 male chinchilla rabbits (bo
w\ 2735 kg) Tr:a animals were irradiated by 1

[ 5. Exposure
1 and 5 uW/cm’ caused insignificant changes in t
while to 10-500 uW/cm’ cat

"

ad ble ¢ inthe ic activity
the cortical and aubcomcal structures. Two weeks
exposure to 10 uW/cm' microwaves caused a 19.7

of the adrenal cortex function in children with
casesof b . This

is not indicated for patients with severe bronchial

asthma.

i in the alpha-rhythm index of the senso
motor cortex and a 43.2% increase for the visual ct
tex. The amplitude also increased--by 53.4% in
sensory-motor cortex and by 75.8% in the visual ¢
tex. These changes appeared slightly later in t
subcortical structures. The bioelectric process
were inhibited by 500 uW/cm’ during the init
period. The findings indicate that micrownve lrrad
tion with >10 uW/cm! an
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na CALCIUM AND MAGNESIUM LEVELS IN

RAT TISSUES UNDER THE EFFECTS OF
INDUSTRIAL-FREQUENCY ELECTROMAGNETIC
FIELDS. (Rus.) Dyshlovoi. V. D. (A. A. Bog let

CURRENT LITERATURE

the blood chioride Iaval ranged from 274 to 380 mg“o

in 67.6% of the d workers ed with 393
mg°% as lha lower limit ot the normal range) and the
d level was 31.9 mg®. (average

Medical Inst.. Kiev. USSR). Radiovskaia. Z. T..
Arkhipchuk. V. D.: Kachura, V. §. Gig Tr Prof Zabo!
(2): 46-47: 1980 (no refs).

The eftect of exposure to an electromagnetic field (50
kV/m. 50 Hz. for 5 hr) on the calcium and magnesium
levels in the liver. thymus. kidneys. brain. hip
tongue. icl prostate, heart, lungs,
stomach. spleen. large and small intestines. and
adrenals was studied in seven male Wistar rats (body
wt 180- 220 g). Seven untreated animals served as
controls. The ani were
after exposure. The calcium Ievels were sithcantly
reduced in the liver (1,781 versus a control value of
3.534 ug/g dry lissue wt, p<0.001) and thymus (2.863
versus 5,202 ug/g. p<0.01), and were significantly in-
creased in the kidneys (3.016 versus 1.376 ug/g.
p<0.05). brain (3.347 versus 1,367 ug/g. p<0.001), hip
muscles (2,905 versus 693 wg/g. p<0.001), tongue
(2.831 varsus 916 ug/g. p<0.01), testicles (4,945 versus
1,526 ug/g. p<0.01). and prostate (2,157 versus 1.053
#glg. p~0.001). The magnesium levels were
significantly reduced in the liver (1,223 versus 1,565
ug/g, p<0.001) and thymus (1.484 versus 2.381 uglg.
p<0.01), and were significantly increased in the brain
11.362 versus 901 ug/g. p<0.001). hip muscles {1.731
versus 1.321 ug/g. p<0.05), tongue (1,266 versus 818
ug/g. p<0.01), testicles (2.042 versus 1.426 ugfg.
p<0.05), and prostate (974 versus 721 ugig. p<0.01),

65 SIGNIFICANCE OF BLOOD LIPID AND
ELECTROLYTE DISTURBANCES IN THE
DEVELOPMENT OF SOME REACTIONS TO
MICROWAVES. (Rus.) Sadchikova, M. N. {inst. In-
dustrial Hygiene Occupational Diseases., USSR
Acad. Medical Sciencea. Moscow USSR).
Kharlamova. S. F.; k N. N
V. Gig Tr Prof Zabo! (2) 38-39: 1980 (6 rels)

Physiologic and bioch I ch. were st
in 50 men ugeo 32-50 yr. average age 42 yr) who were
P to lo!

radiation for soveul years (5-15 yr, avauge 13 yn.
The field i reached several d uW/cm’
and the daily exposure did not exceed 2-3 hr.

ty-nine men, not d to electromagnetic
tields, served as conlrols. Dermatographia,
hyperhidrosis. labile puise and a tendency for

and changes in ducti

«re seen in the exposed group (no cotresponding

value). Compared with the controls. the serum
triglyceride. -lipoprotein. cholesterol, and
phospholipid levels were increased significantly in
the exposed workers. The changes were most mark-
ed in the triglyceride and -lipoprotein leveis. the
triglyceride level ranged from 157 to 259 mg°. In
63.6% of the cases (compared with 151 mg°. as the
upper limit of the normal range) and the f-lipoprotein
tevel ranged from 783 10 1,659 mg°o in 50.2% of the ex-
posed workers. These lmdmgs lndlcale that Iong
term to |

fields causes changes in the bloou electrolyles and
serum lipids.

(741 EFFECT OF ELECTROMAGNETIC RADIA-

TION AT 2.45 GHz FREQUENCY ON DBA2
MICE: EFFECT ON SERUM TRIGLYCERIDES AND
F-LIPOPROTEINS. (Fre.) Laurens. S. (Departement
d’'Etudes et de Recherches en Microondes. Centre
d'Etudes et de Recherches de Toulouse. Toulouse
France), Dumas. J. C.. Roux. G. Arch Sci 32(2): 181-
187.1979 (14 rets).

The effect of exposure to electromagnetic lields of
ditferent intensities at a fixed frequency (245 GHz)
tor 63 hr on the serum triglycendes and
p-lipoproteins was studied in purebred DBA2 mice.
The field instensily was 1.2 mW/cm’ in group A (72
animals). 3 mW/cm’ in group B (36 amimals). 5
mWicm' in group C (72 animals), 8.4 mW/cm' in
group D (48 animals), 10.2 mW/cm’ in group E (48
animals). 12 mWicm' in group F (84 animals). and 15
mW/cm' in group G (48 animals). Nonirradiated
animals served as the controls. irradiation caused a
nonlinear increase in the serum triglyceride leveis
The increase was observed as follows: A. B ~C.D. E
> G > F; the level was increased by 46° in group F
The fi-lipoprotein level a nearly linear in-
craase with i q lield Y- @ 40°,

at 15 mW/cm? Yhera ware no significant changes n
the cholesterol level. The changes in in the
triglyceride and f-lipoprotein levels produced obser-
vable results at intensities greater than 3 mW/cm!

[7ak4 DYNAMICS OF THE IMPULSE ACTIVITY

OF NEURONS OF THE POSTERIOR LOBE
OF THE HYPOTHALAMUS UNDER THE EFFECT OF
MICROWAVES. (Rus ) Faital'hara-Riank V R iNeni
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The eftect of an electr tield (
12.6 cm, field intensity 0.5 or 5 mW/cm', length of ox-
posure 10 min) on the impulse activity of 128 nerve

Effects of
Radigtion Vi1, September 1980

of the irradiated organs were examined 1. 5. 10. an
30 days after treatment. Activation of spe
malogenesls was observed 1 day after treatment. N

cells of the mamillary bodies of the hyp

was studied in 18 male chinchnla rabbits (body wt 2-3
kg). The vib was ofi P to the body
axis at a disk corr ding to 4

from the head of the animal. Depending on the type
of background activity, 68% of the cells generated ir-
regular solitary action potenuals (type 1), 1%

action p din

(type 2). and 21% genetaled somary and ciuslsred
action p (type 3). An elect tic field of
0.5 mW/cm* caused an increase in the discharge fre-
quency of the nerve cells. The highest percent (80%)
of ited was ded during 4 min of ex-
posure. Before exposure. the discharge frequency
of the majority of the cells was 1-7 impulses/sec, in-
creasing to 8-14 i isec during irradiation. The
highest percent (22%) of inhibited cells occurred dur-
ing 10 min of exposure. The impulse activity of the
cells returned to the background level 4 min after ex-
posure. Under the effect of 5 mW/cm*, there was a

in the p t of celis
ponding with i d peak freq y. The per-
cent of was higl (62%) during 3

min of exposure, and the percent of inhibited cells
was highest (36%) during 5 and 10 min of exposure.
The impulse activily returned to normat levels 4-5 min
after exposure. Four percent of the cells showead in-
creased fraquency of the action potentials, while a
decrease was seen in 5% in the nonexposed con-
trols.

[.1al ] EFFECT OF UHF ELECTRICAL FIELDS ON
SPERMATOGENESIS. (Rus.) Danllova R
(Central inst. Der gy

Genlral Inst.
USSA); Skurikhina, L. A_; Skuratovlch A A Alva-
zian. A. A. Vopr Kurortol Fizioter Lech Fiz Kul't (2):
16-19; 1978 (11 refs).

The effects of merapeuuc and experimental unranlqh
(UHF) ir on sper

ware |tud'led in men and in rabbits. respacﬁvely The

therapeutic experiment involved UHF irradiation (40

W. 8-10 min/day. 3-10 sessions) of the testicles of 38

men (aged 21-50 + yr) with epididymitis (28 cases of

acute epididy and 10 te. 10/38 cases of
gonorrheat gy). The was n
19 patients 3-8 mo after treat -nd in 1p 5
yr after No h were

ges were observed after 5 days. an
spermatogenesis returned to normal within 10 day
of treatment.

679 ELECTROMAGNETIC FIELD AN

PSYCHOBIOLOGIC INFORMATION
(Cze.) G . 0. (Rehabili i odd i. Nemo
nice s pollkllmkou OUNZ, Havlickova 294. 790 (
Jesenik, Czechoslovakia). Cas Lek Cesk 118(40/41
1221-1226: 1979 (34 refs).

Clinical and experimental studies on th
psychobiologic effects of electromagnetic fields ar
reviewed. The human body is able to receive ele:
tromagnetic signs in the range of several tens to hut
dreds gamma (1 gamma=10-G). The organism is als
able to emit inf rying electr 9
The appli of a elet
tromagnetic field (0.72 or 96 G. pulse length 66 mset
Irequency IZ Hz) to the head for 1 hr was observed t
g h The response tc th
elecir was if inano
malization “of lhe elec"ogram of the fingertips.

6720 EFFECT OF A CONSTANT MAGNETI

FIELD ON ELABORATION OF COND
TIONED REFLEXES OF MICE IN LOWLANDS AN
HIGHLANDS. (Rus.)Ryskanov. T. (Kirghiz Medical it
st.. Frunze, USSR); Abdullina, Z. M. Zh Vyssh Ne
Deiat 29(2): 410-412: 1979 (9 refs),

The e"ect of a constant magnetic field of varyin
Oe. 20 Oe/cm: 200 Oe. gri

dient 25 Oa/cm: and 20 Oe, gradient 1 Oe/cm. 2 hr
day for 10 consecutive days) on the elaboration of th
conditioned escape reflex was studied in albin
mice. The animals were placed in a T-shape
labyrinth and the eﬂects of previous exposure to th
field were g under an

highland conditions (3. 200 m above sea level). Th
P of the reflex was inhibite

at ail intensities under flatiand conditions: the inhib
tion was most pronounced at 2.000 Oe. In the grou
exposed to 20 Oe. inhibition of the conditione

observed and the numbera of mollle sper

were normal. Analysis of the data show-
ed no in the families of ients; no data
were avallable on one patient. YM flndlnos indicate

pe reflex was not observed until the 6th day. it
dicating a summuion eftect. Under highland cond
tions at 20 Oe. inhibi of the r
observed only after the first 5 days. Undar hlqh{an
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have similar effects on the elaboration of conditioned

their effects are when occur-
1ing simultaneously.
L 14 PHYSIOLOGICAL AND BEHAVIORAL EF-

FECTS OF CHRONIC EXPOSURE TO 2450-
MHz MICROWAVES. (Eng.) D'Andrea. J. A. (Dept.
Electrical Engineering. Univ. Utah, Salt Lake City. UT
84112); Gandhi. O. P.; Lords, J. L.; Durney. C. H..
Johnson, C. C.: Astle. L. J Microwave Power 14(4):
351-362; 1979 (25 refs).

Long-Evans male adult rats (350-375 g) were exposed
tor 16 wk to 2.450-MHz conti wave mic

at an average power density of 5 mW/cm* (dose rate,
1.23 + 0.25 mW/g) to assess the physiologic and
behavioral effects of chronic microwave exposure.
The electric field was parallel to the long axis of the
holding cage and to that of the rat. resulting in max-
imal absorption ot radiant microwave energy. The
animals were exposed for B hriday. 5 days/wk, fol a
total of 640 hr in a pole-abs ground i

CURRENT LITERATURE

hooded rals (235 days old. 315-365 g) by measuring

after termi on of overnight ex-
posures. Each of 12 naive rats was trained to insert
its head into a food cup for food pellets on a random-
interval schedule of reintor t. After perform-
ance stabilized. the rals were assorted into three
groups of four animals each. Groups were malched
for response rates. The rats were exposed in an
electrically anechoic chamber under far-field condi-
tions in groups of four animals each for 15.5 hr 1o con-
tinuous wave 2.450-MHz microwaves once every &
nights. Each group was exposed to a given power
density ot 5, 10. or 15 mW/cm’ for three times at an
ambient temperature of 22 C. then three limes at 28
C. and then once more at 22 C. The relative humidity
was 50% during all exposures. Rats were sham -
radiated the night before each microwave exposure
Behavior was tested daily after termination of
microwave irradiation or after sham exposure Ex-
posure to microwaves at 22 C did not alter the rate or
duration of responding behavior. However. behavior
following 10- or 15-mW/cm’ exposure at 28 C showed
a marked decrement in overall performance. increas-
ed occurrence of long pauses between bursts of
responding, and decreased numbers of reinforcers

hamber while h d in Plexiglas holding cages.
Daily measures of body mass and of food and water
m(aka indicated no statistically significant effects ot
wave irradi Bi kly stabilimetric tests

y after exp C] a significant
depression of behavioral activity in 15 mlcrowave-

p rats as d with 15 sha

i of y based on
revolutions of a running wheel, which were obtained
during 12-hr periods each 8-hr e,

showed no significant effect of microwave irradia-
tion. However. the overall mean number of wheel
revolutions for microwave-exposed rats was approx-
imately 30% greater than that for sham-exposed rats
during the study. This may reflect attempts by the
microwave-exposed animal to racover the loss of the
increased metabolic load while not under exposure.
Blood samples taken after 2. 6. 10. and 14 wk of
microwave exp slight of
sulthydryl groups and of red and white blood cell
counts. Measurement of the mass of the adrenals.
heart. and liver at the end of the 16-wk exposure
period as well as of 17- oids in
the urine at 1. 5. 9, and 12 wk of exposure revealed no
indications ol stress.

722 MICROWAVE IRRADIATION AND AM.

BIENT TEMPERATURE INTERACT TO
ALTER RAT BEMAVIOR FOLLOWING OVERNIGHT
EXPOSURE. (Eng.) Gage. M. |. (Neurotoxicology

r ived by the . The resuits are interprated

as a transient debilitation of behavior that is produc-

ed by the interaction of a mild elevanon of ambient
P and microwave irr

6723 PSYCHOSES IN RADIO WAVE DISEASE.

(Aus.) Chudnovskii. V. S. (Dept
Psychiatry. Kazan' Medical Inst. Kazan'. USSR). Sov
Med (8): 111-115, 1979 (8 refs).

The case reports of three men with psychoses that
developed during stages Il and Il of radio wave
disease are presented. The three men were exposed
occupationally to high-energy super-high frequency
radio waves in the centimeter and 10-cm range for 10-
19yr. One paﬁent was also exposed to ultrasound for

the last 4 yr. was ially ints (1012
hr/day) lmmediatelv belore |ne onset of the radio
wave gability. epi ia pain.

. and irritabihty
were the first symptoms. Neurosis. autonomic
vascular dystonia. and thoracic radiculitis were
diagnosed. Moderate disorders of the oculomotor in-
nervation. nystagmus.tendon hyper-reflexia. reduced
cerebral circulation or venous stasis. and retinal
angiopathy were also found. The psychoses
developed on a background of severe asthenia and
were characterized by delirious disorders. The first
psychotic attack developed abruptly in one patient in
stage |l radio wave disease. Emotional stability.

Div.. MD-74, Health Eftects Res. Lab.. EPA. Resea

Triannia Dark N 977112 | Mirrawavs Pawar 1414V

hyperesth asthenic syndrome. and hallucina-

HARS wara diannasnd Tha mmcababic ;misade ioat.
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. slight imp of memory. and
sell-criticism. One patient suddenly developed a
paranoid syndrome. The loilow-up of the patients (2-7
yr) disclosed no signs characteristic of

. The t t ot p in radio
wave d-suse iS unspecmc and is delermmea by the

y and by the

somatic dlaordera.

6724 MICROWAVE PHOTOCONDUCTIVITY IN

PLANT LEAVES. (Rus.) Deriabkin. V. N.
(Moscow Physical Technical Inst.. Moscow. USSR).
Kireev. V. B.. Spachkov. M. P.. Trukhan, € M
Biotizika 24(16) 1026-1029; 1979 (10 rets).

The superhigh fr y (SHF) p vity of

pea and Tradescantia leaves illuminated at 0.5-100

MW/cm' was sludied at 10 and 1 GHz by meaaurmo
photo: ‘ ic loss

dant

8 Ettects of Eiec
Radianon V(1) September 1980

6726 EFFECT OF SOME FACTORS OF PRE

EMERGENCE ELECTRICAL TREATMEN'

OF SPRING WHEAT SEEDS ON CROP YIELD AND OF

THE NUTRIENT UPTAKE DURING DIFFEREN’

PHASES OF ONTOGENESIS. (Aus }zakov F la (N

ion given). B . A P. Ohulova, V A
Elektron Obrab Mater 16) 58-64. 1979 (6 rets)

The effect of elecinical treatment of spring whea
seeds under varying conditions on the crop yeld ant
nutrient uplake of wheat plants seeds was studied
The seeds were treated in a constant coroni
discharge field (5 kV/cm, vollage 50 KV distance bet
ween electrodes 10 cm. duraticn of treatment 5 sec
ang plants grown from untreated seeds served a:
controls The electrical treatment was carried ou
either in a vacuum of In open ai. in which cast
ionization was possible The crop yield was 2.4
kgi/hectare for the controls. 2.940 kgihectare for the
group treated in air. and 2.840 kg/hectare for the
group treated in a vacuum Both elecirical treatment:

signals at both frequencies were linearly d
on the white light intensity. The signal obtained for
the fresh leaves at 10 GHz had a biphasic course wnh
the major portion being negative al 20 C. N

photoconductivity was found after heating aoove 50
C. A positive signal component appeared when the
leaves were stored in darkness for approximately 30
min betore illumination. and the entire signal was
positive when the leaves were dried before the
measurement. At 1 GHz. both the fresh and dried
leaves gave similar positive signals. and moderate
heating had no eHect on the shape of the signal.
Heating the leaves at 100 C for 10 min reduced the

inc the nmitrogen. phosphorus. and potassiun
levels in the plants at difterent stages of on
tog . but seed 't in air had a more pro
nounced effect than chd treatment i a vacuum A
the stage of milky ripeness. the mirogen level wa:
126.2° of the control alter treatment in air ang 118 7
alter treatment in a vacuum. The phosphorus level:
were 105.1% and 115.5%. and the polassium levek
ware 103.5° and 103 5%, respectively When the
electrical freatment was carned out in a nitrogen o
an oxygen atmosphere. crop yield was 3.210 kg/hec
tare and 2.780 kg/hectare. respectively versus 2 atl
kgtheclale for the controls At the stage of milk)

signal litude. It is that the p
segment of the biphasic signal obtained for fresh
leaves may be associated with contormational and
charge ges of the p

and with the pholoconduclmly Hntlng ot the leaf
causes changes in the tissue elecirolyte composi-
tion: as the contribution of the heating of the water
diminishes, the positive signal appears more clear-
ly.

o728 MICROWAVE TECHNIQUES IN FQOD

PROCESSING. (Ger.) Reuter. H. (institut
tur Vertahrenstechnik, Bundesanstalt tur
Milchforschung. Kiel. W. Germany).

T . nitrogen. phosphorus. and potassiun
levels were 152.5%. 173 5%. and 109 5% of the contro
values. respectively. for a nitrogen atmosphere anc
118.7%, 89°. and 100%. respectively. for an oxyger
atmosphere. When the grounded electrode was in
sulated with a coveyer belt. polyethylene. fiberglass
or polyvinyl chioride during the elactrical treatment
the crop yields were 3.120. 2.950. 3.140. and 3.33(
kgihectare. respectively. versus 3.160 kg/hectar¢
without insulation and 2.760 kg/hectare in the ab
solute control. For the insulated eleclrode ex
periments. the nitrogen levels in plants at the slage
of mitky ripeness were 118.7% . 118.7%. 100%. an¢
170%. respeclively, while the phosphorus levelt
were 108%. 89°%, 94.8%. and 1051° and the¢

80(1757): 44-50. 1980 (10 rets).

The general physical and biologic elfects of
microwavas and the use of microwave techniques for
food processing are reviewed. The thermal ettect of
microwave radiation on the human body causes an
increase in the body temperature only beyond a cer-
tain limit. depending on the senvironmental

. heat pation. and the surface ir-

h hink wabar ~antant

P
mdiciad Eummmnd armams

levels were 109.5°. 109 5°  100°. anc
109 5%, respectively

Lirig USES OF ELECTROMAGNETIC WAVES IN

FOOD TECHNOLOGY ANC
AGRICULTURE. (Fre) Thourel. M (Departemen
d'Etudes el de Recherches en Microondes. Centre
d Etudes et de Recherchea de Touluuso |ONERA|

...... e am Fiasa. BBiee. mes BET
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microwaves can be used to dry, dehydrate. cook,
bake. bleach. pasteurize and sterilize food products:
to kill soil weed seeds.: and to kill parasites in soil and
food products. Results of one experiment

that tr at 2,450 MHz
(to produce temperatures of 52 C) was effective for
killing tungi and retarding the fermentation of must
Treatment at 27.12 MHz was eftective in the destruc-
tion of insects in cereals and flour. The advantages of

CURRENT LITERATURE

.and an electr phalog (EEG)
served as dependent measures. Subjects made 15
astimates of intervals of 5 and 9 sec in each field con-
dition. Statistically significant differences were
demonstrated between the field and no-field condi-
tion at 7 Hz: field estimates were shorter than no-field
estimates. The differences were in the same direc-
tion at 14 Hz. but were not statistically reliable. There
were no differences between field and no-held
at 10 Hz or 20 Hz. These results were ex-

microwaves for the above uses, e.g.. gs in

energy. sp=ce. time. and . are

by |he relahvaly high cost of mlcrowaves The aulhor
. that a reduction in cost will evolve

over the next several years.

6728 CHANGES IN THE ELECTRICAL CON-

DUCTIVITY OF THE WHITE AND YOLK OF
HENS' EGGS DURING THE EARLY STAGE OF IN-
CUBATION UNDER THE EFFECT OF MAGNETIC
FIELDS. (Aus.) Borodaikevich, D. T. (No affiliation
given). Khananaev, L. |. 8io/ Nauki (4): 34-38; 1979 (10
rels).

The eftect of a 60-min preincubation exposure to
magnetic fields of various strengths on the electrical
conductivity of the albumen and yolk of 534 eggs from
White Leghorn hens was studied. The conductivity
was measured from 12 to 86 hr of incubation at 500,
2.000. and 5.000 Hz. The eggs were transferred into
the incubator 1-2 min after treatment. The field inten-
sity was 50. 100. and 200 Oe in all experiments. Some
eggs were exposed to a constant magnetic field
(CMF. parameters not given). others to an alternating
magnetic tield (AMF. 50 Hz), and others to a pulsed
magnetic hield (PMF. pulse length. 220 msec. interval
between pulses 20 sec). PMF and AMF increased the
electrical d ity of the alb and yolk. while
CMF the p with the
untreated controls. PMF and AMF may accelerate the
ion hange. thereby i asing the electrical con-
ductivity The reduction of the conductivity due to
CMF exposure may result from an inhibition of the
ion exchange

6729 THE EFFECTS OF LOW INTENSITY,
EXTRA-LOW FREQUENCY ELEC-
TROMAGNETIC FIELDS ON TIME PERCEPTION AND
THE ELECTROENCEPHALOGRAM (ABSTRACT).
(Eng.) Kercher. M. M. (Baylor Univ.., Houston. TX
77025). Diss Abstrint 8 40(8): 3997-B. 1980 (norefs).

The effects of imposed eleciromagnetic ﬂelds on

lained in terms of the relationship of the experimen-
tal frequencies to the basic alpha frequency of 10 Hz.
The frequencies that were not coincident with the
alpha frequency. 7 Hz and 14 Hz, tended to have the
predicted effect of shortening time estimales.
though this eftect was only signiticant for the 7-Hz
field. The smaller effect at 14 Hz may have been due
to a higher threshold for the higher frequency. The
EEG was monitored constantly during the time
estimations. but only that portion of the record that
coincided with the actual time estimates was utilized
to compute the percent of time alpha was present
For a given interval the alpha over 30 wV was underiin-
ed and divided by the total length of the interval.
yielding a percent of alpha for that interval Analysis
revealed no differences in the percent of alpha pre-
sent in field versus no-field conditions for any of the
experimental frequencies. It was felt that the lack of
difference in the EEG between fieid and no-fieid con-
ditions might refiect the inability of the particular
method of EEG analysis utilized to tap any subtle
field eftects rather than a true state of no dif-
ference.

6730 AVIAN ORIENTATION AND NAVIGATION.

(Eng.) Schmidt-Koenig. K (Duke Univ.,
Durham. NC). (New York: Academic Press) pp. 29-
152: 1979 (399 refs).

Laboratory and field experiments on avian orienta-
tion and navigation are revi d, luding the use of
the earth's magnetic lield as a compass, T appears
that birds do not use the polarity of the magnetic
field. but rather seem to evaluate the inclination of
the tiald lines to the vertical. Avian magnetorecep-
tion also appears to be adaptable to different intensi-
ty ranges. As birds react to magnetic storms. which
are small variations of the geomagnetic field. e g .
from 0 460 Oe to 0.465 Qe. the avian magnetic com-
pass appears to be sensitive to changes of at (east
0.005 Oe. Young pipeons seem to calibrate their sun
compass by a learning process on the basis of their

g compass. Pigeons bly also use the
geomagnetic tield for nawvigational information
Theoretical models of the physiologic mechanism ot

human ior was with p on
the difference between field effects of various tre-
quencies. Sixty maie college students (aged 18-26 yr)
were exposed to electric fields of four different fre-

. such as utilizing the Hail ettectin
saveral different ways. have been suggested but
never documented
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TO MICROWAVE IRRADIATION DURING
METAMORPHOSIS. (Eng.) Green. D. R. (M.Sc.
Dissertation. Washington Univ.. MO 63130). A thesis
presented to the Sever Institute of Technology of
Washington University: 156 pp.: 1978 (34 refs).

The eftect of microwave irradiation during metamor-
phosis of 2214 pupae of the darkling beetle
( Tenebrio molitor) on teratogenesis and survival was

tudied. A 2-hr irradiati of 1-day-old Tenebrio
molitor pupae at a frequency of 9.00 GHz in an X-band

Bioiogical Effects of Nononizing Electromag
Radiation V(1), September 1960

thermal effects may occur. East European and So
scientists claim that an asthenovegetative syndrc
(e.g.. nausea. headache. fatigue) occurs in

power density range because of effects on the |
vous system: at this level. the changes are gener
reversible. At power densities greater than
mWicm‘, distinct thermal etfects occur with dis
bances of the circulatory system and the 1l
moregulatory mechanism. In the 1520 mw/
range. the onset of various syndromes occi
dependmg on whlch organs are chronically expos

waveguide increased the inci of de -
tal ab lities in r Iting adults without cor-
respondingly increasing pupal mortality at incident
power levels below 160 mW. This was not observed
when pupae were conventionally heated to the same
temperatures experienced during irradiation. Pupae
of di or trauma prior to ir-
radialion (*'nonideal pupae’’) exhibited the
microwave effects to a greater extent than normal
pupae (“‘ideal pupae’’). The incidence of microwave
related abnormalities and deaths did not appear to in-
crease monotonically in the 40- to 160-mW incident
power range, as it did outside this range. Microwave
eftects decreased in the vicinity of 80 mW. cor-
responding to a maximum temperature during ir-
radlahun of aboul ZB C for ideal pupae and 32 C tor
ideal pupae. ifi evidence of microwave
effects was nol observed at ambient relative
humidities above 35%. suggesting that pupal
dessication is involved in the increased incidence of
abnor for irradiated as pupae.
Although pupal mass tollowing 2 hr of irradiation at 80
mW was within +1% of the original mass, such a
small change in water content may be responsible
for the above observations. It is also possible that in-
h in the per| bility of
the oupal culuc!e may promote water loss at low am-
bient following irradi

6732 THE BIOLOGICAL EFFECTS OF RADIO-

FREQUENCY AND MICROWAVE
RADIATION. (Eng.) A im. H. M. (A
Committee on Scientific Criteria for Environmental
Quality. Environmental Secretariat, Natl. Res. Coun-
cil Canada, Ottawa, Canada K1A OR6). Hill. D. A..
Preston. E.. Cairnie. A. B. |available through National
Research Council Canada (NRCC/CNRC). Ottawa.
K1A OR6. Canada. NRCC No. 16448]: 245 pp.: 1979
{299 rets).

Studies on the physical and biologic effects of radio
frequency and microwave radiation are reviewed. as
well as |he of ndio fr y and
. and criteria for per-
sonnel euposure standards. Many of the low-level el-

Hyp on. gue. and hang in e
troencephalograms and electrocardiograms h
been noted. At power densities of greater thar
mW/cm?, the onset of a hypothalamic syndrome
even radiation shock occurs according to East
scientists. The following effects are generally
cepted by Western scientists: an increase in b
temperature with the possibility of heat damage
the testis and some internal organs at power d
sities of 20-100 mW/cm’ (corneal damage occur:
frequencies above 35 GHz): induced fever at po'
densities >100 mW/cm*: and cataracts at power d
sities >150 mW/cm‘ if the eyes are irradiated at
quencies between about 2 GHz 1o over 10 GHz
longer than 1 hr. With regard 1o sources of radio
quency and microwave radiation. nondirectic
broadcast stations. although considerably lo
powered than many other sources. may prove to
the greatest potential hazard to man.

6733 PHYSICAL PLASMA IN BIOLOGIC

SOLIDS: A POSSIBLE MECHANISM F
RESONANT INTERACTIONS BETWEEN LOW INTI
SITY MICROWAVES AND BIOLOGICAL SYSTEM
{Eng.)Zon. J. R. (Dept. Theoretical Biology. Catht
Univ. Lublin, Lublin 20-950. Poland). Physiol Ch
Phys 11(6): 501-506. 1979 (38 refs).

Resonant effects of microwaves in biologic syste
are discussed in relation to the hypothesis that so
state plasma occurs in organic semiconductc
Observed semiconductor properties of biolo
material in vitro indicate possible involvement
semiconduction in biologic processes. Also, sir
solid-state plasma occurs in inorganic semici
ductors. it is hypothesized that solid-state plas
similarly occurs in organic semiconductors. If c
tinual plasma excitation does characterize biolo
materials. then it is suggested that the resonant ;
sorption and the positive biclogic effects

microwaves (e.g.. reduction of radiation damage a
increase in survival ability) could be explained as |
ing due to the supply of quanta of energy capable
sustaining the integrating plasma oscillations in |
biologic system. On the cther hand. the harmiul
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6734 RECOMMENDED PERMISSIBLE LEVELS

FOR EXPOSURE TO MICROWAVE AND
RADIOFREQUENCY RADIATION (10 MHz TO 300
GHz)-A PROPOSAL. (Eng.) Cornelius. W. A
{Australian Radiation Lab.. Melbourne. Australia).
Viglione. G. [Report No. ARL/TRO009]: 25 pp.. 1979
{23 refs).

Manxi permissi levels for e to radio
frequency and microwave radiation (10 MHz to 300
GHz) are proposed The proposed levels are
calculated from a “‘worst case’’ analysis of elec-
tromagnetic energy absorption based on thermal
hazard considerations. and they include a significant
safety factor. For whole-body exposure to con-
tinuous wave (CW) or pulsed (P) electromagnetic
radiation (EMR) in the 10-MHz to 300-GHz frequency
range. except as provided for some near field ex-
posure (NFE) conditions, the maximum permitted
time integrated exposure averaged over any 1-hr
period is defined as ''L’* mW-hr/cm*. where L has the
following values for different frequency (f) ranges:
L=5.4 - 0.365f + 0.0064f: for 10<f<30 MHz: L=0.2 for
30<t<130 MHz; L=0.2 + 0.00128 (f - 130) for 130<f<600
MHz: L=0.8 + 0.00029 (f - 600) for 600<$<3,000 MHz:
and L=1.5 for 3.000<f<300.00 MHz. For whole-body
exposure to CW or P EMR in the 10- MHz to 300-GHz
range for periods of Iess than 1 hr, except as provnd
ed for some NFE the i

irradiance (1) averaged over any 1-sec penod isd4L
mW/cm‘; the peak pulse irradiance must not exceed
1.000 mW/cm'. The time integrated exposure must
not exceed L multiplied by the square root of the time
interval T(expressed in hrlin mW-hricm? forany Tless
than 1 hr. Under certain NFE conditions. greater irra-
diance levels than those specified above may be
tolerated. For whole-body exposure to CW or P EMR
in the range of 10 MHz to 300 GHz. except as prowded
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fects is reviewed. The SSPS is designed to convert
incident solar energy to direct current (DC) power,
which is then converted to microwave energy for
beaming to a receiving antenna site on the ground
The microwave energy incident upon the receiving
antenna (rectenna) elements is then converted back
into DC power. The praposed SSPS microwave

is gned to operate at a fre-
quency of 2 450 MHz. and the ground level microwave
power density on the beam axis is estimated 10 be
25.2 mW/cm‘. In case of a failure of the phase control
system. the peak intensity of the beam will drop to
0.003 mW/icm:. Priority areas of research on the
possible microwave bioeffects of the SSPS. as iden-
titied by the United States Department of Energy. in-
clude the foliowing: response of airborne biota. im-
munologic/ e effects:
perturbations in behavior resulting from the interac-
tion of drugs with SSPS microwave radiation. central
nervous system effects: quantification of the absorb-
ed dose in man and animals for unipath and multipath
exposure conditions characteristic of rectenna sites:
and quantification of thresholds for microwave-
induced febrile convuisions, microwave-induced
work stoppage. and sensory detection.

6736 ELECTROMAGNETIC FIELDS AND

RELATIVE SAR PATTERNS IN
BILAYERED BIOLOGICAL TISSUE EXPOSED TO A
CIRCULAR APERTURE APPLICATOR. (Eng.) Tsiang.
H. K. (Ph.D. Dissertation. Dept. Electrical Engineer-
ing. Univ. Washington. Seattle. WA 98195). |available
through Xerox Univ. Microfilms. Ann Arbor, Mi 48106,
Order No. 7917654). 185pp.. 1979 (30 refs).

The specific power absorption rate (SAR} in human

for certain NFE conditi the per

field strengths are as follows: electric field strength
(V/m) must not exceed the square root of | multiplied
by 3.770. where | is expressed in mW/cm'; the
magnetic field strength (A/m) must not exceed the
square root of | divided by 37.7. where | is expressed
in mWicm’. The derivation of the above limits does
not include blood flow cooling effects: exposure
limits derived from accurate blood flow cooling
models may allow higher exposures.

6735 BIOHAZARDS OF MICROWAVE BEAMS

FROM PROPOSED SATELLITE SOLAR
POWER STATIONS. (Eng.)Gandhi. O. P. (Dept. Elec-
trical Engineering and Bioengineering. Univ. Utah,
Salt Lake City. UT 84112), Based on a presentation at
the Conference on HMealth Implications of New
Energy Technoiogies held April 4-7. 1979 in Park City,
Utah. 22 pp.. 1979 (15refs)

exposed to a direct-contact or an indirect-
contact microwave diathermy applicator was
theoretically investigated using dielectric simulated
fat-muscle tissue. A circular aperture source with a
TE.. mode field distribution was assumed for the ap-
plicator in the theoretical formulation. The frequen-
cies used were 750. 918.8. and 2.450 MHz. and the
aperture size varied from 7 to 16 cm in diameter The
theoretical study was based on a Fourier-Bessel in-
tegral representation technique. and a Gauss-
Legendre quadrature integration technique was us-
ed in the numeric computations. Limited ther-
mographic experiments demonstrated the validity of
the theory that accurately predicted the experimental
results within a reasonable limit. It was found that the
fat to muscle SAR ratio decreases with increasing
diameter of the applicator aperture up to approx-
imately 1 gth ( yas ed in the fat
(h. A dampened cosine variation of SAR ratio as a
function of aperture radius ranging from 0 5 lambda t
to J lambda ! occurs when the appllcatcr 1S m onrecl
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aperture size on SAR panems are similar to those
observed for direct t licators. It is lud-
ed that an indirect contact applicator of 1 lambda f
with a TE,, mode source distribution should be used
to achieve optimally deep and selective heating in
muscle tissue.

6737 BIOLOGICAL EFFECTS OF HIGH

STRENGTH ELECTRIC FIELDS ON
SMALL LABORATORY ANIMALS. (Eng.) Phillips. R.
D. (Battelle Pacific Northwest Lab.. Richland. WA
98352): Anderson, L. E.. Kaune. W. T. [available
through National Technical Information Service,
Springtield. VA 22161, Document No. DOE/TIC-
10084]: 349 pp.; 1979 (12 refs).

An interim report on the biologic effects of 60-Hz
electric fields on small laboratory animals is
presenled The blologlc parameters that are being
)gy. serum chemistry, im-
munolgy. pathology. metabolic status and growth,
bone growth. endocrinology. cardiovascular func-
tion, neurophysiology. development. and behavior.
Exposure of rats and mice to 60-Hz vertical electric
fields at a fieid strength of 100 kV/m for up to 120 days
(~20.5 he/day) resulted in few statistically smmhcam

Biological Etfects of Nonionizing Electiomag
Radiation Vil). September 1980

sion lines are reviewed. Most recent labora
animal studies are unsuitable for extrapolatio:
man due to insufficiencies in the study design. b
research on possible health effects in man t
been clinical studies of longitudinal or cross-scti
design or isolated studies on human volunte
Systemic studies to determine the possible eff
of electric fields on linemen have been conducté
the United States and Canada. Isolated occupati
studies have been reported in Canada. Spain.
the United Kingdom. Reports from Russia

Eastern Eurcope are based on surveys performet
substation personnel. Studies on small number
humans have originated in the U.5.. Germany

Sweden. In North America there are currently n
than 200.000 circuit miles of overhead transmis
lines rated at 138 kV or higher of which 14.000 m
constitute 500 kV. There are also several thouse
of miles of 765-kV lines that have been opera
since 1969. Typical values of maximum vertical €
tric fields at 4 feet above ground level under extre
Iy high voltage transmission lines range from 5
kVim. There is no evidence of harm to human
animals from these high voltage lines. Aside from
cidental contact electrocution. no occupatis
disease or deviation of general morbidity patte
has been reliably reported among high voll
workers. Subjective sensations such as indus

and reproducible effects. G . T ef-
fects were observed in experlmenls measuring
synaptic excitability. Serum levels of corticosterone
and testosterone appeared to be reduced in exposed
animals. and significant reproducible effects were
documented in several behavioral tests. The results
of several experiments showed trends that sug-
gested the possibility of decreased in vivo cell-
mediated immunity and alteration in several
hematologic parameters. €.g.. higher white blood
cell levels in mice exposed from conception to 77
days of age and higher red blood cell parameters in
the 3rd generation of exposed mice. Studies are in
progress to determine if the observed eftects are
t itory or per tand to the relation-
ship between the observed effects and the intensi-
ty/duration of exposure.

8738 HUMAN RESPONSES TO POWER-
FREQUENCY EXPOSURES. (Eng.)
Michaelson. S. M. (Sch. Medicine and Dentistry.
Univ. Rochester. Rochester. NY 14627). In: Biological
Effects of Ex!remaly Low Frequency Elec-
jc Fields. Pr dings of the Ei
Annunl Hanford Life Smences Sympasmm he-‘d Oc-
tober 16-18. 1978 in ¢
through National Technical Information Service.
Sprlngheld VA 22161 D No. CONF-78 I

- AR el

Itage microshocks on ground contact do occl
workers exposed to high voltage field gradients.
corona discharge from the sharp extremities of
body can occur in high voltage laboratory worl
exposed o extremely high field gradients; howe
these effects have not adversely affected hei
Although it has been suggested that electric fii
may act as stressors, electric fields of up to 20 k'
have been demonstrated to induce no detect:
stress response. There are also no indication:
electrolyte shifts or metabolic disorders causec
electric fields acting on humans. It is concluded
electric fields of up to 20 kV/m and magnetic field
up 1o 240 A/m. individually or in bination, do
present any persistent threat to health.

8738 THE HUMAN CONSIDERATIONS

BIOEFFECTS OF ELECTRIC FIEL
(Eng.) Mehn, W. H. (Medical Sch., Northwes!
Univ.. Evanston, IL 60201). In: Biological Effects ol
tremely Low Frequency Electromagnetic Fields. |
ceedings of the Eighteenth Annual Hanford
Sciences Symposium at held October 16-18. 197
Richland. Washington. |available through Natic
Technical Information Service. Springfield. VA 22
Document No. CONF-781016]: 583 pp.. pp. 21
1979 (50 refs).
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term effects attributable to induced currents on
plants. animals. or humans. in¢luding those persons
who work daily in the vicinity of energized high
voltage lines. Soviet studies performed in 1966. 1968.
and 1969 noted that workers servicing power
transmission lines of 110 and 500 kV at open-air
distribution and switching systems frequently com-
plained of headache, heart pain, irritability. fatigue.
apathy, sleeplessness. sleepiness. memory and
attention-span disturbances. impairment of sexual
potency. and various other disturbances primarily
neurclogic in nature. Functional disorders of the ner-
vous and cardiovascular systems were also seen
along with various disturbances of vegetative func-
tions. These effects occurred only when the intensity
of the electric field exceeded 5 kV/m. with the

CURRENT LITERATURE

11% used shielded buckets. For voltages of 500 kV
and greater. 33% used conductive suits and 17%
used shielded buckets. The survey also uncovered
the fact that live-line maintenance is being con-
ducted on 735-kV transmission lines.

6741 ENVIRONMENTAL EFFECTS OF 765-kV

TRANSMISSION LINES. (Eng.)
Scott-Walton. B‘ (Center for Resource and En-
viro tal Sy Studies. SRl (nternational.
Menio Park. CA) Clark. K.: Holt. B.. Jones. D. C..
Kaplan. S.. Krebs. J.. Polson. P.. Shepherd. R..
Young. J. In: Biological Effects of Extremely Low Fre-
auency Electromagnetic Fields Proceedings of the

degree of the effect depending on the field y
and exposure duration. More recent Soviet studies
{1977) of human volunteers under natural conditions
exposed to 330- and 750-kV overhead power lines
have not shown any statistically significant changes
in central nervous system functional condition, work
ability. electrocardiogram. and numerous metabolic
indices for exposure to a 5 kV/m electric field (2-hr
exposure/day for 6 days) or a 12 kV/m electric field
(30-min exposures. 3x/day. for 6 days). However. in-
dividuals exposed to fields of 15-16 kV/m (30-min ex-
posures. 3x/day. for 6 days) complained of
headache. fatigue. and irritability. An epidemiologic
study to be conducted as part of a U.S.-Russia agree-
ment in the fields of extra-high voltage and ultrahigh
voltage transmission is described. It is concluded
that at present, there is no known mechanism of ac-
tion by which power Irequency electric fields

with power tr ion can produce ef-
fects on living organisms.

6740 EVALUATION OF RESPONSES OF ELEC-
TRICAL UTILITY COMPANIES TO ELEC-
TROMAGNETIC RADIATION QUESTIONNAIRE.
(Eng.) Holt. G. L. (Industrial Hygiene Branch, Ten-
nessee Valley Authority. Muscle Shoals. AL). /n:
Biological Effects of Extremely Low Frequency Elec-
tromagnetic Fields. Proceedmgs of !he Eighteenth
Annual Hanf Life I held Oc-
tober 16-18. 1978 in Richland. Washi [availabl
mrouoh National Technical |n|ormaﬁon Service,
fi VA 22161, D t No. CONF-781016]:
593 pp pp. 38-41; 1979 (no rets).

A questionnaire was mailed to over 600 electrical
utility companies in the United States and Canada
during the spring of 1978 to determine the extent of
employee complaints concerning health problems
associated with working in or near the elec-
tromagnetic fields generated by electrical transmis-
sion lines and switchyards. Of 226 responses receiv-
ed. only about 2% indicated that complaints had

Eig h Annual Hanford Life Sciences Sym-
posium held October 16-18. 1978 in Richland
Washington. |available through National Technical
Information Service. Springfield. VA 22161, Document
No. CONF-781016]: 533 pp.: pp. 42-54: 1979 (3 refs)

Testimony given before the New York State Public
Service Commission on the potential environmental
and biologic effects of 765-kV overhead alternating-
current transmission lines is reviewed. The
testimony focused on the potential eftects of audible
noise. potential biologic effects of electromagnetic
fields. potential for electric shock. effects on cardiac
pacemakers. and potential effects of ozone produc-
ed bv corona discharge. Although the fields
generated by these lines are not strong enough to
cause tissue heating. some witnesses described
claims of increased serum triglycerides. accelerated
bone fracture healing. altered psychomotor reaction
times, synchronization of circadian rhythms
malaise. neurasthenia. and encephalogram changes
in humans and primates. However. many of the ex-
periments citing such effects involved electric
and/or magnetic fields with strengths much greater
than or with trequencies much ditferent from ground-
level fields under 765-kV lines, Some experts claimed
that no biologic effects exist as a result of these
fields. Witnesses agreed that adults will occasionally
be startied by currents and sparks when they touch a
large vehicle under or near 765-kV lines. The effects
of such currents on children remain unresolved. but
itis possible that currents beneath 765-kV lines might
under rare circumstances approach the respiratory
arrest current for children. Fields under 765-kV
transmission lines may affect some cardiac
pacemakers. although the testimony cited no cases
of transmission fine interference.

6742 ELECTRIC AND MAGNETIC FIELDS AS

CONSIDERATIONS IN ENVIRONMENTAL
STUDIES OF TRANSMISSION LINES. (Eng.) Lee. J
M. (Bonneville Power Admin Portland. OR}
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Richlanu, Washington. [available through National
Technical Information Service. Springfield. VA 22161,
Document No. CONF-781016]: 593 pp.. pp. 55-73.
1979 (44 refs).

The electrical and physical properties of a transmis-
sion line environment are described and the possible
biologic etfects of transmission line electric (E) and
magnetic (H) fields on plants and animals are re-
viewed. The E and H fields of existing extremely high
voltage transmission lines and the E fielc from a Bon-
neville Power Administration 1.200-kV prototype line
appear to be too weak to cause adverse effects to
low growing vegetation; however. trees that grow
very close to transmission line conductors may be
damaged by the corona caused by high electric field
intensities. Transmission line E fields should have no
adverse effects on soil invertebrates. owing in part to
the low field intensities resulting from shielding ef-
tects of vegetation. Evidence from laboratory and en-
viro | studies indicates that transmission line
E fields can affect honeybees and possibly other in-
sects. However. other studies report negative
results. The strengths of E and H fields in water
beneath transmission lines may be. as shown by
laboratory studies, near the level of perception by
some fish species. Although birds show an
avoidance for perching on energized transmission
conductors. they regularly nest and produce young
in transmission towers with no apparent ill effects
from E or H fields. Laboratory and environmental
studies indicate that some birds can perceive low-
level E fields: however. it seems unlikely that
transmission line fields interfere with bird navigation
or orientation. In most situations. small mammals on
a transmission line right-of-way are exposed to
negligible E field strengths because of shielding et-
fects of ion. Envirc studies indi
that E and H fields do not result in adverse behavioral
effects in large mammals. In comparison with
documented effects of transmission ling construc-
tion and maintenance activities that can be severe
and result in direct mortality to plants and animals.
the effects of E and H tields appear insignificant on
the basis of environmental research to date.

6743 EFFECTS OF HIGH-VOLTAGE

TRANSMISSION LINES ON HONEYBEES.
(Eng.) Greenberg. B. (Bioconcern. Chicago. IL):
Kunich. J. C.: Bindokas. V. P. In: Biological Effects of
Extremely Low Fr y Electr tic Fields.
Proceedings of the Eighteenth Annual Hanford Life
Sciences Symposium heid October 16-18. 1978 in

8/ Effects of A Ele
Radranon V(1). September 1980

strengths at 1 m height were 6.6-7.1 kV/m. Within t
hive bodies. electric fields were 0.6-4.5 kV/m in t
nonmetal hives and 1.1-8.3 KV/m in metal-containi
hives. With wire mesh shields in piace, the elect
fields in the hives were reduced to about 10 V/
which was equal to the ambient condition in a cont
area, 400 m away. The magnetic field under t
transmission line averaged 4.4 x 10 * G tor the verti
component and 7.1 x 10 * G for the horizontal comg
nent. At the control site. the magnetic fields we
one order of magnitude lower. Queen and brood p
duction. hive wt. body wt of individual workers.

hive temperature. honey moisture content. p
polization of hive entrances. aggression. winter s
vival, hemocyte numbers. and biood proteins we
among the parameters investigated. Bees in
shielded hives underneath the line were atfected
several ways. with the effects being more p
nounced in metal-containing hives. e.g.. hive wt gi
was almost zero (p<0.005) owing to a near absence
honey; a lowered moisture content of honey (0.0Z
p<0.05). bees weighed less (p<0.01): hive entranc
were ively but not completely propolize
there were fewer pupae (p<0.01) but normal numbe
of eggs. larvae. and queen cells: and all hives fail
to survive the winter. In metal-free. unshielded hive
hive wt gain. bee wt. honey moisture content. a
the numbers of eggs. larvae. pupae. and queen ce
were all normal. Abnormal features in these hiv
were propolization of hive entrances (at a slower re
and lesser extent than in metal-containing hives). ¢
gressive clusters of bees at lower-front hive corne!
poor overwintering survival (78% mortality vers
14% in shielded counterparts underneath the li
versus 9% for control hives). and a possibly high
hemocyte count.

6744 EXPOSURE OF PERSONNEL TO ELE

TRIC FIELDS IN SWEDISH EXTRA-HIG
VOLTAGE SUBSTATIONS: FIELD STRENGTH At
DOSE MEASUREMENTS. (Eng.) Lovstrand. K
{High-Voltage Res. Inst.. Uppsala Univ.. Uppsa
Sweden): Lundquist. S.: Bergstrom. S.. Birke. E
Biological Effects of Extremely Low Frequency El¢
tromagnetic Fields. Proceedings of the Eighteer
Annuai t Life Sci Sy i held €
tober 16-18. 1978 in Richland. Washington. |availat
through National Technical Information Servic
Springfield. VA 22161. Document No. CONF-78101
593 pp.: pp. 85-92. 1979 (4 refs).

Field strength and dose measurements were mai
at various locations in Swedish extra-high volta(

L; gton. | ilable through N.
Technical Information Service. Springfield. VA 22161,
Document No. CONF-781016): 593 pp.: pp. 74-84;
1979 (11 refs),

s where personnel were exposed to 50-1
electric tields to determine the cumulative bioloc
ettect of exposure An instrument was designed th
permitted continuous recording of the electric fig
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testing of insulator elements. Electric field strengths
were mapped with a dipole-type field strength meter
Dosi freq y showed that
the dose was much lower than expected when per-
sonnel were working on the ground. This can be ex-
plained by the fact that work on the ground is per-
formed on disconnected and grounded equipment or
alongside shielding equipment frames where the
local tield strength is low. During routine inspec-
tions. which largely include moving across open
areas between various components, the dosimeter
readings agreed well with the dose estimated on the
basis of field strength mapping. Work conducted on
top of circuit breakers close to hot phases gave high
exposure values. e.g.. the accumulative exposure
values (expressed as a percent of total exposure
time) for electric field strengths of 10-15 kV/m and
greater than 15 kV/m were 21 and 10%. respectively
Making inspection rounds and remaining in the
substations when doing maintenance work often
gave higher exposures than when working on
disconnected and grounded components, Thus, peo-
ple doing general maintenance work can be exposed
to comparatively high fields.

6745 MONITORING OF PERSONNEL EXPOSED

TO A 60-Hz ELECTRIC FIELD. (Eng.)
Deno. D. W. (General Electric Co.. Pittstield. MA). In:
Biological Etfects of Extremely Low Frequency Elec-
i g Fields. Proc of the Eighteenth
Annual Hanford Lite Sciences Symposium held Oc-
tober 16-18. 1978 in Richland, Washington. |available
through National Technical Information Service,
Springlield. VA 22161, Document No. CONF-781016):
593 pp.. pp. 93-108: 1979 (3 refs).

Two electric field exposure monitors. constructed to
measure the time integral of the unperturbed electric
field. were used to determine the exposure of per-
sonnel in high voltage installations to 60-Hz electric
fields. The monitors were based on the principle that
the current induced in a person is proportional to the
unperturbed electiric field and on the fact that the sur-
face current density about the upper part of the body
is suitably proportional to the unperturbed electric
field to use as a measure. One monitor was used for
hard-hat mounting above the visor. while a second
more complicated device. which switches with logic
the integration ot the electric field into three
categories of electric field intansity (0-5, 5-10, and >10
kVim), was mounted with an armband. Accuracy of
the monitors was limited by the local electric fisld
stability about the measuring surface. Instability of
the local electric tfield was dominated by hair,
[ ing. moisture. and ind body shape. A

i y of appr y «10% was achiev-
ad in practical tests for outdoor conditions. Values of
individual exposure for people in high voitage in-

wara A and wara faund in ha
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6748 60-Hz ELECTRIC FIELD PARAMETERS

ASSOCIATED WITH THE PERTURBATION
OF A EUKARYOTIC SYSTEM. (Eng ) Miller. M. W
(Dept. Radiation Biology. Sch. Medicine and Den-
tistry. Univ. Rochester. Rochester. NY 14627).
Carstensen. E. L . Kautman. G. E.. Robertson. D. In-
Biological Elfects of Extremely Low Frequency Eiec-
tromagneltic Fields. Proceedings of the Eighteenth
Annwval Hanlord Life Sciences Symposium held Oc-
tober 16-18. 1978 in Richland. Washington. |available
through National Technical Information Service.
Springfield. VA 22161. Document No. CONF-781016]
593 pp.. pp. 109-116: 1879 (5 rets).

Roots of Pisum sativum (garden pea) were exposed
tor 7 days to 60-Hz electric tields ranging trom 70 to
430 Vim in an aqueous medium whose conductivity
was approximately 0.07 S/m to quantily the electric
field parameters associated with the perturbation ot
a eukaryotic system. Corresponding current den-
sities in the exposure medium associaled with these
tield strengths ranged from 0.5 to 3.0 mA/cm‘ Root
growth rate was examined for a random selection of
seedlings assigned to one of two groups (exposed or
control) that were concomitantly grown in the same
tank where the growth medium was continuously cir-
culated. Temperature in the exposure medium was
held constant at 19 « 1 C. Exposure to 60-Hz tields
greater than 290 V/m caused a reproducible reduc-
tion in the rate of root growth The data pointed to a
threshold for the eftect at approximately 2 mA/cm: or
290 V/im. The maximum reduction in root growth rate
{relative to controls, p~0.01) occurred at the highest
electric tield strength of 430 Vim on the 1st and 2nd
day after exposure. Comparable fields could not be
obtained by exposure of the medium through air
because the required tields would exceed the dielec-
tric strength of air. Under conditions in which growth
inhibition occurs. it is estimated that induced 60-Hz
cell membrane potentials would be about 5 mV.

6747 EFFECTS OF EXTREMELY LOW FRE-

QUENCY FIELDS ON SLIME MOLD:
STUDIES OF ELECTRIC, MAGNETIC, AND COM-
BINED FIELDS, CHROMOSOME NUMBERS, AND
OTHER TESTS. (Eng.) Greenebaum. B (Dw.
Science. Univ. Wisconsin-Parkside. Kenosha. WI.
53t41); Goodman. E M : Marron, M T In Bwological
Effects of Extremely Low Frequency Elec-
tr g Freids. Pr gs of the Eighteenth
Annual Hanford Life Sciences Symposium helad Oc-
tober 16-18. 1978 n Richland. Wastington |available
through National Technical Information Service
Springfield. VA 22161, Document No CONF-781016]
593 pp . pp 117-131, 1979 (14 rets)

Lengthening of the mitotic cycle and depression of
the respiration rate after exposure of the shme mold
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to either the electric field (0.7 V/m) or the magnetic
field (2 G) independently or after exposure to both
fields at 20% of the original strength. Exposure of the
slime mold to dulated fields (mini hift key-
ing mod at three ditf levels {0.7 V/m and
2.0G.0.14 Vim and 0.4 G. and 0.035 V/m and 0.1 G)

W——_-—'——
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6749 THE ROLE OF CELL SURFJ
POLARIZATION IN BIOLOGICAL
FECTS OF EXTREMELY LOW FREQUENCY FIEL
(Eng.) Sheppard. A. R. (J. L. Pettis Memorial
Medical Center. Loma Linda. CA 92357). Adey. W
In: Biological Effects of Extremely Low Frequ:

produced roughly the same gnitude of g
ing of the mitotic cycle. even though the field levels
varied by a factor ot 20. This suggests the absence of
a strong dose-response relationship. A similarity of
the changes in the mitotic cycle length between the
modulated and CW experiments suggests that the
mechanism of action may not depend criticaily on the
m prod g the In general, respira-
tion rate data supported the mitotic cycle data. In-
direct of chr e numbers in-

Eiect gnetic Fields. Pr dings of the &
teenth Annual Hanford Life Sciences Sympo:
held October 16-18. 1978 in Richiand. Washing
favailabte through National Technical informz
Service. Springfield. VA 22161, Document No. CC
781016): 593 pp.: pp. 147-158. 1979 (30 refs).

A counterion polarization model was applied to
sider the polarization of long. thin neural proces
such as dendrites of brain tissue in extremely

dicated that any difference in such S
by exposure to the electric and magnetic fields was
less than 6% (p<0.05) in this polyploid organism.

6748 FIRING-PATTERN CHANGES AND

TRANSMEMBRANE CURRENTS PRO-
DUCED BY EXTREMELY LOW FREQUENCY FIELDS
IN PACEMAKER NEURONS. (Eng.} Wachtel. H.
{Dept. Biomedical Engineering, Duke Univ., Durham,
NC). In: Biological Effects of Extremely Low Frequen-
cy Electromagnetic Fields. Proceedings of the Eigh-
teenth Annual Hanford Life Sciences Symposium
held October 16-18. 1978 in Richland. Washington.
available through National Technical Information
Service, Springfield. VA 22161, Document No. CONF-
781016]: 593 pp.; pp. 132-146. 1979 (13 refs).

The minimum current densities of an extremely low
trequency (ELF) tield needed to perturb the firing of
pacemaker neurons from the abdominal ganglion of
the marine mollusc Aplysiawere measured as a func-
tion of frequency and direction. These

its were pared with the values of in-
tracellularly injected currents needed to produce the
same effect to examine ELF field effects in terms of
the transmembrane currents that they are likely to
produce in nerve cells. The threshold for firing pat-
tern disturbance was measured for frequencies rang-
ing from 0.1 to 1,000 Hz. Between 0.8 and 1.0 Hz, a
one-for-one synchrony between firing rate and the
injected current. in response to intracellular current,
was achieved with very weak current strengths
{down to 0.6 nA). The firing rate changes observed in
neurons in response to extracellular field currents
generaliy followed the same pattern with respect to
frequency as they responded to intracellular current.
The minimum thresholds for ELF values near the am-
bient firing rate. leading to one-for-one synchrony,
for field currents (at 0.55 Hz) was 2.0 uA/cm’. In the
case of the field current. the threshold was highly
dependent on the direction of the current with
respect to the neuron orientation. The transmem-

......... Ammmthe. mmdmiibmbmad dommn mmblemaian ~d

freq y electr ] fields parallel or per|
dicular to the long axis of the neural process.

degree of polarization depends on orientation of
incident field with respect to the length of the «
drite or axon, radius of the cylindrical surface
maobility. and temperature. The elfect of the pola
tion on the dynamics of weakly bound ions sugg
ways in which certain ions may have greatly red.
momenta and thus participate in quantum behg
(such as tunneling). which. under normal

cumstances. is not possible for such massive
tities. The analysis leads to the possibility

nonclassical behavior by protons or other ions ct
provide amplitication mechanisms ot the type s¢
observed only in the electron gas or Bose gas of
biologic physical systems.

6750 THE DESIGN OF EXPOSURE SYSTI
FOR STUDYING THE BIOLOGICAL
FECTS OF 60-Hz ELECTRIC FIELDS ON SM
PLANTS AND ANIMALS. (Eng.) Poznaniak. D
(Westinghouse Electric Corporation. Pittsbt
|East]. PA): Johnson. J. G.: McKee, G. W.. Gravet
B. In: Biological Effects of Extremely Low Freque¢
Electromag Fieids. Pr i of the E
teenth Annual Hanford Life Sciences Sympo:
held October 16-18, 1978 in Richland. Washing
lavai through # Technical Informa
Service. Springfield, VA 22161, Document No. CC
781016]: 593 pp.. pp. 159-171; 1979 (9 refs).

Design considerations involved in constructing
posure systems. which simulate the electrostatic
vironment of extra-high voltage (EHV) transmis:
lines, tor studying the etfects of 60-Hz electric fil
on small plants and animals are discussed

typical electrostatic environment of transmis:
was determined by analytic studies and verifica
through field measurements. Near ground level
EHV electrostatic field is predominantly vertice
orientation. and such conditions are easily simul:
by using a simple parallel-plate exposure systen
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of up to BD kV/im(e.g.. an appmmmale sa'ely iaclor ol
5). within ly co
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for calculating levels of corona inception and damage
inception in unilorm electric fields was
d trated. The method can be used with

chambers. multileveled design for si aous
multiple-exposure areas. and sufficient electrode
{grid) spacing (0.5-1.0 m) such that the experimental
j do not the initially
undisturbed uniform electric lleld These design con-
siderations hold for small plants and animals that do
not exceed 12-25 cm in height. To ensure carefully
controlied dosimetry. steps such as individual caging
and ceiling restraints should be implemented.
However. if a fundamental objective of the study is
the determination of effects on the subject
dl of their ¢l itication as primary (i.e.,
derCt alectric field) or secondary (i.e.. piloerection)
eftects. then natural living conditions should be per-
mitted. Controlled laboratory studies of the biologic
affects of 60-Hz electric fields on small plants and
animals are being conducted with the latter design
approach. The validity of the experimental results,
however. is dependent on the accuracy with wmch
the experimental exp e
transmission lin electric field.

8751 PREDICTION OF DAMAGE SEVERITY ON

PLANTS DUE TO 60-Hz HIGH-INTENSITY
ELECTRIC FIELDS. (Eng.) Johnson. J. G.
(Westinghouse Electric Corporation, Pittsburgh
{East]. PA); Poznaniak. D. T.. McKee. G. W. In:
Btolog:cal Effects of Exrremaly Low Frequency Elec-

tic Fields. Pr dings of the Eighteenth
Armual Hanford Life Sciences Sympos!um held Oc-
tober 16-18. 1978 in
through National Tachmcal |niormation Service,
Springfield. VA 22161. Document No. CONF-781016):
593 pp.: pp. 172-183: 1979 (11 refs).

Laboratory studies involving the exposure of 85
species of small plants to 60-Hz high-intensity elec-
tric fields indicated that plant tissue damage severity
is dependent on leaf tip geometry and morphology.
Fleshy. rounded. or blunt plant parts showed no
damage in 50-kV/m fields, whereas plant parts with a
pointed shape exhibited minor damage at field inten-
sities of 20-22 kV/m. Tissue damage was limited to
the aerial portions of the leaf tip. The rate of tissue
damage development decreased with time such that
total tissue damage achieved a finite limit. This limit
was directly proportional to electric fietd intensity.
Tissue damage had the same electric field inception
leve! as visible corona discharges about the dam-
aged parts. Using Peek's law for partial electric
breakdown in nonuniform fields, a technique for
predicting the extent of tissue damage on a given

pecies was developed. This pr " method uses
data on the enhancement of the electric field at the
tip of the plant as a means lor calculating the corona-
inception level for the plant. Experimental data for

mara than 9 anarimane af liva emall niants (~rara

reasonable accuracy only if single plants are con-
sidered. Further work is needed to confirm the
plausibility of the method. especially for large. tall
plants.

6752 BIOLOGICAL EFFECTS OF 60-Hz

ALTERNATING-CURRENT FIELDS: A
CHESHIRE CAT PHENOMENON? (Eng.) Graves. H
B. (Dept. Biology. Pennsyivania State Univ.. Unmiv
Park. PA). Lang. P. D.. Poznaniak. D. T. In: Biological
Etfects of Extremely Low Frequency Elec-
tromagnetic Fields. Proceedings of the Eighteenth
Annual Hanford Life Sciences Symposium held Oc-
tober 16-18. 1978 in Richland. Washington. |available
through National Technical Information Service
Springfield. VA 22161. Document No. CCNF-781016)
593 pp.. pp. 184-197, 1979 (7 rets)

Short-term (0-120 min) and long-term (6 wk) ex-
posures of male CD-1 mice to 60-Hz alternating cur-
rent fields of 0. 25. or 50 kV/m revealed only random
paiterns of difference in blood cell composition
changes. The parameters that were studied inciuded
red and white blood cell (WBC) count. packed cell
volume. hemoglobin concentration. and ditferentiai
WBC count. The ditlerences observed in the long-
term d ded an WBC count and a
statistically significant increase in lymphocyte
numbers in the 50-kV/m group. No significant effects
on WBC and lymphocytes were observed in the
short-term studies. Behavioral studies with domestic
pigeons exposed for 15-sec periods to a 60-Hz tield
(21 kV/m at the center of the head region)
demonstrated a signiticant (p<0.001) suppression in
peck rates when lne electric field was turned on
D were not observed in
three pigeons lesled undel tield-on, shielded condi-
tions, Thus, short-term behavioral responses in-
dicative of awareness of very high intensity fields
were demonstrated.

6753 EXPOSURE AND DATA-COLLECTION

FACILITIES FOR CIRCADIAN STUDIES OF
ELECTRIC FIELD EFFECTS UPON BEHAVIOR, THER-
MOREGULATION. AND METABOLISM IN SMALL
RODENTS. (Eng.) Ehret. C. F. (Div. Biological and
Medical Res.. Argonne Natl. Lab.. Argonne. IL).
Sacher. G. A.. Langsdorf. A Lewis. R. N. In
Biological Effects of Exrrsmely Low Frequency Elec-

gnetic Fields. Pr of the Eigh

Annual Hanford Life Sciences Symposium heid Oc-
tober 16-18. 1978 in Richland. Washington |available
through National Technical Information Service
Springtield. VA 22161, Document No. CONF-781016}
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