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Preface

Biological Effects of Nonionizing Electromagnetic Radiation 1is
a publication researched and prepared by Information Ventures,
Inc. under contract to the Office of Naval Research.

This digest serves as a vehicle through which current documen-
tation of research highlights on the biclogical effects and
health implications of nonlonizing electromagnetic radiation
(microwave and other radio frequency radiation) 1is compiled,
condensed, and disseminated on a regular basis. The effects of
electric and magnetic fields (static and alternating) and re-
search on medical applications of these nonionizing electromag-
netic radiations are also included.

Biological Effects of Nonionizing Electromagnetic Radiation is
intended to be a highly useful current awareness tool for sci-
entists 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.

Biological Effects of Nonionizing Electromagnetic Radiation is
published quarterly. The issues of Volume VII and future vol-
umes will include materials received during the preceding three
months, Each issue contains abstracts of current English and
foreign-language research literature, current research summar-
ies, news items and announcements, and information on relevant
meetings and conferences. Subject and author indices are pro-
vided for all literature abstracts to facilitate specific
search and reference use. Journals, books and conference pro-
ceedings are used as sources for this publication. Materials
for which full text is not available will be incluied as summary
abstracts., Announcements and other materials submitted for
publication should be addressed to: Dr. Bruce H. Kleinstein,
Information Ventures, Inc., 1500 Locust Street, Philadelphia,
PA 19102,

The digest was first published in 1974 under the title "Biolog~
ical Effects of Electromagnetic Radlation.”™ Since 1976 it has
been published under the present title. Previous issues can be
obtained from the National Technical Information Service.
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Abbreviations and Acronyms

A - amp, ampere

ANSI - American National Standards
Institute

C = centigrade

cm - centimeter(s)

cps - cycles per second

dB - decibel(s)

EPA - Environmental Protection Agency

eV - electron volt

F - fahrenheit

FAA - Federal Aviation Administration

FDA - Food and Drug Administration

g - gram(s)

G - gauss

GHz - gigahertz

HHS - Department of Health and Human

Services
hr - hour(s)
Hz - hertz

ip - intraperitoneal

ISM - industrial, scientific, medical
IU - international unit(s)

iv - intravenous

J - joule(s)

k - kilo-

1 - liter(s)

o - meter(s)

m -~ milli=

M - mega-

u = micro-

min - minute(s)

mo - month(s)

n - nano-

NIH - National Institutes of Health

NIOSH -~ National Institute for Occu
pational Safety and Health

NTIS - Nationmal Technical Informati
Service

Oe - oersted(s)

OSHA - Occupational Safety and Heal
Administration

rad - radiation absorbed dose(s)

R - roentgen(s)

rpm ~ revolutions per minute

sec - second(s)

sc - subcutaneous

V - volts

VA - Veterans Adminstration

W - watt(s)

WHO - World Health Organization

wk - week(s)

wt - weight

X = times

yr - year(s)



NEWS ITEMS

TERMINAL TEDIUM: CERTALN CLERKS
ARE DEN-WNCING THEIR COMPUTERS

(J. Andrew, The WYall Streec Journal, May &, 1983)
Workers in automated offices are Irequently bothered
by backaches and headaches from sitting in front of a
terminal for long hours. Such physical complaints
seem to be caused by a combination of improper light-
iang, uncomfortable seating arrangements and {nsuffi-
zient rest periods. Also at issue is whether micro-
wave radiation emitted by the cathode-ray tubes {in-
side terminals might cause illnesses - cancer and
cataracts in particular. The rtubes generally emit
less radiation than television sets, %“ut one sits
<loser to them. J3ctudies so far have failed to astab-
lish any health hazard, although VDTs haven't been in
general use long enough for health issyes to be re-
solved conclusively. At least two states, Maine and
Massachusetts, are consider.ag legislation addresss=—
ing some of the health concerns about video display
cerminals. The proposals would require, among other
things, regular inspection of terminals, free eye ex-
aminations for frequent users and certain rest breaks
during the working day. Rep. Edith Bouillier, the
sponsor of the Maine legislation, predicts Cfurther
controversy over the health effects of video display
terminal usage. She believes that ta four or five
fears it will become a workers® compensation issue.

300K REVIEW: Environmental Health Criteria 16: Radio-
frequency and Microwaves. World Health Organizacion,
Geneva, L9R1.

A critical raview of this document {see abstract 0066
of BENER Digest vol 4, number 1) is preseanted. The
reviewer comments that the publication is rather un-
halanced and does not come up to the high sciencific
calaber and accuracy of the usual WHO publications.

S. M. Michaelson, Radiat Res, 92:217-219, 1982

TW0 SICKLZ-CELL RESEARCHERS
STUDY ESLECTRICAL TECHNIQUE

{L. Herskowitz, Philadelphia Inquirer, May 3, 1983)
Researchers at Children’s Hospital of Philadelphia
and the University of Pennsylvania have developed the
Zirst nonchemical approach rto treating sickle-cell
anemia. The technique uses very short, pulsing elec~
trical charges to ilter the shape and consistency of
sickle~shaped red blood cells. The technique was re-
ported in the April 22 issue of Science magazine by
Dr. Toshio Asakura, a member of the Children’s Hospi-
tal department of pedlatrics and of Penn’s depart-
ments of biochemistry and biophysics and by Or. Shiro
Takashima, 4 member of Penn’s department of bioengi-
deering and 1:s school of engineering and applied
sclence. To apply electricity to the cells, the re-

searchers attached small 2lectrodes o =ach side
aicroscope slide that held Slood zakea from pe
with sickle-cell disease. Once a second, a s
generator Jelivered a 200-volt electrical pulse !
ing one-thousandth of a second. After three or
ainutes, the sickle-cell’s shape changes to 1 ag
round shape. The researchers Selieve zhat the e
trical field punches holes in the red blood e
membranes allowing water molecules to seep into
cells and puff them up. They also say there is
liminary evidence that the treatment partially
verses the aggregation of the hemoglobin iaside
cell. The researchers say it is not clear whe
the technique will work on humans. The bdody =ay
be able to withstand the very large voltage requ
to treat large amounts of bdloed. Further, rhe e
zrical field may cause irreversible swelling or e
tually lead to hemolysis.

CATTLE SEEM UNAFFECTED 3Y HIGH-VOLTAGE POWER

(K.M. Reese, C&EN News, January 1, i983)

A study of dairy cactle living near a high-vol
power line in Minnesota showed no significant eff
on milk production and reproduction. The 400,
volt line cucs across 180 ailes of farmland,

Delano to the North Dakota border. The Minne
Eanvironmental Quality Board authorized the $39
study to see if ioms and electric fields generate
the line might hara the health of humans and anim
The power line is owned by the Cooperative Power
sociation and the United Power Association.
investigator on the project was scatistician F
Martin of the University of Minnesota. Martin
his colleagues studied the records of the Dairy
Improvement Association. The data covered 500 h
within 10 miles to either side of the power line
extended from Dctober 1976, two vears before the
went lato operation, to September 1982. Dairy £
within 10 miles of the line were divided into
zones. Zone | {ncluded farms within a quarter
of the line; zone 6 included cthose six to ten 1z
from tt.The outer zones, especially zone 6, were
sidered control areas, unexposed to the influenc
the power line. Over the period of the study, h
withia a quarter mile of the line showed "an ac
zable 8% increase in milk production.” Times bet
births of calves, tates of removal of cows from h
because 2f reproductive problems, and the incid
of recorded aborrions "were no higher near the p
line than at six to 10 miles away." The study
sumed that any harmful effects of the power

would exist throughout the zone closest to it.
the power line affected only a very few of the {
within a quarter aile of the line, this study «
not have caught {t. Tarms having serious prot
were found both close to and far from the power !
Farms showing excellent increases in production
were found in both areas.
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Biologrcal Effects of Nonionizing Electromi
News items Raaiation VH2-4), July 1983

HEALTH HAZARDS AND PSYCHOPHYSIOLOGICAL SFFECTS FROM
LOW-LEVEL ELECTROMAGNETIC RADIATION SYSTEMS (such as:
“ideo Display Terminals (VDTs/VDUs), Computer pro-
grams, Advanced Aeronautics, ELF Transmitters, High-
Voltage Transmission Systems). A Tramscript of an
International Torum. 3$45.00 (post-paid). Planetary
Association for Clean Znergy, Inc., .00 Bromson/lOU1,
Ottawa KIR 6G8, Canmada; 613/236-6265.

The 1982 Learned Societies Conference in Ottawa pre—
senced a discussion by distinguished researchers on
the stace of advanced knowledge in low-level EM radi-
ation eftects on living organisms. Zmphasis was on
VDTs hut their remarks covered research into other
similar human/cechnological interfaces. The subjects
discussed tncluded stress symptoms, bdiologically sig-
nificant frequency-intensity "windows", pulsed elec~—
trostacic frelds, magnetic ELF flelds, comparative
sclentific methodology between Zast Zuropean and Wes—
zern Laboratories, and amalignant pregnancy clusters
among female VDT operators. Participating ia the
zranscript Jere: James 3eal/Marctin Mariecta Aero-
space; Dr Robert Beck/Alpha Mecrrics, Inc.; Dr, Robert
Becker/SUNY-Syracuse; Willlam 3ise/Pacific Northwest
Center for the 3tudy of Non-ionizing Radiatiom; Dr.
Eldon 3yrd/U.S. Naval Surface Weapons Center; David
Zisen/American Newspaper Guild; Claire-Marie Fortin/
Canadian Labour Congress; Jr. . Stanton Maxey/Ameri-
can Board of Surgery; Or. Russel Jaffe/senior health
consultant; Robert DeMatteo/Ontario Public Service
Zmplovees Union; Dr. Glen Rein/St. Bartholomew’s Hos-
pital-London; Louis Slesin/Microwave News; Professor
William Xuhns (moderator) / Communications-University
of Jttawa.

VDTs == A NEW SOCIAL DISEASE

Heaith problems that have so far been assoclated with
“DTs fall into four broad categories: alleged radia-
zion hazard, visual disturbances, musculoskeletal

difficulries, and job stress. A brief essay (s pre-
sented on the above based on information supplied by
Jr. Michael J. Smith of the Natiomal [nstitute of Oc~
cupational Safery and Health. In summary, there ap-
gears to be no radlation hazard from VDTs. Visual
diff{cu’zies include irritation, Zatigue, or diffi-
culty with focus or accommodation. Minimal criferia
for the visual display are: the {mage should noc
flicker; the encire <¢isplay should be in sharp focus;
the contrast between light and dark areas should be
at least 8 co 1; the characters should be formed in a
3x7 matrix of dots at the very leasc; all VDTs should
“ave brightness and contrist controls that the opera-
tor can find and adjust. Most potential health prob-
lems caused by VDTs can probably be averted by slan-
aing that takes account of the operators’ needs.
The Harvard “edical School Health Lectter, April 1983

R RESPONDS TO INQUIR an
JF VDT'S ON PREGHANCY UUTCOMES

The National Center r Devices and Radicic
Health (NCDRH) recently has been receiving inqu
as to whether "clusters" of adverse pregnancy
comes among women who work at 7video display zera
(VDT’s) could de caused by radfation
inquiries have been prompted by news nedia acc
such as one from Canada which reporred that
VDT’'s were lnstalled i{n the offices of a Vanc
hospltal in 1978, only one of six pregnancies
women Working at the machines resulted in a r
full-term birth. 0Nver the past several rears,
has tested more than 100 VOT's for radiacton lea
Results of NCDRH's current testing support the
clusion that VDT's should not pose a radiation
to those who cperate them; no evidence has been
that the levels of radiation from VCT s are resg
ble for adverse pregnancy outcomes. The Naciona
search Council of cthe Yational Academy of Sci
and the National Institute for Occupatiocnal S
and health have reached similar conclusions. &f
iologists and statisticians at the NCDRH and a
U.5. Centers for Disease Control have noted that
"clusters" of adverse pregnancy outcomes would
mally be expected on the basis of chance alome
fact, evaluation of some of the reported "clus
indicated that they did not establish a general
tern associating the use of VDT's with problem
nancies. Therefore it has been concluded tha
reported "clusters” of problem pregnancies amon
users would be expected from chance alonme, and
highly unlikely that they have been caused by th
radiation emissionn levels from the machines.
Radiological Health Bulletin, 17(2):3-4,

FDA COMPLETES SEIZURE JOF
""POCKETDOC" RF SIGNAL GENERATORS

The Food and Drug Administration has seizad a -
of medical devices called "Pocketdoc,” manuiic
and discributed by Igon Corporaticn of Minden, Ne
The Agency requested the seizure because the ¢
was found to be misbranded under the provisio
the Federal Foed, Drug, and Cosmetic Act. FDa
cials determined that the device was being »r:
for treatment of such diverse allments as as
hemorrhoids, chronic headache, chest pain, arthr
insomnia, and whiplash. Analysis of the device
ed it to be a very low power ELF (extremely low
quency) generator. A search of the secientific @
ature by the National Center for Devices and Radi
ical Yealth’s Division of Risk Assesszent reveal
published data 75 substantiate the labeled claic
the frequencies and power levels at which the d
operates.

Radiological Health Bulletin, L7(2):a=5,
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DEVELOP EDUCATIONAL GUIDELINES AND
RECOMMENDATIONS FOR HYPERTHERMIA JPERATORS

The Food and Drug Admiaistration is seeking a contrac—
tor to {aterview hyperthermia equipment operators,
develop methodology, analyze information and develop
crecommendations and guidelines for the “yperthermia
equipment operarors. XRFP 223-83-0032 is expected to
be available o/a June 10, 1983,

Commerce Business Daily, June 20, 1983

SURVEYS OF RADIOFREQUENCY SZALIR
EQUIPMENT AND OPERATOR EXPOSURE

Sol 223-33-425C. Response date 7/23/83. Radiofra~
quency (RF) sealers and heaters have bYeen used for
aore than 30 vears, but there are no rellable, docu-
mented estimates of the number of uynits in present
use or of the number of workers operating RF sealers.
DA and other government agencies are concerned about
the potential health hazards to workers exposed to
tadiofrequency energy emitted from RF dielectric heat-
2rs (more widely %nown as RF sealers and heaters).
TDA is seeking additional information about the use
and means to locate this equipment at the state level,
and assess the need at cach site for effective control
technology. The agency is also seeking the idencifi-
cation of suitable populations of exposed persons and
is fnterested in feasibility studies to assess practi-
cable epidemiclogic studies. Competition will be lim—
ited to ‘state government agenclies having the regula-
tory authority to accomplish the project. The project
includes visits to user facilities to conduct seasure—
mencs of electromagnetic radiacion from RF sealers
where access to the premises can only be obtained by
a duly authorized governmental representative.
Commerce Business Daily, May 19, 1983

SURVEY AND TECHNICAL SVALUATION OF
HIGH POWER MICROWAVE SOURCE DEVELOPMENT

The Offlce of Naval Research is conducting negotia~
zions with Jaycor, 205 South Whiting St., Alexandria,
7A 22304 for the above study.

Commerce Business Daily, May 19, 198]

EFFECTS NOF LOCAL MICROWAVE
EXPOSURE ON LOCAL TISSUE BLOOD FLOW

Contract $3-02-3782. The EPA has contracted with the
Catv. of Illinois, 809 South Wright Street, Champalgn,
IL 51820 for the above study.

Commerce 3usiness Daily, May 18, 1983

News

AUDLTORY MAGNETIC EVOKED FIELDS

Contract N00014-79-C-038). The Office of YNava
search has contracted with the University of Col
Medical Center, Denver, CO 80220 for the above s

Commrce Busfness Daily, May 10,

CONTINUATION OF RESEARCH ENTITLED 'MICROW
ELECTROMAGNETIC THEORY & INFORMATION PROCESSES (

Contract F49620-82-C-0084-P00003. The Air Farc
fice of Scientific Research his concracted with
techaic Institute of Yew York, 333 Jay St., Broc
NY 11201 for the above study.

Commerce Business Daily, April I8,

ULTRA LOW FREQUENCY FIELDS IN NONHOMOGENEOUS

The Office of Naval Research is conducting neg
tions with Pacific Sierra Research Corp., 12340
Monica Blvd., Los Angeles, CA 900253 for cthe
study.

Commerce Business Daily, April 6,

EXAMINE THE EFFECT CF RADIO ENERGY
ON THE OXIDATION OF QRGANIC SUBSTANCES

The office of Naval Research is conducting neg

tions with SRI International, 333 Ravenswood

Menlo Park, CA 94025 for the above study.
Commerce Business Daily, April 4,



MEETINGS AND CONFERENCES

SHORT COURSE
HYPERTHERMIA FOR CANCER TREATMENT

Date: August 8-i0, 1983

Place Tropicana Hotel, Atlantiec, City

Fee: 53500 (includes lecture notes, instructional
aaterials, refreshment breaks, and completion cer-—
tificate; hotel accommodations not included)
Requests for Informaction: Dana Carpenter, Course
Coordinator, Cheung Associates, Inc., 5026 Herzel
Zé‘:;"‘ Suite 101, Belrsville, MD 20705; (301) 937-

Content: A short course on the principles and prac=
tice of radiofrequency, microwave, and ultrasound
hyperthermia in the treatment of cancer. The
course is designed for physicians, medical physi-
cists, engineers, and medical administrators who
are invelved or intand to be [nvolved in ultrasound,
radiofrequency, and microwave thermotherapy in the
treactment of cancer. The course will be taught by
Or. Augustine Y. Cheung. The text ro be used s
"Physical Aspects of Hyperthermia", AAPM Monograph
8, G. Nussbaum, ed., American Institute of Physics,
Y, 1983.

SHORT COURSE: NON-IONIZING RADIATIONS:
BIOPHYSICAL AND 3IOLOGICAL BASIS, APPLICATIONS
AND HAZARDS IN MEDICINE AND INDUSTRY.

Date: aAugust 8-12, 1983
Place: Cambridge, MA
Fee: 358350

Requests for Information: Dir. of Summer Sessions,
Room £19-356, MIT, Cambridge, MA 02139

Content: Topics covered include lasers, microwaves,
ultraviolet radiation, magnetic fields, and ultra-
sound. A detailed reading list and other pertinent
materials will be provided. Practical demonstra-
tions will be given of the instruments and tech-
alques used for measurement of cthe intensity level
of each form of energy for implementation of safety
programs in the workplace. The discussion on micro-
waves will tnclude physical characteristics and
field measurement, dosimetry, electrical properties
of biological :zissues {n constant and varying
fields, absorption, thermal effects, non~thermal
effects; results and mechanisms in blood, eve,
testes, malignant tumors, growth; applications in
diathermy, and in cancer therapy; health hazards of
radar, microwave ovens, industrial RF heaters and
sealers, Zastern and Western safety standards and
thefr Siophysical basis. The discussion on magnetic
fields will iaclude geomagnetic environment, static
and varying magnectic fields, biological effects;
potential hazards and safety in NMR imaging. The
course will be taughe by Padmakar P. Lele, M.D.,
Ph.D., Professor of Experimental Medicine, Depart-
ment of Mechanical Engineering, Harvard-MIT Divi-
sion of Health Science Technology. Guest faculty
include J. J. Gallil, Food & Drug Adminiscration, W.
?. Hansen, Ph.D. Ortho Diagnostic Systems, J. L.

Jones, MIT, and M. A. Pachak, 2h.D., Harvard e
cal School.

EIGHTH ANNUAL ZONFERENCE OF THE
AUSTRALIAN RADIATICN PROTECTION SOCIZTY

Date: Augusct 15-17, 1983

Place: Adelaide, Australia

Requests for Information: Mrs. J. Fitch, Conve
L983 ARPS Conference, Private 3ag 97, Glenside,
3065, Ausctralia

SHORT COURSE
ENGINEZRING TECHNIQUES FOR CLINICAL HY. s

Date: August 29-31, 1983

Place: Washingrom, DC 20052

Requests for Information: Continuing Eng .
Education Program, George Washingzon University
(800)424-9773

Fee: 5685

TECHNIQUES IN STUDIES OF SIOLOGICAL EFFECTIS ¢
‘LOW-LEVEL MILLIMETER WAVES

Date: September 4-6, 1983

Place: Hotel Alba, Herrsching am Ammersee, Wes
Germany (near Munich)

Sponsor: URSI Commission A “Working Group” on !
surements Related to the Interaction of Electral
net.c Fields with Biological Svstems"; cosponso
by the Bioelectromagnetics Society, Gesellschaf
fur Strahlen- und Umweltforschung, and the Max=
Planck-Institut fur Festkorperforschung
Reguests for Information: Dr. Fritz Keilmann, !
posium Chairman, Max-Planck-Institut fur Festko
forschung, 7000 Stuttgarc B0, Germany; Tel.: (0
6860/603 or 6860/651; Telex: 7-255 555.

Subject Matter: The symposium will provide a d
cussion placform for scientists studying biolog
effects of low—intensity millimeter microwave ri
ation. Eamphasis will bhe on experimental approa:
and on experimental details. Specific goals am
(1) which biological systems (which bfologlcal «
points) may be of use, and which requirements d
they impose on the microwave system, and (ii) =l
irradiation configurations may be of use, and h
can the microwave fields as well as the microwa'
induced temperature Zields be controlled.

lLanguage: English
Estimated Attendance: 40

Symposium Publications: WNo publications of proe
ings; maln resulcs of the syamposium will probab
be summarized i{n the form of a detailed report :




Meetings and Conferences

publization in 1 journal lixe 3icelactremagnetics.

FIFTH ZUROPZAN CONGRESS ON RADIOLOGY

Date: September 3-10, 1983

Place: Bordeaux, France

Requests for Information: Mme. N. Hargous, Hospi-
tal Pellegrin, Service de Radiologie, Place imelie
RabaLeon, 7-33076, 3ordeaux, France

J6TH ANNUAL CONFERENCE ON
ENGINEERING IN BIOLOGY AND MEDICINE

Date: September 12-11, 1983

2lace: Hvart Regency Hotel, Columbus, GH

Sponsor: Alliance for Engineering in Medicine and
3iology, 4405 Zast-West Highway, Suicte 210, Bethes-
da, MD 2081l4; 201/657=4142

Reguests for Information: Mrs. . [. Horner, AEMB;
Conference Chairman is Prof. Herman R. Weed, The
Zhio State University; Program Chairman is Baxter
“omack, ?h.D., University of Texas

Content: In addition to the traditional toplc
areas, special sessions will include the following
categories: Instrumentation; 3ioelectric Phenomena;
Medical Imaging; and Sctandards & Regulations. The
deadline for receipt of abstracts is april 15, 1983,
Short ourses will be held l! September 1983.

THIRD ANNUAL MEETING OF THE 3I0ELECTRICAL
REPAIR AND CRCWTH SOCIETY

Dats: czober I-3, 1983

2lace: Gatsway Holiday Ianm, San Trancisco, CaA
lequests for Information: Zxecutive Secretary,
3RAGS, 425 Medical Zducaction 31ldg., 36th and Hamil-
con ¥aix, Philadelpnia, 24 !9104; (215) 398-8653

SHORT ZOURSE
CURRENT ISSUZS AND TRENDS IN CONTROLLING
1JCCUPATIONAL ZXPOSURES TO RF/MICROWAVE RADIATION

Date: Ncerober 1!-13, 1983

Place: 3alt Lake Ztty, UT

Reguests “or Information: X. 3losch, Rocky Mountain
Center fnr Jccupational and Zavironmencal Health,
Univ. of Utah, 3alt Lake City, JT 34112; (20L1) s81-
5719

Suiciogre 3t Eftec:s of Nomicnizing £ectremagy
SRagianon /H(2-4), Luy 7383

SIOLUGLCAL
RADTATIUN:

Date: Movember !3-2%5, 1983

Place: Zrice, ltaly

Requests for Zormation: Persons Irom Zurdpe Jis
ing =0 attend the course shnuld <rite to Professor
Martino Grandolfo, I[nscituto Superiore d4i 3anita,
Viale Regina Tlena 299, 20151 Rome, Italv; sersons
from other concinents s.ould wrice to Professor Sc
M. Michaelson, The University 5f Rochester, Medi:a
Center, 50l Simwend Avenue, Rochester, NY i<642
Closing date for application is September 15
Fee: 5500 (covers full noard and lodging,
content: Part >f the course will Se devoted to
studies, both »f 1 theoretical and 2xperimental 1a
ture, relatfng to potential mechanisms of laterac-
tion of static and ILF electromagnetic fieids with
biologlcal systems. after a Jetailed review of th
fundamentals of physics and blolugy connected with
the interaction of these fiesids with living =matter
che lectures will provide an updacting of the lech-
alques developed for the detection ind the Josimet
of these enerzgles and a crizical analysis of their
biological effects in relation zo the =2stablisnaen
of safety standards.

SINTH INTERNATICNAL ZONGRESS JF THE
RADIATION PROTECTION ASSOCIATION

Date: May 7-1I, 1984

Place: International Zongress Center, Berlin,
Germany (DFR)

Sponsor: Int. Radiation Protect{on Assa. (IRPA)
Reguests for Informafion: R. Neider, Sec General,
Bundesaastalt fur Materlal Prufung, Unter Den
Zichen, 87, D-1000 Berlin 45, Germanv (JFR)
Content: The sclentific sessions of cthe congress
and the exhibiz cover all aspects »f radiation
orotection from basic research to practical appli-
cations with special =mphasis on the risk assess-
zent from ionizilag and non-ionizing radiatxia as
compared to risks derived from all other zan-zade
sources (400 papers {n English, French, and German

3I0ELECTROMAGNETICS SQCIETY
SIATH ANNUAL EETING

Date: uly '2-17, 1984

Place: fwmni Horel, Atlanta, GA
Spunsor: 2loelectrcmagnetics Society
Requests for Information: BEMS Headauartars, |
Jank 3treet, saithersourg, D I10873; 101 g
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EIGHTH INTERNATIONAL 3I0PHYSICS <ONGRESS

Sate: uly 19 - August 3, 1984
Place: B8ristol, United Kingdom

Sponsor: Iat. Union 3f Pure & Applied 3iophysics
lequests for Information: OJr. . C. watson, Jept.
of 3lochemistry, The Universizy, 3ristol 3538 17D,
“nizad Xingdom

URSI SYMPOS

Dare: August 29 - Sepcember 7, 984

Slace: Tlorence, ltaly
Sponsor: URSI

Meetings and Contferen:

Reguests for Information: ‘ontact Professor Sau
Rosenthal, Polvtechnic Iastitute >f Yew York, 3o
19, Farmingdale, NY [1735

Note: A jolnr 2eeting with the 3loeleziromagneci
Soclety is tentatively scheduled for August 27-1

MEETING OF THE EUROPEAN SOCIETY FOR
THERAPEUTIC RADIOLOCY AND NCOLOGY

Date: September 9-i5, 1984
Place: Jerusalea Hiiton, J
Sponsor: KEWNES

Requests for Information: P2rof. 7. Fuks, dead,
Jept. of Radiation and Oncology, Hadassah “edic
Center, Jerusalem, Israel

erusalem, Istael

|
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TRANSLATIONS FROM FOREIGN LITERATURE

Trom time to time, Information Ventures, Inc. will
prepare full-text translations of forelgn research
efforts on the biological effects of nonfonizing
electromagnecic fields for publication {a this Di-
gest. The first of these translations is presented
below. We welcome vour comments and suggestions
for future translations.

ZFFECT OF MILLIMETER-BAND ELECTROMAGNETIC RADIATION
ON SACTERIAL CELLS. (Rus.) A. Z. Smolianskata. In:
N¥on-Thermal Zffects of Millimeter-8and Radlation,
¥. D. Deviackov, Editor, published by the USSR
Academy of Science, Institute of Radioengineering &
ectronics, Research Council on a Problem of
“Physical flectronics”, Moscow, ap. 132-146, 1981.

Development of afllimeter-band generators of the
backward-wave~-tube type created a natural {nceresct
in the biological effects of this type of electro-
cagnetic radiation. From the early 1960°s, under
the leadership of academician N¥. D. Deviatkov (l),
3 number of organizactions started to study the ef-
fects of this radiation on biological materials and
inicially om bacterial cells.

Initial interast was assoclated primarily with an
ancinicrobial effect. This effect, during the in-
zeraction of an e2lectromagnetic fleld with biolegi-
cal materials, can be caused by either thermal ac-
tion ar by the specific action of radiation onm the
structure. The specific effect is of greatest in-
terest. Varlious researchers (2,3) showed that the
use of low-intensity radiation that did not cause
heating of bacterial cells produced the lethal ef-
fect. Tn addition, it was shown that after expo-
sure t> low-intensity radiation in the $.3-6.9-am
tange, some of these waves had an antibacterial ef-
fect while others had not.

The data on the antibacterial effect of aillimetar-
band radiation of nonthermal intensity were usad as
2 basis for the study of the effects of these waves
on bacterial systems responsible for lethal synthe-
sis (4). The first experiments with induction of
lethal synthesis of colicin in Zscherichia coli X12
C 500 (Ey) produced interesting results. Irradia-
tion of this strain with waves i{n the 3.8-7.l-mm
range indicated various {nteresting characteristics
of the interaction of millimeter-band waves with
Sacterial cells. Firstly, these experiments showed
the existence of active and {nactive wavelengths,
i.e. wavelengths which increase the number of coli-
cin-synthes{zing cells and wavelengths which do not.
A detailed analysis of 1. neighboring wavelengths
with the ald of a special wavemeter capable of mea-
during wavelengths with a resolution of 0,01% was
conducted. The curve obtained (Fig, 1) indicated
the narkedly resonant ctype of relationship between
the number of colicin-synthesizing Sacteria and the
“avelength. The resonant type of the effect was
confirmed later after (rradiation of auoersus dac-
terial and zammalian zells. It should also be zen-

tioned that the system showed 1 igh sensizivit:
the wavelength: a shift of 3.2 mm resulted in
awigsappearance of the effect (5).

Secondlv, the effect was direct!y related to
duracion of irradiation: maxizmum eifect was
served aftar I-hr frradiation; the effsct was
nificantly lower afrer {rradiaction for | hr, @t
30-min irradiation failed to produce the effs

And, thirdly, the effect was relarivelv indepenc
of the radiation power within a wide range. Al
reaching a threshold power of J.91 aW/ca=-, a
fold change in the power flux densicty ‘from 2.Jl
‘ez’ zo | aW/cm?) did not affect signiffcantly
biological efiect (Fig. I).

The data obtained in the experiments with colici
zenic bacteria were of paramount importance si
they indicated that the lethal effect of millime
band 2lectromagnetic radiation of nonthermal inac
3ity can be caused not bv direct action 3f the
ergy of this radiacion which is oo low t3 proc
such effects (see below), but rather bv the ir
rect action due ro resonant scimulacion of the !
terial systems and aechanisms »f lethal synthes

This conclusion was confirmed in a study of the
fects of similar radiation on the lysogenic str
of Staphylococcus aureus No. 362. In our labc
tory, A. V. Suslov showed that irradiation «
6.55~mm electromagnetic waves (45.79 GHz) resul
in 2 2.2 fold increase {n the synthesis cf ph
particles lerhal for the host cell. The eriti
effect with respect to wavelength was 0.005
(Fig. 3).

These findings thus indicated that the induced g
etic systems which regulate iethal synthesis
bacteria, are sensitive to certain wavelengths
the millimeter range and that this effez:z ‘s o
narkedly resonant nature.

The observed characteristics of the effect of mi
imeter-band electromagnecic radiacion of nonther
intensity on functional activity of genetic syst
of bacteria cells shed, in our opinion, some l{
on the multiplicity of effects of =illizeter-b>
waves on various ametabolic processes in bacte
detected by various researchers. It was shown,

example, that certain aillimeter-band waves cha
protein metabolisz in bacteria (7,8). In other

periments, 6-7-mm waves increased the yield

thrombolytic proteases {n Aspergi{lius and in Noc
dia (9,10). The same researchers have found t
changes in wavelength and number of {rradiact
causes changes ia ‘unctional activity of wvari
systems of bacterial cells producing either case
olysime or finrinolysine. The researchewrs I
the Leningrad Institute of Aatibiotics and Enzy
have found changes ia the enzvmatic activity

Basidiomyces after exposute to millimeter-b
waves (1l1). We have studied the effects of mil
meter-band waves on beta-lactamase {penicilla
synthesis i{n penicillin-resistant strains of Sta
lococcus auraus and Zscherichia coli. It was fa



Current Research

that certain wavelengths (5.40d8 and 5.478 =zm) in-
hibited the inducible enzyme synthesis in 3taph.
auraus and did not affect the constitutive enzyme
svnchesis {n Z. coll. It is important %o note thac
irradiation did no: affect penicillase activity.
This phenomenon was verified in experiments with
irradiation of exogenous enzyme. The relationship
between inhibition of enzyme synthesis and wave-
length vas of a markedly resonant type: a & 0.005-
am change in wavelength resulted in a disappearance
of the effect (Fig. 3). Another interescing derail
was observed {n this system: a tenfoid decrease in
bSacterial muleiplicity resulted in a fourfold in-
crease in the effect. Since a characteristic mor-
ohological Zeature of a staphlococcal colony is
grape—iike clustering, the observed data may indi-
cate a shielding effect,

Comparing these data with the results obtained af-
ser exposure of colicinogenic strain of E. coll and
lysogenic Staphlococci indicated that the mest pro-
bable appiication site of millimeter-band radtation
energy was the repressor system that blocked the in-
duction of certain metabolic cycles. Since che in-
ducible oecabolic processes are widely spread among
the living organisms, the poseibilities of electro—
aagnetic field effects are also diversified (l12).

The observed effects of millimeter-dand radiaciom
an  enzvmatic systems of bacteria can lead to
changes in cell division. Webb and Booth (13) stu-
died the effects of millimeter waves in the 4.68-
3.%-am range on division of Escherichia coli 3p
cells. Radiation of wavelength 4.4l-mm stimulated
cell division, while 4.54~mm, 4.19-mm, and 4.ll-om
waves inhibited cell division. It was found that
radiation of wavelength 4.54~mm inhibited assimila-
tion of amino acids and thiamine by Escherichia
coli cells. Waves of wavelength %.22-mm caused a
significant decrease ln accumulation of all labeled
metabolites, the 4.l19-mum waves caused slight de-
crease in thiamine and amino acid accumulation, and
4.ll-mm waves corresponded to the maximum of protein
accumulation. All these waves inhidited cell divi-
sion. Irradiacion of this strain with 4.41-um waves
increased accumulation of !%C-uracil and of amino
acids and enhanced cell proliferation. It should
be mentlioned that thiamine assimilation remained
unchanged and this can and does lead to the appear—
ance of morphologically altered variants.

The changes in growth rate and appearance of morpho-
logical variancs after exposure of bacteria to mil-
lizeter-band radiation were observed in numerous
studles. V. F. Kondrat‘eva et al (14) showed the
c¢hanges in morphology of colonles and cells as well
as the changes in biological properties (spore for-
zation, saccharolytic, proteolytic and antigenic
properties, pachogenicity) of a number of anaerobi:
{Clostridium) and aerobic (Prodigiosum) bacteria
after {rradiation with 7.2-mm waves. Changes in the
norpholagy of bacterial cells were also noted by
other researchers {%). The most frequent morpholo-
gical changes after exposure to millimeter-band
alectromagnetic radlation were observed Ln fungl.
These changes occurred ia saccharomyces csrevisae

gical Efects of 2ing £'ectromag:
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241=% afrer irradiation with 3 wavalengeh of 6.0 -
and a power :lux densitr of J.1% MW/cta~. Siail:
changes were observed after lLrradiatfon of Aspe!
gillus avam.cy and Indomycopsis fibuliger. In t!
latcer case, the authors noted cerzain changes
biochemical properties of the culrure (9,10). i
rect observacions of che culture growth in a speci
ally designed microscope attached to a generator .
millimeter waves showed changes in the intensity c
replication of Rodotorulla rubra {15}).

Attempts to induce bacterfal mutations by means ¢
aillimeter-band radiation failed. We could a¢
find convincing data ia the avallable Lliterature
a1lthough various researchers tried to ubrain =zt
vaccine strains. 3ut they admitted that the miilj
metar-band radiation induced very snort-tera lot
of virulence. In certain cases cthe lcss of vin
lence zould Se axplained by seleczion of pre=-2xist
ing variants, since in addicion te irradlation, tt
strains were subjected to culturing.

Thus, the results of experiments comducted by d
erent researchars on different microorganisms ind
cated the presence of biological activity of aill
meter-band electromagnecic fields of nonthermal it
tensizy. The type of wavelength-effect curves ar
relative independence :rom the intensity of radi:
tion after teaching a certain threshold value wei
indicative of the markediy resonant nature of c!
effect.

The resonant tvpe of response observed in the indi
cible bacteria explained and confirmed the data ot
tained in other biological materials. Simple ar
Lsolated bacterial cells are an extremely valuab
test system for the study of biological effects «
millimeter-band electromagnetic fields of non=the:
mal intensity. The clear-cut data obtained duri:
the study of the affects of this type of radiatic
on the extrachromesomal, and cherefore on relative
ly autonomic, inducible bacterial svstems (colici:
ogenic factor, temperate phage, penicillase genc
provide a basis for certain generalizations ar
theoretical models of the mechanisms of this phe
nomenon.

It is known that ultraviolet radiation with a wave
length of aproximately 22,550 A and energy of aj
proxizately 4.9 ev is the most effeccive inducer :
colicin synthesis or of prophage release. It
also known that this i{s the energy of the same o1
der of magnitude as the energy of C-N, C-C and C:
bonds in protein and nucleie acid molecules (2,
ev, 2.5 ev, and 4.4 ev, respectivelv). It is al:
nown that photons with energzies of =6 av are se.
sctively absorbed bv proteins and nucleic acid:
This phenomenon prooably causes the biological et
fects of ultravioler radiation. Ultravielet radi:
tion can lead to excitation of valeat electrons :
atcms, l{.e., to be conducive to their jfump imt
higher enerzy levels. The molecules with excite
electrons enter teadily into photochemical reac
tions. These reactions can cause various bdiolog:
cal effects: changes in the genetic code (=t
tions), breaks and subsequent r=pair of ONA and
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molecules, which in zurn lead to excitation (in
case of repressor damage) or innibition of Func-
cional activity of various zZenetic systems.

But the energy of a millimeter-band electromagnetic
fleld is significantly lower than that of ultravio-
let radiation.

It is known that E=hv=h-c/l, where
h o= 6,62x10727 erg/sec
¢ = 3x1010 ca/sec
L = 6.5%10"! cm or 7.1 mm.

Therefore,

T = (6.62x10°27).(3x1010) /6. 5x10"1
= 3.06x10"k6arg = 1.9xi07%ev,

since ! ev = 1.60x10-12 erg.

Therefore, the energy of the millimeter=band elec—
tromagnetic field is approximatelvy 0% times lower
than che energy of chemical bonds in biological
molecules. Znergy of this order of magnitude can
oniy cause intramolecular cscillations or rotation
of the entire molecule. This was shown by L. G.
Xoreneva and V. I. Gaiduk (16) for histidine in the
hemoglobin molecule. But if cthese oscillations
resonate with the intrinsic oscillarions of intra-
cellular molecules, the resultanc effect can be
2qual to that observed after exposure to such pow—
erful agencs as ultraviolet radiation or chemical
agents, which damage the DNA structure and induce
various hiological processes. It is possible that
cthe absence of a mtagenic effect from millimeter-
band radiation is due to the absence of direct dam-
age to the DNA molecule.

A. M. Makhov (l7) calculated the power of electro-
magneric radlation required for the resonant effect
on one cell aof Staphylococcus aureus to inhibit the
i{nducible penicillase synthesis. Stabilization of
the effect was achieved with power of approxim:ulz
724076 4/cml for l-micron medium layer and S5x10-l
% for a single cell. Since the emergy of a quantum
of zlectromagnetic radiation is equal to 10=4 ev,
then the number of quanta per one cell per 1 sec
under the condition of saturation of the biological
etfect ‘s approximately equal to 5%10%. The relax-
ation time for the resonating cell structures at a
given power flux density can vary from 2¢10-10 ¢o
2x107’ sec, depending upon the resonating structure.
Therefore, the rescunant absorption of the millime=-
ter-band electromagnetic field can cause changes in
the accivity of various functional cell syscems.
These results showed good agreement with the data
on the effects of electromagnetic fields of the
Jame frequency on induction of colicin synthesis.
This can indicate the similar mechanism of rescnmant
{nceractions in different blologlcal systems.

The present communication suomarizes the results of
experiments of Soviet sclentists who fnitiated the
studies of the effects of miilimeter—band radiation
on bactertal cells.

1 recent years, intensive studies of the effects
of nilifmeter-band radlation have been conducted
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abroad.

In 1977, Srundler, Keilman and Frohlich (18} shc
1 resonant change in the growth rate of ve:
which increased or Jdecreased depending upon
irequency of radiation (approximately 42 SHz) af
irradiation with VHF fields it 1 power of seve
MW,/ cpe. Careful regulation of remperature cor
tions excluded the trivial thermal effect of rac
ction. Next year, Grundler and Frohlich {19) ¢
firmed the independence of the effect from tempe
ture and showed that the critical frequency
0.0l GHz. In 1977, Webb, Stoneham and Froni
(20) studying the Riman spectra of actively reg
cating synchronous Z. coli culture showed that
excitation levels of spectra of a markedly resor
type corresponded to the metabolic cycles of ¢
terial cells. These data indicated a relations
between coherent millimeter waves and biologi
effects.

Ttalian researchers Dardanoni, Torregrosse, et
(21) showed that irradfiation with UHF waves pul
modulated at 72 GHz reduced the viability of ce
ular suspension of Candida albicans, while Lrrac
tion with continuous waves failed to produce s
an effect.

A group of U.S. researchers (22) sbserved an eoff
similar to that detected in our experiments af
irradiating for l-hr cells of the colicinoge
strain of E. coli{ containing colicinogenic fac
EIl. Maximum iaduction of zolicin synthesis was
sarved after irradiation at a wavelength of 5.¢
and a power flux density of 0.5 MW/eal,  Stm
data on induction of colicin svnthesis were obta
ed by other researchers.

French scientists Dardalhon, Averbeck and 3erte
(23) showed that millimeter-band radiation can
fect the growth rate of bacteria. The effect
pended upon the trequency of radiation. The rad
tion did not cause damage to cellular DNA. Th
researchers did not observe nuclear-chromosome 2
ations (experiments with ONA repair-deficienc %
teria) or cyroplasmic wmutations (in mitochondr
DNA from diploid yeasts). This confirms our op
ion that the basic mechanism of the effect of mi
imeter—band radiation {3 naot assoclated with gr
damage to DNA structure but rtather with changes
configuration of the functional =olecule with
breakage of intramolecular bonds but with chan
in functional activity. In additien, these auth
have found that the increase in the number of
3otes between two haploid veast strains was ache
ed only after irradiation for at least 130 min a
frequency of 70.5 GHz, a power flux density of
least 60 %‘,’caz, and a1 distance from the %“orn
the culture of 2 am (at a distance of aven [0
the effect could not be observed). Zomparing t
effect with the 2ffects observed after the heat
indicated that it corresponded zo the heating f
0 C to 23 C. Therefore, irradiation at these p
ameters was equivalent to Y“eating Sy } £. Th
results confirzed our data and the data obtained
Srundler and Xeflman indicating that :iaduction
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colicin synthesis, release of phage, inhibition of
beta=-lactamase synthesis and bactarial cell growch
required significancly higher temperatures (approx-
imately %0 C). 3uch increase in remperature :an
not Ye achieved at powers lower than | MW/ om=.

Since the effect of millimeter—band waves [s aassoc-
lated with the resonant respunse of the biological
svstem, its detection required a large number of
coinctdences. It was necessary that the wave hit a
cell, that che cell was in an appropiate stage of
development, that cthe wave hit the cellular struc-
tures which could resonate with the given wave-
length, and finally, that che irradiated population
contained A sufficlent number 3f cells =eeting all
chese requirements.

In our opinicn, this determines the multiplicity of
the effects observed by one and the same authors.
For example, Athey and Krop (24) initially observed
induction of colicin synthesis in EZscherichia coli
3110 Col =1 after trradiation with millimecter-baad
radiation. But in subsequent experiments, all atc-
tempts to induce prophage in lysogenic strain of
Escherichia coli B8R=47$ (1, laet) failed. In the
latcer case, the authors tried to detect production
of a free phage not by a conventional plaque method,
but rather colovimetrically by lactamase production
(in the test straia, lac* gene transcribed together
4ith 1 gene). Since these authors did not observe
the radiacion-induced increase in the enzyme viald,
they doubted the possibilty not only of prophage
induction but alse of induction of collcin synche-
sis. They argued that induction of temperate phage
and of col factor have similar mechanisms. This
statement can not be accepted for several rteasons.
Firstly, the similarity of the azechanism of induc-
zion of temperate phage and that of col factor is
quite relative and is limited to observations that
such inducers as ultraviolet rays, nalidixic acid,
aizomycin C, ectc., induce both temperate phage and
colicin synthesis. But we have reason to belleve
that in contrast with the abovementioned inducers,
the nechanism of the effect of millimeter—band rad-
iation is not associated with damage to the DNa
Aclecule.

Secondlv, the simlarity of derepressors does not
wean a siailarity in the structure of repressor
a0lecules, which play an important role in response
to the effect of m=illimeter-band radiation. At
Sresent we have some data on the protein natute,
molecular weight and some other parameters of phage
tepressor, ut aothing is known about the repressor
»f zol factor.

And, thirdly, the Jetection of similar effects and
especially the denial of thelr exlstance requires
3imilar experimental conditions. It is especially
true for studies of the effects of aillimeter-band
radiation. Ia our 2xperinents on the effects of
nillimeter-2and “HF-radiacion on bacterial cells we
2ncountered various zanifestations of the effect:
acceleration and inhibdiltion of the growth rate, po-
tentiation ind inhibicion of the functional aetivi-
3f 4i{fferent srganells ia bacterial cells, and

-
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lethal and modification effects. We obserwved,
example, a situation (n which the inducible sy
of eol facror EI in E. eol! responded v an
crease in colicin synthesis, while rthe induc
synchesis of beta-galactosidase inm Stapnylocos
aureus was inhibited. 3ut in both cases, the 20
regulating these syncheses were localized in
plasmids and showed similar response to such
ducers 3s ultraviolet rays and aitsaycin C. In
case of Staphylcoccus aureus containing the tem
ate phage, the release of free phage after irrac
tion with a millimeter-band field could be obse:
in 4 very narrow wavelength range.

Therefore, we believe that the development of =
imecter-band generators provided us with a -vol
analysis of fine biological processes on a mole
lar level. 3ut the mechanism of these lnteract:
still requires 1 detailed analysis.
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B3IOLOGICAL ZIFFECTS OF MICROWAVE RADIATION. (Hur
Szabo, L.; and 3allai, L. 7TXI
1982.

In this paper, the main biologlcal eifects
aicrowaves are surveyed, amedical applications a
outlined, and the draft of a new Yungarian standa
on protection against radiation {s presented.
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NON-IONIZING RADIATION: HEALTH AND SAFETY LSSUES
IN THE 98TH CONGRESS. Dodge, C. H. and Kainz, R.;
Library of Congress, Congressional Research Service
Major lssues System, May 9, 1983.

(The following is excerpted from the above source.)

1SSUE_DEFINITION

New technologies and advancements in the electron-
i¢s, communication, and other industrial and scien-
tific fields have provided many benefits to society.
The development of these technologies has also re-
sulted in an {ncreased exposure of the general pop-
ulation to low-level non-ionizing radiations.

This minl issue brief provides a shorr background
on non-ionizing radiation, {identifies the common
scurces of low-level non-ionizing radiations and
summarizes avallable information on the known human
kealth effects assoclated with non-ionizing radia-
tion exposures.

The effects on human health from these lLow-level
axposures are not well understood. In the 96ch and
97th Congresses, two hearings were held on health
issues related to occupational exposure to micro-
wave and radiofrequency radiations. Concerns per—
sist i{n the 98th Congress about the possible health
effects of chronie exposure on non-occupaticnal
populations to very low-level RF/MW radiations and
low-level electric and magnetic fields near power
lines. The fact that there remain no formal stan-
dards for =ither ional or non pational
exposure to RF/MW radiations {s of continuing con=
2ressional concern. Currently, there is concern in
committees of the House and Senate with oversight
authority over the EPA that the Administration has
proposed zeroing out the EPA’s Health Effects Re-
search Laboratory (HERL) in Research Triangle Park,
Norzh Carolina. That laboratory houses the largest
non-defense Federal research program on the Siolog=-
ical effects of non-ionizing radiacions.

Sources of Microwave and Radio-frequency Radiations

Microwave and radlo-frequency rtadiation sources
have continued to come closer to major population
centers. These sources include a) communication
sites; b) navigation devices; c) medical diathermy
units; 4) food ovens; e) commercial radio; £) rele-
7ision broadcast scations; g) generators; and h)
Citizen Band (CB) radios. The Task Force on Re-
search Planning in Eavironmental Health Sciences
has concluded that these nicrowave sources are re-
sponsible for an estimacted half of the U.S. popula~
=ion living i{n some measureable microwave environ-
ment. The level of exposure reported by the Task
Force !s far below the recommended safe level of
axposure (10 aW/cas) for most normal circumstances.
The m0st rapldly increasing source of public expo-
sure to RF radiation has Deen the CB radio. The
hazard associated with the CB radlo is due to the
zlose proximicy of the antennas :o the individual.

Ettects of £ g
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Potential Healch Zffects of 2F and MW Radiation

Ar sufficliently high levels of field f{ntensity, tl
effects of RF/MW radiation are thermal ia natun
The denaturation or “cooking" of Siomolacules &
Se induced only ar field incensities that are
high the temperature >f the target tissue is si;
nificantly increased. Thus the absorption Qr‘
field intensities on the order of LU0 mW/eca~ n
sults in rapid tissue heatiag. If the exposure
long enough, there Is irreversible tissue Jammag:

In humans, the two organs at greatest tisk of RF/!
injury are the eye and testicle, >ecause of the
tpability to dissipate heat via :zirzulatory svst.
mechanisms. Accordingly, chronic 2xposure o i,
incensities of RF/MW radiation can result in =a
sex cell destruction and thermally-induced :zat:
racts. At very high intensities of RF/MW radi:
tion (i.e., greater than 100 aW/cat) skin Suras o
be induced. However, such buras are reversible

nature.

Epidemiclogical studies of human populatiecns in c!
Sovietr Union, Czechoslovakia, Poland, and Swed:
exposed occupulonall; to low-level RF/MW radiati
(t.e., below 1 mW/ca?) have yielded indications «
changes in human nervous system and cardiovascul:
function after prolonged exposure (one vear
more), but these may be reversibly altered. A nwt
ber of behavioral changes have also been reporte:
These studies are subject to controversy in th:
country because no comparable data exists for sim
larly exposed occupational populations.

At presear, the major unanswered question is wh
ther there are other mechanisms of interaction b
tween RF/MW radiation and biological systems thi
can cause reversible or irreversible alterations .
field intensities, but that do not resul: in &
tectable tissue heating (i.e., below 10 =W/caml

Microwave and Radiofrequency Radiation Standards

Exposure standards for microwave and radiofrequen:
radiation are usually expressed in terms of tl
rate at which energy flows through the human bod:
This rate is called power densi:y and {s common.
expressed in units of milliwacts or microwatts pe
square cenctimeter.

Title 21, Chapter 1, Subchapter J of the Code :
Federal Regulations defines the power density .im
for amicrowave ovens. Ovens shall not exceed 1 mi
cn? exposure at the oven sucface prior to sale «
inizial use. Those owvens which are in active u:
can not exceed an exposure limlt of 3 oW/ em

In 1971, OSHA adopted the 1956 version of the Ame:
ican National 3tandards Institute (ANSI), <95
Committee, L0 mW/cm® exposure standard for werker:
More recently, ANSI has proposed a reduction
this standard to | ak/cal for the frequency rang
between 10 and 200 MHz. A new OSHA criteria doc:
ment on occupational microwave and radiofrequen:
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radiacion exposure may be issued ia the near future.
Currently, the EPA has announced plans to issue
guidance to other Federal agencies to limit expo-
sure of the general public to radiofrequency radia-
tion (Federal Register 47(267):37338-57340, Decem-
ber 23, 1982). The EPA guidance will not address
occupational exposure or classes of microwave and
radiofrequency sources thac can best be controlled
by existing performance standards.

Of congressional concern is the fact that the U.S.
remains the only country for which there is no for-
mal occupational exposure standard for RF/MW radia-~
tion. Oeccupational exposure standards in most West-
ern countries, which range from | mW/cm? to 10 W/
cm=, limit the amount of heat generated when radia-
tion is absorbed in human tissue. Most of these
standards do not contain special provisions for ex-
posure of the public. However, Canada has proposed
te lioit exposure of the public to one-tenth of its
occupational exposure limit of 10 ab/cm?.

In 1979, the Federal Communications Commission (FCC)
zame out with 1 Notice of Iaquiry (NOI) into possi-
Sle health hazards of RF at FCC facilities (FR vol.
44, p. 37008, June 25, 1979). Responses to the NOI
culninated in a YNotice of Proposed Rule Making
(NPRM), in 1982 (¥R vol. 47, p. 8214, Feb. 25, 1982
TR wol. 47, p. 10871, March 12, 1982; FR vol. 47, p.
271384, June 24, 1982). The NPRM allows FCC to as-
sass possible RF hazards ac new FCC facilities.
Ixisting FCC facilities are exempt. There is no
standard associated with the NPRM.

The countries of Eastern Europe, including the USSR,
Pnland, and Czechoslovakia have lower exposure stan-
dards for most occupational situations, for example,
0.01 aW/cm? for microwave frequencies. Exposure
standards for the public at these frequencies are
even lower (i.e., 0.005 aW/cm? in the USSR). These
standards are based on behavioral and clinical stu-
dies that have not been repeatable or replicable in
the West., Many U.S. experts question the validity
of these studies and standards and whether and to
what extent the standards are actually enforced.

HEARINGS

U.5. Congress. House. Committee on Science and
Technology. Subcommittee on Investigations and
Oversight. Potential Health Effects of Video Dis-
play Terminals and Radiofrequency Heaters aand Seal-
ers. Hearings, 97th Cong., lst Sess. May 12-13,
1981; WJashington DC. U.S. Govt. Printing Office
Yo. 13, 764 p., 1981.

U.5. Congress. Youse, Committee on Science and
chnology. Subcommittee on Natural Resources and
vironment. Research on Health Effects of Nonion-
i{zing Radfation. Hearing, 9%6th Cong., lst Sess.
July 12, '979; Wwashingtom, DC. U.S. Govt, Printing
Office, 457 7., 1979,
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50-A0 Hz ISSUES: CONGRESSIONAL PERSPECTIVE

Christopher H. Dodge, Specialist in Life Secie:
Science Policy Research Division, Congressional
search Service Library of Congress, Washington,
20540

Presented at Sth Annual 3iocelectromagnetics Soci

Meeting, 3oulder, CO. June i2=-i7, L983.

The Issue

Sharply increased congressional concern about
significance of reports listed in Tables ! an
reporting increased incidence cf cancers in cert
public and cccupational populations exposed to .
50=50 Hz electric and magnetic fields.
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QUESTIUNS AND ANSWERS A30QUT BIOLOGICAL EF
AND POTENTIAL HAZARDS 2F RADIJFREQUENCY RADIATIO
(0ffice of Science and Technology 3ulletia No. 5

12 p. July 1981 (3 References)

Questions Addressed in nQ Hz, Power Frequency, and
COMAR Workshops

1. How gignificant are the scudies epidemialogi=-
cally?

The Federal Communications Commission (7CC) reg
lates the use of radiowaves ind microwaves for co
mnications. Because of 1irs responsidilities
this area the Commissivn nften receives inquifi
concerning potentfal hazards to human health a
safety from radiofrequency (RF)} and microwave rad
ation. In recent vears there has been a noticeab
increase in public awareness and concern over th
issue. Increased publicity about new uses of
and microwave technology has generated much discu
sion and speculation conceraing the alleged "ele:
tromagnetic pollution™ of the environment. Th
short publication is designed to provide inform
tion on some of the most commonly asked questior
about RF and microwave radiation. Included are o
spoases to the following quescions:

2. How should CRS evaluate the studies for the
Congress and fIs constituency?

3. How creditable are che experizentors {is there
experimental bias?

%, ‘dere the studies adequately designed?
= sufficiently large populations?
- "conerol™ populations? (what is a control
20pulation?)
other factors contributing to the effects rte-
ported (ionizing radiations; toxic substances
in the air, water and food; personal health
histories; personal health habits etc.)
prospective and racrospective peer review of
apidemiological studies (i.e. New York Power
Line epidemiological and experimentai studies)
- does recent experimental work in the J-10C Hz
range coapliment the epldemiology” (i.e. T-
lymphocyte responses to pulsed RF/MW fields;
gern cell changes stc.)

= What is Radliofrequency Radiation?

= What is Radiofrequency Radiation Used For?

=~ What Is Microwave Raaiation?

- Are Some Forms Of Radiation More Hazardous Than

Others?

5. What posture should the concerned Federal regu- - What E,llologlca.l Effects Can Be Caused 3y RF Rad:
latorv and research agencies (EPA, DOE, NIH, ation? . i N .
NAS, US/USSR Working Group etc.) assume in the - What Are Safe '-e"g*s For Exposure To RF and Mi-
wake of the epidemiology studies reported in crowave Radiaction? R )

Tables 1 and 27 (i.e. is it time to hit the - How Safe Are Microwave Ovens®

Is It Safe To Use AN Electronic lardiac Pacedek:
Near An RF Source Such As A Microwave Oven?
How Safe Is The Radiation EZmitted 3v Radio and

paaic button or should increased funding be
provided for addicional epidemiological and ex—
perimental studies?

- Television Broadcasting Towers?
b - = Is There Any Danger From Microwave Point-To-Poi:
6. Ir general, where do we go from here? Y 8
.- 8 8 Relay Towers? What About Microwave Dish Antenm:
. - N »
- fNote: Responses regarding the above should be Used For Satellite To Ground Commurication

- forwarded to C. H. Dodge) = g:xi?:i;a}\.:z::z“d Associated With Rand-Held
L TABLE L. Which Federal Agencies Are Responsible For Pro=
tecting The Public From Hazardous Levels Of RF
PUBLIC IXPOSURE AT 50-40 HZ Radiation?
= What Is The Role Of The FCC In Controlling Poter
tial RF Hazards?

Reported Effect - Where Can I Go For Help Lf I Have A Complaint O

Author (incidence) Question Regarding A Pcssible RF Hazard?
-

WERTHEIMER AND + LIUKEMIA, NEQPLASMS

LEEPER, 1979 {children)

':_ FULTCN =T AL, 1980 NQ CHANGE IN LEUKEMIA
. NCIDENCE
- PERRY T AL, 1981 + SUICIDES
- TOMENIUS 2T AL, 1982 + TUMCR TASES
r! (children)

WERTHEIMER AND + LIUKEMIA, NEOPLASMS

LIZPER, 1982 {adulzs)

Table 2 is presented on :he following page
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TABLE 2.

CCCUPATIONAL ZXPOSURE 70 Z AND H FIELDS OF VARIOUS FRECUENCIES

Relative Tield Reported I
Author Occupation Strength (freq.) Lincidence!
MILHAM, 1979 ALUMINUM WORKERS >100 gauss (7) + LUNG CANCER:
LYMPHATIC AND
HEMATOPOIETIC
CAMCER:  BENIGN
SRAIN TUMORS:
EMPHTSEMA
U.S. NAVY MAINTENANCE PER- WEAK (50-75 Hz) - 3L00D TRI-
(Sanguine, SONNEL; LINE GLYCERIDES
Seatarer, Z ‘AORKERS
1970-1980
MILHAM, 1982 VARIOUS (electri- STRONG TO WEAK + LYMPHATIC AND
cal workers) (60 Hz-various) HEMATOPOLIZTIC
CANCERS « lvampno=
3a); LUNG CANCER
WRIGHT ET AL, VARIOUS (eleccri- WEAK
1982 cal workers) (60 Hz=varicus + LECKEMLA
McDOWALL, 1983 ELECTRICAL WORKERS WEAK (350 Hz-various) = LEUKEMIA
COLEMAN, 1983 ELECTRICAL WORKERS WEAK (60 Hz-various) + LIUKEMIA
NORDSTROM ET SWITCH YARD WORKERS; STRONG TO WEAK - FREQUENCY OJF
AL, 1983 LINE WORKERS (50 Hz-various) "NORMAL PREG-
NANCY";
+ FREQUENCY OF
CONGENITAL

MALFORMATICNS
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9337 MORPHOLOGICAL  ZFFECT OF ELECTROMAGNETIC

STIMULATION 9N THE SKELETON OF FETAL OR
NEWBORN MICE. (Eng.) Hinsenkaop, M. G. (Service de
Chirurgie Orthopedique et de Traumatologie, Hopital
Zrasme, Brussels Univ., Brussals, Belgium); Rooze, M.
A. Acta Orchop Scand 33(S196):29-50; 1982 (25 refs).

Morphological effects of electromagnetic (EM) stimu-
lacion on skeletogenesis were studied in Swiss mouse
limb buds grown in vitro. Developing limb buds from
feral or newborn mice were incubated {n a semi-synthe-
=ic culture medium and exposed to an EM signal (dura-
tion 3 asec, peak amplitude 16 mV, burst width 4.8
asec) generated by Electro-Biology Inc. colls for 4-o
days. Contralateral limbs served as controls. Skel-
etal staining with red alizarin and alcian blue showed
that IM stimulation selectively influenced the meta-
physeal area; distal limb parts were most sensitive.
Hezatoxvlin-eosin staining of paraffin-embedded sac~
“ions revealed a thicker proliferative layer of chon-
droeytes, better cartilage configurarion, and better
trabecular alignment in stigulaced limbs than in un-
stimulated controls. Differences between stimulated
and control limbs were more pronounced fn distal than
in proximal limb segments, but the differences were
not statiscically significant. The results indicate
that ZM stimulatlion can influence the structure of the
developing skeleton Lina mouse limb buds grown in vitro.

1338 HISTOCHEMICAL  MODIFICATIONS INDUCED IN

VITRO BY ELECTROMAGNETIC STIMULATION OF
GROWING BCNE TISSUES. (Eng.) Rooze, M. A. (Labora-
toire d’Anatomie et d’Embrvologie Humaines, Brussels
UYaiv., Brussels, Belgium); Hinsenkamp, M. G. Acta
Orthop Scand 53(S196):51-62; 1982 (3 refs).

4istochemical effects of electromagnetic (EM) stimu-
lation on mucopolysaccharide (MPS) content were in=
vestigated in mouse embryo limb buds grown ian vitro
for 4=% davs. Toluidine blue, colleidal iron, and
aician blue (pH 1.0 and 2.5) staining demonstrated
chat epiphyseal content of carboxylated or sulfated
acid MPS was higher ia stimulated than {n contralac-
eral control limbs. This difference was =ost pro-
aounced in more distal limb segments, i.e., in the
roungest structures. ZEnzyme analysis showed an {n-
crease in beta-glucuronidase activity and a decrease
in acid phosphatase activity in stimulated limbs.
The anzyme differences suggested that EM stimulation
induces cellular changes that modify matrix acid MPS
concent, possibly by affecting membrane permeability

ar the biochemical sm of ane trans-
fer.
1339 TREATMENT OF NON-UNIONS 3Y ZLECTROMAGNETIC

STIMULATION. ‘Eng.) Hinsenkamp, M. G. (Ser=
vlce de Thirurgie Jrthopedique et de Traumatologie,
Hooitai Zrasme, 3russels Univ., 3russels, Belgium);

Balllon, J. M.; Danis, A.; de Marneffe, R.; Doz:
R.; Tondeur, G. Acta “rthop 3cand 53(5196):6]
1982 (20 refs).

Results of elecrromagnetic treatment of six non-ur
are reported. Home treatment was perfiormed for |
hr/day for 3.5 to !2 mo to sites (2 tibia, I fem
humerus, and 1 scaphoid) in which non-union had
present for 12 co 66 mo. Mean length of treatmen
5 mo. The patients (5 male, | female, 21-36 vr
had undergone | to 3 operations before treatment
3/6 cases, spongeous hone grafts were carried
Yone of the patients had undergone surgery with
mo orior to the beginning of electric stimulatic
Electro-8iology Inc. apparatus. Characteristic
the electromagnetic signal were 5 msec width; 13
amplitude; and 66 msec period (15 Hz). Radio.
evaluacion during treatment revealed softening of
union sclerotic edges followed by increasing fuzz:
in the non-union line and formation of trabecular
bridges. In two atrophic and two hypertrophic
unions, clinical progress was faster than radiolo
healing. Clinical results suggest that eleccrt
netic treatment is iadicated for patients who hav
dergone several unsuccessful surgical procedure
patients for whom surgery is contraindicated.

0340 RESULTS OF NON-UNIONS TREATMENT 3Y P!

LECTROMAGNETIC FLELD STIMULATION. (I
Sedel, L. (Service de Chirurgie Orcthopedique, Hoy
Saint-Louls, 40, rue Bichat, 75010 Paris, Fra
Christel, P.; Duriez, J.; Duriez, R.; Evrard, J.
cat, C.; Caucheix, J.; Witveet, J. Acta Orthop :
53(5196):81-91; 1982 (6 refs).

Bone aen-unions in 39 patients (10 females and
males, 7=81 vr old) were treated with pulsed
tromagnecic fields delivered through Helaholtz
(Electro Biology Inc. apparatus) placed on each
of the non—union site for l2-l4 hr/day for a pe
of 50 days to 9 mo (average treatment duration, 3
The delays between the initifal injury and treal
ranged from 2 mo to 25 yr (mean, !l mo). The m
of previous operations was 0 to 6 (mean, 2).
of non—union were 17 atrophic, 5 hypertrophic, &
genital, and 13 infected. The predominant site
the tibia (20 cases), followed by the femur (il)
6/37 patients available for follow-up, non-union:
not heal; in &4 of these cases, treatment was ap|
incorrectly (insufficienc immobilization or sti:
tion for legs than a 2 mo period}. Healing ocer
between 3 mo to ! yr (mean, 6 mo) in 31/37 pati:
21 unions were strong with a large callus and 13
weak. The possibility that factors such as sui
within 2 mo of treatment or long-term immobiliz:
may have caused healing in 15/31 unions is consids
However, pulsed electromagnecric fleld stimulacior
pears to have piaved a real role in achieving
unions.
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DRSS IMPACT OF LOCALIZED MICROWAVE HYPERTHERMIA

ON THE OXYGENATION STATIUS OF MALIGNANT TU-
MORS. {Sng.) 0cze, J. {Dept. ?hysiology, Univ.
Mainz, 2-6300 Maiaz, W. Sermany); Manz, ; Thews, G.;
“aupel, 2. Adv  Zxp Med 3iol 157:4 3; 1982 (i3
refs).

fxvgenation changes in rumors during hyperthermia {n-
duced by =microwave (MW) radlation were invescigated.
0S carcinosarcoma cells iaplanted in the hind limbs
of Sprague-Dawley rats were exposed to localized 2.45
GHz MW heating at 30, 43, or 43 C for 30 min when tu-
zot voludes had reached 1.5-3.0 al. A cyrophotomet=
i: micromethod was used o measure the oxyhemoglobin
4bCa2) sacturation of single red blood cells within
mor microvessels. During centrol conditions (mean
cumor tissue temperature of 35 C) the HbO2 data ob-
Zained in tumors were scattered over the whole satu-
ration range. Heating at 40 C resulted in signifi-
zant iaprovement of tumor oxygenation, as evidenced
Sv a shift to higher HbQ; saturation values. In com-
zrast, heating at 33 C resulted in decreasing satura-
zion, ind heating at 35 C was followed by a drastic
%all ia HbC» values. No substantial changes were ob-
served in the core temperature of the rats during
MW application to the hiad foot. Therefore, systenmic
changes did act mas< or enhance alterations in tumer
5lood flow or :tissue oxygenation status. <Changes in
tumor axvgenation during hyperthermia are appareatly
wediated through changes in tumor blood flow, which
is increased by moderate hyperthermia, but which de-
clines at temperatures higher than +2 C, and ceases
almost completely after 45 C., Microcirculat:on may
e affected by heacing time as well as by tissue tem
perature levels. Whea the heating time was i{ncreased
om 30 ain to 60 min, deteriorazion of the microcirc=

zuiation, and thus of the tumor oxygenation, occurred
ac 40 o,

3342 ADJUVANT HYPERTHERMIA [N THE [RRADIATION OF
METASTATIC TUMOR MASSES UTILIZING 21450 ‘gz
MICROWAVES. (Zng.) Fazekas, J. T. (Dept. Radiation
Therapy and Nuclear Medicine, Thomas Jefferson Univ.
Hosp., Philadelphia, PA i9107); Nerlinger, R. Z.;
Waterman, F. M.; Leeper, D. 3. Adv Ixp Med 3iol 157:
99-107; 1982 (14 refs).

Miceowave (MW) hypertherala was administered adluvant
o modest doses of radiotherapy to study the response
obtained among 37 patients with carcinoma (57 adeno
2T 3quamous), delanoma (21), lymphoma (6), and sar~
coma (3). Direct contact (MW) applicators operated
at 2450 MHz with a maximun power of 100 W were used
to deliver hyperthermia treatment {tumor temperature
of 42.5-64.5 C in 6-8 40-50 min heating sessions, 2/
wk for 3-3.5 wk) prior to electron beam radiotherapy.
Zffec=ive hvperthermia conditions (42.5 C or hevond)
required 3-10 ain at an applied power of 30-30 W de-
sending on blood flow, tumor size, and other pnysio-=
logiz factors. Nonperturbing {ntralesicnal Luxiron
o Vizek probes wera used to monitor tumer tempera-
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mag.

ture Teasursments. Thermostatically controlled ¢
cularing ~ater was used for surface cooling, We
temperature was maintained at 4% C for tumors with
overlying tissue. To spare the skin while increas
the power output, colder water temperatures were v
lized for tumor deposits that were subcutaneous ar
low. Complete response (CR: absence of all visi
and palpable tumor} was seen in 8/!3 evaluable ae
noma pactients, and partial response (PR: 30% or =
tumor regression) in 3/153. For carcinomas, CR was
served in 13/48 evaluable patients and PR in 15/
“hen tumor response was analyzed by anatomic regi
skin overlying chest wall had CR and PR rates of
and #0% respectively. It was comcluded that 2450
MW hyperthermia (s quite effective Zor tumor depos
of melanoma and carcinoms when tumor thickness ¢
not 2xceed 1.3 cm ; skin cooling by circulatiag wa
prevents serious skin -omplications and aids in
proving the ctherapeutic racio; previous therapies
not prevent the application of effective combined
and radiotherapy since no serious late skin efie
were seen in these patients.

0343 LOCAL INNIZING RADIATION WITH AND WIT:
MICROWAVE INDUCED HYPERTHERMIA IN SUPERE

CIAL MALIGNANT TUMCRS IN 3RAIN. (Eng.) Lindhoim.
. {lund Univ. Hosp., Lund, Sweden); Kiellen,
Landberg, T.; Mercke, C.; Nilsson, P.; Persson,
Adv Exp Med 3iol 157:!45-146; 1982 (no refs).

Patients with superficial brain tumors (less tha
<2 dlameter and less than 3 cm deep) were tre:
wizh x-ravs, electrons, or 137¢s gamma rays (
Gray units in !0 fractions) alone or in combinat
with 1,350-MHz amicrowave hyperthermia (42.3-43.!
for 35 min, l/wk or 2/wk for 2 wk) delivered b
computerized system using a 90 mm diameter circu
direct contact applicator. The automatic cont
svstem uses a pulsed irradiation technique ard re
tumor and normal tissue temperature via rhermis
probes. Results of combined vs single modalizy tre
treatment were evaluated in four patients with t
than one superficial tumor. More rapid and more la
ing tumer regression occurred in patients treated w
the combined modalities than in patients treated «
radiotherapy of hyperthermia alone.

14a IFFECTS OF WEAK AMPLITUDE-MODULATED MIC

WAVE FIELDS ON CALCIUM EFFLUX  FROM
CEREBRAL CORTSX. (Zng.) adey, W. R. ‘Res. Seri
(151), V.A. Hospital, 112Cl 3enton Street, Loma Li
<A 92357); Bawin, 5. M.; lawrence, A. F. 3ioelect
zagnecizs 3(3):295-307; 1982 {23 refs).

The effects of a sinusoidallr modulated wicriw
field on the efflux of brain zaletum (*3Cal)

studied in awake, iatact cats iamobilized under lc¢
anesthesia. The cats were exposed for A0 aia 3
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1.0-9d/ca? L50-MHz field ia a horn radiator. & le-Hz
$ine wave was used to ampli:zude modulate the signal to
a depth of 35% and its output was applied to a broad-
Sand linear power amplifier with a maxiimum >utput of
30 W. Tissue dosimetry showed a i of 33 V'm in
che intarhemispheric fissure (rate of energy deposi-
cion 7.19 W/kg). 3By comparison With controls, efflux
curves from field exposed brains wers Jlisrupted by
waves of increased *3Cal* efflux. These waves were
irregular in amplitude and duracion, but many axhib-
ited periods of 20-30 min and continued into the post-
exposure period. 3inomial probability analysis in-
dicates that the field-exposed efflux curves comsti-
tute a differeat population from controls at a cenfi-
dence level of 7.96. Ia abour 0% of cases, initia-
zion of field expcsure was followed by a transisat in-
<reased end-zidal COp excraciom f£or about 3 zin. How=
ever, hypercapnea induced bv hypoventilation did not
elicit increased *3Ca* eifiux. Thus this inerease
with axposure does not appear to arise as a secondary
2ffect of raised cerebral CO; levels. Radioactivity
zeasurements in cortical saaples after superfusicn
showed +3Cal* penetration at about !.7 =m/hr, coasis-
cenc with diffusion of che fon in free solution.

2345 LOW FREQUENCY AMPLITUDE MODULATED MICROWAVE
TIELDS CHANGE CALCIUM ESTFFLUX RATIS FROM
SYNAPTOSOMES. f(Eag.) GLin-Liw, S. (V.A. Hospital,
L1201 3enton St., Loma Linda, CA 92337); Adey, W. R.
3iselectromagnetics 3(3):309-322; 1987 (14 refs).

Caleium (43Ca*) efflux Srom preloaded rat synapro-
somes was studied with a continuous perfusion tech-
anique and the rate constants of a biphasic efflux pro=
cess calculated. When synaptosomes were exposed to
i6-Hz siausoidally amplitude aodulated 450-MHz micro-
wave (MW) Zields (aaxinal iacideat intensity 0.5 aW/
eal, modularion depth 75%) during the second (slow)
phase, the rate constant increased by J8I. Exposure
20 continuous wave or $0-Hz modulated fields did not
sroduce similar resulfs. The YW field-induced change
2an be distinguished fram *37al* efflyx stimulated by
calcium chlaride injection which is most probably de-
rived intracellularly. These Jata suggest that the MW
field-induced change in calcfum efflux probably Jdid
10t iavolve intracellular caicium. Morecver, the sen-
sitivity exhibized by svnaptosomes, which can bde re-
zarded as subcellular neuronal elemeats, provides evi-
dence that whole cells or organized tissue are not re-
quicted as essential anatomical substrates for field-
cissue inceraciion.

1348 FLUORESCENCE DEPOLARIZATION STUDIES OF THE

PHASE TRANSITION IN MULTILAMELLAR PHOSPHO-
LIPID VESICLES EXPOSED TO 1.0-GHz MICROWAVE RADIATION.
fIng.) allis, J. W, (MD=74, Ixperimental 3tology Div.,
Health Zffects Research Labaratory, IPA, Research Tri-
angle Patk, NC 27711); 3inha, 3. L. 3icelectromag-
aetics 3(3):323-332; 1992 (16 refs).

Current Liter

To investigate the interaction of alcrowave (MW
diation witn lipid Bbilaver vesicles, =ulitilam
dimyristoylphosphatidylcholine (DMPC) wvesicles
2xposed to continuous wave ..J JHz MW energy ia 1
perature controlled re ngular TEM cell. Befor
posure, a Iluorescent iipid-seeking amolecular p
diphenylhexatriene (DPH), was introducsd into the
membranes. Since chloroform is xnown to shift
transition to a lower temperature, DMPC vesicles
als» treated with chloroform to serve as positive
ttols. Fluorescence depolarization measuremencs
made as a function of temperature on control sa
and on OMPC suspeasions sxposed to 1.0 JHz at s
fic absorprion rates (SAR) of 1, 3, ar 30
Measuyrements were also performed over 1 series of
er levels while the temperacure was maintaized it
and 25.5 C; these temperatures represent -he 2017
which shifts in the phase zramsition could be darc
easily. Semilog plots of microviscosity versus
perature showed that phase transition tempefitu
chloroform-treated vesicles was 5 C lower than @
zreatad controls. No shifct of the phase trans
was found during exposure ta l.) OHz MW radiaci
SARs between 1-30 W/ kg. Yo statisticalls sigaif
difference was found between exposed ind contral
ples as SAR was increased. These results ire in
trast to those of others using laser Raman spec
copy to measure the phase zranmsition ZIa similar
tilamellar vesicles exposed %o MW radiation.

«

2347 POSTRESONANCE ZLECTROMAGNETIC ABSORPTI

MAN AND ANIMALS. (Eng.) Massoudi, .
Eleetrical Zngineering, Jniv. Utah, Sal: Lake
ST 84112); Ourney, C. H.; 3arber, P. W.; Iskande
F. Bioelectromagneties 3(3):333-339; 1982 {iJ r

A surface integral equarion (SIE) method is us:
calculate the specific absorprion rate (SaR) ins
ically capped cylindrical models of man irradiat
an axially incident electromagnetic (EM) plane
{K polarization) in the Irequency range 30-400
In the SIE method, the EM field equations are €
lated in cterms of the electric and magnetic cur
induced on the surface of the body and the resu
integral equation is solved by the method of mom
The forward scattering theorem is used to cale
the average SAR from the far scactered IM Zields.
data caleculated by the SIE method show good agre
w#ith data calculated by the extended bSoundary c
tion method (ZBCM) for frecuencies up to 30 MHz
upper frequency limit of the EBCM) for man mo
For rat models 2xposed to 1-3 GHz radiatiocn, te
able agreement was also obtained with the limize
perimental dara available. The upper fraquen
for SIE is 300 MHz for man models and 3 GHz
@odels. “hen calculated average SAR values for

and 4 polarizations were plotted with the cdata fo
X polarization, it 7as Yound th the three zurve
tersect ‘ust ibove the I polarization resonance.

information may Se useful in designiang experi
w“here average SAR wust be independent >f animal

Tion.

o
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2348 FECTS )F nl=Hz ZLE FIZLOS ON  3PECI-
IC HUMCRAL AND CELLULAR COMPONENTS F  THE
{UNE 5¥ST! {ZIng.) Morris, J. Z. (Biology Dept.,
Pacific Yorthwest Laboratory, 2.J. 3Jox 999, Richiand,
wa 39352 lips, R. D. 3icelectremagnetics 3(1):

1312347 1982 (20 r2és).

n o,

The Zunctional aspects of humoral and cell-mediated
iamunizy Swiss-Webster mice exposed to A0-Hz
electric Tields at 100 kV/m (20 hr/day for 30 to !39
iays) were investigated. Mice were housed in plas-
tiz cages between parallel-plate electrodes (3 ani-
233 cage). The mice were [n electrical contact with
the wirea mesh Ilcors of the cages which constituted
the reference ground electrode. Afzer 50 or 90 days,
2xposed, snam 2xposed, and cage concrol aice were [m=-
zunized ip with xeyhole limpet hemocyanin (KLH); as-
says far precipitating antibodies were taken l4 days

2r challenge. No significant differences were ob-
served in srimarv antibody response to KLY among the
chree zroups of mice after 30 or 60 days of exposure.
Responses of spleen cells Zrom exposed, sham-exposed,
and cage control mice were compared for three mito-
gens (concanavalin A, pokeweed aitogen, lipopolysac—
sharide) at various concentrations after exposure pe=~
siods of 90 and 150 davs. No significant differences
were obsarved among the three groups of mice ia the
3N=-day and !50-day =2xposure. Mean stimulaticn indexes
sbrained Ior phytohemagglutinin-treared spleen cells
ippeared zo Ye higher for the exposed zroup than for
sham exposed controls; however, scatistical evalua-
tiom of the data indicated that the difference was
ot statistically sigaificant.

1349 POSSIBLE EFFECTS OF 1011 Hz RADIATION ©ON

THE OXYGEN AFFINITY OF HEMOGLOBIN. (Eng.)
Xondepudi, D. K. {(Center for Studles {n Stacistical
Mechanics, Dept. 2Physics, Univ. Texas, austia, IX
T8712), Bicelectromagnetics 3(3):342-361; 1982 (19
c2fs).

The possible effect of electromagnetic radiatien on
the nemoglobin molecule is examined and a simplified
modal for heme plane oscillations is developed. The
binding of oxvgen to one of the subunits of hemoglo-
bin greatly enhances the oxygen affinity of the other
subunirs. This cooperative intaracticn of the sub-
units !s {nitilated by the movement of the heme plane
soward the proximal side when oxygen binds to the
neze. This motion is :transmizred to the surface of
zlobir through a ''reactiom parh” :onsisting of
4 3roup sf atoms whose zotion 1s well correlated.
4 simple =odel for the heme plane oscillations (s
presented based on detailed geometry and x-ray dif-
cticn jata of the nean square displacement of rthe
1z2ms surrounding the heme. Using this medel, the
Tatural freguency 3f nscillations is approximately
S o2 0li Hz. This result, along with recent experi-
2e~tal data on the «inetics of the conformational
tmanges .f ine heme, polnts o the possibility that
cadiacdin mav (afluence the axr3en affinlty of hemo=

Sivlogicar Effgcrs ot Nomomzing E.eciremar
Aagiation YN(2-4). wuty 1383

globia. If
che oxygen ar

235 LoCAL TUMCR

R. L. (Dep ectrical Zngineert "
1406 West Green 3treet, Urbana, IL 2id0!y;
Seard, R. I.; 7ain, 7. A. 3iocelectromagnetics
263-370; 1980 (9 refs).

A alnicomputer-based svstem desizned ta provide

heating t3 Tumors in laboractory inimals (s iescr
The svstem <as used Tv Ireat transplancted sudculfia
PARA-T fibrosarcomas (n female zolden Svrian haz
W“ithout sccurrence >f scin buras. A Jomputer was
grammed o controi the average al:irawave |
delivered to each of faur local avpertaeraia app
tors in decordance with intratumor temperature

urements performed at the end 3f 1 spect
of rime when no MW nower was applied.
GHz) was delivered rthrough dielectricallv loade
applicators coupled o :the zuzors 5y a tempera
cegulated water-coupling ~uff. Temperature ia
tumor was measured by thermocouples threadea th
the center of the Iumor. A Cemperature-scinning
paratus was used to determine the steadv-srace ter
ature distribution ia tumers. Afzer an inxcial

heating period of 2-3 min when MW power was 17 °
average power of 4 W was req ed to maintaia i s
state temperature of <3 C at the zumor center I¢
min; duty cycle was .79 and circulating watar ze|
ature in the water coupling cuff was 31 €. Uz
the circulating water cu reduced intratumor te
ature gradients and eliminated skin burns.

1351 MEASUREMENT 2F 3LCOD=3RAIN 3ARRIZR PE)

TION IN RATS DURING ZXPOSURE TN a3t
MICROWAVES. (Eng.} Ward, T. R. [ZP4, MD-T4, Zx
mental Bilology Div., Research Triangle Park
27711); Elder, J. A Long, M. Svendsgaarc
8icelectromagnetics 3{(3):371-382; 1982 (14 refs)

Adult ID albino rats were in‘ected wizh a aixtu:
two radiolabeied saccharides (sucrose and iaulin
exposed for 30 min o 2450 MHz continucus wWave
wave (MW) radiation ia the far field o7 an anes
axposure facility at 22 7 at power densizies of 9
20, or 10 aW/cmd or to an environment ar temperal
of 22, 30, or 40 C. Foilowing exposure, the 9rai
perfused and sec:ioned into eignt regiuvns, and th
dicactivizy in =ach region was counted. Data
analyvzed bSoth bv a series of individual regre:
analvses to determine the response of each brair
zion to each tracer arnd by osrofile ianalysis to
Yar general czhanges. When tne dati were inalvze
16 independent regression analyses and 3Joaferr
vethod was 1pplied to prevent lse posi e
from numerous amalyses, no statistically
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ingrease 1a perseation was found for either zracer
ta any brain reglon of MW-exposed rats. Wwhen a pro-
file analvsis was used to test for a general change
L7 tracer -ptake across all brain regions, a signifi-
cant {ncrease in permeation was found for sucrose dut
10t for inulin. ‘However, a0 significant increase ia
perzeation due 0 MW exposure was found after a cor-
rection factor derived from the varm-air experiments
~as applied to the data for the MW-exposed rits. The
results suggest thar the increase ({a brain permeation
to sucrose observed at higher SAR was due to the ther-
aalizing effect of MW exposure.

TROMAGNETIC DOSTMETRY IN A 3ITTING RHE-
3US MODEL AT 115 MHz. (Eag.) Jlsen, R. G.
Baval Aeraspace Medical Res. Lab., Code 41, Pensa-
i0ia, FL 12508); Srinmer, T. A.  3icelectromagnerics
3023:385-389; 1982 (7 refs).

A 3.5-ky tissue=equivalent rhesus model with an over-—
all sicring height of 73.5 cm #as exposed to contiau-
Jus <ave microwave (MW) power at 225 MHz in a horn and
~aveguide assembly placed inside an inechoic chamber.
The model faced the horn at a distance of 228 ca. A
nonperturbing temperature probe and a gradient-layer
<alorimeter were used to decermine localized and whole
body specific absoprtion rates (SAR). Normalized SaRs
based on temperature probe measurements showed deep
renetration of MW energy, and calorimeter experizents
showed 4n average SAR of 0.285 W/kg per aoW/e=2, a val-
i@ zuch higher than the 0.107 W/kg per aW/cal calcu-
lated for the sase model ic 1.29 GHz.

2253 THE TACUOLAR POTENTIAL OF CHARACEAN CELLS
SUBJECTED TN ELECTROMAGNETIC RADIATION IN
THE RANGE OF 200-3200 MHz. (Eng.) Barsoum, Y. 4. (c/o
Picikard, Dept. Zlectrical Engineering, Washington
“niv., Se. Louis, MO 63130); Pickard, W. F. Bioelac-
iromagnetics 3(4):393-400; 1982 (14 reis).

Single giant cells of Chara braunii and Nitella flex-
{lis were placed in a nmicrostrip exposure apparatus
and subjected to bursts of electromagnetic radiation
{carrier frequencies from 200 to 8,200 MHz) at a nom=
inal pover level of 100 W/w?. The vacuolar potential
was monitored with a micropipette, and offsets as low
as 1 uV zould be resolved in real time by suizable
filtering and signal averaging. At the 100 W/m2 pow=
2r level, 7o visible resting potencial offset was de-
tected. However, when the power was incteased to a
a0miaal 290 xH/al (i.e., 400 =W delivered to the mi-
crostri) or roughly 2.2 V rms on the lise), the slow
S¥perpolarizing Tamp reported at lower frequencies
tould be seen but zouid not Ye accurately measured
“ecause of ingufficient power. It appeared to decay
Jevond 00 ¥Hz ind to be absent at and above 950 MHz.
Ty iavestigate reports that <nail neuroms irradiated
“or 1 o5rp at 1430 VHz and approximataly 13.5 W/ kg de-

Current Lite

weloved lowerad nembrane resistivizies, electr
and nonelectrogenic Chara braunii and nonele
Mitella flexillis cells were exposed in the =micr
apparatus for 1 hr at 2450 MHz and 139 W oal, e
rasistivity decreased !9.3%, 13.9%, and [7.3%
pectively, for sach cell zvpe.

0334 SYSTEMS FOR EXPOSING MITE 70 1450-MHz

TROMAGNETIC ZL0S. “Eng.} Zhou,
(RJ=30 Univ. Hosp., Seattle, WA 98135); sav
3foelectromagnerics J(4):e0i-4i2; 1982 (13 ¢

TwWo svstems for exposing mice to 243u-MHz aic:
(MW) fields are described. Dosimetry iata on t!
svstems are also presented. Laboractory anizmal
placed in individual holders made 3f 1 polypro
beaker inserted into a4 low-loss Styrofoam cage ¢
posure. Since the svsteams are designed ZIor shor!
exposure, food and water are not provided. i
are maintained in & constant temperature and ht
ty environment zmaintained by forced-air ventilc
A cireular waveguide svstem is used zo expose
mice simultaneously to circularly pelarized =l¢
magnetic fields. For [-W input powet to the
guide, the average specific abscrption rate {3Ai
determined by twin-well calorimetry %o be 3.90 :
W/kg in 27~z mice. The maximum SAR at the skir
face determined thermographically was 3.36 W/
the head of the mouse. A ainiature anechoic c!
15 used to expose six mice simultaneously to
field plane waves. The inside aof the chambe
lined with copper shielding and high-temperatut
sorbing material to uiccommodate high input
The air ventilation at the location of :he mic
separately controlled so that anv heating in :f
sorber would not affect the inimals. For =¥
power, and when the animals were irradiated Jit!
axis parallel to the £ field, the average SAR wa:
= .01 W/kg and the maxizum SAR at the skin st
was U.41 W/kg; when the animals were frradlatec
pendicular to the E fleld, the SARs were J..i 1
W/kg and .04 W/kg, respectivelvw. Although =mu
scattering among the animals in the gircular
guide system is larger than in the anecholc che
the circular waveguide system offers some advar
over the anechoic chamber svstem: it is =ore :
efficlent and less orieatation dependent cthai
minlature chamber and it takes up less space.

3335 ZVIDENCE FOR EZLECTROSTATIC HANCIMEY

ODOR RECEPTOR FUNCTLON 3Y WORKER HC!
ANTENNAE. (Eng.) Erickson, . H. (3Bee Maragzeme:
vestigations, US Dept. Agriculture, Science Zduc
Admin., Russell Lab., Univ. Wisconsin, Madiso
53706). 3{velectromagnecics J(<):4il=all: 198
refs),

Pore plates fplacoid chemoseasillae) um the int
0 ?
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of lead worker honewhees (Apis wmellifera L.: appar-
retained a static electric charge that was sig-
<cantly different from that of the surrounding cu=
ticle, Residual charge resulted {n che concentration
>t airborne particulate matzar dver the riam of exposed
pore plactes to the wvirrual exclusion 3f such depesi-
tion on surrounding cuticle. Postmortem integrity of
polar lipids associated with the tore plate and adja-
lent sense cells !s hvpothesized as the source of the
static potential. Such a lipoidal matrix, if func—
tioning as an electret and if attracring odorous mol-
2cules o receptor cells from outside the odor stream
of individual receptors, would greatly enhance recep-
sor efficiency of living bees.

IN VIVO AND [N VITRO JIELECTRIC PROPERTIES
OF ANIMAL TISSUES AT RADIO FREQUENCIES.
‘Zng.) Xraszewski, A. (c/o M.A. Stuchly, Non=Ionizing
Radiarion Sect., Znvironmental Health Clentre, Health
and Welfare Canada, Nttawa, X!A 0L2, Ontario, Can-
adaj; Stuchiv, M. A.; Stuenly, 5. S.; Smith, A. M.
3iocelectromagnetics 3(4):421=-432; 1982 (12 refs).

The dielectric properties of cat tissues in vivo and
in vitro were measured and compared in the frequency
range between 100 MHz and 8 GHz. The permittivity of
rat tissues in vivo is also reported. An open-ended
coaxiali line and an improved measurement nethod em—
2loying a computer-controlled network analyzer were
used. In vivo measurements wera perforzed on four
anesthetized cats; various tlssues (muscle, spleen,
<idney cortex, liver, and brain cortex) were surgi-
cally exposed for dielectric seasurements. The cats
were euthanized and submerged in a normal saline bath;
individual tissues were raised just above the saline
bath surface and blotted dry immediately before the
weasurement probe was applied to the same ctissues.
The differences between in vivo and fn viiro (less
zhan 4 hr after death) measurements of the dielelec-
tric constant and the conductivicy of all cat tissues
were found to be smaller than the experimental uncer—
taincy limits of 2% for the dielectric constant and
1% for the conductivity. These results provide an ex-
rerimental confirmation of the predicted behavior of
cissues.

1357 FAR-FIELD  DOSIMETRIC MEASUREME:
FULL-SIZED MAN MODEL AT 2.0—GHz.

A
g

lsen, R. G. (Naval \erospace Medical es. Lab., Code
41, Pensacola, 7L 32508). Bioelectromagnetics 3(4):
433-342; 1982 {11 refs).

Electromagnetic dosimetry was c¢onducted {n a tissue-
2auivalear fyll-sized (l1.74 =, 70 %g) mocel of man
frradiated at 2 GHz inside a mizrowave-anechoic cham=
bSer. A nonperturbing temperature probe and a gradi-
<nt-laver calorimeter were used to determine local
and wnole-body specific absorption crate (SAR), res-

Biological Elfects of Noniomzing Eleciroma
Ragiation VIi(2-4), Juiy 1983

pectivelv. Temperature was measured ia 9 lscut
in the body. Dosimetric data were Taken 4t the |
surface of each location and at ! cm desths Jir
Senind each location to give a profile of absopr
Relatively high SAR values were found ia the

compared to the axis of the trumk of cthe model.

whole body calorimetric determinations were made.
calorimeter oxperiments vielded an average SAR

3-£5ld higher than that estimated theoretically

prolate spheroidal model of man. It {3 suggesced
resonant interactions f{nvolving the liabs may bt
sponsible for the disparity between theory and e
Iment.

1358 A BEHAVIORAL RESPONSE OF SWINE 70O a

ELECTRIC FIELD. (Eng.) dleresen,
(c/c Phillips, 3iology Depr., Batrelle Pacific ¥
west Llab., Richland, WA 99352); Miller, M. C.; X
W. T.; Phillips, R, D. 3ioelectromagnetics 3(3)
452; 1982 {13 refs).

Hanford miniature swine that had been exposed to
Hz electric field at 30 kV/a for 20 hr/day, 7 da
for up to 1438 £ 45 hr, were tescted for their pr
ence for the presence or absence of the fleld dur
21-hr period. During behavioral testing, 4/17 ex
swine and 9/15 sham—exposed swine were pregnant.
swine were tested in a shuttlebox system consist{
a shielded and an unshielded stall connected by a
sageway. The locatlion of the pig within the shu
Y0X Wwas amonitored with two light-beam scanners i
passageway. Each of the 32 pigs was subjected
single 2! hr test, which included 2 light period
a 12-hr dark peried (from 5 PM to 5 aM). Xnown
of indirect interaction betveen swine and 60-Hz £
were eliminacted or reduced to very small values.
were analvzed within the two light periods, the
period, ana the entire 21~hr period. Swine spent
nificantly more time in the region shielded from
tric field exposure during the sleeping period o
diurnal cycle (5 PM=5 AM); when active, they move
tveen shielded and expecsed regions fairly frequ
and showed no significant preference for either
The response of pregnant and noapregnant pigs to
tric field exposure appeared to be different:
exposed nonpregnant swine preferred the shielded
while the &4 pregnant swine exhibited no prefere
The behavioral response of swine in a 60-Hz ele
fleld {3 similar to that in rats. It is sugg
that the response is a result >f a direct iatera
between the electric field and the animals.

9359 EFFECTS OF X-BAND MICROWAVE ZIXPOSUR

RABBIT EZRYTHROCYTES. (Zng.! Clearv,
{Dept. 3fophvs., Med. Coll. Virzinia, Virginia Co
wealth Univ., Richmond, VA 232983; Garber, 7.;
L. M. Bloelectromagnetics 3(4):453-unb; 1981
rets).
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The effects of conctinuous wave (CW) and pulsed aicro-

wave MW) heating on the permeability of ervthrocyte
(R3C) plasma dembranes were studied. 2BC from adult
Zutch rabbits were =2xposed as whole C(heparinized)
Siocod suspensions sr as washed cells {n l:l isectoric
burffered K*-free saline suspensions in waveguide ex-
posure chambers >r in a “emperature-conttolled circu-
lating water bath within 20 2ia after the blood sam—
ples were taken; duration of exposure was I hr. Tem-
perature distributions ~ithin the samples were zeas-—
ured with either a Vitek electrothermla prube or a
ihermocouple. Statistically significant increases itn
K+ efflux compared to water-bath-heated controls were
detected when RBC were exposed {n whole blood suspen—
slons to either TW or pulse=-aocdulated 3.42=GHz MW en—
273y at specific absorption rates (SAR) resulting in
saople temperatures >f 14,0 and l4.+ I, respectivelv.
Pulsed MW exposure (3 wusec pulses, equivalent peak
power density of l=.3 W.cmd at the center of cthe wave=
suide, pulse repetiflon rates of [38, 413, or 555 Hz;
SAR, 11.6 2W/2) resulted in a small but comsistent an=
nancezent of X+ efflux in l:! red zell suspensions and
to a lesser extenr in whole blood, compared with CW
exposure {SAR, 1.7 =W’g). No statistically signi-
“icant K* efflux occurred in the case of i:l red cell
suspensions under the same exposure condizions. Mea—
sured differences in sample heating rates and temper-—
ature gradients berween MW-esxposed and heated control
suspensions may account in part for the diffarential
effect MW exposure, Sut such effects do not appear
co fully 2xplain the results of this studv.

0260 ASSESSMENT OF THE IMMUNE RESPONSIVENESS OF

MICE IRRADIATED WITH CONTINUGUS WAVE OR
PULSE-MODULATED &425-MHz RADIO FREQUENCY RADIATION.
fEng.) Smialowicz, R. J. (Experimental Biology Div.,
Heaith Effects Research Llab., EPA, Research Triangle
Park, NC 27711); Riddle, M. M.; Weil, €. M.; Brugno-
lotti, P. L.; inn, J. B. Biocelectromagnetics 3(4):
+67=4i0; 1982 (7 refs).

Groups of four female BALB/C mice (8<10 wk old) were
Lrradiated with either continuous wave {(CW) or pulse
sodulated (PM: l-msec pulse width, 250 pulses/sec)
425-MHz radiofrequency (RF)radiation. Mice were ir-
radiated for 1 hr on each of 5 consecutive days in a
rectangulac strip-transmission line at average for-
ward powers of 78, l7.7, or 5 W for CW and 7.7, 3,
or 1.25 @ for PM. The wuean specific absorption rate,
as measured using twin-well calorimetry was 7.7 W/kg
for a forward power of 70 4. No differences in the
altogen=-stimulated response of iymphocytes or in the
primary antibody response :to sheep erythrocytes or
polyvinyloyrrolidone were observed hetween !rradiated
and sham-irradiated mice, nor between mice exposed to
2lther W or ?M i15-MHz RF radiation. The failure to
detect a change i{n the i{mmune response does not di-
rectly answer the question as to whether sr not 1
qualitative 4{ffarence in biological affectiveness
2x1sts Setveen "W and PM zodes.

Current Liter

036l COMPARISCN OF BACTERIAL GROWTH T0

INTENSITY MICROWAVE ZXPOSURE D
TIONAL HEATING. {Eng.} Hossain, M. A, (c/o T
Depr. 3otany, Howard Univ., Washiagton, 2C 20
Dutta, S. X. 3icelectromagnerics 3(+):371-474;
(4 refs).

Zscherichia coli pol AT and pol A™ strains wern
posed In the far field to 8.3-CHz alcrowaves
pulsed at 1000 Hz (i-usec pulse width) and an S
40 W/kg, which increased the temperature of 4
bacterial suspensfon by 7 C. Two=way analysi
variance showed 20 siznificant difference be
the growth rates of MW-irradfated and therzall
posed cells bevond that issociated with a tem
ture increase.

n362 ATTEMPTS TO ALTER +5CAZ+ BINDING TO
TISSUE  WITH PULSE~MODULATED  MICR
ENERGY. (Eng.) Merritt, J. H. (USAF/SAM, 3rooks
San antonia, TX 78233); Sheltem, W. W.; Chamnes
¥. Bioelectromagnetics 3(4):475-478; 1982 (3 =

Experiments were designed to test the effect of
in vitro and in vive exXposure to pulse-modulate
Ccrowave (MW} e_nargy on #5CAZ+ binding in rat

tissue. Slx individual samples loaded with 453Ca
intraventricular injaction were exposed to MW
GHz (16 Hz pulse repetition rate, 10 msec pulse w
power densities of | or i0 aW/cml, specific absor
rates {SAR] of 0.29 or 2.9 W/kg), or 2.45 GHz (
pulse repetition rate, 20 msec pulse width, power
sity of 1 mW/cal, SAR = 6.3 W/kg), or sham radi
for 20 min. No significant differences betweer
tadiated and shao-irradlated tissues with respe
45Cal+ efflux were found. For whole animal expos
rats were injected intravencricularly with *3Cal
exposed for 20 min to 2.06 GHz in ome of 17 diff
combinations of power density and pulse repet
rate. Pulse width was held constant ac 10 amsec
was 0.24 W/kg per aW/cm2. There was ao signif
difference in efflux of *3CAZ* between 'MW- and

frradiated groups. The data fadicate that net
efflux in rat brains exposed either in wvitro

vivo is not altered by pulse-zodulated MW radi
under the conditlions used in this study.

02363 MICROWAVE ABSORPTION 3Y FOLDED DNA <H
(Eng.) Kohli, 4. (Dept. Physics, P

Univ., West Lafayette, IN +7907); Van Zandt,

Biopolymers 21(7):1399=1410; 1982 (8 refs).

The absorption of microwave radiatfon by 1 INA
cule is calculated for a segment of a straighe,
infinite polymer chain with abrupc, localized b
The power absorbed bv a segment of chain betwee
bends £s calculated first. Zverv leagth of po
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hain i3 then regarded as lying between ends and the
alzulated absoprrion can be integrated over the dis-
tibution of {nterbend distances. <Concridutioms o
088 section absotptlon from base pairs outsicde the
Yends are estimated separately. Vibrational proper=
ties of the bends were paramecerized Sy a transmis-
sion and a reflection coefficient. A general Green’s
function expression for power absorption was studied
for different damping rate values and for transmis-
sion and reflection coefficients. Detailed expras-
sions for absorption cross sections for longitudinal
and optical modes are presenced in an appendix. The
specific system for which absorption estimates were
2ade is poly(dG)-poly(dC) in B-conformation. Cucves
2f abgorption vs Irequency ¢5.0-30.D SHZ) are shown
I3r various damping parameters and reflection condi=
cions.

Jiod ABSORPTION QF MICROWAVE RADIATION BY >NA

DOUBLE HELIX IN aqQue. {Eng.) Van Zandt,
L. L. {Dept. Physics, Purdue Univ., West Lafayette,
47907); ¥ohli, 4., Prohofsky, E. S. iodolymers
21(7)11463-1468; 1992 {9 refs).

The microwave absorption by ONA double helix ia aque=-
s solution was calculated, and theoretical results
were compared with experimental data. Ilastic proper—
tles of the isolated, dry aolecular chain were deter-—
ained and organized into distinct normal modes char-
acterized by wave number and by one of four eigenvec—
tors in the microwave portion of the spectrum. The
behavior of water was treated as a viscous, elastic,
inercial continuum extending radially from the sur-
face of a long cylindrical core to infinity. A gen-
2ral expression was obtained for fluid field velocity
in the form of a series of independent vector fields.
Calculated absorpcion walues agreed strikingly with
experimental values for the relacive absorption of
water and ONA solution at 8-12 GHz. In contrast to
siaple relaxatien time models of molecule-solvent in-
ceraction, the theory predicts decreases in absorption
at higher frequencles. Data for the narrow frequency
range suggest that the drop may be even stronger than
predicred, suggesting cthat additional mechanisms may
te involved in the absorption process.

363 A MICROWAVE RADIOMETRIC METHOD FOR THE

STUDY OF THE SEMICONDUCTOR PROPERTIES OF
LIVING TISSUE: [T POTENTIAL APPLICATION TO TUMOR
LOCATION. {Sng.) 3igu, J. (Elliot lake Lab., Min-
ing Res. Lab., P2 Box 170, Ellioc Lake, Ont., Canada).
3lotelem Pacient Monit 9(2):98-i14; 1982 (26 refs).

A ajcrowave (MW) radiometri{c technique to erable {n-
restigaticon of the seml-conductive propertles of blo-
logical tissue is described. The technique makes use
nf the nonlinear electric properties of tissue in con=
Junction with {13 radiacive properties as descrited by
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blackbody thearw. M ag 27 the !W power getef.t
4 Sodvy reglon illuminated bv YW energ? Jith
cower generated bv 4n external source results &
intermodulacion specirum that can be Deasured

4n intermediate freguency rudismeter Iuned 0 4

determined difference Irequency or 1 sum
of the intermodulation speczrum. Pralimina T
zenta: results ire presented. A ridiumerer nserad
at 129 MHz with a 17 ‘Mz sandwiith was used 1 exd
ments conducted on rabblis, huains, MW absorsers,
dielectrics exposed to 9.3 Gliz raciation 1T ;ower
sity levels of 10 aW/ca? {(less ‘ar “uman
No increase in tne I25-MHz signa. ok 2
specimens illuminated in the 3.3-GHz field r=la
Zo the same specimens in the ibsence Of zhe <.
Results were l.atted 5v adecuate sensitl
radiometer; however, it was 2ossidle o esrinlise
upper quancitative limit for effeciive semi
ductor mixing parimeters. ZIxtension 3f the techn
to tumor localizacion is discussed and desc
a mathenmatical nodel. Racdiozetsic scamning should
tect differences {n semiconductive nroperties 4t
boundary f the tumor and surrounding normal z:is

1366 HYPERTHERMIA AS A TREATMENT FCR NEOPLA

(Eng.)} Jrezmik, 4. (/o Falk, L=l
rard #“ing, Toronte General Hosp., Toronts, Ont.
IL7 Canada); Falk, R. E.; Howard, V.; Makowka,
Yenturi{, D. laan J Surg I15(u):503-508; 1982 7RB re

A review is presented of the historical background
experimental and clinical results of hyperthermi.
cancer therapy. The reaction of ctumor tissue =
pertheraia differs from that of normal tissue.
cells are more sensitive to heat than normal zell:
4l-44 C, Seleczive heating creates a core tumor !
perature of 45-30 C with demonstrabie tumor and
cular necrosis. The differences {n neat accumulal
in normal and malignant tissues are appparently
lated to tumer bSlood supplv. Thermotherapv <an
administered by whole body, regiomal, ind local
perthermia. Methods of production af hnvperthe:
for the treatment of malignmant tumors include
ugse of the whole slectromagnetic speszrud. 3ide
fects of aicrowave and radiafrequency voertnel
are suamarized. Experimental studies sugzgest |
hyperthermia produces an immunclog:cal! r2sponse !
plays a prominent role in tumor destruciizn.
aechanisa of this effect {s not xnown, dJut it zav
volve increases in cell aembrane ‘amunngenicit-
limited number of clinical =:rials ¢ =¥
alone or in combination with zhemotherasv
therapy have been reported. Hvpertheraid i3 svner;
tic with several chemotherapeutic agents, ind I}
is evidence that it reduces the radiaticn dose ne:
sary to cause tumor necrosis. Therao rapy s 21
tive with different histologic ftumor -vpes ing -
deep-seated as well 1as superff:ial tumors. Regi-
hvperthermia induced b» radlofrequency sfi2ts the :
and most controlled form >f therapv.
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2367 CLINICAL HYPERTHERMIA: RESULTS OF A PHASE T

IAL IMPLCYING HYPERT! MIA ALOME OR IN
COMBINATION WITH ZXTSRNAL BEAM OR INTERSTITIAL RaDIO-
THERAPY. g.) Manning, M. R. (Univ. Arizona Health
Sciences Tentar, Qadu:.on 3n"nloev tv., Tucson, A’

35724); leras, T. i Miller, R. T.; Oleson, J. B
Zonnor, W. G.; uel-\er. E. 4. Cancer 49(2): "05-“16
1982 (35 refs).

Resuits of a Phase I irial of hvperthermia [4T) alcne
ar in combination with high-dose-rate external beaa or
low-dose=-rate interstitial radiotherapy in the treat=-
went >f 43 patients with advanced, locally accessible
neoplasms refractory %o convantional therapiss are re-
sorted. HT alone was used in eleven patients who had
reached radiation tolerance levels or were not zan-
didates for radfation Ifor other reasons. Seventeen
zatients with accessible lesions (who 2ould tolerate
general anesthesia) were treated with interscicial
chermotherapy in which itidium or radium {mplancts com—
bined with HT produced by localized radiofrequency
{RF) current fields using the [mplant guides or nee-
dle casings as electrodes. The remaining !5 patients
wefe treated with externally produced HT and radia-
tion. For all tumor types, HT alone (2-12 fractions,
32.5=44 C for 40 min) resulted {n complete response
{CR} in 2/1l patfents (!83), partial response (PR)
in 3/11 (277); A/11 patients showed less than 50% re-
duction in tumor volume. Of the nonresponders, 4/6
experienced growth arrest during treatment concomi-
tant @ith pain relief. Duracion of response was 1-24
@0. 02f the patients treated with HT (43-44 C for 40
ain at 72 hr iatervals) followed by radiotherapy, 8/
13 133%) displaved PR, 4/15 (272) showed CR, and 3/15
showed no response other than pain relief and central
necrosis of tumor. Of the patients treated with in-
cersticiai chermotherapy, 5/17 (29%) showed PR lasc-—
ing 2-3 20 and 12/17 (711) displayed CR with no tumor
regrowth within the treated volume for a 2-12 mo fol-
low—up period. Toral response rates based on tumor
“istology were 1/2 malignant fibrous histioeytoma,
3/5 satcoma, 11/14 squamous cell carcinoma, L1/14
adenocarcinoma, and 8/9 zelanoma. Complications were
sinimal for ali treatment groups and included 1 third-
djegree burn and 3 second-degree burns from fringing
F fleids, ! vaginai-rectal fistula, a superficial
facal soft tissue necrosis, and some minor blistering.
The results demonstrate that HT alone or in combina-
zion with radiotherapy cam be safely applied in the
treatmen: of malignant disease. The data also suggest
that 4T, especially when combined with interstitial
thermoradiotherapy, can yield remarkable results in
the eradicaticn of local cancers.

1163 THE TREATMENT OF ZONGENITAL PSEUDARTHROSIS

IF THE TIB3IA WITH PULSIMG ELECTROMAGNETIC
D0S: A SURVEY OF 32 CASES. (Eng.) Sutcliffe, M.
{0rthopaedic Dept., Royval Hallawshire Hosp., Shef-
14, S10, 2JF, England)}; Goldberg, A. A. J. Clin
‘t nep "66: a5=57; 1982 {15 refs).

Current Literat

A survev is presented of Zuropean cases of congeni
pseudarthrosis cf the tibia treated with pulsing el
tromagnetic fields (PEMF) using zhe 3i-Nsteogen Svs
of ectro-8iology, Inc. Prior disability time of
49 children {1-16 vr old, mean, 6.7 yr) was > 2 wr
78% of the cases and > 5 vr in 35 U of the zases.
but $ patients had undergoue at least one unsuccess
surgical procedure (mean, 1.76 operations) before P
therapy was instizuted. O0f the 49 patients, a de
nite endpoint was reacned in 37, and a successful o
come (union and progression ta full wt hearing w
protective orthosis) was achieved in 26 {(70.2%).
the 37 cntldren who reached a definite endpoint,
patients with )0 fractures ceceived an inicial cou
of PEMF therapy alone; there were !5 successes {(av
age treatment time, 7.7 =mo) and |5 failures {aver
treatment time, 12.4 m0). Of the 15 failures,
sponded to a bYone graft und a second PEMF cou
(average treatzent time, 3.6 and 8.£6 mo, respecti
ly, for the first and seccnd treatment courses)
patients were awaiting surgery and further PEMF ctre
ment. In 9 patients, initial PEMF therapy and s
gery were carried out concomitantly; union aceur
in 6 cases (average ctreatmeat ctime, 5.0 =10 wvs.
mo for J unsuccessful cases). analrsis of cthe
sults showed cthat PEMF therapv alone eafifacted un
in 60% of cases of Bassett Type I and 57% of Type
cases. An average treatment period of & =m0 is in
cated before determining whether the coils will s
ceed in a given case. Although Type III cases =
extreme acrophy and gross mobility do not respond
PEMF therapy alone, initial preoperative priming w
PEMF i{s recommended. Because of the importance
effective immobilization and a strict, non-weig
beating status, the applicability of PEMF therapy
young children (less than 33 mo old) is questiocnab

0369 REWARMING MICE FROM HYPOTHERMIA BY EX
SURE TO 2450-‘Hz MICROWAVE RADIATI
Eng.) Gordom, C. J. (Physiology Section, 3iclogi
Engineering Branch, Experimental Biology Div., Hea
Effects Res. Lab., EPA, R Triangle Park, NC 2771
Cryobiology 19(4):428-434; 1982 (12 refs).

Effects of whole-body 2,450-MHz microwave (MW) he
ing on survival of hypothermic male AJ and CD-L
bino mice (25-40 g) were assessed. 3ody (colon
temperatures were measured with a Vitek probe t
provides unperturbed measurements in a radiofreque
radiation field (30-3000 ¥#z). The mice were cold-
posed in a cold waveguide svstem until body tempe
ture decreased to an average of 5.7 C {range, .7
C). The MW generator was then activated and incid
powers of 10-80 W were directed into the wavegui
0f 19 mice, 18 survived rewarming at rates of .
0.65 C/sec. MW exposure caused tail bduraing 7
spots) in 12/19 animals, but the treatzents apparen
had no other 11l effects. The one deach that cccur
was probably due to cold exposure (body .!mvera:u
16.9 C). A warming rate of J.55 C/sec is
higher than rates achieved with external ?
aiques such as immersion In warm water.
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nal deposition of electromagnetic radiation permics
far faster recovery of axperimental anizals from hy=
pothermia.

037¢ F20D TORAGING CF HONEY BEES IN A MICROWAVE

FIELD (2.43 CHz CW). {Eng.) Gary, N. E.
(Dept. Enctomology, Univ. California, Davis, Ca 356l6);
Westerdahl, 3. 8. Environ Ertomol 11{1):95-99; 1981
{13 refs).

The wffect of exposure to 1.45 GHz zontinuous wave ai=
srowaves (MW) on the foraging behavior of honev Sees
4as lavestigated. A population of cordovan honey Sees
was trained to fly 300 2 from their colony o foraging
areaas in an iadoor laboratory containing fdentical
treatment and sham MW chambers. The MW chamber simu-
laced conditions ancicipated within and surrounding
croposed solar cower satellite {SPS) rectennse. A 3=
hr MW treatment was carried out on 5 consecutive days
at 3 power densities {0, 5, 10, 20, and 50 aW/cmi).
3ees nade approximately 20-30 round crips during the
d-hr observarion periods and were ia the chambers for
about half of zhe time. Mean daily foraging popula-
tions did not differ significancly for the YW and sham
chaobers. “ean round trip ctimes and Zforaging time
were similar for control and MW-ctreated bees at all
power levels. MW-zreated bees experienced no detect-
able alterations in orieatation and navigation be-
havior. The results provide evidence that honey bees
zeadily anter MW fields at power densities similar
to and exceeding those expected to be present in the
rectennae >f the proposed SPS system (23 mW/cm? ac
the antenna center to | mW/cal at che edge) and that
zheir behavior (s not adversely affected by these
fields.

9371 COMMENTS ON THE PAPER "INVIRONMENTAL POWER-

FREQUENCY FIELDS AND SUICIDE.” (2 LET-
TERS TO0 THE EDITOR). (Eng.) Smith, C. J. (Depc.
Zleztrical Tngineering, Univ. Salford, Salford M3 <WT,
Zngland); 3aker, R. D. Health Phys 43(3):439-441;
1982 (2 refs).

According to Samith, recent work on the effects of low=
frequency magnetic fields on bacteria growth rates
suggests that there might Ye a critical onset nagnetic
f{21d streagth ot a periodicity in propensity %o sul-
cide as a function of aagnetic field strength iPerry
at al; ‘Health Phys 21:267-277; 1981). Stacistical
4nalvsis of Perry’s raw data confirmed the basic af-
fezz, “ut it neicher confirmed nor tuled out the pres=—
2nce of ocerfodicities. 1If there is any causal rela—
cisnsnip hetween sulcide and field strength, the size
<% the strictural 2ntity which shouid Se sought for
-2plicatioa will %e at least 60 uM in ilameter; lo=
tal :ircult deurnns fall within this range. 3aker’s
analvsis of Pertv’s data confiras that the ratio of
:uiliides =7 zontrols appears to oscillate with flald
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~alue indicating that the propensizy to suilide 3
Ziven field wvalue presumabiy either rises with
fleld, if e 1pparent oscillation is illusory,
does indeed osscillate. ‘'lore study is needed.

ian ABSORPTION THARACTERISTICS oF PROL

SPHEROIDAL MODELS  ZXPOSED T0 THE %
FIELDS 0OF  ELECTRICALLY SMALL APERTURES. (ZIn
Lakhcakia, A. (Dept. Zlectrica. gineering, Un
Utah, Salt Lake City, UT 34112); Iskander,4. F.; 2
nev, C. H.; Massoudi, 4. [EEE Trans 3iomed Zng -3(
569-376; 1982 {10 refs).

Normalized average specific absorption rate (SAR) v
ues were calculated for prolate sphercidal models
numans exposed to electrically small aperture soure
The Incident electromagnecic flelds in the ipert
were replaced by those produced by equivalent el
tric and aagnetic dipoles, depending on the charac
of the fields incident on the aperzure. The indu
flelds within the spherofd produced by each dip
were determined using the extended boundary -ondit
method (EBCM). The orientation of the induced el
tric field created v the dipoles at large Jistan
from the aperture was paraliel to the spheroid ma
axis. From the induced fields, the average SAR

the spheroid was calculated. All results wvere gi
in terms of aperture impedance, which 1s defined
the ratio of the incident normal electric Iield
the incident tangential magnectic field ac che ap
ture. For all calrulations, the aperture radius

incident power Jdensity were equal to .0l waveler
and | aW/cm?, respectively. 4As the aperture locat
(the ratio of aperture-to-spheroid distance to wa
length) was increased at 27 MHz, the normalized av
age SAR decreased to approximately the same liaft
value for different values of the aperture impedan
Caleulacions of the SAR were made at .0, 27 and
MHz and at an aperture location of 5.13, while

aperture impedance was varied in magnitude and pha
It is demonstrated that the nature of the near fie
of the aperture source is more complex than zhat
elementary sources but that a qualitative understa
ing obtained from the study of the irradiation

fects of an elementary sour:ze accounts for the ne
field absorption characteristics of xodels irradi
ed by small aperture flelds.

n373 AN ACCURATE PROBE FOR MAPPING STRONG

MAGNETIC FIELDS. Eag.) Oleson, J.
(Div. Radiation Oncology, Arizona dealth Services C
ter, Uriv. Arizona, Tuscon, AZ 85724). IEEE Tr
3iomed Sng 29(8):581-383; 1982 (1l refs).

The design and use of a high [requenmcy magnetic fi
probe with an accuracy of & 3 percent ind precis
of = | percent ire descrided. The probe was lesiz
Zor measuring magnetic fleids over small areas and
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relativelv high field strengths such as thcse csed in
hyparthermia :reatmenc. The Jrobe consists of 3 1.9
<m diameter wire loop sensor constructed from the
leads of a subminiature incandescent lamp. Light from
the lamp is transmitted through a 2 a length of mulzi-
fiber-optic cable. The probe measures the average or-
chogonal magnetic field componments over a I cmd area.
The probe does not allow for simultaneous measurements
of orthogonal field amplitudes and relative phases.
Since the probe is Irequency dependent, its use with-—
cut frequency spectrum analysis is only possible in
Zields of a well-defined single frequency such as the
2ld produced by the Magnetrode (13.56 MHz). An ex-
sression was Jerived to relate the lamp incensicty to
zagnetic ‘ield intensitv, frequency ind loop impedance
and radius. For calibration purposes, the impedance
2f the wira loop was measured with the Hewlert-Pacxard
<315 Impedance Bridge. To test the calibratica of
the preobe, calorimetry experiaments were performed and
ald values were obtained f{rom Deasurements with a
HYoliday Isotopic Field Probe at a frequency >f 13.36
Mz ysing the Magnetrode body elecirode. Z2oth compar-
isons agreed to within the % 3 percant accuracy of
the probe.

03T 3LCOD FLOW ZFFECTS ON THE TEMPERATURE DIS-

TRIBUTIONS FROM AN INVASIVE MICROWAVE AN-
NA ARRAY USED IN CANCEIR THERAPY. (Eng.) Stroh-
Sein, J. “4. (Thaver Sch. Engineering, Darctmouth
Joil., Hanover, N# 93753); Tremblv, 3. S.; Douple,

{SEE Trans Blomed Zag 19(8):5:9-661; 1982 (39

The 2ffects of variatioms {n Slood perfusion rates and
ssue electrical properties on temperacure distribu-
tions ian homogeneous Cissues produced Hv an arrav of
invasive microwave intennas was studfied by numerical
simuilations. The bioheat equation was solved numeri-
cally for a number of symmetrically-spaced antennas
forming a czircular array in a homogeneous two-dinmen-
sional zissue model. The electric “ield produced bv
each antenna was 2xpressed as e field at the mid-
poine 2f a bare haif-wave dipole zmbedded in a 2onduc-
cive zedium. A constant “eating of the zissue adja-
cent to the antenna oI <5 7 was assumed. The elec~
trical properties of the modeled tissue were varied
to simulate muscle, “Srain, and fat with the same an-
tenna discribution. For a Zissue model with the prop-
erzies of amuscle zissue, four antennas 2qually spaced
about a 1.414 =3 radius :zitcle, a fraquency >f | GHz,
and blood fiow rates equal to 3r less than that in
cesting muscle tissue, steidv state temperarures were
reacted withia .5 min and remperature ilstributions
were governed by heat onduction and were nct signi-
icantly different from temperature distributions for
a0 blood flow. For bloed flow rates 17 :imes that
in resting ouscle <issue, 3teady sctate temperature
distributions were reached within 5 =min and the Iso0-
therm plots for the therapeutic “emperatules were 2J0-
centrated around the antenna. Temperaturs J1sTtribu=
tions were letermined 5v blood flow and were signi-
ficantliy 2¢ rent from temperiturs :iscritutions for
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no dlood flow. Temperature distributi:ns Zor
ferent Irequencies are shown. For high blood
rates, more antennas were needed £2 create an
3f therapeutic temperature large enough to be et
tive in treating the zumor.

1375 MICROSTRIP LOOP RADIATORS FOR MEDICAL
PLICATIONS. (Eng.) Bahl, I. J. (Iat:

=ional Telephone and Telegraph, Electro=dptica
ducts Div., 7635 Plancation 2d., Roanoke, YA
Stuchly, S. S.; Lagendi’k, . J. W.; Stuchly, *
IEEE Trans Microwave Theory Tech I0(7;:1.90-]
1982 (9 refs).

Three picrostrip loop radiators designed Zor =mec
applications are described. Two of them were desi
for inducing local hyperthermia at 433 and 915
and the third was constructed for the detectic
breast cancer using microwave radiometry at i3G0
The design principles of the loop radfatars and ¢t
dimensions under various loading conditions are
sented together with 2 iiagrammatic representatic
chelr geometry. Return loss Jeasurements with a
work analvzer indicated that the radiaters were
2atched in a rtelativelv broad range of frequenc
when placed in contact with zhe human female bre
a zuscle phantom, and a distilled water bolus
lowed by a muscle phantom. Heating patterns of
433 and 915 MPz radfators investigated bv thermogt
as well as by liquid crysral films indicated that
heating patterns of these radiaters placed ia di
contact with the muscle shantow were assvamerrical
respect to the axis of rthe radiator. This was at
buted to the near-field erfect created by the hi
order modes. Temperature distribution ia the pha
along the a:ain axis, after i{rradiazion by a 1C0-w
usec pulse at frequencies of %33 and 915 MHz st
an axponential decrease with the distance from
surface. With the water “olus, the heating pat
of the radiators was symmetrical with respect tc
axis. The penetration depth of the heating depe
on the equency of operation and the size of the
diator: it was 1.6 =3 Zor the 433-MHz radiacor
1.1 2o for the 915-MHz radiator.

7374 CLINICAL RF HYPSRTHERMIA 3Y MAGNETIC-

INDUCTTIAN: A NEW APPRCACH TO HUMAN ©,
THERAPY. Z2.' torm, F.o ¥ (Div. 7ncology, T
Surgervy, UCLA 5.n. Medicine, Tniv. Zalifcrnia,

Angeles, CA 900Z4); Zlliscer, R. S.; Harrisonm, W.
Morten, 2. L. IZEE Trans Microwave Theory Tec
C3111149-1982; 1982 T4l rafs).

Tiassical methods for raising
reveiwed and the Jjevelopmen
nerrode wmagnetic=loop
cancer therapv ire desc
signed so that the T

sue temperatures
ind clinical use of
duction  hvpertheraia
rided. The magnetrode uas
nes run parillel to tissue
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terfices and overheating of Zat und skin lavers is
minimized. The nagnetrode L5 comstructed from 1 com-
ducting sheet rolled so that the two ends overlap buz
de not zouch. The overlap irea and distance between
the ends dezernine the zapacitance of cthe applicator.
For homogeneous :issue phantoms tlaced within the mag-
netrode, peripreral neaciag of the phantom is  much
zreater than the central heating. whea high-dose nv-—
serthermia was quickly applied tn aneschectized dogs,
temperature distributions within the abdominal cavity
Jere similar to those in homogeneous phantom models.
“Modarate dose hyperzhermia heated the central and pe=
ripheral tissues mors evenly with a temperature gzra-
diaac of less than | C. The effect of blood {low was
demonstrated by ipelying moderate Jdose hyperthermia
o the same dlog when alive and dead which resulted In
aven heating and prefcrential peripheral eating, res-
sectizely. Deep heating wizh liztle surface heating
wsa produced im a human thigh olaced within the mag-
anetrode. 9Jf 39 :umors :reated in clinical trials,
78% were heatrsd to temperatures 2qual to or greater
than 42 C, 36% to temperatures over 45 < and 15X to
-emperatures over 50 C without raising normal :issue
semperatures bevond physiological limizs. Success
rates for reaching therapeutic rCemperatures are also
given according to =alignancy type and tumor size.
lLarger tumors “ad greater success rates which may Te-
flect a decrease in their vascularization and chermo-
regulation. The clinical trials indicated that in-
:reasing the treatment time, temperature, and number
of treatments increased the chance of tumor necrosis.
Magnetic-loop induction hyperthermia produciang 300-
1200 W of absorbed power resulted in ohysiolegical
hanges which did not exceed physiologically tolerable
limits. Surface tissue injury osccurred {n 0.3% of che
af the :reatments.

Bk 4YEAT TRANSFER IN SURFACE-COOLED OBJECTS

SUBJECT TO MICROWAVE HEATING. (Eng.) Fos=
zer, ¥. R. {Dept. 3icengineeriag, . Pennasylvania,
Shiladelphia, PA 19194); Ayvaswamy, ?.; Sundararajan,
T.; Ramakrisna, ¥. IEEE Trans Microwave Theory Tech
30(8):115%-1166; 1982 (13 refs).

A dodel zo jradict the thermal chariccterist.cs of a
biological sample untforaly neated by an elrctromag-
metic (M) field and cooled Sy an uabdounded, laminar
fluid flow around the sample is described. The homo-
geneous 10 ogizal samole was initislly ac a rempera-
ture equal o that of the coolant Sefors EM heating
Segan. The usolant was 3ssumed 7ot to be heatad b the
IM iield. ‘hiects of three jenmmtries (sphere, cylin-
der, and rectangular slab) were inalrzed. For each
zase, the solutrion »f the appropriate son-dimensional
itfferential equation for hneat conduction with com=
reczive Soundary conditions was preseated. Actual
zemperature can e found assu®ing that the sample den-
sity, saterfal thermal properties of the sazple and
e 3tot and Rlevnoids -umbers hat characterize che
flsw and :onvacilive :ooilng, are known. Plats of non-
i{zensisna. temrerature as a funct’on of nondimension-
il tize are shown for 4liferent .ocatizns within the
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three differently shaped sbiects :nd for diffe
Reynolds tumbers of ow. An optimum flow rate
vond which no more 2ffective zcoling of the sampl
possible exists for each situation and Jepends on
zhermal conductivity of zhe obiect ind coolant,
Prandcl aumber. 3ounds were Ioraulated for the

imum teoperature 4 erence produced withia a sa
zhat are possible for warious flow situations

function of sample size and thermal conducecivity.

results are of general applicabilizv and are also
id where the coolaat is a gas or liguid different
water with the only restriction teing the Revr
auober of flow.

2378 HUMAN WHOLE-30DY RADIOFREOUENCY ABSCRE

STUDIES USING A TEM-CELL ZXPOSURE 5Y¢
(Eng.) Hill, D.A. (Radiacion Biology Section,
fence Res. Zstablishment Ottawa, Sitawa, Canada
0z4). IFEE Trans Microwave Theory Tech 30{ll):!
1834; 1982 (31 refs).

A transverse electromagnetic (TEM)-cell =2xposure
zem constructed for the measurzment of whole-bod)
sorption in hwumans of radiofrequency radiation at
quencies of 3 to 20 MHz is described. fuman w
teers were exposed to Ll uW/cm? for up to ! Ar.
and never absorbed more than ! W. The exposure :
Yer was a large (6.1 x 7.3 x 13.0 m) low-loss

angular-coaxial TEM mode transmission line shi
tapered at each end %o form a cell. The cell a
irradiation of subjects {n any orientarion with
pect to the propagating TEM zode under simulated
space or grounded conditions. The absorbed power
terained from 3-min signal-averaged neasurement
incident, reflected, and transmitted power, <as

ured to a precision of 0.06% of incident power

dB ia insertion loss). Analysis of systematic
rors in the method showed that a directional-co
directivity approaching 50 dB is necessary for
accuracy in absorbed-power measurements and tha:
dielactric-loading effect of the subject on the
absorption is undetectable. The total svscremati
ror in determining absorption rTate per unit exp
rate was about *35% of the peasurement. Oper
frequencies are currently limited to 3-20 Hz d
occurtence of the first cell rescnance, assoc
with the TS| mode, at 20.7 MHz. The first set o
man whole-body absorption results Ls presented

subjects exposed fn free space to il uW/emd ac
MHz in six different body orientations with respe
the TEM w~ave. The ameasured absorpticn rates Do
two principal £ orientations are larger than the
lished predictions b¥ 4 factor of 1-3.

1379 A BROAD-BAND TEMPERATURE-CONTROLLED S

FOR THYE STUDY 7F CELLULAR 3INEFFECIS O
CROWAVES. <Sng.) Riazi, A. (Dept. lectrical
teering, Univ. Utah, 3alt Lake o1 LT odallln
W.; Yagmann, Y.J.; Sandhi, 7.2.; 3 Andre4, J.a.
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Trans Microwave Theorr Tech JO{11):1996-1998; 19382 {5
refs).

A broad-band temperature-controlled =microwave (MW)
exposure svstem designed for the study of cellular
bloeffacts of MW radiacion 1is described. The dual-
cirecuir apparatus allows simultaneous testing at fre-
quencies in the E-band (6575 GHz) and in the U~hand
(38-48 GHz). A waveguide switeh is used Ln both eir-
cuizs to allow accurate measurement of (ncident power
levels with thermistor detectors. Cuntinuous moai-
toring of both iacident and reflected power is done
with SWR meters connected to the broad-hand diocdes at-
tached to directicnal couplers in the two circuits.
A schemarie of the irradiarion system is presented
together wirh diagrams of the system’s thermaily in-
sulated housing and sample holders. The system cou-
pling efficiency is greater than 997 over all usable
frequencies, which allows use of relatively inex-
sensive low-power sources, and Lt is simple Zo oper-
ate. Opposing thermocouples allow measurement of tea-
perature differences as small as 0.0l C. Compensa-
tory heating of the control sample holders suggests
that temperature differences aver the coutse aof 20 ain
exposures can be xept within =0.02 C by appropriate
feedback cireuits. The system has been successfuly
used to {nvestigate the sffects of MW rvadiacion on
cell suspensions cf several bactarial strains. A lia-
fration of the apparatus {s that it exposes biological
samples during their time of transit past the wave-
Zulde.

2380 MICROWAVE DIFFRACTION TOMOGRAPHY FCR 3I0-

MEDICAL APPLICATIONS.  (Eng.) Bolomey, J.
€. (Laboratoire des Signaux & Systemes, Ecole Su-
perior d'Electricite, Plateau du Moulom, 91190 Gif-
Sur-Yvette, France); lzadnegahdar, A.; Jofre, L.; Pi=-
chot, C.; Peronnet, G.; Solaimani, M. IEEE Trans
Microwave Theory Tech 30(L11):1998-2000; 1982 (11
refs).

A omethed ¢or rapid microwave tomography for biomedical
imaging applications is described. Electromagnetic
energy scattered {rom the target was zeasured using
3 modulated scattering technique, which employed an
array of probes that were loaded by nonlinear ele-
ments. Yodulating the load resuited {a a diffracted
signal chat was proportional to the field being meas—
ured and was collected by an auxillary anteana. The
image was :alculated as the convolution producz of
the pointspread functiion of the focusing system and
the equivalent :current distribution function induced
by the zacrget which in turn was related to the scat-
tered field {ntensity distribution. The experizental
equipment consisted of a 10 zW generator with sctandard
S-band waveguide, a linear probe array of 64 dipoles
loaded by diodes and separated from each other bv A/
5 at 3 GHz, a network analyzer, a alalcomputer and
41 low-noise smplifier. Results were ziven for a tar=
get consiscing of two plexiglass rcds surrounded by
water, a plexizlass rod surrounded 5v sponge ind 2
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plexiglass cyiinder filled w water. This =
1llowed aeasurements of the field on 4 measur
line within gne=half sec and calculation of che
‘n S0 sec. TIncident power levels were less ih
aw/cmd and a spatial resolution of A/l was yoss
where A is the wavelength of the icrowave ener
water (l.16 ca at 3 JHz).

BRI} NUMERICAL AND EXPERIMENTAL RESULTS

NEAR-FIELD ELECTROMAGNETIC ABSORPTIZ
MAN. (Zng.)} <haczeriee, 1. (Dept. "lactrical
aeering, Univ. "tah, Salt Lake Cicy, UT 34112);
<4hi, 0. P.: Hagmann, M. J.: IEEZE Trans Microwave
sty Tech 30(11):I000-2005; 982,

An empirical formula for the mass-normalized =
bodv-average electromagnetic emergy (SAR) was de
for a 180-cell block mnodel of man exposed o
f{elds with MN-polarization {E-field directed 3
arm). A similar formula for P-polarization (ac
ponent > the Z-fisld directed arm to arz) ha
ready been derived. The SAR predicted from the ¢
ical formulas agreed well with experimental re
obtained by exposing reduced-scale models of '
to leakage fields similar to those froam an RF s¢
Saline-filled figures were exposed to fringing &
from two metal parallel plates separated by St
and connected to a RF power generator producing
4 of power at simulated frequencies of 71-175
The SAR was determined from the average temper
rise in the figure. In another set of experic
a tissue phantom made of water, polyethylene pc
Superstuff (a gelling agent) and salt was
in the figure. The internal E-fields in the fi
measured with an implantable probe at three sim
frequencies (77, 110 and 150 MHz) wera an ord
magnitude less than the ilncident E-field and :
well with the calculated E-flelds. Tor 180-cell
models of man exposed to a | Y/m &MS and 27.1
vertical electric field, the model in contact wit
ground plane had an SAR that was 8.5 times larget
the SAR for a model isclated by 5 ca from the ;
plane.

o382 MICROWAVE POWER ABSORPTION IN A BICLC

SPECIMEN INSIDE A STANDING-WAVE IRRADI
WAVEGUIDE. (Eng.) Fujiwara, O. (Dept. Zlect
Zngineering, Facuity of Engineering, Nagova .
furo=cho, “hikusa-ku, Nagova ih4, Japan); Amemy:
IZEE Trans Microwave Theorv Tech 30(11):20G8-
1982 (15 refs).

Zxpressions for the zotal absorbed power and the
tial distribution of absorbed power were derive
a prolate sgphersidal model of a bdiological =
irradiated by standing waves inm a rectangular
guide. Three orientations of the spheroid Jere
ined: the major axis of the sphersid paralle. t
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electric d, parallel to the magnetic field 1nd
serpendicular zo the electric and magnetic fields.
The power absorption due ro electric and magrecic
ilelds were analvzed separatelv. <Calculations from
the theoretlical expressions wers made for a spheroidal
aodel of 2 pupa with a major axis and radius of 13
and 5 mm, respectively, and a relative permittivicy of
33=125 ar a ‘requency of 2450 MHz. For all orienta-
tions of che spheroid, the power absorption produced
J¢v the electric rfield was larger than that procuced
v the magnetic field. The largest cccurred when the
electric field was parallel to the major axls of the
spheroid. For all cases, the absorbed power was much
less an the forward waveguide power. Ixposure to
alaceric flelds did not create any spatial variacion
in power absorption, but exposure to nagretic flelds
iid. The zheoretical results for toral absorbed power
“ere coupired with experimental results from pupa of
Tenebrio mollirer irradiated in a WRJ-2 waveguide {for-
ward power, !0 W; frequemcy, 2485 MHz). The tempera-
ture increase of the pupa was measured with a chromel-
;el thermocouple to find che total absorbed power.
The calculated values <for total power atsorption
dgreed well with the experimencal values.

1182 EFFECT OF CHRONIC MICROWAVE RADIATION ON

RABBIT IRYTHROCYTES. (Eng.) Nageswar:i, K.
5. {Jept. Physiology, GSVM Medical Coll., Kanpur 258
Indla); Tandon, H. C.; Yarma, S.; Bhatnagar, 7.
M. Iadian J Exp Bial 20:13-15; 1982 (1l refs).

The effects of chronic microwave (MW) exposure (2.1
GHz, continuous wave, 5 aW/cm2, for lhr/day, 6 dav/wk
£3r 1 20) on peripheral blood were investigated in 13
rabtits. Blood samples from 8 irradiated and 5 con=-
trol animals were collected preirradiation, at | and
2 mo. at the termination of the irradiation period,
and !/wk for I wk. The mean rectal temperature which
was neasured defore and after each MW exposure during
the entire 3 amo period did not increase more tham an
average 0.8 C after each session of MW irradiacionm.
Ervthrocrte counts declined 4.27%, 8.08%, and 8.46%
fallowing i, 2, and J mo exposure, respectively. Al-
though recovery was seen in the 2 wk post-irradiacion
nseriod, the cell count did not return to its laitial
value. Decreases (n erythrocyte number were parallel-
ed by increases in mean corpuscular volume and hemo—
zlobin which became statistically significant at the
end of 2 and 3 mo of MW expesure. These findings sug-
32st that the animals may have been protected from
hypoxta by the increases in size aad hemoglobin con=
tent of the red cells.

3184 EFFECT OF PROLONGED LOW POWER MICROWAVE RA~

OIATION ON PERIPHERAL LEUCOCYTE COUNTS IN
RABBITS. (Zng.) Mageswari, X. S. (Dept. Physiclogy,
3SYM Medical Goll., Xanpur 208 002, India); Tandon, H.
“arma, 5.; 3hatnagar, V. M. Indian J Med Res 75:
+33-439; 1982 (15 refs).

Biologreat Effects of Nonicrizing Siecirom,
Radiaucn JHi2-4), Jury 1983

The srfects of hrumi: 2xposur2 To 1OW noder o
conrinuous wave alcrowave MW) radiactien - I.i
aWieat, 3 nr/day, o davs.sk for 1 ac) n rabbit
pheral laukocytes were 3szudi=d. R2lood samples
irradidced and 3 contral animals were ool
radiacion (2RI}, 4t | ind 2 10, at the ter=izat
the irradfation period, and | wk Ior 1 wk. Th
rezral zemperature was measured berore and aicte
YW zxposure during the entire } =m0 period and ¢
fncrease more :than in average ~.3 T after each
After ] mo exposure, total leuxocyte counts inc
50% from PRI values of A621 to 98253, and Jdiffer
leukocyte counts revealed a threefold (ncraase
5.7% £y 14.13) in large phocytes ind 3 signi
Zecrease {from 3533.3 to i small lvmpho
However, the zsunts refurned 0 nor2al 4izain I
termination of exposure. MW irradiatiosn fsc l a
duced significant neutropenia w~hich Was oorrect
ter exposures werz contlnued far ancther 0.
aificant but reversible leucocvrosis 5 cbser
rabbits after zhronic 2xposura o low L 1
atfon. In the absence of a thermal effe 2
gibility of a specific cumulative effect :t "W
levels is considered.

7383 LOCALIZED HYPERTHERMIA IN THE TREATME

CANCER. (Eng.) Storm, F. Ko (2iv,
ogy, Dept. Surgery, UCLA Sch. Medicine, Univ.
fornia, Los aAngeles, CA 90024); Mortom, D. L.
Adv Surg Oncol 5:261-275; 1982 (38 refs).

Experimental and clinical studies of localized

thermia in cancer therapy are reviewed. Localiz
pertheraia techniques include hot water bath, is
liob perfusion, low frequency current fields,

magnezic coupling, ul:rasound, microwaves (433
and 2,350 MHz), and radiofrequency waves (13.3
MHz) using capacitive electrodes, iaduction coi
magnetrode nagnetic loop applicators. Recent

cal trials suggest that potentially effective

thermia can be achieved in most superficial ane
ceral solid human tumors regardless of histopath
tvpe, although {t is most effective for large ©
Local toxicity depends on the heat dose and the
od of hyperthermia. Future hyperthermia potent
ad juvant therapy in surgery, and in combinatio
radiotherapy and with chemotherapy 1is summa

0386 DEMONSTRATION 92F A THERMAL ZIFFECT

CRCWAVES DURING LOW=LEVEL RADT
(Eng.) RKlein, M. 3. (Div. de Neurophvsiologi.
liquee, Centre D’Etudes et de Recherches de e
Aerospatiale, 26 beulevard Vicror, 75996 Paris A
France); Steru, L.; Milhaud, C. L. 1IRCS Med §
(6):455-456; 1982 (10 refs).

Zffects of low-lavel aicrowaves (MW) on kvpot
induced by oxotremcrine (0X: 123 mg/%g) or Hv 1
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ohine {AP: Ifmg’<g) and on the blood-braln barrier
(8BB) were studied in male C57BL mice. In one exper-
izent, the anti-cholinergic  agent zethylacropine
‘<hich nomally does not pass :hrough the 383) was in-
jected simulzanecusly with OX. The mice were irradi-
ated for 30 nin at 2,450 GHz (continuous wave; 2 and
S ad/cml), MW exposure resulted in significant heat-
ing of mice made hypothermic bv OX or AP; rectal tem—
peratures In irradiacted mice were significantly high-
er than those of control mice. MW did not antagonize
OX-iaduced hyperthermia and, therefore, could not have
crossed the 3BB. These results are inconsistent with
zhe existence of nonthermal MW effects at power den=
ies lower than 10 mW/cal.

3

Jer AUDITORY  PERCEPTIGN  OF RADIO-FREQUENCY

ZLECTROMAGNETIC FIELDS. (Epg.) Chou, C.-
. {3icelectromagnetics Res. Lah., Dept. Rehabilita-
tion Medicine, Sch. Medicine, Univ. Washington, Seat-
tie, WA 38195); Guy, A. W.; Galambos, R. J Acoust Soc
Am TLl{8)Y:1321-1334; 1982 (55 refs).

Research on radiofrequency hearing, lncluding psycho—
logical studles of human subjects, physiological and
behavioral observations >n animals, and physical zea-—
surements on 3aterials (s summarized. dumans with
norzal high-frequency hearing experience an auditory
sensation when exposed to pulsed microwaves (MW) of
sufiicient energy content. A clicking, buzzing, or
n1ssing sound is heard, depending on modulaticn char-
acteriszics of the MW. The perceived sound (for pul=-
ses less than 50 usec) seems to originate at the cen—
tral, postarior aspect of the head. The threshold en—
ergy density per pulse is very low (2-40 uJ/cm?) and
the maxizal rise {n temperature of the exposed tissue
is 10-5-10-6 C for exposure of an individual pulse at
the threshold energy demsity. Experimental data on
cochlear potentials, single-unit nerve flber re-
sponses, and brainstem evoked responses suggest that
milsed MW radiation produces cochlear microphonic re—
sponses similar to those elicited by other stimuli.
Results of single unit recording of extra-cellular po-
tantials {n cats are consistent with human percepticns
when pulse widths are long. Electrophysiological re-
cordings from mammals have confirmed the mechanical
nature of the MW hearing effect and are consistent
with a mechanism of hearing based on thermoelastic
expansion. 3ehavioral studies indlcate thar rats can
perceive pulsed MW energy; results may be attributed
to the nearing effect. However, the low threshold of
the MW hearing phenomenon makes it essential =o dif-
ferentiate the “earing effect from other biclogical
effects of pulsed ¥W radiation.

9388 POSTHATAL FUNCTIONAL ANALYSIS OF PRENATAL

IXPOSURE OF RATS TO 9L5-MHz MICROWAVE RADI-
ATION. {Zng.) Jensh, R. P. (Dept. Anatomy, Jeffer-
snn Medical Coll., Thomas Jefferson CUaiv., LOI0 Lo=-
cust St., Philadelphia, ?A 19107); Vogel, W. d.;

Current Literati

Brent, R. L. J am Zall To
tefs).

oL 1{3):73-90; 1982

The effects of chronic prenatal continucus wave :
crowave (MW) exposure (915 MHz, L0 oW/cal, Zar 6|
day, days 1-2! of gestation) on pestnatal neurologi
and neurobehavioral development were studied in Wis
albino rats. Animals deiivered and raised their o
spring (F1,) until weaning at 30 days of age.
days after weaning, the nmothers were rebred and .
lowed to deliver agaln (Fp offspring). Irradia
neonates (Fy,) were given four perinatal reflex te
(surface righting, air righting, audicory starc
visual placing) and a physiological test {(eve op
ing). At 90 days of age, F1, offspring were g3i
behavioral tests and at 90 days half of them W
bred to determine reproductive capabilizy and h
were killed for histopathological studies. Pre
tal irradiation significantly accelerated onset
reflex achievement. However, eye opening did
differ in experimental and control groups, susge
ing that the acceleration may not have been sia
a whole-body acceleration. Auditory startle was
celerated by 4.2 days. There were no signific
differences between {irradiated and control ania
in 5/6 behavioral tests (water T-maze, open fie
activiry wheel, forelimb hanging, swimming): cesu
of conditioned avoidance response tests revealed
decrease in long=-term zemory in exposed animals,
the variation i{n individual animals was quite hi
Irradiation did not significaatly affect maternal
gan wt or organ-bedy wt ratios, and it did not al
neonatal and young adult growth rates. The resu
indicate that chronic prenatal exposure to low po
density levels of 915 MW radiation did not result
any significant alterations of postnatal behavior
of growth and development.

0389 TREATMENT OF THERAPEUTICALLY RESISTANT N

UNIONS WITH BONE GRAFTS AND PULSING EL
TROMAGNETIC FIELDS. (Eng.) Bassett, C. A. L. (De
drthopaedic Surgery, Columbia Univ. Coll. Physici
& Surgeons, 630 West 168th St., New York, NY 1003
Mitchell, S. N.; Schink, M. M. J Bone Joint §
[Am] 64(8):1214-1220; 1982 (18 refs).

The results of the combined and concomitant use
bone grafts and pulsing electromagnetic (EM) fie
as a means of achieving bone union {n 83 adults
reported. The patients consisted of 38 {adividu
with wide zaps, synovial pseudarthosis and malal!
ment who had not undergone previous M treatment (
dian disability zime, 16 mo; 100 unsuccessful earl
surgical attempts at repair prior to rreaimenc)
45 individuals who had initially been unsuccessfu
created with pulsing EM fields alone {median disat
ity time, 17 mo; 101 previous operations, inclug
18 bone grafcing procedures). The majority of
lesions in both groups were tibial (45/83) and £
oral (25/83) non-unions. Home treatments (19 hr/'c

4sing a pulse generator that produced a 3 asec =
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burst of 200 uysec wide {positive-goiag) pulses, re-
peating at i3 Hz began 1-4 wk postoperarivelv. Suc-
cessful bSone healing was seen in 33/38 (37%) patients
without rior ©M treatzent and in 32/45 (93X) pacieats
exposed to M fields before and after grafting. The
zedian tize {rom start of EM-field treatment to heal-
ing vas & 7m0 in both groups. No complications of sur-
3ery or of pulsing EM fields were ceported. Pulsing
EM fields should receive strong consideration as an
adjunct to any bone zraft of the extremities, whether
in a primary or a salvage situation.

7390 THE TREATMENT OF FI3ROUS MON-UNION OF FRAC-
TURES 3Y PULSING ZLECTROMAGNETIC STIMULA-
TION. (EZng.)} Sharrard, W. J. W. (Royal Hallamshire
Hosp., Glossop %d., Sheffield S10 2JF, England); Suc-
cliffe, M. Robson, M. J.; MacZachera, A. G. J
3one Joinr Surg [Br] 64(2):189-193; 1982 (15 refs).

Resulzs of pulsed electromagnetic (EM) stimulation in
the treatment of 53 fibrous non-unions inm 52 pacients
{25 male, 17 female, 13-79 vr old, mean age 37 vr) are
reported. Medlan time from imjfury to start of treat-
2ent wss 28.2 mo (range 1-25 yr). The cibla was the
@03t commonly affected bone. An electric curreat of
hizhly specific shape, magnitude and repetitiom rate
was genarated in the bome by a pair of externally-
placed oval air-cored electromagnets driven by a small
sortable generator producing a 5-msec burst of quasi-
rectangular assymetrical pulses repeated at 15 Hz.
Patlents were instructed to use the equipment for 12
to 16 hr/day. Union was achieved in 38/53 cases
(71.7%) including 26/30 (86.7%) tibia fractures. The
aedian time taken to reach union was 6 mo {(range 3-1%
720). The results were not affected by patient age,
previous or active sepsis, presence of plates or
nails, or the time since injury. Inadequate Lmmobil-
lzacion, a gap between bone ends in excess of 5 mm,
or a screw in or very near the fracture non-union site
4ere the 208t important ctors ia the 15 failures.
The results indicate that ZIM stimulation applied ia
conjunction with adequate i{amobilization promotes
bone union fan 31 high proportion of extremely refrac—
tory cases of ununited fractures or surgical iasults.

™

0391 CYTOGENETLC CONSEQUENCES OF MICRCWAVE IRRA-

DIATION ON MAMMALIAN CELLS INCUBATED IN
VITRO. (Eng.; 7Yao, K. T. S5. (Bureau Radiclogical
Healch, DA, Rockville, YD 20857). J Hered 73(2):
133-13 1982 (31 refs).

A 1450-MHz nicrowave (MW) oven was converted intn an
incubator that also served as a MW =xposure chamber.
The affects of concinuous MW exposure cn growth and
on chromosome structure of rat xangaroc RHL6 cells
faormal euploid chromoscme number) ind RHS cells (hy-
poplaoid) were investigated. The cells sere grown in
the lacubat>r at 35-37 ¢ and simultaneously axposed

iclegical Etfects of Nomonizing £
Raagiaton Vil12-4). Juty 1583

to MW irradiation Isr 320 davs 730 passages) ac 1
ergy absorption dose rate of 13.2 = [.32 =W/3.

were then returned to 1 conventional incubator an
lowed to grow for another 30 passages. MW-incu
and control cells were examined Iar chromosome
ratlons at aboyt 10, 20, 10, 40, and 37 passag
Ssubculture. MW incubacion resulted in a signif
reduction of cell growth rates .nd an increase it
doubling time. These effects ippeared to be cu
tive, with 15-passage irradiated cells exhib
greater growth retardacion and longer cell dou
time than 7-passage cells. Chromosome aberrattior
peared after 70 passages (124 days) under irradia
The number of chromosome breaks/cell reached a =a
of D.84 in RH5 cells and 9.1 in RHI6 ls. The
mer was nypoploid at the veginning of the experi
#hich may have contributed to the greater suscept
ity of cthis cell iine to MW exposure. After the
cultures were returned to the conventional incu
and maincained for 30 passages, the number Jf ch
some breaks was greatly reduced. MW irradiatic
tered the chromosome number of the gells. Afte
irradiation, RH5 and RH16 cell cultures had 35
312 polvploid cells, respectively. After long
irradiation, 417 of RH5 cells wnich originally h
chromosomes became lO-chromosome cells. When th
radiated cells were returned to the conventional
bator, the percent of .J)-chromosome cells reachec
The aissing chromoscme was wusually chromoson

2392 EVIDENCE FOR GENETIC CONTROL OF MICRC
INDUCED AUGMENTATION OF COMPLEMENT R
TOR-BEARING 8 LYMPHOCYTES. (Zng.) Schlagel,
(Armed Forces Inat. Pathology, Washiagtom, 2C 20
Ahmed, A. J Immunol 129(4):1530-1533; 1982 {13 ¢

The genetic control of alcrowave (MW)-ianduced inc
in complement receptor-bearing B lymphocvtes (CRL
studied in congenic, backcross, and recombinant i
(RI) strains of aice. Mice were exposed to 245
MW radiacion (0.6 W; 10-14 W/kg) in an environmen
controliled waveguide and assaved for CRL on days
6 postexposure. Genetic studies of responder X
responder F| mice and backcross analysis of nonre
der X (responder x nonresponder)F| mice indicated
MW susceptibility was controlled by a single, d
ant Mendelian gene. Crosses between two nonresp
strains failed to restore the responder state.
dichotomy in MW susceptibility between two st
congenic at the H-2_Tla region on chromosome 17
responder and 3.6~4-2k) confirmed the noninvolv
of the Crl-l gene and indicated that the esse
gene was located outside the H-2 region. The s
discribution of MW responsiveness ia the 3Nd RI
demonstrated that the Mw-induced increase ia IR
controlled by a single regulatory gene locaze
chromosome 5. MW responsiveness was studied {
congenic strains of mice which possess differeat
Hel segments of chromosome 5 inserted into a C57
background. The JGBF/Lely strala exhibited ac
crease in CRL indicating possession of the se
of C3H/Hel chromosome 3 that controls MW respon
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cess. The C57BL/nJTy-le straia remained nonrespon—
sive. This places the essential regulatory gene to
tne right of the ?gM-! locus and to the left of the
rd locus on chromesome 3. The data cenfirm the zenet—
ic control of the rramsitory inerease ia TRL freguency
induced by a single axposure to 2350 MHz radiation and
demonstrate that genetic control was due to a single
regulatory zene that <as functional [a the heterozy-
gous as well as the homozvgous state.

3393 A GENERALIZED MODEL 70OR THE INTERACTION OF

MICROWAVE RADIATION WITH B20QUND WATER IN
3IOLOGICAL MATERIAL. {Eng.) McClean, ¥. E. R. (Phy-
sics Dept., Queen Elizabeth Coil., London W8 TAH, Za-—
zland); Sheppard, R. J.; Srant, E. H. J Microwave
Power 16(1):1=7; 1981 (17 refs).

Zalculations of the deposition of aicrowave (MW) aner—
2¥ ia bound water surrounding a biological macromole-
cule are based on a previous model of a hydrated mac-
romolecule consisting of a spherical core surrounded
by a concentric shell of bound water immersed in a
continuum of Iree water with dissolved ions. Ideally
the dielectric properties of the bound water would be
considered to vary smoothly across the shell, ranging
Zrom the water most tightly bound to the relaxation
time of free water; however, to facilitate the caleu-
lations, the change is considered to take place in 3
steps for amost cases. The average energy depcsited
per unit volume of the hound water shell was calcu-
lated from 100 MHz to L0 GHz for various assumed re-
laxation frequencies. Sub-shells were assigned the
following Zrequencies: 100-900 Hz in {ncrements of
200; 5-50,000 MMz in multiples of 10; a homogeneous
laver of bound water of relaxation frequency S00 “Hz;
1000-9000 MMz in increments of 2000; 10-90 MHz fa in-
crements of 20; 100~1000 MHz in increments of 100;
and free water with a relaxation frequency of 26 GHz.
The calculations were carried out for a low value of
lonic conductivity of 0.001 S/2 for both the Iree and
the bound water. <Calculations .ere also carried out
for the first three cases fall which assume a cen-
tral relaxation frequency of 50U MHz) for conductiv—
Lcies of 1 S/m. At equal but low conductivities, MW
eanergy deposition was greater in bound water (some=
times by at least one order of magnitude) than in free
w4ater at frequencies of a few hundred MHz to a few GHz.
This effect decreased with {ncreases in Lonlc conduc~
zivity; and at conductivities equal to those of phys—
iological saline, specific energy deposi:tion in bound
water was no more than twice that in the electrolyte
continuum over the same frequency range. The results
show that the bSiological effect of MW radiation at a
3iven power densitv is enhanced in tissues with a high
Yound #ater content. For tissues of high {onic con-
ductivity and zontaining 20% bound water, overall en—
ergy absorption would de I5% zreater at certaln fre-
quencies than L7 all zhe water were in the free state.
For tissues of low ionic conductivity, the increase
would be zore than one order >f magnitude.
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2394 EVIDENCE FOR MICROWAVE-LXNDI 0

RESONANCES N 3ICLOGICAL ATERIAL.
Olsen, R. G. (Maval Aersspace Medizal Res. “ih.,
sacola, 12508); Hammer, W. . J Miirowave Pou
(384):263-259; 1981 (7 refs).

Resonant stress waves were iaduced Dy morowave
energy ian two biolcgical medels: i rectangular =
equivalent mass of 15 %z and a spherical “rain «
alent model of 5 cm radius. The rectangular -
model was irradiated using a horn antenna at 5.0
anergy with a peak power of 230 <k and oulse se
tion of J80 usec. Pulses Jete repeate:
inforcing. The spherical model was radiitad %0
zie pu!-es or short bursts »F L.
peak power of + xW and pulse durations o
Stress waves Jere monitorad by hydrophone transc
at the center of 2ach model. In the rectangular
the amplitude of the induced stress wsave was
greater for four properly spaced radiofrequency ;
than for a single pulse. Ia the spherical 20
single pulse of energy produced a resonant res
which decaved =2xpomentially with a time consta
about 500 usec. A burst of three pulses it
stress waves of greater peak amplitude than thos
duced by a single pulse. A burst frequency of !
generated the largest effect with a doubling <
amplitude of the induced stress waves compared t:
from a single pulse. These expetiments showed t!
portance of pulse width and pulse repetition ra
the generation of sonic energy in bioclogical zat:
with MW energy. The specific absorption rates :
spherical model were determined calorimetrical
be 824 W/kg at the center and 653 W/kg at the su
closest to the MW source.

2395 LOCAL HYPERTHERMIA USING MICROWAVES

THERAPEUTIC PURPOSES - EZXPERIMENTAL 51
OF TARIOUS APPLICATIONS. (Eng.) Guerquic-Kern,
(Lab. Thermologie Biomedicale, Faculte de Medicit
tue Humann, h7085 Strasbourg Cedex, France); F
L.; Priocu, A.; Gautherie, M. J Microwave Power
41:305-311; 1981 (3 refs’}.

The electromagnetic heating of biologiecal rissu
studied using physical models and iafrared !
crystal, or thermistor probe thermography. A at
inary study was also reported in which the trar
heating of a one-dimensional tissue slab is calecu
subsequent ~o heating by 2,430 MHz or 434 Mz
wave radi»tior. The models consisted of excisec
pose and . .ocu.ar tissue from animals, human ac
tissue frow a surgical procedure, and jhantoms
posed of a ;. and a polyester resin to simulate
pose and muscie tizsue. The effects of surface
{ag and use of "ult!ple apertures on the heating
tern were examined ising these Dodels and :wo
of applicators opers-ing at 2,450 and <24 MHz.
experimental results are consistent with the ¢
lated vaiues and demonstrate the need
cooling and the advantage of a "cross-fire
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TEMPERATURE  PROFIL N
ECTRCMAGNETIC HEATING.
%, N,  {Dept. EZlectrical Ingineering,
vania, Philadelphia, Pa 19124); Toster, ¥, R..
H. P, ] Microwave Power [5(38«):327-li4;
refs).

The steadv state Cemperafufe increase in a cissue
sphere [acdeling the hwuman head) irradiated bv plane
“ave aicrowave energ was estimated for different
irequency T2gions. The heat asport in zhe tissue
<7as mode.ed by a differentfal eguation I3 inc.ide
nheat conduction, heat ccnvection by blood low ind
heat :ransoort oo the tissue surface into space.
For each {requency range, the heat transport esquation
#as solved using an analytic approximation of cthe
heating potential. The steaay state increase ia tis-
sue zemperature ind the specifiic absorption rate (SAR)
ara ploczed 3s Zfunctions f distance from the cenrer
of the sphere. The steady stafe zemperature Lncrease
reseables the SAR but, for physiologically reasonable
values of blood f{low, the temperature incraases are
averaged over approximately | em. The convection
length s Jdefined as a functlon of blood flow. This
quant estinates the Jiscance over whiih temperature
variacions occur and allows for an approximation of
the iistance over wnich the fine structure of che 3aR
2y be averaged. The maximum steady state temperaturs:
increase and Its location are summarized for each
frequency range and a field intensity of 10 aW/em2.
o2t frequencies less than 500 MHz and a sphere radius
£ about I0 cm, the maximun steady state Temperdture
increase ts less than .03 C and is located close 3
zhe front surface of the sphere. For [requencius
iess than 500 MHz and a sphers rtadius of about § ca,
no significan: temperature is produced. For frequen-—
c.2s of around | GHz and a sphere radius of 3 ca, the
aaxizum steady state temperature increase is J.6 C
and ts located at the center of the sphere. For fre-
quencies above S5 GHz, only surface heating is pro-
duced. The maximum sready state temperatute 1s pro-
duced at the front surface of the sphere and is about
7.3 C.

2397 MICROWAVE AND RF HAZARD STANDARD CONSIDER-

ATIONS. (Eag.) Schwan, H. P. (Dept. 3io-
engineering, Univ. Peansylvania, Philadelonia, PA
191545, [ Microwave Power 17(1):i=9; 1982 (49 refs).

Microwave (M4) and radiofreguency exposur: safety haz-
1rdg are reviewed. Considerations for establishing a
1) 2W/cal standard for YW radfation are cutlined. Re-
zent resgults are surveved and basic aechanisms and
appropriate 2xposure limits examined f£or four ire-
auency rarges: Selow resonance, rtesonance, hot spoct,
aad surface teatiag. 3elow several hundred MHz, hu-

Siciogical ENfects of Noriomzing £ estrom
Aagiation VHI2-4), suiy 1383

~An Tesonate 410 2lectri:i flelds,
ge specific absorprion rate  fAR)
Mdz or man. In the resonance rang
dbsoration can quadruple Lf the Jdirection 3f the
mris fleld is parallel ro the lonz axis of the
\n exposur: standard of less than !5 wW/caml i
=3s5ary 1n this frequency region. Above the res
range o 1bout 3 Gdz, hot spots may Se produ
aoriions of the dody. Temperature elavatisns
head 3f up o D.3 T ar power densizies of L4
“ave peen predictad from numerical ulations
‘requencies beiow the resonance range (< 37 ¥H
above the hot spot cange (® 3 Gz ', only suriace
ing is produced. The 10 aw cmd standari acov
safe 2argzin for :hese Irequancies. Tolerable
loads are functiens of =2avironmental zonditic
weil as i incident radfation iatens T a %
time. Recent studles support a time consI.nc
iar as the limit separiting short and long zerm
sures.

1398 THE DEVELCPMENT 3F MICROWAVE POWRR AP

TIONS IN CHINA. g+ chen, <.
crowave Res. Lab. Z. Chirna ‘orma! Jniv., 3ha
China); Shen, Z.=Y.; Fu, C.-S.; Wu, 2. 2 ler
Power 17(L):11~15; 1982 (3 refs).

Applications of amicrowave (MW) pewer in China ha
creased gradually since China tegan manufacturin
zinuous wave (CW) magnetrons in 1973, The larg
magnetrons made in China are 10 W ar 1437 MHz
W ar 915 WMz, incipal applications are MW h
in faod processing, timber drying, paper drviag
netic tape drying, and drving of traditiona
aese medicines. Thermotherapy rasearcn, with
sis on combining local YW heating with cancer
therapy or radiotherapy, is being conducted in s
hospitals., Other research areas inciude the co
cion of MW therapy act 1000 MHz and tracizioma
puncture, male 5irth control, silkworm Sreedin
plant germination (using 3-ca, 30-ca, and -t
Theoretical work has i1avolved box-tvpe MW applic
uniformity of temperature distributisn fa appli
and ioprovement of aagnetron performance. I°
the following standards were recommended ia ia
power density of 30 uW/cml (6 hr/day) as the
sional safety standard for MW 2xposure and 300
as the maxiumum allowable dosage per day.

2399 EZRROR SOURCES AFFECTING THERMOCOUPLE

OMETRY IN RF SLECTROMAGNETIC FIELDS.
Chakraborty, D. ?. (Dept. Radiation Oncelogy,
Alabama in 3irmingham, 3iraingham, AL 33233);
wich, I. A. J Microwave Power 17(1):i7-28; 19
refs).

The errors resulting from use of thar=zocouple
weasuring temperature ia *he presence o fne
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frequency {RF) electromagnetic fields used for clin-
ical hypercheraia are analvzed. RF currents capaci-
tively or inductively coupled inte the thermocouple-
detector circuit produce incorrect temperature read-
ings called "pick—up" errors as well as errors due zo
3F heating at the iunction of the thermocouple. A
filter between cthe thermocouple and detector and an
luminum foil shield arcund che detector eliminate
e plck=-up errors. The heating effects at the ther-
mocouple junction were divided into three categories:
luncerion current heating, tissue heating, and eddy
current heating. The magnitude of each error was es-
timated and necessary conditions for minimizing er-
rors were outlined. At 13.56 MHiz and voltage lavels
Selow 100 V ras, errors are shown to be less than 0.1
7 £f the thermocouple is properly insulated and rec-
cmeendations for reducing e' or are followed.

pLOD) 2ECAN WEEVIL CCWTROL 3Y DIELECTRIC HEATING.

(Zng.) Nelsom, S. 0. (U. S. Dept. Agricul-
cuiral Res. Service, Richard 3. Russell Agricultural
Res. Tenter, Athens, GA 30613); Payne, J. A. J Micro-
wave Power 17(1):31-35; 1982 (1} refs).

The uyse of 33 or 1450 MHz electromagnetic energy was
2xamined for %illing pecan weevil larvae in intact
fecans or in pecan pieces. Samples were irradiated
for various periods between the parallel plates of a
20ower 2scillator at 40 or 43 MHz with an average alec-
tric field incensicy of 1.0 or 1.3 kV/cm or in a mi-
crowave oven operating at 2450 MHz with 800 W cotal
power output. The temperatures were neasured lmmedi-
ately after exposure. Pecan weevil larvae in Lntact
pecans were all killed after 15 sec of parallel plate
2xposure at 40 MHz after which the :temperature of the
pecans was 62 C. Germination of the pecans with a 3%
moisture content #as ucC significantly reduced by «3
*Hz treataent until the kernels were heated to 50 C;
1 zemperature of 73 C completely prevented zermina—
tisn. The differences in aoisture coatent for the
“hole pecans and the pecan pleces and i{ts effect on
7eat conductivity and larvae mortality are discussed.

Jaal MICROWAVE TEZRMOGRAPHY - CHARACTERISTICS OF

WAVEGUIDE APPLICATORS AND SIGNATURES OF
THERMAL STRUCTURES. (Eng.) Robillard, M. ({(Centre
dvperfrequences et Semiconducteurs, Jaiv. Sciences ec
Technigques de Lille 1., B = P4, JER IEEA, 39655 Ville-
deuve, J'ASCY Cedex, Framce); chive, M.; Lerov, Y.;
Audet, J.; Pichot, <.; Bolomey, J. Z. J ‘lcrowave
Power 17(2)97-105; 1982 {29 refs).

A method basei on the ancenna reciprocity principle
peral:s computation of thermal signals emittea by bio=
logical tissues measured by microwave .7} thermogra-
phv.  The computation requires knewledge of the cem=
perature distribution and the electrical fleld distri-
bution in the lossy zedfum when the probe, or applica-
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tor, is radlating a W signal. Teaputed thermal
nals were verifiz=d in experiments with 3 MW radiy
inciuding a low nolse preamplifier, a heterodyn
ceiver, and a nicroprocessor for numerical filte
operating at a cencral frequency of 2.1 CHz and
width 1.0 GHz. The resultant data can Se zonsi
as thermal signacurss of a given cthermal stru
which {s defined bv a set of parameters Jescr
its shape, pesition, depth, and remperature. M
tative determination of temperature distriburis
tissues can be obtained if experimental and com
thermal signatures are identical.

2402 OBSERVATIONS OF SYRIAN HAMST!

TER :(POSURE TO 2450-MHz MICRCWAVES.
Berman, 3. (EPA, MD74C, Res. Triamgle 2k, %C 27
Carter, H. 3.; ‘iauu. 9. J Hicrowave Power |
107-112; 1982 {ll refs).

e

The teratogenic potencial of microwawe (MW) radi
was lnvestigated in Syrian hamscers exposed £2
MHz continuous wave MW energy (power lensiiies
or 30 mW/cm2) for 100 min/day on gestation days
Exposure to 20 wW/cm2 ar a specific absorptien
(SAR) of b oW/g caused no significant changes i
ral survival, body wt, or skeletal =zaturity.
sure to 30 mW/cm? (SAR of 9 mw/g) resultad inm 3ig
caant increases {n fetal resorption and in dect
in body wt and skeletal maturity. Incidences ¢
jor and minor anomalies in the two exposure Zroup
not differ significantly. After exposure to 10 3
and 30 wW/cod, tectal temperatures of pregnanc
sters increased 0.4 C and 1.6 C, respectively,
those of sham frradiated dams. However, naterral
iclty was not observed at sither axposure even t
maternal rectal temperatures Tose to almest 40
30 ad/cm?. Thus, the loss of body wt observed i
tuses irradiated at 30 aW/cm? was not seconda
general maternal toxicity. Fetotoxic efiects
irradiation were compared in aice and hamsters
amice, decreased fetai body wt and skeletal immac
were not observed at an SAR lower than 16 or 12
In hamsters, an SAR of 9 aW/g causes similar ch
and also causes a significant increase in fet:l
(resorptions). The results suggest that the ha
fetus 1s more susceptible to MW radiation tha
aouse fetus.

2u03 ASSESSMENT OF IMMUNE FUNCTICN DEVELQ

IN MICE IRRADIATED IN UTERQ WITH 145
MICROWAVES. (Eng.) Smialowicz, R. J. [Immunob
gy Saction, Celluiar 3Bfophysics 3ranch, Healrt!
fects Res. Llab., EPA, Res. Triangle Pk, NC 27
Riddle, 4. M.; Rogers, . R.: Storz, 5. A. I M
wave Power i7(2):121-126; 1982 {17 refs).

lamune responses it ige J and % wk were studi
zale aice Horn o time-bred CD-1 aice Lrradiated
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2,43C-¥Hz =icrowaves (M) 1t in lncident power density
of 13 aW’:md for 100 min/day from day 6 to day 18 of
ar2gnancy. The average specific absorprion rate (SAR)
was 5.3 W'%g, 3ore than twice the hasic metabolic
rate of the mouse. In contrast to recent repor:s of
MW=induced stunting in auce, no consistent growth re-
cardation was cbserved. Prizarr ancibody responses to
sneep ted blood cells (SRBC) were similar fin lrradi-
ated and shag-irradiated mice. There was also no dii-
ference ia hemagglutination or hemolysin titers to
SRBC. 1In utero MW exposure did not increase blasto-
genic responses of T or B Lymphocytes to mitogens.
Satural <iller iNK) cell activity against YAC lympho—
a8 cells was reduced in S=wk-old mice, but there was
considerable variabilitvy in NK activity among =ilce
in a given groun. Differences ita WK aczivity bdetween
irradiated aad control mice were not marked. Further
studies are needed to corroborate growth-retarding ef-
fects of exposute and to detetfmine whether neonatal
stuncing is related to impaired development of NK cell
activity.

7404 COAXIAL NONMETALLIC THERMOCOUPLE WITH ELEC-

TRONIC [ICE POINT FOR DOSIMETRIC USS IN
ZLECTROMAGNETIC ENVIRONMENTS. g.) Olsen, R. G.
{¥aval Aerospace Medical Res. Lad., Pensacola, ¥
32598); Hammer, W. C.; Taylor, J. C. J Microwave Pow-
er 17{2):137-143; 1982 (1l refs;.

An lmproved nonmetallic chermocouple (NMT) € :an
provide mulriple simultaneous cemperature neasure~
zents in irradiated subjects at modest cost {3 de-
scribed. The NMT is relatively non-percurbing, sta=
Sle, and linear in output ia microwave {MW) environ-
ments. The temperature sensitive portion of the co-
1 '™MT is the tip junction between a carbon-bearing
iluorocarbon wire and an outer coating of conductive
2lascomer. A slighcly modified, commercially availa-
ble z2lectronic ice point provides compensacion for the
efiects of changes in ambient temperature. Specific
absorption rates /3AR) measured by the NMT and the
nore sophisticated Vitek probe In tissue-equivalent
material were compared in two MW {rradiation Zests.
A 5-cm dlameter zuscle-equivalent sphere was exposed
far 50=300 sec periods to 5.635 GHz MW energy produced
5y 4 ailitary type radar transmitfer with a peak out-
sut power of 100 «W (2.5 usec pulses at 240 pulses/
sec). A i-%g mass of puscle-equivalent mararial was
oiaced in a large W irradlation chamber and exposed
ia tne far fileld of 4 norn antenna to continuous wave
2.7 3Hz MW anergy generated bv a 3inger h6G0 sweeper/
sscillatar and amplifled o 300 W by a MCL Model 13270
{lvstron. Zssentlally no difference was seen {a the
SAR determined bv etther prabe at 5.633 GHz. ac 2.0
JHz, a small difference was seen which was probably
the resuit of zhe 4o probes deing slightly aisolaced
duriag irradfatisn. The resgulzs show that zhe ejax~
tal NMT offers a useful alternative to nore suphlsti=-
zated ané -—nstly temperature scobes ia ceriain MW do-
sizetsi: configurations.

Siologrcat Effects of Nonenizing £ectrom,
Racraten ¥ili2-3), suly 1383

JL05 EFFECTS OF AMBIENT TEMPERATURE
TO 2450-MHz MICROWAVE RADTATION
HEAT LOSS IN THE MOUSE. {Zng.) Gorden, <. J.
engineering 3ranch, Ixperimental Biology Div.,
Zffects Res. Lab., SPA, Res. Triangle Park, 45C 2
J Microwave Power 1T7(2):143-150; 1982 (25

EZffects of ambient temperature and microwave (¥
posure on physiologic hedat dissipation were stud
4 @0 old male CBA/J mice. Whole-dody evaporativ
loss (EHL) was measured as whole-body evaporat!
ter loss (EWL) in mice exposed individually to ¢
uous wave 2,450 MHz MW radiatfon for 99 ala and
bient temperature of 20 C and i1a nonexposed mice
talaed at amblent temperatures »f 10-35 2. The
ent temperature threshold for increasing IWL w
33 €, At an ambien: temperature of 10 T, a sp
absorption rate {SAR) of 29 Y/kg was requirad
significant increase in ZHL. Above 29 Wixgz, a
elevation in EHL was seen <ith increasing SAR
mouse dissipated 53X of the total absorbed heat
ter cvaporation; the recainder was iissipated pa
ly. Extrapolation .f a threshold 34R in a labeo
anizal to 2an necessitates a logarithaic scalin
tor. Thus, a SAR of 29 Wikg in a J.703é=kg mo
equivalent T2 an SAR of .15 W/kg in a Ti-g;

0406 TWO=DIMENSIONAL TICHNIQUE TQ CALIULA

EM  POWER DOEPOSITION PATTERN IN THE
300Y. (Eng.) TIskander, M. F. (Dept. Electric
gineering, Univ. Yrtah, Salt Lake Cizy, UT 34112)
ner, P. F.; DuBow, J. B.; KRao, J. J Microwave
17(3):175-185; 1982 (15 refs).

A aumerical procedure using the method :f wome
determine the heating patterns in two—dizsension
dels of human cross sections {rradiated by ap
sources is described. X-ray computerized axtal
2raphic scans are used to determine the size,

and location of incernal rissues for the :two-
sional model. The incident 2lectric field is a
to be directed perpendicularly to the cross sec
drea and to be a half wavelength cosine functio
irs maximim at the aperture center. The cros
tional model 1s divided into cells of a size

of the wavelength i{nside the dielectric. The s
each cell vas chosen accoriing zo the permittiv
the tissue; it was smaller for high permittivit
sues (heart and muscle) and larger for low perm
ity tissues (bone, fat and lung). The electric
and pjower density discridution at 70 MHz s sho
a human thorax divided inco 201 ceils and irra
by eight aperture sources in an annular array.
power deposition i{s chown {n the central area
the heart is located. Zxperimentally =measurec
perature (ncreases in 2 homogenenus tissue phant
posed to over 1,000 & for !0 wia and a sacrific
exposed t3 1,300 W for 10 min agreed with theor
results from the two-dimensional mcdel.
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0407 AN EMPIRICAL TIME-INTENSITY RELATIONSHI?
FOR  THERMAL 3I[0ELECTROMAGNETIC EFFECTS.
Miller, T. M. {Dept. Civil Engineering,
thwestern Univ., Svaaston, IL 50201); 3rodwin, M.
J Microwave Power 17(3):195-202; 1982

An empirical formula relacing the exposure tize needed
to induce 2 biological effect to the specific absorp-
tion rate (SAR) was based on an analysis of published
experimental data on laboractory animals and on pain
zhreshold studies on humans. The biocelectromagnetic
effects considered were lethalitv, cataractogenesis
and threshold pain sensation [n a frequency range from
2.43 SHz re that of wvisible lignc. Tor each effect,
a2 critical »>rzan was chosen is zhe anatomical loca-
tion where absorbed radiation produces the specific
2fifect. The critical organs for lethality, cataract-
sgenesis, and threshold pain ire the whole body, the
crrstalline lens of the eye, and skin, respectively.
The axposure zime neaded to induce an effect is re-
ciprocally relacted to the exposure intensity as umea-
sured by the SAR for the critical organ. From regres—
sion analysis of each sec »f data, a general relation-
ship was found giving eaxposure =ime ag an inverse pow—
er function of the SAR. The exponent of the power
Zanction is differear for each type of experiment.
The SAR values of the experimental data ranged from
1.5 to 4700 W/kg, while the =xposure time ranged from
3,25 to 18,000 sec. It is suggested that these empir-
ical relationships may prove useful ia represeating
tize-intensity relationships for thermal/haraful bio—
logical effects.

2408 RADTOFREQUENCY~INDUCID HYPERTHERMIA IN THE

PROSTATE. {Eng.) Scheiblich, J. (Medikon-
zept Ltd., PB 1629, D-5190 Stolberg/Rhld., W. Serma-
ay); Petrowlcz, 0. J Microwave Power 17(3):203-209;
1982 77 refs).

A microwave applicator Jeveloped for heat treatment
2f prostate cancer {s described. The 20-mm diameter
ipplizator i{s iasertable iato the rectum (insertable
leagth of 175 mm). A high frequency (432.9 YHz, maxi-
mum sutput power, 120 W) slot ancenna iaside the ap—
plicator is cooled with distilled water. To avoid
3aps filled with air between the inserted applicator
and the rectum, a balloen iz filled with water as soon
13 the applicator s placed correctly. Protective
cireuics cut off radiation when preselected limicing
temperatures (e.g., 41 7 on the surface and 46 C fa
the prostate) are reached. This control systeam pre-
vents damage {0 tissue around the srostate, especlal-
ly the reczal micosa and tissue between rectum and
orostate. Short-term (20 ain) and long-tera (several
=reatments in a few wk) experiments were conducted In
sale dogs at 3vean power rates of 35 W and 31 W and
zooling-liquid temperatures of 2.5 7©. Rectoseopic,
Dacroscople, and micromerphologic 2xaminations showed
a0 damage to the canine rectum, and iocal heat damage
i1 prostate tissue Jemonstrating that local hyperther=
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0109 ZXPOSURE NOF RaTS T «25-MHz “IW) RADIC

QUENCY RADIATION: ZFFEITS N LYPHOCY
(Eng.) Smialowicz, %, J. (Experizental 3iclogy
Health Effscts Res. Lab., Eaviromencal Res. Cer
EPA, Res. Triangle Park, NC 277il); Weil, ©. M. ¥
J. 8.; Zider, J. A.  Microwave Prower i (31:Ill-
1982 {31 refs).

The effects of chronic low-lsvel 2xposure to 425
continuous wave (CW) radiofrequency 'RF) radiatic
lymphocyre response in rats were studied. Four 2»
iments were performed i{n which six zize-bred pre
rats were irradiated from day l2 of pregaaacy to
turition for 4 hr/day in a temperature contrallec
posure system consisting of i rectanguiart scTip t
aission line. An AIL 135 power generacor capabl
supplying 80 W outpur was used to excite the svs
Temperature was maintained at 22 C during irradiat
Four male pups born to each dam ~ere subdsequentl:
radfated under the same conditions for 20-Il or
days and euthanized. In 3/4 experiments, forward
ar was 20 irradiated dams were inadvertently
posed ac 6.6 W forward power in the fourth experi:
In a fifrh experiment, pregnant rats were exposec
15 hr/day from day 5 to day 19 of gestation to 42!
C4 RF radlation it a forward power of 20 4. Pups
not irradiated. At 22 and 32 days, two pups from
litter were euthanized. No difference was >bst
in the wt of irradiated compared with sham irradi
rats. Specific absorption rates for rats of di!
ent ages derived by twin—well calorizetey or exIi
lated from power meter readings ranged from 1.1 =
aW/g. No consisteat change in the peripheral !
plcture was observed between irradiated rats and
trols. In the first two experiments, a consiste
significant increase in the aftogen-stigmulaced
sponse of lymph node lymphccytes of irradiated
was obsarved. The blood lymphocyte response of *
day old irradiated rats displayed an increased
sponse to stimulation by phytoheczagglutinin (PHA
compared with controls in experimencs 3 and 4.
change was seen in the hematclegic pictures of
irradiated ir utero for 16 hr/day at 22 or 42 day
aga. However, node .ymghocytes from 42-day=old
Lrradiated only !n utero incorporated signific:
greater amounts of tritiated thymidine than coat
following stimulation by PHA and concanavalin A.

increased responsivenas:. was similatr to that see
rats frradlated bel e- and postnatally. The
sults suggest that preratal exposure of rits te
MHz RF radiation may bde a Iactar ia the lymphopt
ferative responses of older rats. The possibi
that the i{ncreased actiwity of Llyaphocvtes from
radiated rats was Jue o 1 therzally induced st
teaction is acted.
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Jal A RADIO=-FREQUENCY MONITOR FOR  2ROTECTION
AGAINST  IVEREXPOSURE  FROM RF HEATERS.
{Zng.} 3iai, ¥. (I.R.0.£., National Research Coun-

2il, Florence, italy}; Igznest!, A., Millanta, L.; Ru-
bino, ¥.; Vanni, R. ! Microwave Power 17(3):123-229;
1982 (5 rers).

A simplified radtofrequency 'RF) hazard zonizor s de-
scribed that meets the requirsments 27 lsatrTopy, 4t
irequency r2sponse, simplicizy and ease of use, low
cost, and includes three indicater lights correspond-
ing £o existing safatv standards. A green lighe in-
dlcates a field lower than the limit illowed for ex-
posure Zurlng an entire vorsing dav; a red lighct [ndi=-
<aces 3 liaic bavond which axposure is aoC permitted;
and 1 vellow lignr i3 activated 4t intermediate lev-
2ls Jhere part-zime exposure i3 allowed. In the 3-30
MHz “and, tne =onitor has been calibrated o switch
izom gre=en 3 vellow at 20 Y’z (which corresponds to
zhe TS3R standard) and from yellow t> red at 15) Vi/m
‘4hich corresponds 0 31 walue Jhere i min 3¢ exposure
15 allowed in the USA according to ANSI and NTASH).
The limits ippear to e compatible with any RF heat-
.72 machine Inat (s perioraiag reasonadlv well. The
3T wonitor has a wide range of poteazlal applications
-2 2lectromagneric pollution contral.

TLTRASTRUCTURAL  CHANGES AMD  DIFFUSIGN JF
ACETYLCHOLINE IN RAT 3RAIN AFTER  MICROWAVI
IRRJIATION. g.) Xasa, P. (Cencral Res. Llab.,
“edical Univ., Szeged, Huagarv); 3ansaghv, X,i Gulya,

“. J Neurosci ethods 3B(1):749-752; 1982 (10 refs).

feuram ulirasttuctire in differeat regions of the can-
zral nervous $ystem was investigated ia o conttol and
27 microwave—(MW) irradlatad rat braias. CFY rats
re sacrificed by Zecapitation {coatrois) or bv o=
cused high power 1430 MMz W irradiation to che %head
ot J.s, 3.3, or 1.) sec (output jower > <W, reflected
ower, 130-15) ¥). Acetvlcholine (ACn; 4iffysion was
2xaataed in ostat and Vibratome-prepared Iissue
sections {coriex, striatum, hippocampus, aucleus ia=-
zerpaeduncularis, arcnicerebellum). Little change in
neuron ultrastructufe was seen after J.4 sec irra-
di{acion. However, the fine s:iructure 3f neurans was
darkedly aifected %y J.2- and 1.J-sec frradiation.
Surface membranes were ruptured and rough eadoplasmic
reticulum was disorganized in the perikarva. Synaptis
vesicles were aggregared, and mitochondria Jere hadly
ianaged a1 axon terminais. Cortex and scriatum ACh
levels Jere lower ia Vibratome than in Iryostal sec-
tions. This reduction was attributed o diffusisa sf
ACh iatao the Xrebs-Ringer duifer solution.

all PULSING SLETTROMAGNETIC FIE

Letzers tn the tdlror). Irvine, R. 3. Hi-
lo, 4I); 3asserz, T. A. L.; Mitchell, $. 'l.; 3Zaston,
JAMA 242{8):911; 1942 ref, .
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Sioreg Effects or £

Ragiation Vili2-41, wuty “983

3ince zost fractures with Jdelayed unisns teal spa
eously with time ind adequate immobilirarionm, I
advocates a double-blind controlled
the efficacy of pulsing electromagretic
treatdent described dv 3assett et al. [See
abstract # 0068]. Bassert et al. polat aut
of the patients treatad wizh PEMF zould not Se ol
as having delayed union: thev had an average iis
ity time of 4.7 yr (range, 2-11 vr) and 4n av
nuaber of 3.4 unsucessful surgical procedures
to PEMF treatzent; Jore than onme third of ches
tients were or had been actively iafected and at
one recommendation for dmputaticn “ad seen nade !
of the cases. NOf these patlents, 3% were hesl
PEMFs without further operative latervantion.
agreed that a double blind approach would bde 1
to fully subsranciate claims €ar 2EUF leacy i
f{cienc numbers of matched or pairea czases i
found for statistical significance =o be 2stabi:i
such 1 study Ls in progress ia the Uaited ¥Xingdorm
{3 also poiated out zhat cthe zethod (s 1pprop
only for delayed or non=united Iraciures, is 2p
©> Iresh fractures.

5423

UNION OF THE

cal Tleczzrznics, 3t
78E, England). Med 3iol
1982 (13 refs).

. 5. 1Jept.
fosp., London
104513501

A theoretical model is described that zam be us
predict magnetic and electric fieids oroduced (n
during pulsed-magnetiz-fleld ¢?MF) treatmeat f
Jniced fractures. The zlectric fleld induced by
rent ralses through two square coils separated t
length of thelr sides is proportional to the ra
zhange of magnerie fleld. A zalculation of =he =
densfty at points along bone/tissue i~teriic
dicates that che insulating Soundary aas aadifie
fleld, espectally near the coil axis. In the <o
tor, the fleld lines circulatsz; it the lasulaciag
face, they are parallel o the iaterface. whil
aadel {5 based on the assumption that “one alts
insulator i can be =2xtended 19 allow for the ¢
resistivity 3f done as the effect of resiscivi
the surface charge densizy s small. When a si
tectangular cross section fmmersed in a conductor
#ay “etween Iwe colls i$ used as a model >f the

etry of bone La =issue, Fileld lines are ;arall
the “oundary but in opposit: directions an each
of the slab; further from the “oundary, curTents
culare in the zissue, agaln In oppesite directic
each side of the slab. A comparison >f theore
and experimental results (measurements of a1ag
fields in alr and 1a tissue, electric flzids a
single (nterface, around a slab, and around a

showed good agreement. Whils zann
uged quantitativelv =) predice ¢ e

2lds produced j ran
dict the separ
ind an Se from d1EF
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current <aveforas. The model mav also help o eluci-
date the physical and Siochemical mechanisas invelved
in the healing effects of PMF.

Wl4 USE OF MICRCWAVE TECHNIQUES T0 TINACTIVATE

SRALN ENZYMES RAPIDLY. (Eng.) Galli, <.
{No affiliaction given); Racagni, G. Merhods Zazymel
36: £35-642; 1982 (33 refs).

A technique for sacrificing small laboratory inimals
using high-intensity microwave (MW) radiation ts Je—
scribed, shich allows rapid inactivation »f =zecabolicz
brain enzyzes. MW instrumentation has been designed
to control the intensity and duracton »f the tncident
power and to ainimize the reflected power. General
specifications are: current, l3 A; power consumption,
3500 ¥; power osutput, 1300 ¥; Irequency, 2450 MHz.
Tor adult rats {bedy st = 150-300 g), irradiation pe-
¢iods of 2=+ sec are adequate, while for adult mice
(body 4t = 20-40Q g), the values should be 0.7-1.5 sec.
For newborn animals the irradiation times should be
about 0.5-1.0 sec. The use of focused MW irradiation
for animal sacrifice prevents postmortem changes of
various neurcchemical parametcrs and gives virtually
the same results as the freeze-blowing technique.
“hen samples obtained from animals sacrificed by MW
irradiation were compared with those obtained by de=
capitacion, increased levels of c¢yclic AMP, J-meth-
Ixvtyramine, normetanephrine, GABA, and choline and
decreased levels of DOPA were seen in the samples ob-
tained by decapltacion. Levels of free arachidonic
acid (FAA) Ln brain areas of animals sacrificed by fo-
cused MW irradlation were much lower than those mea-
sured by decapitation followed by a time interval be-—
fore analysis; they were not statistically differenc
from levels measured after decapitatisn and lmmediate
analysis (<30 sec between decapitation and homogeniz-
acion in organic solvent), or analysis after decapi-
tacion and immediate freezing. Levels of prostaglan-
din (PG) 7 and thromboxane (Tx), derived through PGH
synthase, and HETE, derived through lipoxygenase, were
mich lower in the brain of animals sacrificed by MW
irradiation than in those sacrificed by decapttation
fallowed 9y a time interval before analysis and were
of the same order as those azeasured {n brain tissue
firozen in 1iquid nitrogen {mmediately after sacri-
fice. In synthests, the use of focused MW {rradia-
tion preveats both the release of FAA occurring after
decapitation £sllowed by a time interval before anal-
rsis and the accumulation of PG and Tx observed in
the brala aven !f che incerval between decapitation
ind analysis L3 less than 30 sec.

Gals JH-NORADRENALINE 3RELEASE POTENTIATED IN a

CLONAL NERVE CELL LINE BY LOW-INTENSITY
PULSED MAGNETIC FIELDS. (Eng.) Oixzev, R. (Dept. Med~
1 Zlectronics, St. 3artholomew’s Hosp., West Smith~
eld, London ECl1A 73E, England); Rein, G. Nature 196
13854):153-256; 1982 (I5 refs).

Current Liter

A dodel system s described fer studying effec
extremely low-frequency (ELF) magnetic fi=lds or
ronal functions. lonal PCl2 cells, derived f
zransplantable rat pheochromocvtoma, #ere expos
3 pulsing low-frequency magnetic (LFY) field zene
between a palr of concentric coils wired fn par
Zo a pulse pulse generator and driving circut: st
to one used tn clinical trials for treatment of
union fractures. For these experiments, pulse
of 9.6 msec was used with 1.} msec between each
glving an overall frequency of 500 Hz. Maximu
ninigum fields applied to the sample were 3.5
1.6 G. Release of 4-noradrenaline (JH-Na) from
cells was meni:zored for 12 sequencial !S-mina e
tn 10 trials. Values obtained a1t {95 and !20 mi:
celi ctultures were exposed for !3 ain =3 LFM

were ilways higher than values obtained “rom :t
preceding i5-mia tizme periods. Zxpressing the s
lated release as the differeace between the «c
and experimental vaiues relative to the concrol
for a given time period, a stisulation of 27.5%
was obtained for both experimental ime seriods
§ further trials in which 15 =M Mgl+ was includ
the medium at the 105 and 120 aian tize periods
rate of release in control washout curves was nc
tered, but the stimulated release was abolished.
s:*m‘.ar_ed release values {n the presence of ele
Mg+ were not significantly different from the
trols. The results indicate that PCI2 cells <
used as a model system frr studying the effec
LEM fields on neuronal fui :tions.

416 DIELECTRIC PROPERTIES OF ANIMAL TISSU

VIVO AT RADIO AND MICROWAVE FREQUEN
COMPARISON BETWEEN SPECIES. ({Eng.) Stuchly,
(Nonionizing Radfation Secrion, Radiation Prote
Bureau, Health and Welfare, Ottawa, Canada); Xra
ski, A.; Stuchly, S. S.; Smith, A. M. Phys Med
27(7):927-936; 1982 (17 refs).

An open-ended coaxial line sensor was used t> me
the dielectric properties of various tissues of

thetised cats and rats at frequencies between 0.
10 GHz. The measurement method s based on deter
tion of the Lnput reflection coefficient of the

ial line when placed against the test tissue. Thi
efficient depends on tissue permittivity, frequ
and dimensions of the coaxial line. Dielectric
stants and conductivities are reported for ske
muscle, braln cortex, spleen, and liver and com
with previously published 11 vivo data for cat
rats and for dogs. The difterences ia the dlele
properties of the same tissue for these specles
found to be very small (less than 10X) in the fre
cy range from 0.1 to 10 GHz, suggesting :hat

nonaquatic animals can be used for modeling huma
ings in developing microwave hyperthermia zechni
At frequencies above | GHz, tissue properties ¢
lated well with water content. A compacison sf
culated and weasured tissue water content indi
that the tissue water i{n puscle has the diele
properties of free water while a varied but cons
able amount of water in ocher tissues is in 3 I3
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=17 THE COMPLEX PERMITTIVITY OF HUMAN TISSUE aT

MICROWAVE FREQUENCIES. (Eng.) Hey=Shipton,
3. L. (c/o Machews, Depr. Electrical and Electronic
ngineering, Leeds Univ., Leeds, Yorkshire, Zngland);
Macthews, P. A.; MeStay, J. Phys Med Biol 27(8):1067-
1071; 1982 (8 refs).

The complex permitrivity and eaissivity of the human
Sody and accenuation coefficient of skin were deter-
nined from simple measurements made on Lliving tissue
sver the iraquency range 8 to i8 GHz., The experimenc-—
1l setup consisted of a rectangular waveguide termin-
ated by a semi-infinite flange. The medium inside the
waveguide was considered to have a permittivity value
tdentical to that of free space. To create a flat
zeometry in the plane of the waveguide flange, a plug
of expanded polystvrene was inserted lnto the end of
the waveguide. Measurements were made by pushing the
waveguide up againsc the palm of the hand. Power in
the waveguide was kept below 10 zW/cmZ, The VSWR and
ohase shift of the reflected wave were measured using
a2 precision slotted line, the phase being compared
<ith the reflected wave produced from a flat metal
placte pushed up against the flange. The absolute va-
lues of VSWR and phase angle for the biological sam-
ple were then entered into a computer program whose
output gave the value of the complex permittivity of
the sample necessary to produce such a VSWR and phase
angle. Measurements of real permittivicty were about
a factor or two lower than those predliectad by theary,
while the measurements of imaginary permittivity cor-
ralated well with existing measured values at about
10 GHz. Zmissivity values agreed closely with calcu-
laced emissivity values at 8-18 GHz for skin of in-
Zinite thickness. Possible sources of error in the
seasurements of complex permittivity included accu-
tate determination of both VSWR and phase shift, con-
tact of skin with the waveguide flange, and the as-
sumption that the skin could be considered Lniinitely
thick in the area of measurement.

Ja1d A MICROWAVE HEATING TECHNIQUE FOR THE HY-

PERTHERMIC TREATMENT OF TUMOURS IN THE EYE,
ISPECIALLY RETINOBLASTOMA. (Zng.) Lageadljk, J. J.
“. {Yniv. Hosp. Utrecht, Dept. Radiotherapy, Catha=-
riinesingel 101, 3500 CG Utrecht, The Metherlands).
Phys Med 3(ol 27711):1312-1324; 1982 {12 refs).

3 2450-MHz microwave {MW) stripline applicator for hy=
perthermic treatment of eye tumors, especially retino~
blastoma, (s described. The applicacor is placed di-
ractly on the ave beneath the eyelids so that the ge-
omeccy can be fixed. The only paramecers influencing
cemperaturs distribucion which cannot be regulared ara
differences betveen patlents in eve diameter and 5lood
flow., Tamperature distributions in human and rabbiz

Tl Eifects of Ni qr
Raaiation VIl{2-4), July 1983

eve resulting from absorbed MW power distribution =
culated with a cthermal finite difference computer 1
2l were serified experimentally on rahblt 2yes. AcC
racy was better than 3.3 C when the anterfor part
the aye was "eated to 43-34 C. Accuracy was lowet
the posterior half of the eye because of differer
in biood flow, but was still becter than 2.5 C.
retinoblastoma patients were treated with x-radlat
followed by hyperthermia up to %4 C for i nar. 32
tumors regressed and no cataracts werz incuced by
heating. The complete computer-controlled MW nyg
therala system ls described.

419 MICROWAVE IMAGING OF CEREBRAL EDEMA.

Lin, J. C. <{Biocengineering Program,
Illinois, Chicago, IL 60680); Clarke, M. J. Pr
70(5)1523-524; 1982 (2 refs).

A microwave (MW) transmission technique for detact
and monitoring cerebral edema was demonstrated o
model of the human head. The skull and brain tis
were similated b a ".4 cm radlus glass spnere fi!l
with 1150 ml of ethanol conctalning a rubber ball
filled with 550 ml of water te simulate the ceret
spinal fluid. Ethanol and water could be added tc
Temoved from both compartments. A beam of I.4 GHz
anergy (at a power level <10 uW/cml) was transmit
through the head model and compared with a refere
signal. Relative amplitude and phase were azeasy
by vector voitmeter. The phase change in the MW s
nal @was correlated with changes in fluid volume
zhe head =model. [t is shown that volume changes
less than one percent of the total fluid volume ct
be detected.

0420 A NEW [ITERATIVE PROCEDURE TO SOLVE

SCATTERING AND ABSORPTICN 3Y DIELECTRIC
JECTS. (Zng.) Iskander, M. F. (Dept. Zlectri
Engineering, Univ. Utah, Salt Lake Cit UT B8atl
Lakhcakia, A.; Durnev, C. Hd. Proc IZEE 70(1l):1:
1362; 1982 (4 refs).

A new technique, the Iterative Extended 3oundary (
dirion Method (IEBCM), 1is presented to calculate
scattering and absorption of electromagnetic ene
by h highly d ive dielectric objec
This method increases the solution stability of
Extended 3oundary Condition Method which =may %ec
unstable at resonant and postresonant frequenci
The IEBCM begins by replacing the lossy dlelectric
Jecr with a perfect conductor and calculating curt
densities in the surface; the surface current is u
to compute the internal fields inside the dielect
bodv. The interior of the obliect is partitioned
to overlapping spherical subreglons t5 produce a 3
efficient convergence. To ob.ain internal ffeld
pansion coefficlents, the surface currents obtal
from the solution »f the external problem are pe
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=atched with the surfice <urrangs obtained ircm the
internal expansion, while maintaininug cthe continuizy
2f the magnecic flald i{n the overlapped regions. This
arocedure vieids 3 zero-order estimate of the intetnal
“ields. Further iterations are used to iamaprove the
fnitial estimate of the surface curreat Jensity. lal-
zulations ara presenced for the internal fisld in 1
spheroidal zodel of 3an :ooposed of nine dverlapping
stherss at 17 “Mz.

Tall RADIC=FRIQUENCY HAZARDS 1IN THME VLF T0 MF

3AND. Znz.) anchi, 0. P. (Depr. Zlec-
zrical Sngineering, Uaiv. Uta 3a.t Lake <Ciey, UT
441127 Chacterjee, 1. ?Proc £ T .2):lend=idos;
1932 {» refs).

The externai 2lectric (E) fields necessary to generate
chrasnold perception and leT-go currents for i human
i1 conductive Yinger ::atacet <izh ungrounded 3zecallic
Sodies {¢car, station wagon, truck, Zence, iad cdof)
sere calculated for fraquencies irom ! «Hz o 10 MHz.
The calculated external E-fields for threshold per-
teption were below the proposed ANSI guideline of 100
zW/ead (E = 615 V/m for 0.3 to 3.9 MHz). The “waan
Yody was nodelsd as 3 resistance which varied with
frequency and a capacitance which was assuzed to be
!0 oF at all frequencies. The current through the
human body in conductive contact was calculated as 3
function of resistance, capacitance, frequency, and
the short circuit curreat induced in the netallic ob-
ject by a vertical E-field. The calculacions assume
that the E-field lines terminating in che human body
and the ungrounded merallic object were not affected
hv the presence of the other and that object length
was smaller than 1/15 or L/10 of the free space wava=-
length. Experiments on reduced scale models of a :ar
and a jeep wusing a 0.1 wavelength monopole-above-
ground antenna produced results comparable to the cal-
culated values for a slaulated frequency of 1.765 MHz.

2422 STUDIES ON ACUTE IN VIVO ZXPOSURE 0OF RATS

TO 2450-MHz MICROWAVE RADIATION. III. BIO-
CHEMICAL AND HEMATOLOGIC ZFFECTS. (Eng.) Galvim, M.
J. (¥Natl. Inst. Environmental Health Sclences, P.0.
Box 12233, Research Iriangle Park, NC 27709); Ortner,
M. J.; McRee, D. T. Radiat Res 90:553-363; 1982 (22
refs).

The hematologic and biochemical effects of acute mi-
crowave (MW) radiacion ware examined act lncident pow-
er lavels resuiting in uandetectable thermal stress
(as determined by colonic zeaperature). Male Charles
iver rats <ere divided Laco three groups of 3 animals
each (wr = 300 % 35 g, i0-wk-0id) were exposed for
8 hr to continuous wave (CW) 1450 MHz MW radifation ia
the far fleld at inteastties of 0, 2, and L0 aW/cas
fastinated average specLfic absorption rates of 9,
J.b4, and 2.2 2W/g, respectivelr). Rats were chen de=
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capitated, ind Hlood samples Jere collectad “or
rermination f “ematocrit, hemoglopin, rea Slood
"RBC) and white biood cell (WSC) counts, and diffe
tial WBC persentages. Yo differences In deep oo
temperaturs, which iveraged 38 C for all three 3r¢
sere noted wWhen medsured immediately after Cztain:
3f 2xposure. 3erum levels Jf protein, bera-glucul
dase, alkaline phosphatase, cholinesterase, and
tic dehydrogenase Jere not iltered by exposure t¢
ther MW power Jemsity. In addition, MW radiazior
a0 effect on sodiua and potassium levels. No ch:
La the hematocrit or RBC number were noted for a:
axposure group. There wera no differences bet
the sham and elther group of MW-exposed rats ir
total number of cirzulating WBC or percentage of
=ypes. It s postulated that the differences i:
matologic effects between chis study and that
by pravious iavestigators most likely resulted
differences in frequency, mode >f delivery (o
versas CW), and duration 3f exposure.

3623 PULSE MICROWAVE SFFECTS ON NERVE  VITAl

‘Eng.) McRee, D. L. (Lab. Envizonm
S8iopnysizs, Matl. Inst. Zavironmental Health
ances, P.0. Box 12233, Research Triangle Park
277909); wWachtel, H. Radiat Res 91:212-218; 19¢
refs).

The effects of pulsed microwave (MW) tadiation o
vitality of frog sciatic nerves were investigate
compared with effects of continuous-wave (CW) i
d4iation. Isolated sciatic nerves of frogs (Ran
piens) were exposed to 2.45-GHz pulse-MW radiact
a waveguide exposure system. In previous sctudis
CW MW radiacion at a specific absorption rate {SA
10 oW/g, survival time of the {rradiated nerve s
lated to fire at a high rate (50 twin pulses/sec
shortened significancly. In this study, J sets o
periments were carried out using lO-usec—wide p
at 50 pulses/sec, with an average SAR of L0 aW/g
asynchronous pulsing wherein the MW pulse was d
ered at varying times in the firing cycle; (I)
chronous pulsing during the peak of the nerve
potential; and (3) synchronous pulsing during the
esclent period between nerve firings. In all

a significant decrease occurred in the survival
of the exposed nerves, as compared with the unex
nerves. Statistical analysis indicated that the
of vitality of the exposed nerve was highly sigz
cant compared with that of the control nerve.
er, the magnitude of this effect was essentiall
same {n all three cases and was also coamparable
the effect seen earlier with CW MW radiacion of e
alent SAR. it Is suggesred that the MW effec
nerve vitality zay resuit from an lnterference
long-term regulatory processes (such as interf
with maintenance of adequate lonic concentration
dient across the membrane) rather than interie
with the mechanism for iction potential firing.
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pERE] THANGES IN TUMOR  MEYGENATION
122D MICRCWAVE AZATING. (ZIng.) .
{lepc. Phvsiologv, Ualv. Mainz, Saarstrasse 11, D-650C
“ainz, W. Germany); dtte, J.; Manz, R.  In: 3iomedi-
23l Thermelogy. Proceedings of am Interndational Sva-
posium held {n Strasbourg, France, June 30-Julvy 4,
1981, Jaucherie, M.; Alderr, ., ads. [%ew York: Alan

R. Liss, Inc.): pp. B5=73; 1982 (27 refs).

Microwave=(MW) induced changes ia tumor oxygenation
Jere investigated bSv derermining the oxyhemogiobin
saruration Hb0>) of single red blood cells withia
tumor capillaries afzer MW hyperthermia. Llocal hv=
certhernia was induced Ior 30 =min in tumor-hearing
Sprague=Dawiey rats (170-300 3) of both sexes using
SHz ‘W radiation delivered through a special ap=
piicacor {13 am outer diameter). Three hyperthermia
levels wers zoploved: <0 €, 43 C, and 45 €. Mean
tissue cemperature Zor controls was about 15 C. The
intracapillary Hb02 was studied during respiratory
normmoxiia v a irvophorometric micromethod. Upon
neating at 3 C, oxygenation of tumor tissue improved
significantly (p <7.00C05). Directly after 40 C hy=-
E hetala, the mean saturation increased to 66 sack
(median, 77 sat?). iowever, tumor oxygenation de-
eased significantly afzer 43 C hyperthermia com—
pared with comtrol conditions (p <0.02). After a
further rise of the mean tumor temperature to 45 T,
cumor oxvgenation decr2ased drastically (p <0.00005).
The results were thought to reflect changes caused by
locallized hyperthermia within the tumor tissue itself
since no host systemic effects were detected and all
tumor biopsies were taken at comparable values of mean
arterial Slood pressure and of respiratory gas para-
2eters in arterial bSlood. These results clearly in-
dicace that local hyperthermia has profcund effects
on tumor tissue oxygenation.

2425 3LOOD FLOW AND TEMPERATURE EVOLUTION OF

RHABDOMYOSARCOMA~BEARING MICE DURING NORMAL
GROWTH AND DURING SEQUENTIAL HYPERTHERMIA TREATMENT.
7Zng.) Roberr, J. (Lab. 3iophysique, Faculte Medicine,
i3 rue Liomnois, 34000 Nancy, France); Zscanye, J. M.;
“tarchal, C.; Thouvenot, P. In: 3iomedical Thermology.
?roceediags of an Internatfonal Symposium held in
jtrasbourg, France, June 30-July 4, 198l. Gautherie,
H.; Alberc, E., eds. (New ¥ork: Alan R. Liss, Inc.):
?p. 35-95; 1982 (8 refs).

The effects of microwave (MW) induced hyperthermia on
sumor Slood cireulation were Investigated in male CIH
@ice with chemically=-induced rhabdomyosarcomas trans=
2lanted in the left thigh. Hyperthermia treatment
/dav, 5 day/wk for 2 wk) began on day 15 after
tumor transplantation when nean tumor size was 1.5 ¢m
and ended on day 19 when zean tumor size was 2.) cm.
Hyper ia was induced 9y a a 434-MHz MW generator
with a high frequency sutput of 5 W, delivered by a
znaxial-cype applicator with a contact diameter of 35
2@ o the Iuaor suriice. 3lood flow and temperatute
easuraments wevt: nade on days L3, 12, and 19 after

Srwlogical Effects of Nomomaing Eleciremag.
Radranion Vili2-4i, Luly 1383

tramsclantition. Tamor 2lyad (T low, s rerninec
“enon .33 tlearance, Jecreased <nen tumar diametef
creaged. 3lood low la the aormal right

comparadle o zhar in 12 tuzor-hearing i
“nen tumor sjamet=2r was 1.i=1.3 =, However, it
iraased percentidlv 13 tumor size Increased. Rer
temperature and temperitute it
its center, ind sc in the -ormal rignc thigh Jas
corded. A siznificant Zlecredase was seen in inl
and aXtrafumoral Temp=faturss 1A lumors Seasuring

2.0 cm; the decrease was less siznilicant ia
larger than 2.0 cm. Teoperature 3t the Tumor
was about ! degree =igher than it
Tal temperature was zonsistencly
Qeasured Cemperatura Rectal ar
perature decreased 1.3 T s lumor size (ncreased

l.+ 20 2.0 cm and 1.3 T 1s tumor size increoasel

1.7 t2 1.5 em. The results suggest that the Ihe
s¥stan of the aice was 7ot iitered 3y
irradiation »f small zumors ‘diameter = i.4 ca) «i
2ice hearing big mors (diamecer = 2.5 and 1.3
appeared to leose their thermorezulacary =echani:
Observed changes are 1 function of =easurement Z.
aigue, tumor 1ge, =axistence and exient of prev
hyperthermia treatmeats, and of =2easurement o

3

3426 SFFECTS OF LOCAL MLICRCWAVE HYPEITHERML

LIVER TOMORS: AN EXPERIMENTAL 3STUDY
RATS. (Eng.) 4Hafscrom, L. 9. (Dept. Surgerv, Ui
Lund, $22185 Lund, Sweden); Hugander, A.: Jons:
?.-Z.; 3olmsjo, M.; Persson, 3.; Stenram, ..
3iomedical Thermology. Proceedings of an Iaternat
al Symposium held in Strasbourg, France, June
July 4, 1981, Gautherie, M.; Albertz, Z., eds.
York: Alam R. Liss, Inc.): pp. 97-102: 1981
refs).

An experimental amedel for local aicrowave—ind
hyperthermic (HT) treatment of livaer tumers is
sented. Inbred Wistar rats %eariag :zrimsplam
chemicallyinduced hepatic adenccarcinoma were div:
by size of tumor into we separate 3roups Ihat

subdivided Into a control group and one subiectsc
local HT induced by a 2.45 GHz Siemens magnetron
diotherm 305 gzenerator operating at 20 ¥. The 1
perature for HT treatmert was preset at %I C. Tt
size was measured 6-3 davs after treataent. Yo
ference in growth ratio {size at day of zeasurer
divided Sy size at day of treiatment) was sesn in |
trol ind treated tumors smailer than 37 aml. Tur
becween 50 and 150 mmd treated with 4T exhibite
slower growth rate than controls For tumors et
150 and 206 mmd there was no difference in tumor -
between the two groups. Microscopic 2xaminatisn
the tumor-bearing lobe 14 davs after locai HT rewve
2d an increase in tumor necrosis with facreasiag
nor size, indlicating that the rumoricidal affect
AT was increasing although the 4 range [ Ty
size between treated and sontrol tuncrs Jecrea:
Thus the edema and osmotic =2ifect of -ecrosis
disguise good tumor response ta HT i :the respe
Ls expressed as change in tumor size.
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Q427 3I0LJGICAL EFFECTS oF MICRCWAVES AND THE

QUESTION OF COHERENCE. (Eng.) Frolich, H.
(Depr. Physics, The University, P.0. 3ox 147, Liver-
pool Lo9 3BX, England). 3iomedical Thermology.
Proceedings of an Iaternatiosnal Svmposium held in
Strasbourg, France, June 30-July 3, 198l. Gautherte,
M.; Albert, Z., eds. (New York: Alan R. Liss, Inc.):
pp. 189-193%; 1982 (8 refs).

Nonthermal biological effects of microwave {MW) radia-
tion at ftelds chat are weaker than those which give
rise to thermal effects and their prediction from the-
ory are discussed. Two possibilities for the trigger
action of external =2lectromagnetic waves are pre=
senced. Jne theory refers to coherent electrical vi-
bracions excited bv zetabolic energy. A small exter—
nal energy supply may be sufficient to trigger the ex=-
czization and the subsequent biological effects. An-
other refers to a metastable state of large molecules
{such as enzymes) with a very higzh dipole movement.
Iateraction between the dipoles of activated enzvmes
mav lead :o oscillations with a definite frequency
and ampiitude. This so-called limit cycle may be de-
scroved by 3 relatively weak external field with the
same frequency thus leading to the liberacion of
stored energy. In general, frequencies in the sec—
ond case are auch lower than in the first case. The
observed nonthermal effects from MW radiation ampli-
ctude-modulated at low frequencies may result Lf the
swo frequencies work together to vield a stronger bi-—
ological response than each one individually. This
sugzests similtaneous application of high and low fre=
quency flelds that would arise if the MW energy crig-
gerad the excitation of the high frequency vibration
while the low frequency acted on the limit cycle.
Specific investigations should be performed to deter=—
mine at which stage in cell development a particular
frequency Yecomes effective. It is speculated that
carcinogenesis could occur if foreign chemicals or
electrons caused a cell to lose its correct frequency.
The vibrational properties of tissues will have to
9e studied to Lavestigate this speculation.

Jaz23 THERMAL ASPECTS OF 310LOGIC EFFECTS OF

ELECTROMAGNETIC FISLDS AT THE CELLULAR AND
MOLECULAR LEVEL. (Enz.) Berteaud, A.-J. (CNRS Gk 35,
2 rue Henr! Dunant, 94320 Thiais, France). In: Bio-
nedical Thermology. Proceedings of an International
Svoposium held in Strasbourz, France, June 30-July 4,
1981. Gautherie, M.; Albert, E., eds. (New York: Alan
R. Liss, Inc.): pp. 197-208; 1982 (20 refs).

“arious techanisms involved in chermal energy transfer
into living svstems from electromagnetic (EM) flelds
are reviewed. “ell suspenstons have been used to com—
J4are the effects of microwave (MW) and conventional
heating. Results of studles using zygote formation
in Saccharsmyces cerevisiae to determine global zem-
seratyre rasulting from MW irradiation indicate that
heating was due mainly to the dielectric absorpcion
>f "W energy 5v free ar loosely Sound water molecules

Current Litera

inside the cytoplasm. Thermal stress duced Y
frradiation has been derected zv cytoplasmic micr:
cosity measurements based on fluorescance depolat
tion. Possible molecular effects of exposure to
intensity EM fields nave been proposed. At radic
MW frequencies, a permanent excitation of mecast
states due to thermal noise is present. Long ¢
interactions of EZM fields and bSiomembranes may ac
the equilibrium in cooperatively bonded systems e»
ing in periodic structures such as cellular zeabr:z
Direct effects of EM fields on synthetic or aat
membranes have been postulated. Mechanisms inwvc
in dielectric losses at radio and MW Irequencies
outlined. For water molecules with differeat ches
bonds at room temperature, dielectric ioss can val
a function of frequency. Heatiag and thermaliz:
mechanisms ia hydrated media such as living macte:
discussed. Hydration water bound to specific biog
mer substraces absorb nore energy from inciden
fieids than free water regardless of rhe freque
Addicfonal research on the zechanisms of !nrerac
of EM radiation with living systems at cellular
molecular levels is needed.

0429 ACTION OF 2.35~GHz MICROWAVES ON THE

THESIS OF PROTEINS IN SACCHAROMYCES CE:
SIAE. (Eng.) Dardalhon, M. {Institut Curie, Sec
Biologique, 26 Rue d’Ulm, Paris 75231, France);
beck, D.; 3erteaud, A.-J. In: Biomedical Thermo.
Proceedings of an Intaernational Symposium hel
Strasbourg, Trance, June 30-July 4, 198l. Gauthe
M.; Albert, E., eds. (New York: Alan R. Liss, Tt
Pp. 209-218; 1982 (20 refs).

Protein synthesis was examined in yeast exposed ¢
crowave (MW) radiation to investigacte the exis!
of specific thermal effects. The hapleid strain
of Saccharomvces cerevisiae was Zrown in an anes
chamber In the presence of MW radiation pulsed .
10 msec at a frequency of 2.45 GHz or in the pre:
of conventional heating. For MW power levels o
170, 220, 270, 330, and 400 W, incident power w:
were 10, 29, 30, 40, 50 and 60 nbh‘cnz, respecti’
Protein synthesis was determined after treatmen
different MW power levels. After 30 ain, che
of protefn synthesis (measured by [3H!-leucine i:
poration) in MW-irradiated cultures did naot d
significantly from that of cultures 3grown under
ventional heating methods. Yo significant diffe!
was seen in the rate of protein synthesis after
exposure to either conventional or MW-induced ™
thermia, taking into account a temperature 2quii
tion period of 30 min for the sample. These res:
which are consistent with previous Iindings, suy
that MW action at higher power levels may product
perthermia that is not different from that proc
by conventional means. The pnssible contributic
specific MW action to the overall thermic effeet
relatively small, {f ac all present, in these ex
BENTS,
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w30 INTERACTIONS OF NONIONZING RADIATION WITH

THE NERVOUS SYSTEM. (Eng.)  Alberz, . M,
(Dept. Anatomy, George washington Univ. Medical Cen-
ter, 2300 I St. N.4., Washington, DC 20037); Sherif,
M. F. 1In: 3iomedical Thermology. ?Proceedings of an
Intarnational Symposium held in Strasbourg, Trance,
June 30-July 4, 1981. Gautherie, M.; Albert, &
(¥ew York: Alan R. Liss, Inc.}: pp. 219=225; !
refs).

, eds.
982 (35

Literature dealing with cthe effects of nonionizing
electromagnetic radiaction (EMR) on the nervous system
is reviewed. Russian and Eastern Surcpean licerature
includes reports of a neuraschenic gyndrome in indi-
viduals occupationally exposed o IMR. Zarly animal
experiments performed to assess che effects of EMR
on the nervous system were carried out at high inten=~
sities of EMR which resulted La increased body temper—
ature and death. Observed effects could be attributed
to thermal scress. However changes have also been rte-
oorted in the nervous system and brain of experimental
animals expesed to lower power demsities which appear
to be well tolerated and which probably do not produce
hypertheraia. Histcpathologic changes {n the brains
of experimental animals subjected to acute exposures
to microwave radiation at low power densities (10 and
25 mW/cm?) have been reported. However, uapublished
studies showed that chronic exposure to EMR {2450 MHz
1z 10 wW/cmd for 14 hr/day for 10 wk) did not induce
any remarkable morphalogic changes {n most of the ex~
posed animals. Increased blood-brain barrier permea-
bility has been reported after exposure to EMR at low
power density. Most of the research on the effects
of IMR on the developing brain has dealt with gross
obgervations on brala. There is very little litera-
ture on the effects of low-level EMR on changes in
brain cells during development. Similar changes ia
cerebellar Purkinje cells have been reported after
prenatal and necnatal exposure to different EMR fre-
quencies (100 and 2450 MHz) at similar specific ab-
sorbed energy levels. The literature in general sup-
ports the observacion that low-level EMR produces re=
wersible morphologic changes in the nervous systea.
However, the significance of such morphologic changes
is not %nown at the present time and more research
18 needed.

3431 IMMUNOLOGICAL RESPONSE OF MAMMALS TQ MICRO-

WAVES. (Eng.) Szmigielski, S. (Center for
Radioblology & Radioprotection, 128 Szaserow, 00-~909
Warsaw, Poland). In: 3iomedical Thermology. Proceed—
ings of an International Symposium held in Strasbourg,
France, June 30-July 4, 1981. Gautherie, M.; Albert,
E., eds. (New York: Alan R. Liss, Inc.): pp. 227-246;
1982 (42 refs).

Data on the effects of microwave (MW) and radiofra-
quency (RF) radlation are grouped into the following
categories: alterations la !mmunocompetent cells ir-
radiated in teo; response to low-level, short=term

2xposura in vive; response to whole-body MW hvperther—

Effacts of g & <
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mia; and alteratlons in natural, nonspecific lanti
terial, antiviral, antineoplastic) resistance i
exposed animals. Tabulated experimental data inc
details of irradiation ccnditions and periods.
literature doas not contain any comviacing evii
that metabolic and/or fumctional alteracicms occu
immunocompetent cells irradiated in nonthermal »
flelds in virro, until thermal effects occur. &
term irradiation of animals in low level and the
genic MW flelds may enhance {mmune response as
denced by Lncreased antidody levels, faster aat
tion of 3 lymphocytes, and enhanced delayed hyper
sitivity reactions. The observed effects are tt
ient and inconsistent and 2ay be explained t
of nonspecific stress reaction and/or therzal
afrer irradiation at higher power denstties.

term irradiation in nonthermal MW and RF fields
not provide aay convincing evideace for specific
gune system response to nonicnizing radlatica.

may be slight and transient immunosuppression the
not directly related zo interaction with MW energ:
is explainable in terms of chronic, nonspecific st
reaction. An increase of field power Jeasity ths
sufficient to increase body temperature by 2 to
evokes distinct responses of hematopoiesis and iy
poiesis. Results of MW hvpercthermia experiments
reported. A biphasie reaction was observed in
exposed to daily sessioms of 2450 MHz MW hypect
mla: stimulation of cell-mediated immunity du
the first 4 days of treatwment was followed by t:
ifent but pr d 1 ppression. Red d
sistance to staphylococcal infections was obse
in mice exposed to low-level or therzal MW fie
Significancly lower clearance of J2P-labeled sta
lococeil from peripheral bleed of rabbits tre
with 2-hr daily sessions of MW hyperthermia was <
After Lv injection of viable cancer cells, mice
posed for 1 to 3 amo to 2450 MHz (2 hr/day, at
15 oW/cmd) ané alce treated with dally session
MW hyperthermia for 14 days developed significa
more cancer nodules than controls. Accelerated
velopment of spontaneous breast :umers and 3,%-
zopyrene-induced skin cancer has been reportec
MW-irradiated mice. The results suggest that v
the tested conditions MW radiation lowers both a
bacterial and antineoplastic resistance and tha
radiation may possess cocarcinogenic properties.

0432 INFLUENCE OF THE NECFORMATION OF 3CNE

SUE BY MEANS OF LOW-FREQUENCY 2t
METIC FIELDS. (Eng.) Haimoviei, N. (Dept.
gery & Operative Rheumataology, Herder
Dobben 103, 2800 3remen L, W. Sarmanv). In: 3iow
cal Thermology. Proceedings >f an Internati
Symposium held ina Strasbourg, France, June 30-
4, 1981, Gautherie, M.; ibert, , eds.
York: Alan R. Liss, Inc.): op. 235; .:82
refs).

To determine the effect of i requency pulsed
netic fields (PMF) on %“one healing, a compar:
study was perforzed ia 1I patients with 3 severs
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lataral metatarsus priamus varus who uaderwent simul-
zaneous ostectomies on both feer. The left foor of
ail the patients (2 male, 30 female; [5-35 vr old) was
subjecred to two daily PMF treatments (0.5 hrsday for
12 wk; at 10 ¥z and 50 G), using low frequency pulsed
zagnetic fleld equipment supplied by SLEC. The right
foot was not subjected to electrophysical theraples
and was shielded from electromagnetic fields. Clini-
<al, radiographic, tomographic and scintigraphic ex-
aminations were performed after 1,2,4,6, and 12 mo.
The average time for clinical and btologic bone heal=-
ing was 16 wk for magnetic field-treated cases and 16
@« for the untreated cases. Macroscopically, a solid
osseus callus with regenerated bone structure was ob-—
served in the magnetic-field treated cases 4 20 after
surgery. With the exception of 3 siangle zase, no com=
plece and definitive bone regeneration was sbserved
the untreated contralateral feet after the same iater
val. Microscopic examination revealed that regenera-
tion of the spongious and cortical structure Teached a
state comparable to normal in most :ases treated with
PMF. Formation of bone units, stratification, ssseous
lamellation, ossification, and calcification of the
zallus were accelerated in PMF-treated cases and im—
proved blood distribution was observed. No tempera-
ture increase in joints, bone or adjacent tissue was
induced by PMF treatment and there were no signs of
irritation or side effects.

Ts33 HEATING 3L00D IN EXTRACORPORAL CIRCULA-

TION WITH A HIGH-FREQUENCY ELECTROMAGNETIC
FIELD: TFFECT OF MICROWAVES ON 3LOCD. (Eag.) Andre,
J. fCentre de Technologiz 3iomedicale, INSERM SCN
i3, Toulouse, Trance); Barthelemy, R.; lefeuvre, $.;
?ricu, A.: Morucei, J. P. In: 3iomedical Thermology.
Proceedings of an International Symposium held in
Strasbourg, “rance, June 30-July 4, 198l. Gautherie,
M.; Albert, ., eds. (New York: Alan R. Liss, Inc.):
pp. 257-268; 1982 (13 refs).

Microwave {MW) bloed heating devices are considersd
a8 an alternative to the heat exchangers currently
used to heat Slood during heart surgery and in some
cancer treataents using general hypertheraia. The ef-
fect of MW heating during extracorporal circulation
(ECC) was studied tn 12 &40-kg dogs. One group of &
dogs was treated by conventional techniques for Z=CC
blood heating; a second group of 5 dogs was used for
MW bSlood heating tests. The MW device consisted of
a 1450 MHz generator capable of delivering a maximum
steady power of | %W. The standing wave ratio was
1.02 over a !0-MHz f‘requency range <enCered at the
working frequency of 2450 MHz. A ractangular wave-
gulde coupied the irradiacion cavity to the MW gener-
ator. In the conventionally treated dogs. blood tem-
serature was lowered to 29 € at the begining of the
treatment and was veturned to 38 C after 30 min by
:se of a il © thermostated dath and malntained at a
23nstant temperature thereafter. In the Jogs used
far MW blood heating :ests, bSlood was heated to 38 C
after Seing cooled to 321 £ (4 dogs) or 19 & (2 dogs).
The input Jower .evels ‘contiruous wave) required far
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temperature elevation by 5 C and by 9 T were 4350
950 W, respectively. 3lood samples were taken
both groups of dogs at Ti= I amia, T2=30 amin and
30 min; T; was taken 20 min after the start of
A fourth blood sample was taken after 5-3 wk, 3
Zlow rates used for the dogs were about 1000 ml.)
Biochemical and hematologic investigarions were
ried out. No significant differences between the
feating methods were seen in polynuclear neutrophf
average globular value, leukocytes, hematocytes,
hemoglobin. No significant variation occurred in
+tabolie activation during phagocytosis, expresse
the trazolium nitroblue reduction test, or in cel!l
3ration capability, aeasured in the chemotaxis ©
3lood biochemical analyses established that no si
ficant differences resulted “rom either heating
od or were found as a function of sampling ¢

1434 DIELECTRIC PROPERTIES OF 3IJLOGICAL

SUE. <{(Eng.) Granc, . {Dept. Phys
Jueen Zlizabech Coll., Campden Hill Rd., Llondo
7aH, Tagland). In: 3iomedical Thermology. Proc
ings of an Incernational Symposium held in 53t
bourg, France, June 30-July &, 198l. Sautherie,
Albert, E., eds. (MNew York: Alan R. Liss, Inec.):
475-484; 1982 (25 refs).

The motion of fons and the relaxation 4! water 1
acules both contribute to the production of hea
biological material which occcurs ~hen microwaves
or radio waves are used to trea: cancer. The rela
concribution of these processes is axamined in a
cussion of dielectric properties. The four dis
sion regions that characterize the dielectric be
lor of typical blological material are descrided
mechanisas of heat dissipation are discussed. Acr
quencies below the MW region (200 MHz-10U 5Hz), <
3y absorption is due maialy to tomic conductiv
Hdowever, at MW {requencies, energy dissipation ari
from the relaxation of water becomes increasingly
portant, especiaily as the water content 2f a3ost
Logical tissues i{s so high. For tissues of high
ter content, there I8 nothing to de gained >y Zea
at frequencies higher =han 2.43 GHz which can achk
2 penetvation depth of several cm. However, bdec
of the shortness of wavelength In tissue, 2.43
radiation can produce standing waves in the subc
neous lavers of fat or other tissue, and the ma
of electric field produce localise 9eating sr
spots. All factors coasidered, it appeatrs that
nptimue frequency for cancer Ireatment is around
00 MHz. The dominant factor determining the =a
absorption when MW energy intaracts «ith Siolow
material !s the water content. Dleposition of =r
in free or bulk water and bound water > water of
dration are :ompared. The dispersion region of %
water occurs at the low=frequencr end Jf the MW
3ion while free water relaxation takes place 1t
tuencies about !9 Times jreater. Thus bSound ~ate
heated differentiaily at the low-frequescv 2nc :f
MW region, and Tissues with 71gh Sound Jat2r cur

will absery more 2nery it Sreguencies “rim a4 few
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MHz up to several 3Hz than thev would absord Lf all
the water were bSulk water. DJifferential heating of
malignant tumors over normal tissue could therefare
be achieved over a certain frequency tegion if malig-
aant tissue had a higher bound water content. Recent
studies ind{cate that malignant cissue has a higher
total water content than normal tissue and that the
state of water binding may also be differenc. If the
indications can be confirmed by using dieslectric meth-
ods, it mav be possible to identify a frequency reglon
where malignant t!{ssue absorbs more energy than normal
tissue.

3435 MICROWAVE RADIOMETRY AND THERMGGRAPHY:PRES-

ENT AND PROSPECTIVE. (Eng.) Llaroy, T.
(Centre HAvperfrequences et Semiconductsurs, Lab. As=
socie au CNRS 287, Universite Jdes Sciences et Techai-
jues Lille I, 39655 Villeneuve D'Ascq Cadex, France).
In: 3iomedical Thermology. Proceedings of an Iater—
national Svmposium held in Strasbourz, France, June
J0-July 4, 1981. Gautherle, M.; Albert, £., eds. (New
Tork: Alan &. Liss, Tlac.):pp. 485-49%9; 1982 (80 refs).

A review of microwave {MW) radiometry and thermography
is presented. Physical srinciples underlving MW ther-
mography are summarized and azdvances in radiometry and
thermography are described. Studies of clinical ap-
plications of MW thermography undertaken between 1974
and 1980 {n the US and France are tabulated. A method
o compute thermal patterns based on the ancenna reci=~
procity principle is presented which permits quancifi-
cation of the subsurface temperature discribucion for
defined physical condicions (zhe zeomerric, thermal,
ind electrical charcateristics of the lossy material,
Yand width of the receiver, and characteriscics of the
2tobe) when the probe scans the surface of the lossy
aaterial. The use of two (or more) probes to investi-
3ate overlapping subvolumes may result in better con-
zrol over the neasurement process. This method 1is
called correlacion MW thermography.

Ju36 MICROWAVE THERMOMETRY IN INTRACRANIAL PaTH-

QLOGY. (Eng.) Thouvenot, P. (Laboratoire
de 3iophysique, Faculte de Medecine, 18 rue Lionnois,
54000 Nancy, France); Robert, J.; Mamouni, i.; Renard,
€. 1in: Blomedical Thermology. Proceedings of an In-
tecrnational Symposium held in Strasbourg, France, Jule
30-July 4, 1981. Gautherie, M.; Albert, £., 2ds. {VNew
Tork: Alan R. Liss, Inc.): pp. 591-508; 1982 {8 refs).

Results obtained by microwave thermometry for imaging
iatracranial lesions are presented. A radiometer sen—
sizive to 9 GHz and thermographs working at 68, 20,
and 11 Jdz were used to study 9 healthy subjects and
31 pactents with tumors or vascular {ntracranial le-
sions. The radiometer was formed by a dielectric
loaded wavegulde of rectangular cross section (10 x §
am) placed perpendicularly in comtact with the scalp.
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Measurements Jere made for 13-I0 sec at disrtanes
1-2 cm, 2-4 sec being the theoretical response

Thermographic measurements were performed at 31

distance from the scalp unidirectionally aad p=
dicularly to the saggital, frental, or horiz
alane. Recordings were made coatinuously fall
sweep lines at a speed of 10-20 cm/min. Resuizs
tained {n 9 normal iadividuals showed zocd righr
symmecry and absence of sharp variations of local
peratures. Temperatures genrally ranged from

C, the higher values corresponding ro the post:
ceoporal and parietal regioms. 0f the 31 pat
with tumors or vascular lesions, 26 showed the fo
ing types of intracranial thermic distribucion

alies: hyperthermia assoclated with the lesion:
perthermia associated with the lesion and accomp:
by a peripheral hypothermia; ‘iypothermia loca
at the lesion; extended hypotheraia. lNo relatio
was seen between lesion size and the absence or
ence of thermic anomalies. Thermic distribucior
modified by 21/22 superficial lesions; however,
5/9 deep lesions caused any medification. Ia

of the high proportiem of lesions decected, the
diometrry could not be considerad as a diagnostic :
od. The technique seems to be jromising for fo
up of lesions and perilesicn edemas and for pro;
tic informatlion on vascular pathology.

24637 THERMOGRAPHIC DETECTION OF HUMAN CANCE|

MICROWAVE RADIOMETRY. {Eag.) Shaeffe
(Radiation Oncology and Biophysics, Zastern Vir
Medical Sch., 600 Gresham Drive, YNorfolk, VA 13
El-vahdi, A. M.; Carr, X. L. 1In: 3iomedical The:
ogy. Proceedings of an Incternational Syoposiua
in Strasbourg, France, Jume 30-July 4, 1981. Ga
rie, M.; Alberr, E., eds. (New York: ilan R.
Inc.): pp. 509-521; 1982 (14 refs).

A microwave thermomerry system operating at a free
cy of 4.7 GHz was evaluated in patients with a va
of biopsy-proven cancers. Temperature differen
consistent with known malignancies were found
often in patients with primary and recurreat b5
carcinoma and lymphoma. Little success was rea
in detecting more deeply seated tumors which se
be beyond the detection capabilities of an ext
antenna.

N4wl8 WEAR-FIELD CHARACTERISTICS OF ANTENNA

SORS FOR MICROWAVE DIAGNCSIS: 2RELIM
RESULIS OF MULTISPECTRAL RADIOMETRIC PERIMI
{Eng.) CEdenhofer, P. {Institut ur Yoch- und Ho
frequenztechnik, Univ. Bochum, 463 Bochum 1, 4.
many); Gruner, X.; Steirer, H.; Suss, H. In: 3ioi
cal Thermology. Proceedings of an International
zosium held {n Strasbourg, France, June 10-Ju
1981. Gautherte, M.; Alder:, Z., eds. (New York:
R. Liss, Iac.): pp. 323-33 982 113 refs).
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Microwave radiometry is used for remote seasing of
spatial temperature discribution ia biologic tissue.
Broadband antenna seasors are preferred for deriving
temperature profiles. Computational results based on
a full TE, TM mode analysis ire presented for an aper~
ture antenna sensor modeled by an open-ended, rectan—
gular waveguide fn direct comtact with a multflayer
composite biologic tissue (skin-fat-musecle). An un-
disturbed Higp 20de within the aperture plane is as-
sumed. The spacial distribucion of power received by
the sensor was reduced in penetracion depth to values
of about 19 mm ac | GHz and 7 am at 3 GHz, within the
auscle tissue and within the fat laver, respectively.
These values in a :ypical inhomogeneous biologic me-
dium were significantly less than =hose known for ho-
mogeneous plane waves, e.g., at ! GHz for skin 32 am
(60%) and fat 164 mm (12%). Lateral resolution was
about 202 less than the aperture width and exceeded
aperture height by 30X at 1 GHz (fat-muscle interface)
and by i0% at 3 GHz (within the skin layer). The ra-
diation pactern for an alternactive antenna sensor sys—
cem consisting of an elliptical offsec-reflector (dis-
tance of foci iC00 mm) and a corrugated horn feed was
caleculated for 32 and 30 GHz. The power of resolu-
tion was 20 mm at 32 GHz and 7 mm at 90 GHz with a
focal displacement of .75 degrees or 16 am. Prelimi-
nary radiometric {mages of surface témperature im two
test subjects conformed fo predicted values.

24639 AN INTERFEROMETRIC METHOD FOR DETERMINING

THE ELECTRIC FIELD SCATTERED BY aN OBJECT.
(Eng.) Floyrac, R. (Lab. Blophysique Medicale, Fac.
Medicine Grenoble, 38700 La Tronche, France); Dubois,
; Kom, M.; Baribaud, M.; Bouthinon, M. In: Biomed=-
Lcal Thermology. Proceedings of an International Sym—
sosium held in  Strasbourg, Trance, June 30-July 4,
1981, Sautherie, M.; Albert, E., eds. (New York:Alan
R. Liss, Inc.): pp. 539-545; 1982 (5 refs).

A method to determine the amplitude and zhe phase of
a diffracted electric field which 1s applicable in
aicrowave imaging is described. This {ntetferomet-
ric method is based on the application of the equiva-
ience theorem to Maxwell’s equations. In any point
in space, the diffracted electric field is the same
as the field produced by currencs distributed in che
tlluminated object at a given density. However, the
real fleld that can Ye measured with a network ana-
iyzer is the vectorial sum of the diffracted and in-
cident electric flelds which exists at each point when
the object has been removed from the incident £ield.
Four measurements are recorded: the intensity of the
incident field without the illuminated object, the
intensity of the total field with the object, and the
intensities obtalned by adding the Lncident field and
the total fleld to the refarence field. The time re-
quired for zhe four recordings is abouc ! hr.
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ORGPTIC THERMOMETRY: 4 NEW RF=IM
TECHNOLOGY . (Eng.) Wickersheim, ¥
(Luxtron Corp., 1760 Terra Bella Ave., Mountain 7
CA 94043); Alves, R. V. In: 3iomedical Therzol
Proceedings of an Internaticnal Symposium hel
Strasbourg, France, June 30-July 4, 198l. Gauthe
M.; Alberz, E£., eds. (New York: Alan R. Liss, In
pp. 547-554; 1982 (3 refs).

Fluoroptic thermometry is an electrically isolata
nonperturbing technique for the measurement of

perature in strong radiofrequency {RF) environg
using optical seasors. The model 1000A uore
Thermometer, developed by Luxtron Corp., is 1 sin
probe system designed for use in a varlecy >f lat
tory applications. It is small in diameter and av
able in a choice of lengths, with cabling Ior e
strength, {f required; stecilization of probes by
toclaving appears practical. An absolute iccurac
+ 0.1 C is achievable over the biomedical range

highly conforming (biomedical grade) probe is zara
ly calibrated before use. A modification > the !
for blomedical applications is planned. Jne or

stable high orecision temperature refarences 4
can be preset to selected temperatures in the hy
thermia range will be added %o the instrumenta
systém. An optional calibration mode =<ill als:
provided. availability of a multisensor svstem
allows the use of three to six sensors is expe
by late 1982.

Qa4 THERMAL COSIMETRY DURING HYPERTHER

{Eng.) Cetas, T. C. (Div. Radiation
cology, Univ. Arizona Health Sciences Center, Tuc
AZ 85724)., In: Biomedical Thermology. Proceed
of an Internmational Symposium held in Strasbe
ance, June 30-July &4, i98l. Gautherie, M.; alb
Z., eds. (New York: Alan R. lLiss, Inc.): pp. 56l=
(49 refs).

The preseat clinical status of thermal dJosizetr;
reviewed. Static phantoms are used for determi
power disposition patteras of various heating mo
ities and applicators. During actual treatment,
a few invasive rexmperature probes are used to de
mine subsurface temperatures; surface temperat
are frequently measured with a thermographic cam
Microwave (MW) heating of a surface lesion of zela
and interscitial rthermoradiotherapy of advanced
mors are cited as illustrations of coavenzional &
mometry zethods and imstruments. Ianhereat prob
with conventional electrical thermometers in the
ence of strong electromagnetic fields have led ta
development of special thermometer probes desigznec
use In that environment. Curreat research activi
include investigation of temperature aeasuremen’
tumors ind surrfound{ng normal tissues 9y using a
tavasive three-dinensional scanning zachnigue an
gous to a computad tomogriphy scan bSut where the
penden: variable {s temperature, or by using numer
analvsis zJ compute temperatures evervwhere wizhir
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field. 3everal studies have iavestlgated the a1ppli
zion of rthe Pennes bio-heat equation to thermal dosi-
Ddetry problems in hyperchermia, ¢.g., thermal :onduc~
tivity and power depositien. Volumetric maps of tem-
perature vs time and specific absorption rate vs zlme
would provide informatinn zpum which to base therzmal
dose determinacions. Good agreement hetween experi-
mencal and aumericai calculations was obtained in a
preliminary experizent that involved heating of the
thighs of a mini-pig with 915 and 2450 MHz fields.
Zquipment required for adequate thermal dosizetry in-
cludes an automared data-acquisition system that can
isplay information {7 real time and record it in com-
putar-readable format for later numerical analysis.

DETTRS SXPERIMENTAL STUDIES OF WARIOUS HEATING

PROCEDURES FOR CLINICAL APPLICATION OF LO-
CALIZED AYPERTHERMIA. (Zng.) Dutreix, J. (Dept. Ra-
diation Therapy, Institut Gustave Roussy, 94805 Ville-
juif, Trance); Cosset, J. M.; Salama, A.; Brule, J.
M.; Damia, 2. In: 3iowmedical Theramoclogy. Proceed-
ings of an International Symposium held in Strasbourz,
Trance, June 30-July &, 1981. Gautherie, M.; Albert,
., 2ds. (New York: Alan R. Liss, Imc.): pp. 585-596;
982 (27 refs).

Iy

The characteristics of various heating procedures that
a2re currently in use are reviewed. Their limitations
in clinical hyperthermia are discussed. Thermal con-
tact mechods are characterized by superficial heating
w#ith a steep temperature gradient. In radiative dia-
thermy, aicrowave radiation is wusually applied as a
beam arising from a waveguide; the heat distribution
resulting ‘rom the beam and its low penetration in
ciggues {s restricted to a small superficial voluame
corresponding ro the central part of the bdeam. Im-
provement of the temperature dis:ribution can be a-
chieved using multiple beams. In {nductive diathermy,
superficial heating is produced by the the eddy cur-
rents arigiag in tissues exposed to a high frequency
zagnetic fleld. However, tumors with a low blood £low
have Yeen heated at depth asing a powerful generator
operating at i3.3 MHz. 1In capacitive dlathermy, the
zonventional zethod of medical diathermy, two flat
2lectrodes are applied on the opposite sides of the
region to be treated and supplied with a radlofre-
quency wvoltage (usually 27 or 13.5 MHz). Tissues be-
tween the elecirodes act as a high-loss dlielectric in
which heat i3 generated by the electric fleld. Heat
deposition is maxizum at the surface under the central
region of the =lectrodes and diminishes at depth and
w#ith distance to the axis. Heaz discribution is com—
Plicaced by zissue inhomogeneity. The sc fatty laver
is at risk of overheating. In coanductive dlachermy,
heating is produced bv local currents passiang through
tissues Setween electrodes appliad arnund or implanted
within the treated region. For electrodes nlaced or
ingserted at a short distance, temperature i3 fairly
anffora {n the voiume surrounded by the electrodes.
ltrasonic heat deposition in the zissues resul:is from
the absorprion of ultrasound. Tissue inhomogeaeity
is a problem. No heating modality currently in use
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meets all of tne regquirzments I:r
Tory nypertheraia.

443 DESCRIPTION AND TRST OF A 1.3-GHz MICR

AYPEXTHERMIA CENERATOR.  ‘Ing.; Zscany
M. (Laboratoire de 3{ophvsique, Faculza de Mede
18 rue Liomnots, 54000 '‘ancy, Trance); Irty, C.
bert, J. In: Biomedical Thermology. Proceedin
an Internaticnal Symposfum held inm Strasbourg, Fr
June 30=July 4, 1981. Gautherle, Albert, E.,
{New 7ork: Ailan R. Liss, Inc.): pp. 597-604: 19
refs).

A local hypertheraia system that zan be adapted
previous 3J4-MHz generator s described. Resul
experiments u4sing the 1ippaTatus ite presented.
apparatus consists of 3 Irequency ctripier, azpli
and applicator. Power input :omes Srom an inexpe
434 MHz/12 W avbrid communication amplifier and o
lator. The continuous duty cvcle power oucszut
tripler-amplifier uniz is 20=25 W at 1.3 GHz app
600~V anode voltage. The waveguide 1s entirely
with dielectric load for compactness and good &
matching. ZTxperiments on tissue equivalear tran
ent pelyacrylamide zel indicated that the maxizuam
perature was more than twice as desp at 434 “Hz
at 1.3 GHz. A compariscn of temperature increas
tumor-bearing mice placed either parallel or perp
cular to the electric field indicated that there
body shape eifect. However, effective penetr
depths in tumor-bearing rats were affected princi
by vascular and diffusive heat transport.

Quds PRODUCTION AND CONTROL OF I,450-“Hz Mi

WAVE-INDUCED HYPERTHZRMIA. (Zag.) 3or
G. (Centre d’ttudes d’Electronique, Univ. Sci
2t Techniques du Languedoc, Place . 3atailloen,
Montpellier Cedex, France); Richard, J. ?.; Dela
J. P.; Dubois, J. 3.; Hav, M. In: 3tomedical
mology. Proceedings of an International Svap
held in Strasbourg, ~Zrance, June 30-July 4,
Gautheria, M.; Aldberz, E., eds. (New Zork: Al:
Liss, Inc.): pp. »05-617; 1982 (2 refs).

Dogs were exposed to 2450 MHz radiation to deta
whether controlled heat can be delivered to a
of 2 ca without rtisk o superficial tissue.
thermia was applied with a standard generator {
with a helicoidal anteana. %hen theoretical =
for the induction of superficial (2.1 :zm) and
(1.5 cm) temperatures wers obtained far :two -
power levels (100 =k/ca® and 200 aW/cmi), zons
able heating of superficial =z{ssue was seen a!
higher dose. The curves rose linearly, event
Teachlag a steady state. The resulis of in viv
seriments In dogs showed that 4 relatively smal
crease in beam strength can lead tn a surge Iia
perature which is difficult to control. Tissue
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perature also varied with applicator posizion. The
results suggesc that a 1450 MHz source can bSe used fo
generate and control hyperthermia for the treatment of
superficial and/or deep tumors up to a depth of 2 ca
1f a precise protocol to modulate output power levels
can be defined.

Y443 434=MHz MICROWAVE HYPERTHERMIA APPLICATORS:
EXPERIMENTAL RESULTS IN PHANTOM AND PRELIM=-
INARY CLINICAL RESULTS. (Eng.) Gaboriaud, G. (Ia-
stizuc Curie, Section Medicale, 26 rue d'Ulm, ?2aris
73231, France); Jaulerry, C.; 3acaial, J. P.; Michel,
J.: Jardalhon, Averbeck, J. In: Biomedical Ther-
20i03y. Proceedings of an International Symposium held
tn 3trasbourg, France, Jume 30-July %, 198l. Gauthe-
rie, M.; Alberz, E., eds. (Mew York: idlan R. Liss,
Tac.)s op. 511-6205 1982 (7 refs).

The efficacy of heating with 334-MHz aicrowaves (MW)
was investigated in a phantom and in patieats with
relativelv suparfiictal :tumors. A Remy Co. generator
(maximum power !00 W) comnected to external radlating
applicators filled with cooling water was used o in-
duce hypertiermia. MW power was interrupted to per—
Sarm temperatufe measur2ments at sampled intervals.
In gel, peak temperature rise was proportional zo MW
iacident power for the same water cooling cemperature.
Peax temperaturz rise moved from 0.5 ca to 2.0 cm and
the superficial lavers ware protected Irom excessive
heating when the cooling temperature decreased irom 20
o 5 = for rhe same incident power. Incideat MW pow-
2r must Se increased to maintain the same temperature
level »r to obtain a higher level. Patients present-
ing #ith lncurable recurreat zancer OT with sc 2etis-—
zazic nodules underwent six sessions of hyperthermia
alone or ia combination with radiotherapy. Sessions
wera 45 min long with a plateau at 43 t£5 43 C reached
in 2-6 min. There was a large variation of MW pawer
between sessions for the same patients (40-83 W); av-
2rage tezperatufes ranged from 40 to 46 C. Tolarance
%o hyperthermia treatment varied with tumor localiza-
on. Partial regression was observed {n 1}/ patients
eated with hyperthermia alone. Among the 5 ;. .tients
treated with combined radiotherapy-hypertheraia, one
.arge regreassion was seen. The results suggest that
300d hyperthermia at 7.5 to 2.0 cm can be achleved by
“eating superficial tumors with 434-MHz MW.

Taab 434-MHz MICROWAVE SINZRAIOR FCR LOCALIZED
AYPERTHERMIA. ;Zng. Zscanye, J. M. (Lab.

ionysique, Faculte Je Medecine, 18 rue Lionnois,
34009 Nancy, France); ittv, C.; Robert, J. In: 3fo-
zedical Thermology. Proceedings of an International
Srmposium heid a Strasbourg, France, Juze J0-July 4,
1931, autherte, M.; Alber:, eds. (Yew Yark: Alan
2. Liss, Inc.): pp. 321-416; 82 "4 refsl).

A Lw-cost microwave qvperznermla svsiem ts descrided
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which includes a 15-W -J+-MMz generator, 1 150-W
er amplifier, and 1 dlelectric filled TIy| wave:
applicator. High-frequency power sutput is inecre
from 30 o 130 W by switching che high woitage
530 zo 16J) V. A tuner stud fs placed detween thu
plicator and the generator. Distance between the
and the applicator could be facreased to ! ca Wit
affecting rhe resulzs. Ia clintcal zests, skin
perature was comparable I3 tumor temperatures 4t
2 za in depth, after am inftlal 15 =dn rise, ir
a0 contact conditfon. Stray radiations J.d not
ceed 30 mW/cm) when rhe applicator was | c» fror
skin, at maximum power; 5 mwW.cmd was the highest
ue recorded f{a a 50 ca radius. Single applicata
limits the system ta sc cor close-to-skin surface
20or posicions.

Jas? TEEP AND LOCALIZED HYPERTHERMIA WITH A
MICROWAVE SURFACE APPLICATOR. {(Zng.) |
war, A. (Lab. Thermoregulation L.A. 1Bl CNRS, Fa¢
de Medecine Lyon-Nord, 3 Avenue Rockefeller,

Lyon Cedex I, France); Delhomme, G.; 3ourdon
Schmitr, M. In: Blomedical Thermelogy. Proceec
of an Iaternational Symposium held in Strasbe

france, June 30-July 4, 198l. Gautherie, M.; Al!
Z., eds. (New York: Alan R. Liss, Inc.): pp. 927-
1982 (10 refs),

A direct-contact coaxial applicator developed i
at 2450 MHz i3 described. The end of the coaxial
is enlarged and shaped like a door knob. The app!
tar is cooled by water circulating in several cir
that can be monitored separately. Temperatute dit
bution at the applicator surface can be controlied
the amount of heat absorbed by the sup fcial L
of the model or tissues can be regulated. Temper:
measurewents were performed la 1 model zeasistir
polyacrylamide gel exposed to 2450-MHz aicrowave
radiation emitted by a magnetron generator with *
able power output from G-2C0 W. Llocallized hyper
mias that differed in shape, depth, and intensity
obtalned by varving the MW power ind the cooling
in the applicator. Maximal hyper:zhermia depth »f
4 cm from the surface was deceramined by the MW p¢
Surface temperatures did not exceed 36 C with tem:
tures of 42 or «3 T at depth. The temperature 2
ent between zhe maximal hyperchermia and the sur
depended on YW power and applicator cooiing. Sit
results obrained wizh iner: bioclegic tissues sut
that the applicator is suitable Ior obtainlag fo
hypertheraic areas.

448 A COAXTAL APPLICATSR FOR INTRACAVITARY

PERTHERMIA OF CARCINGMA JF THE CE!
(€ng.) Hand, J. W. ‘MRC Cvclotron Unit, Hammers
Hosp., Ducane Rd., London W12 GHS, Zngland); 3lak:
R.; Hovewell, J. W.; Lambert, H. W.; Field, S. 8.
Jlomedical Thermology. Praceedings 2f an {nternat

o
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al Syaposium held in Strashourz, Trance, Juna 1}
-, .981. Gautherie, M.; Albert, ., =2ds. %
Alan R. Liss, Inc.): pp. %35-639; 1382 7 refs'.

A 915-MHz microwave (MW) applicacor designed zo in-
duce hyperthermia after convencional intracavitary
ridiotherapy Jf cervical cancef is described. The
compiete antenna fiis ia a conventlonal cesium affsr~
loading tube (internal diameter, 0.3 cm). Increases
in cervical, rectal, and urethral temperatures wera
measured after lmsertion of the applicator iato the
cervix of anesthectized pigs. A A power level of 10-
was requited o to achiave peak temparatures of
€. Temperitures racorded in the rectum and ure-
thra it about . ¢3 from the applicator agreed with
the radial fall-off ia temperature observed fa pra=-
vious liquid phanczm sctudies. lNo increase in rectal
temperature <as observed I a3 from the applicator.

pESY] HYPERTHERMIA 3Y TIMPLANTABLE APPLICATORS.

(Eng.) Azcangeli, G. (Dept. Radiacion Ther-
apy, Istituto Medico = df Ricerca Scientiflca, Via §.
Stefano Rotondo 6, J0134 Rome, Italy); 5armi, E.;
“ividalli, A.; lovisolo, G.; Nerwvi, ©.; Mauro, F.
Ia: 3iomedical Thermology. Proceedings of an Inter=
national Symposium held in Strasbourg, France, June
30-July 4, 198i. Gautherie, M.; Albert, E., eads.
{ew York: Alam R. Liss, Inc.): pp. H41=-647; 1982 (10
refs).

Therzal dosimetric studies were perforzed in vivo to
study the temperature disctribution obtained with an
implantable applicator operating at 500 MHz. Uniform
semperature distribution was obtained in the thigh of
an anesthetized lamp with a 5.5-cm applicator and a
sower ranging from 7-12 4 after I0 =min heating. The
area of therapeutically useful heating had a diameter
of approximately 3 cm. larger areas were heated ho-
20genecusly by emploving several applicators Lasertad
in different positions at about 3 cm from each other
to encompass different tissue shapes and volumes. A&
new needle applicator has been designed with thermo-—
couples located in the applicator cavity for contin-
10us temperature monitoring and emploviag a frequency
of 1 to 30 MHz.

RESD] LOW-FREQUENCY (),3=MHz) CONTACT AND INTER-

STITIAL TECHNIQUES FOR CLINICAL HYPERTHER-
MIA. (Zng.) Cosser, J. M. (Dept, Radiation Therapy,
Inst. Gustave Roussy, 94805 Vililejuif, France); Brule,
J. M.i Salama, A. M.; Damia, E.; Dutreix, J. In: 3io=
medical Thermology. ?2roceed{ngs of an International
Svmposium held in Strasbourg, France, Jume 3I0=July 3,
1981, ZSautherie, M.; Albert, I., eds. (Yew Tork: aAlan
R. Liss, Inc.;: pp. 5L9-957; 1982 13 refs).

Sioiogical E'fects of Momomzing Eectrem
Jacration VIN2-4), Juty 1383

Heating of tissues by low-frequency :urrents 3
berween electrades placed 4round or iaserzed in
treated volume was siudied. Zompuzed valu
electric fleld magnitude and current deasity fot
taining a CONSC4NC Cemperature in CLssue wers &
i1greement with vaiues measured in patients. Pre
arv clinfcal resulets of low-Srequencv contact i
terstitial hyperthermia are jresenzed. Taenty=s
tients with [ntracradle superifcial metastat
current tumors w<ere treated with J.3 MHz zect
-1/25 were treated with contact electrodes {tu
2lates, usually with water zooling) and 5 were
#ith lmplancation of special needles. ini
or temperature of +I £ was reached for
treated with contact electrades and temperacy
2344 C were obtained frequenrlw. Sizaffiicant
thermia was 1ot achieved :n 1/IL narients, »r
because of the thizkness of Lty tissues
the electrodes. 4ith the facerstizfal technir
temperature > about 4 C was reached easily.
thermia was combined wizh chewotaerazy in 5/2
Analysis of treatment resuits suggestad that a
response was obtained ia the patlents treated
fnterscizial technique and ia those who recleve
bined cherapy.

045 E- AND H-FIELD SENSOR SYSTEM. (Zng.)

one, B. (Equipment OGroup, Ajeritalia
selle Torinese, 10072 Torino, Italy); Boil:
Gerbi, G.; Gabriele, P. 1In: 3iomedical Therm
Proceedings of an Iaternational Symposium hel
Strasbourg, France, June 30-July 4, 1981. Gaut
M.; Albdert, E., eds. {New York: Ailan R. Liss,
pp. 659-672; 1982 (11 refs).

Characteristics of electromagnetic (M) field

that have been designed, constructed and test¢
discussed and tabulated. Senmsors fa the devel
phase include instruments :hat can cover the fr
cy ranges of 20 Hz to (8 SHz for eleciric field
arement and 10 Hz to 00 MHz for magnetic fileld
urement. Desizn goals faclude accurate measu
of all polarizations, isotropic probes, bSalanc
sensitivity to continuous wave as well as aod
iteld signals. Iwmprovements in repeater unit
proposed. A siudy to improve the accuracy of

calibraction techniques is underway.

452 STUDIES CN THE BIOLAGICAL IFFICIENCY

PERTHERMIA PRODUCED 3Y A MICROWAVE AP
TOR (334-MRz) FOR THERAPEUTIC ¥EANS USING aN =
NTLC CELL SYSTEM AS INDICATOR. ‘Eng.} Dlardath
(Inst. Curie, Section Biologigue, 25 Rue 4'Uim,
75231, France); Averbeck, D.; Gabortaud, o.;
J.: Jaulerry, C.; 3ataiai, J. P. Im: 3{omedi
mology. Proceedings 3f an Iaternational Sy
held in Strasbourz, France, June 30=lulv 4,
Sautherie, Albers, ., 2ds. (MNew York: Al
Liss, Ine.): pp. 473-H86; 1982 (12 refs).
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The effects of <+34=MHz nmicrowave (MW} radiatian on
biological samples were studied in reast ceils. 4
MW applicator designed for sedical use was filled
with watar; its surface could be cooled with a ther-
mostated puop-driven watar circulation system. The
frequency of the 434 MYz zenerator was stable and che
sower could be varied from 0 zo 100 W. Samples of hy-
perthermia-sensitive Saccharomyces cerevisise were
positioned in 3 block of muscle tissue in a thermo-
stated water bath and exposed for | hr to MW radia-
tion after irradiation with 700 or 1000 Gray (Gy).
Results were not sigaificantly different from those
obtained with conventional hypertheramia treatzent for
1 hr in a thermostated water bath. When the tempera-
ture of MW-treated samples was increased gradually,
che decrease in zell survival observed was less than
with conventional hyperthermia. When the samples were
slaced in a pre-heated muscle bleck, rates of cell
survival and induction of cytoplasmic "petite" muta-
tions were unaffected by variations {n ocuput power 2r
appilcator water temperature when sample temperature
remained constant and were comparable to those ob=
tained with conventional heat treatment. Cells were
maximallv sensitized at 1.5-1.8 cam with MW or conven-
cioral heating.

3453 EXPERIEZNCE WITH DIATHERMIA-INDUCED WHOLE

BODY  HYPERTHER¥IA. (Eng.) Neumann, H.
(Jepc. Hemarology and Oncology., Medizinische Klinix
ler Albert-Ludwig Univ., Hugstetterstrasse 55, 7800
Freiburg, W. Germany); Fabricius, H. A.; Burmeister,
?.; Stahn, R.; voa der Tann, M.; Engelhardt, R.; Lohr,
G. W. In: Blomedical Thermology. Proceedings of am
Iaternational Symposium held 1n Strasbourg, France,
June 30-July 4, 1981. Gautherie, M.; Albert, E., eds.
(New York: Alan R. Liss, Inc.): pp. 837-704; 1982
(26 refs).

Whole-body hyperthermla was induced in 24 cancer pa-
cients with dissemirsted malignancies using a Siemens
diathermy cablnet. Treatament temperatures of 40-41 C
wJere induced by 27 MHz radiation; generator output was
400 W. Chemotherapy was administered (v when a tem-
perature of 40 C was reached. Side effects of cyto-
static drugs did not exceed the range observed under
nonthermic conditions. An enhancement of metastasis
rate was not observed. Changes in hormone levels cor-
responding to endocrine system response to exercise or
stress were observed. lamune parameters that appeared
To be affected normalized afrer treatment; the effects
were not correlated with nyperthermia. A patieat re-
ceiving Adriamycin showed tachyarrhythmia ducring the
fourzh hyperthermia treatment, confirming previously
reported erhancement of cardiotoxicity of Adriamycin
by ayperthermia.

2434 CCMBINED WHOLE~BODY AND LOCAL HYPERTHERMIA
FOR CANCER  TREATMENT: OMT SELECTOTHERM
TICHNIQUE. (Zng.) wvon Ardeane, 4. (Res. Iast. Man-

Current Liter

3051 Dresden, leppelinstrasse

{ruger, Y. Ia: 3iomedical Thermology.
ceedings of an Iaternatlenal Syazpo a held in S
bourg, Jume 10-Julv 4, 1981, Sauther: M.; Al
2., eds. ‘¥ew York: Alan . Liss, Inc.): ?p.

T13; 1982 718 refsi.

The cancer multistep therapy (CMT) concept is das
4 combination of hypertheraia and tumor overacidi:
tion. Svstemic long-term glucose iafusion caus
seleczive drop in tumor pH. The excess glucose
tributes o a rise in core temperature through -
Solic heat generation which ts further elevate
whola-body radicfrequeney (RF) hearing. The tumi
then heated locally by RF. The liaitations of ol
tional RF heating are svercome by the CMT Selecto
technique which introduces a movable applicator
to deliver XF to induce whole-body hypertheraia.
ter core temperature is elevated to 31 C by sca
the body with high RF amplitudes parallel to the
surface, the RF power is reduced and energy foc
on the tumor area. Target tissue temperaturas
42.3 C. Draining lymph nodes can also be heatel
cally in a third step, if necessary. Temper:
courses during CMT Selectotherm treatment 3f 4
tient with inoperable lung sarczoma are shown.

0455 MODERATE-TEMPERATURE WHOLE=-30DY HYPER

MIA IN THE TREATMENT OF MALIGNANT D2IS)
(ing.) Wallach, D. 7. H. (Dept. Therapeutic R2a
ogy, Tufts-New EZngland Medical Center, 171 dar
Ave., Boston, MA 02!11); Madoc~Jjones, H.; Sternic
-3 Samtoro, J. J.; Curran, B, In: 3iomedical The
ogy. Proceedings of an International Symposium
in Strasboury, France, June 30=July &, 1981. Gau
ie, M.; Albert, E., eds. INew York: ilan R.
Inc.): pp. 715-720; 1982 (29 refs).

Results of a Phase I trial of whole-bedy radi:
quency (RF) hyperthermia at noderate temperatut
the treatment of cancer are reported. The hyper!
aia unit was constructed aftar the Siemens >roto!
Core heating to 40~i4l C was achieved within .O=4l
by deposition of 27-MHz RF energy primarily int:
great vessels of the trunk and abdomen. As he:
is concentrated in the body core, many physioloj
compensatory mechanisms are zinlalzed and heatir
well tolerated. Nine patieats with either dis:
nated or locally advanced and uncontrollable di:
have been treatad with hyperthermia 3 /wk for J i
gether with conventional radiotherapy 5 days/wk.
of these patients completed eight or ;ore course
hypertheraia. Three patients d4id not complete !
schedule because of complications unrelated o W
thermia. There were 7o serious side effects.

3456 LOCALIZED HYPERTHERMIA 3Y RADIDFRECI
WAVES IN THE TREATMENT OF IANCER. 7!
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Israel, L. ({Oncolegy ¥nit, CHU Avicenne, 115 route
ie Stalingrad, 93000 3obigr , France); Besenval, M.;
3reau, J. L. In: 3iomedical Thermology. Proceedings
2f an Iaternacional Symposium held in Strasbours,
Trance, Junme 30-July 4, 1981. Gautherie, Aldersz,
I., eds. {Mew York: Alan R. Liss, Inc.): pp. 721-729;
1982 (3L refs).

The dirfferentlal and preferential thermal sensitivicy
of salignant tumors and possible mechanisas of action
of hyperthermia are discussed. Methods of producing
radiofrequency (RF) hyperthermia are reviewed. Re-
sults of a thase I-1I study of the efficacy of RF hy-
perchermia in the treatment of large, localized, deep-
seated tumors are reportad. Fifty=five patients wich
various Jeep-seated ‘noperable, metastatic tumors re-
fractory to conventional treatzent were treated by ca-
pacitive hyperthermia at 13.56 MHz generated by two
soft electrodes. Total heating time ranged from ! hr
to 55 hr; sessions were 45 min to 3 hr long, and pa-
tients underwent | to 27 sesslons. Available energy
was increased so that a single field rather than the
fateial three alternate fields could be used for large
zumors. A complete response was seen in 2 patients,
3 partial response in 15; stabilizacion for more than
3 1m0 in 20, and unmodified progressive disease in [B.
No systemic toxicity assoclated with treatment was ob-
served; however, skin burns due to a border effect oc-
curred. it is concluded that locallzed RF wave hyper=
thermia {s selective, nontoxic, and effective against
large, poorly vascularized, deep-seated tumors not re=
sponsive to standard therapeutic procedures.

2457 RADIOFREQUENCY THERMOTHERAPY (RETT) IN THE

TREATMENT OF CANCER. ‘Eng.) LeVeen, H. H.
{Dept. Surgery, Medical Univ. South Carolina, 171 Ash-
ley Ave., Charleston, SC  29423); Pomctiggla, P. Im:
3iomediczal Thermology. Proceedings of an Internacion-
al Symposium held in Strasbourg, France, June 30-July
+, 1981, sautherie, M.; Albert, E., eds. (New York:
Alan R. Llss, Inc.): pp. 731-738; 1982 (7 refs).

A radiofrequency (RF) zenerator utilizing a frequency
2f .3.36 YHz and emploving multiple portals through
which energy !s introduced into the body was designed
for the treatment of cancer. Multiple electrode pairs
are successively energized for brief intervals with
constant heating of the tumor, providing penetrating
heat without sxcessive skin heating. The electrodes
are refrigerated to further preveat skin cverheating.
Results obtatned Ln a gseries of adout %0 paclents with
idvanced tumors :reated i{n Italy with RF thermocher-
apy are repocted. 2F therzotherapy was effective in
the treatment of tumors of different types that were
generally in advanced stages; few complications wera
observed.

5458 SHORTWAVE REGIONAL AYPERTHERAIA OF THE PEL=
YIS, fEng.) Sidf, J. {Dept. Zlinical Jer-

Siciogrear £¥ecrs ot Ngavon. 2ing Sectrem,
Facraren 4D oty T583

[dtoigy, Hop.
T30 Paris,
Jei Azam, 5.
Thermology. Procesdines >f in  Iatarnational !
stum held in 3Strasbourg, Frange, June 30-July -,
Gautherte, M.; Albert, T., eds. (lNew York: Al:
Liss, Inc.): pp. T39=Tis4; 1932 (3 refs).

An apparatus far shortwave regional hyvperther:
the pelwis {3 Jdesecribed, and a protocol zpplo:
the treatment of chronic urogenital infections
resist conventional modalities is presentad.
paratus features a three-electrode capact
sys::m and a 1200 W generator operatiag at I
Patients with bacteriologically proven chronic
genital infections Jere treated every other lay
wie; treacment sessions lasted ac least I ar. Tat
tures skightly higher than 41 © were tolerated :
rectal and vaginal level level without a signil
increase in buccal temperature and with no risk
taneous burns. A total generator power of up T
4 may be needed Zor certain patients <ith a large
vic volume. Zven {n cases where treatzent cou!l
be compieted, 2 noted painkilliag effect was abse
A generacor of lower frequency than 27.12 '@z 1
used in cases where the patient is resistant =:
type of heating.

0459 HYPERTHERMIA FOR HEAD aND NECK MAL!

TUMOR. (Zng.) Ki:iima, T. {Dept. Oto.
gology, Kobe niv. Sch. Medicine, 7-5-19 Kusunok:
Chuo-ku, Xobe 650, Japan); Hohki, A.; Masuda, M.
natani, X. In: 3iomedical Thermology. Proceed!:
an Internactional Symposium held in Strasbourg, !
June 30-July %, 198i. Gautherie, 4.; Albert, E.
(New York: Alan R. Liss, Inc.): pp, 745-749; |
refs).

Results are reported (A the treatment of 15 pat
with head and neck cancer using local radiofrac
(RF) nyperthermia alone 2713 patients), dizt
gery (1°15), chemocherapy (1/13), radiotherapy !
or comblned :F motherapv and radiotherapy (7/15)
pertheraia was {nduced by 13.36 MHz RF applied
surface electrode *hat :ould Ye cooled by circul
200l water, Treatzments toox place 2/wk. Tumor
oerature was controlled detveen 42 and <5 C. P:
zemission was seen in !°2 patienzs treated with
hyperthermia alone; complete remission w<as seen
patieat treated with hyperthermia ind chemothe
2/4 patlents treated with hypertheraia and rad!
undervent complete remission; T patients treatec
¢ombined therapy seem to have responded with cou
tremisston. There was no evidence of ceatral ne
system dysfunction when hypertheraia was appli
nasopharyngeal and zmesopharvngeal cancer, and ac
effecty were reporzed.
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2460 CLINICAL EXPERIENCES WITH COMBINED HYPER-

THERMIA AND RADIOTHERAPY IN THE TREATMENT
OF CANCER. (Eng.) Friedeathal, Z. (Radiotherapy
Dept., Montefiore dosp. and Medical Center, Bronx, NY
10467); Mendecki, J.; Botstein, C.; Sterzer, F.; Pag-
lione, R.; Nowogrodzki, 4. In: Biomedical Thermol-
ogy. Proceedings of an International Symposium held
in Strasbourg, France, June 30-July 4, 1981. Gauther-
ie, M.; Albert, E., eds. (¥ew York: Alamn R. Liss,
Inc.): pp. 751-760; 1982 (12 refs).

Clinical experience with microwave (MW) and radfofre-
quency (RF) induced hypertheramia at Montefiore Hospi-
tal and Medical Center in VNew York City is summarized.
Patients with tumors of various histological charac-
ceristics in a variety of stages and anatomical sites
have been treated. MW hyperthermia is induced by ap-
paratus operating at 2450 or 915 “Hz, which permits
heating of tissue up to 2-3 cam in depth. A modified
Burdick MW generator and a Mictronm 10-W generator are
used as the power sources at 2450 “Hz and at 915 MHz,
respectively. For deeper-seatad tumors plane-wave RF
heating ac 27 MHz is employed. The power source is a
Henry Radio generator containing provisions for meas-
uring incident and reflected power. Standardized ap~
plicator designs do not exist, and variants of appli-
cators have been developed for particular tumor sites
or treatments. dvperthermia is administered as soon
as possible follewing radiotherapy to ensure higher
therapeutiz gain (l-hr sessions 2/wk, at 48-72 hr in-
intervals) with tumor temperatures targeted at 42-43
<. 1In general, no systemic i1l effects have been ex-
periznced by pactients treated with MW-induced hyper-
thermia. At 27 MHz, control of the heated volume is
more difficulr, and systemic effects are more pro-
nounced. The effect of heating certain vital organs
(e.3., heart, large bowel) must be considered when
hyperctherania Ls applied. Results of treatment in
over .00 cases are summarized.

Jus L PRELIMINARY RESULTS IN THE TREATMENT OF OAT

CELL CARCINOMA OF THE LUNG BY COMBINED AP-
PLICATINN OF CHEMOTHERAPY (CT) AND WHOLE-B0DY HYPER-
THERMIA. (Zag.) Zngelhardr, R. (Dept. Hematology
and Oncology, Medizinische Klinik der Albert-Ludwigs
Universitat, Hugstetterstrasse 55, 7800 Freiburg, W.
Germany); Neumann, H.; von der Tamm, .; Lohr, G. W.
In: 3iomedical Thermology. Proceedings of an Inter-
national Symposium held in Strasbourg, France, June
30=Jjuly 4, 1981. Gautherie, M.; Albert, E., eds. (New
‘!ork; Alan R. Liss, Iac.): pp. 761-765; 1982 (12
ceis).

Preliminary results are reported for 15 patients with
small cell carcinoma (SCC) of the lung treated by mul-
tidrug therapy and whole bedy hypertheraia iaduced by
a Siemens unit. Chemotherapy consisted of Adriamycin
and Oncovin administered iv on Day | and Cyclophospha-
aide po on Days 2-3, repeated up to & x at 3 wk inter-
vals. Two to five cycles of chemotherapy were admin-
tstered together with whole body hyperthermia on Day

Current Literat:

1; injections of Adriamvein and Jncovin vere given
the treatment temperature I %4).4 z J.3 © which
maintained for | hr. <Complete remission (disappe.
ance of all signs of measurable disease f{or at le
| mo) was obtained in % patients, partial remiss
(shrinkage of all measurable tumors by at least
for ar least | ou without new tumor growth) in 5
tients, no change Lla !, and progressive disease
observed in | patient. Survival rates, calcula
from life table amalysis, are 87% at 6 =0, 53X ac
mo, 22% act 18 mo, and 22% at 24 =mo. A 50X survi
rate ls now at 33 wk (12.3 mo). Whole bodyv hyperth:
mia was well tolarated by the patients. There was
evidence for the accelaration of disease or the s
mulatfon of metastasis by hyperthermia. Given
poor prognosis for patients with SCC (median survi
tize of 6-8 wk without treatment and 7.5 mo with =
tidrug therapy), the results are encouraging.

2462 INTRAARTERIAL INFUSION CHEMOTHERAPY IN Ci

BINATION WITH 2450-MHz MICROWAVE HYPERTHI
MIA FOR CANCER OF THE HEAD OF THE PANCREAS. (Em
Miura, T. (Dept. Surgery, Hanzomen Fosp., Tokye
Japan); Hatda, K.; Haida, S.; Wada, T. In: 3iomedi
Thermology. Proceedings of an International Svmpos:
held in Strasbourg, June 30-July %, 198l. Gauther
M.; Albert, E., eds. (New York: Alan R, Liss, Inc
pp. 767=774; 1982 (no refs).

Results of intraarzerial infusion chemotherapy in ¢
bination with 2450-MHz microwave (MW) hyperthermia
the treatment of 25 patieants with advanced cancer
the nhead of the pancreas are presented. MW radiat
was applied to the primary tumor site of each pati
for a l0-min period. When the tumor site was hea
to a2 peak local temperature, chemotherapeutic age:
were {nfused through an indwelling cacheter in the .
tery. Of the 25 patients, 17 (68%) survived > &
and 36X > 1 yr, and | patient was alive 46 mo af
treatment. These survival rates are uncommon ia |
tients with advanced pancreatic cancer; patients
conventional systemic chemotherapy would have ha¢
2-) mo life expectancy. The results indicate tl
the effects of the intraarterial chemotherapy w
potentiated by YW hyperthermia.

0463 MEDICAL USE OF NONIONIZING ELECTROMAGNE'

WAVES IN THE RADIO AND SUPERHIGH FREQUE!
RANGE: HAZARDS AND STANDARDS. (Zng.) Stuchly, M.
(Radiation Protection 3ureau, Health § Welfare Canal
Rm. 233 Environmencal Health Cencre, Ottawa, Ontar
KlA 0L2 Canada). In: 3iomedical Thermology. P
ceedings of an International Svmposium held in Str
bourg, Trance, June 30-July 4, 1981l. Gautherie, !
Albert, E., eds. (New York: Ailan R. Liss, Ime.):
851-865; 1982 (6h refs).

The Siophysical “asis of the interactions of radiof
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quency (RF) and microwave (MW) radiation with living
systems is briefly outlined. The sound Sase of dosi-
zetric data established since the concept of the spe-
cific absorption rate was adopted allows better gquan-
tification of experimencal studies and hazard assess
ment. Studies {investigating thermogenic, genetic,
zeratogenetic, cardiovascular, endocrinological, tia~
auneologis, behavioral, auditory, and blood-brain-bar-
rier effects of RF and MW radiation are summarized.
Zpidemiological studies have failed to produce reli-
able evidence of detrimental effects cof occupational
axposure to RF and MW radlation. Exposure levels rec-
zommendad in both the 1979 Canadian exposure standard
and the proposed US standard take {nto account the de-
pendence of the absorbed dose on frequency. The po-
tential health risk associated with all diagnostic
sedical applications is small., In hazard assessment
for therapeutic uses of RF energy, both the patient
and the ocperator must be considered. Promising =medi~
zal applications o. RF and MW radiation include can=-
cer diagnosis by MW .:1iometry, ¥NMR imaging, and can-
cer treatment. Areas cequiring further research are
outlined.

464 ZFFECT OF LOCALIZED MICROWAVE HYPERTHERMIA

ON PHYSIOLOGICAL RESPONSES. (Eng.) 3fch-
er, H. T. (Div. Radinlogy, Henry Ford Hosp., 2799 W.
Grand 3lvd., Detroit, MI 48202); Sandhu, T. S.; Vaup-—
el, P.; Hetzel, F. W. Natl Cancer Inst Monogr 5l:
217-219; 1982 (21 refs).

Heasurements of pH, local bicod flow, and tissue oxy=-
gen tension (Tp0z) were perfcrmed in normal cat brain
and in gusele of the hind leg of CJH Sed-3H mice. De-
terminations were obtained in both controls and in an-
imals bearing an 1ilaplanted mammary adenocarcinoma.
Modifications in these parameters as a function of
temperature and the differeutial responses observed
between normal and tumor tissues were also investi-
gated. Microwave radiacion (2,450 MHz) was delivered
through a specially-designed applicator loaded with
low=loss dielectric material having a dielectric con-
stant of 5. Responses to hypertheraia were similar
in both normal :issues except that the temperature at
winich Tp02 began to fall (the breaking point) was sig-
nificancly lower for the tumer. Blood flow in mice
increased significantly up to approximately 41 C. In
addition, there was a correlation between decreases i{n
Tp07 and blood flow as the temperature was Llacreased
to 43 C. The mean value of tissue pH was 6.8 = 0.2 pH
J in CIH mammary tumors. With heating for 1 hr at 43
%, pH decreased 0.5-1 U to 6,2 # 0.2. It {3 con—
cluded that the therapeutic eifectiveness of hyper—
thermia may partially result from several {nduced
physiological modifications: moderate (41 C) hyper=
thermia in combination with Lonizing radiation may re-
sult in (mproved zumor response by increased oxygena—
tion and, hence radiosensitivity coupled with a de-
crease in tumor pH; hvperthermia at «2 C and above
may be directly tumoricidal because tumor aicro blood
flow s eliminated and tumor pH s sharply reduced,
whereas norzal :issue l3 properly perfused.

Biological Effects of Namamazing E'ectrem:
Radiation vili2-41, Joly 1983

463 THERAPEUTIC POTENTIATION

DTAMMINEPLATINUM(IL) AND RADIN
TERSTITIAL MICROWAVE HYPERTHERMIA IN 4 MOUSE °
{Eag.) Douple, E. 8. (Norris Cottcn Clancer
Dartmouth-Hizchcock Medical T_.tar, Hanove:
73755); Strohbehn, J. W.; de Sieves, D. T.; Aldol
D. P.; Trembly, 8. S. Natl Cancer Iast Monog
159-262; 1982 (8 refs).

An interstitial microwave (MW) system for proc
local hyperthermia in deep-seated tumors was !
alone and in coobination with eis-dichlorodiax
plattaum(Il} (cis-PT(IL)) chemocherapy andfor 1
tion ln the :reatment of nouse magmary Cumor
planted in cthe cthighs of C3H/4eJ female aic
small needle-like coaxial amonopnle antenna
active lengrh) operating at 1 GH. was insertec
the center of 0.5~ to l.0-cm diameter tumors
temperatures were monitored and controlled
atther 44  or 45 C maximum at the anteanz for
ala. Both MW and conventional heating iaduce:
tinct histological changes signifving pyknosis
sence of mitoses, and necrosis. Histological :
sis indicated that microwave heating destroved
cells in the center of tumors, whereas water=ba!
mersion produced cell killing only in the per
of the tumor near the skia. B3oth microwave and
bach heating resulted in severe damage to the
i.e., swelling followed by desquamation, neci
and eventual leg loss. Compared with warter
heating, less damage to mouse normal leg Tissue
sulted when amicrowave heating was used. Analys
tumor diameter doubling time wvalues for cis-P"
radiation, heat, and combination treatments su;
that this mecthod of local heating potentiates t!
fects of these agents. The results sugges:t t
single aicrowave coaxial antenna may serve as .
propriate system for producing local hyperther:
tumors in small laboratory animals.

0466 FRACTIONATED RADIOTHERAPY AND SHOR'

MICROWAVE HYPERTHERMIA. (Sng.) Diecazs
(Radiologisches Institut, Stadtische Xrankenan:
en, 8380 Bayreuth, W. Germany); Linh
3. R. Natl Cancer Inst Monogr 61i:
refs).

Sxperimental groups of 3 to 50 female NMRI mice
solid Zrlich neck tumors of l-ml, were irradiac¢
cally = 5 Gray (Gy) of X-rays fsllowed immed:
by localized microwave hypertherala to 2 C for
Locallzed hyperthermisa was delivered by a 2,4
Phillps generator. Cell leoss rate (CLR) was ze:
Sy the loss of radicactivity of [!251I) deoxyur:
labeled tumor cells. CLR of hypoxic and oxyg:
cells was nearly identical I{n untreated tumors
perthernmia alone had little influence on the 1
oxygenated cells, but it resulted in a signi
loss of hypoxic cells. Hyperthermia in combir
with {rradiacion significantly enhanced celi L¢
hypoxic cells compared with irradiation alone.
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hypoxic cells, a thermal anhancement ratio of 2.3 aad
1 super-addicive factor of 1.22 was obtained. Repeat=~
ed hvperthermia retarded ctumer growth only for a
few days, whereas fractionated radiation therapy dJde-
layed tumor growth according to the dose applied.
With combined treatment, the tumor was under coatrol
for the complete treatment time and even for a long
period after the last treatment. Eight treatments of
5 Gy each combined with hyperthermia reduced tumor
growth m.re than 8 fractions of 8 Gy alone. Whereas
all anizals given radiotherapy treatment died before
day 100, 13.3% of the animals given the combined hy-
perthermia :treatment survived more than 100 days wit
out recurrenc Whereas 8 Gy given 8 x leads to se=
vete skin reac:iions, the combinat{on of this amount
of radiation with hyperthermia induced almost ao skin
damage. The .herzal enhancement ratio of the frac-
zionated radistherapy combined with alcrowave hyper—
theraid was 23072 thaa

7467 SFFECTS OF HEAT ON WOUND HEALING IN MICE.

(Eng.) Marcinez, A. {Div. Radiation Thera-
?v, Dept. Radiology, Stanford Univ. Sch. Medicine,
Seanford, CA 94305), Faria, S. L.; Flores, 5.; Hahn,
G.“‘L Yarl Cancer TInst Monogr 61:307-309; 1982 (7
reis).

The effects of hyperthermia on wound healing in CIH/X
aice were studied Iin order to develop an easy and re-
aroducidle wodel of wound healing; to assess the ef-
feczs of hyperthermia on wound healinz; and to com—
pare the effects of water bath and rtadiofrequency
’RF) heating. Skin and underlying muscle from the
tight hind thighs of C3H/K male mice, l1-25 wk old,
4eighing J0-40 g were excised leaving a surgical de—
fact 1 c3 in diameter. TFive ailnutes prior to exci-
3ion, hyperthermia treatments were given act a fixed
temperatu-e of 45 I, either in a water bath or with
13.36 MHz radiofrequency, for periods of 10, 20, 30,
and <0 ain. Microscopic measurements of the excised
irea were recorded, and the percentage of mice with
505 of the wound healed versus days of follow-up was
alotted for analvsis. For coatrols im which an i{a-
ciston was performed without prior hypertheramtic
treatment, one-nalf of the mice had 503 of their
wounds healed {n 8.5 to 9.5 days. In a water-bath
control jroup (temperature kept constant at 37 C) the
healing time ranged from 7.5 to I days. However, as
the water bath temperature was tncreased to 45 C and
Xept coastant for 10, 29, 30 and 40 =min, a delayved
healing tide was noted as treatment time {ncreased.
In the IF g-oup, no significant difference was ob-
yarved between the control, group treaced ac 37 C and
the mice treatad ac a5 I.

lubB INTERSTITIAL THERMORADICTHERAPY. (Eng.)

Manaing, M. R. (Div. Raolation Oncology,
Jepc. Radiology, Univ. Arizona ‘Jealth Sciences Center,
Tucson, AZ 35724); Cetas, T. W, Nacl
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Cancer inst “Yonogr A1:357-360; 1982 (9 refs).

The results of a phase I =slinical trial in whizh h
4as combined with interscitial [low dose rate) rad
tion are described with 2mphasis on response

technical and physical aspects of heating. Twen
five patients (17 lesions} were treated usiang int
stictal {mplants to locally recurreat, accesst
rumors heated by 0.3 MHz radiofrequency currents
43-45 C for 30 min, with needle guides as zlectrod
They were subsequently irradiated with either 13
or 225Ra. All patients had falled previous conv
ticnal treatmeats. In all b“ut one, a siagle hyp
=hermic treatment was given and the average dose
low dose irradiation was under 3,000 rad aver %0
¥o patient failed to respond, 53% achieved 4 compl
disappearance of tumor in the treatsd volume, and
had partial response (50%<volume reduction<idQ
Duration of response varied from 2-30 mo and no
tient showed regrowth at the site treated. A cumu
tive summary of responses based on aistology an
comparison of treatment results obtained usiag b
alone, external heat + external radiatiom, and int
stitial radiation are presented. All but one of
complications observed were considered ainimal;

one serious complication was a vaginal-rectal fist
that developed | mo after the implant. Other comp
cations including soft tissue vaginal necrosis, fa
liquefaction, and proetitis healed spoataneously.

is concluded that f{aterstitial thermoradiotherapy
both a safe and an effective means of treatazent
advanced or recurrent accessible disease. The te
aique of [mplantacion, subsequent heating, and rad
active after-loading make this procedure appliza
to lntraoperative approaches in such diseases as

resectable pancreatic carcinoma, tumors of the g
trointestinal tract, and unresectable ovarian 4
ease.

0469 HYPERTHERMIA EFFECTS IN ANIMALS WITH SP

TANEOUS TUMORS. (Eng.) Gillette, E.
(Comparative Oncology Unit, Dept. Radiology & Rad
tion Biology, Colorado Stare Univ., Ft. Collins,
80523). Natl Cancer Inst Monogr 61:361-364; 1382
refs).

Results of investigators who have used spontane
canine tumors for evaluatlon of hyperchermia
reviewed for the purpose of desizning appropri
therapeutic protocols for treatment >f aninal tue
or use of that information as a basis for human ¢
cer therapy.

3470 MICROWAVE HYPERTHERMIA AND ZLECTRON 3

THERAPY JF SUPERFICIAL TUMORS OF HUMAN O
31N IN THE NUDE MOUSE. (Zng.) Cunningham, D.
{Dept. Radloniogy and Specialized Cancer Res. Cent
Pennsylvania State Univ. Sch. Medicine, Hershey,



