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PREFACE

Biological Effects of Nonionizing FZectronagnetic Radiation
is a publication researched and prepared by the Franklin
Research Center, Science Information Services Organization,
under contract to the National Telecommunications and Infor-
mation Administration (NTIA); funding provided by the U.S.
Navy under interagency agreement with NTIA.

This digest serves as a vehicle through which current
documentation of research highlights on the biological
effects and health implications of nonionizing electro-
magnetic radiation (microwave and other radio frequency
radiation) are compiled, condensed, and disseminated on
a regular basis. Biological Effects of Nonionizing
EZectromaqnetic Radiation is intended to be a highly
useful current awareness tool for scientists engaged
in research or related activities. The great number
and diversity of relevant publications make imperative
the availability of the service to persons whose work
requires that they keep abreast of current developments
in the field.

Biological Effects of Nonionizing Electromagnetic Radiation
is published quarterly. The issues of Volume IV, and future
volumes, will include materials received during the preceding

three months. Each issue will include news items and
announcement*, a listing of meetings and conferences,
abstracts of current literature, and a directory of current
research. Materials for which full text is not available
will be Included as summary abstracts.
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ABBREVIATIONS AND ACRONYMS

A, amp - ampere(s) NBS - National Bureau of Standard

- angstrom(s) NIH - National Institutes of Health
NSF - National Science Foundation

BRH - Bureau of Radiological Health NSH - National ins e For
C - entiradeNIOSH National Institute for

C- centigrade Occupational Safety and
cm - centimeter(s) Health
cps - cycles per second NTIA - National Telecommunications
dB-decibel(s) and Information Administration
EPA - Environmental Protection Agency NTIS - National Technical Information
FDA - Food and Drug Administration Service
g - gram(s) Oe - oersted(s)
G - Gauss OSHA - Occupational Safety and Health
GHz - gigahertz Amnsrto

HEW - Health, Education, and Welfare Administration
hr - hour Policy

SHz - hertz PHS - Public Health Service
IEEE - Institute of Electronic and rad - radiation absorbed dose

Electrical Engineers R - roentgen(s)
IMPI - International Microwave Power r - roentns

Instituterpm - revolutions per minute
In tiol usec - second(s)

IU international unit(s) USAFSAM - U.S. Air Force School of
k joule(s) Aerospace Medicine

- liter-) USDA - U.S. Department of Agriculture
I liter(s) UV - ultraviolet
m - meter(s) V - volt(s)
m - milli-- VA -Veterans Administration
M - mega-- W -watt(s)
mho - unit of measurement of Wb - Weber(s)

conductivity WHO - World Health Organization
min - minute(s) wk - week(s)
mo - month(s) wt - weight
n - nano-- yr - year(s)

- micro--
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NEWS ITEMS

SCIENTIST DISPUTES USE OF SAR IN THE abstract submission form from the Bioelectromag-
DEVELOPMENT OF THE CS SAFETY STANDARD netics Society, P.O. Box 3651, Arlington, VA 22203.

REVISION Abstracts submitted by nonmembers must be spon-
sored by at least one BEMS member. May 1, 1980
Is the deadline for submission of abstracts.

Allan H. Frey of Randomline, Incorporated of Hunt Bioeleom,,e tic Society Newsletter, (10): 1;
ingdon Valley, PA, in a recent letter appearing in November, 1979.

the Bioelectromagnetics Society Newsletter, dis-
puted the use of the specific absorption rate (SAR)
concept as a fundamental assumption underlying
the deve!opment of the proposed revision of the
C95 safety standard. Mr. Frey explained that the NEW YORK AGENCIES TO INVESTIGATE HARMFULSAR concept assumes that the only mechanism whereby EFFECTS OF A POWER LINE ON RESIDENTS

microwaves and other radio frequency energies can
effect biologic systems is by the volume heating
of a homogenous mass of tissue, and since the con- Two New York state agencies have agreed to conduct
cept is nothing more than a calculated .-ibsorptiot a detailed study of the possible hazards that resi-
rate in a tissue mass, it is doubtful whether the dents of northern New York face from a nearby 765-
SAR has any relevance to the bioloSic rganism kV power line, which has been In operation for

at incident power densities <10 mW/cm2. r. Frey about 1.5 yr carrying Canadian electric power to
also disagrees with a secondary assumption that New York. The agreement, between the New York
70 MHz, the frequency for maximum energy absorp- State Public Service Commission (PSC) and the New
tion, is also the frequency for maximum sensitiv- York State Power Authority (PA), calls for the PA
ity. He suggested that the biologic effects of to spend as much as $50,000 on a preliminary study
low intensity energy observed at much higher fre- to outline the full-scale research effort. The
quencies would not necessarily have occurred at New York State Department of Health will assist
lower power densities at the 70-MHz region of the with this study. Following the preliminary study
spectrum. Lastly, Mr. Frey considered that the and outline, research will be conducted to deter-
use of the SAR concept in the proposed revision mine the possible harmful effects on humans and
would ignore the effects of modulation and peak animals living near the line, which runs from near
power. He added that some of his observations were Massena on the U.S.-Quebec border to Utica, NY.
supported by the results of a working group study, The upper cost limit of the study will be about
which met in February 1979. Mr. Frey concluded $5 million, which Is approximately 2% of the line's
that "the assumption underlying the SAR concept construction cost. Francis Rlvett, a spokesmen
renders it of little relevance to biological ef- for the PSC, explained that the agreement provides
fects of low intensity or modulated energy which funds for a laboratory study, with no experimental
we are studying now. The application of the SAR work on humans. Mr. Rivett added that the commis-
concept in such studies is grossly misleading for sion is Interested in finding out "what, if any"
both biologists and Regulators." effects are producei by the electric and magnetic

Bioelectromagnetics Society Newsletter, (10): 1; fields generated by the line.

November, 1979. Wall Street Journal, p. 12;

December 26, 1979.

BIOELECTROMAGNETICS SOCIETY ANNOUNCES
FIRST CALL FOR PAPERS FOR THE 1980

SECOND ANNUAL MEETING
ANNUAL EUROPEAN MICROWAVE CONFERENCE-

A CONTINUED SUCCESS

The Bioelectromagnetics Society (BEMS) has an-
nounced the first call for papers for the 1980
BEMS Second Annual Meeting to be held September Since the first European Microwave Conference took
14-18, 1980 in San Antonio, TX. Original papers place in London In 1969, the venture has enjoyed
are solicited for presentation in English (via an expanded scope and prosperity beyond what Its
platform or a poster session) on the interaction organizers might have originally projected. Theof electromagnetic energy (from 0 Hz through visible 1979 conference, organized by Microwave Exhibitions

light frequencies) and acoustic energy with bi- and Publishers Limited, under the direction of
ologic systems. Areas of interest include: be- Roger C. Marriott, was attended by 720 delegates;
havioral, physiologic, neurologic, endocrine, In addItion, 320 seperately registered delegates
developmental, cellular and ultrastructural, attended a workshop. The conference consisted of a
and genetic effects; dielectric properties ot bi- full week of activities running from the 17th to
ologic materials; electric field effects; exposure the 21st of September. The program included a 4-
systems; dosimetry; diagnostic and therapeutic day session of formal technical paper presentation,
applications; interactive mechanisms; instrumenta- generally requiring parallel sessions, followed by
tion; hyperthermia; and field pertubations. Au- a I-day workshop. A trade show ran coincident
thors wishing to submit papers should request an with the 4-day technical presentation, with approxl-
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mately 130 exhibitors, representing 241 companies. LATEST 89HPUBLICATIONS SUBJECTIND
In addition, the technical comittee, headed by 1SRELEASED
Professor Peter Clarricoats, arranged for the pre-
sentation of papers by authorities in the microwave
field. The Invited papers were presented in ad- The latest BMR PuZicatione Subject Ind"x (HEW Publi-
vance of the technical session to avoid conflicts cation [FDA] 80-8070) has been issued by the BUN.
with other iresentations. Jochen Edrich of the This publication supersedes HEW Publication (FDA)
University of Denver, Colorado presented a paper 79-8070. The Subject Index, an abbreviated version
on the use of microwaves for diagnosing and treat- of the BRH PubZications Index, is revised and pub-
Ing cancer. Other topics discussed included papers lished several times per year and distributed an-
on microwave bipolar transistors, microwave com- nually. The Subject Index identifies publications
munications from outer planets, and microwave holo- by broad subject areas providing titles and FDA
graphic Imaging. Having grown from a fledging publication series access numbers as part of a BRN
technical papers session to its present status, national program to control unnecessary human ex-
the European Microwave Conference now plans a full posure to potential hazardous ionizing and non-
professional and industrial conference annually. ionizing radiation. To obtain information on the
Future conferences are scheduled as follows: 1980-- current availability of the BRI! Publications Subject
Warsaw, 1981--Amsterdam (with a trade exhibit), Index contact the BRH Technical Information Staff
1982--Helsinki, and 1983--Brussels (with a trade (HFX-28), 5600 Fishers Lane, Rockville, Nd 20857 or
exhibit). (301) 443-3532.

Mi.cr ve J 22(11): 37-38, 40, 42-43; 1979. HEW Publication (FDA) 80-8070, October 1979.

BRH AND OSHA HOLD WORKSHOP ON
RF SEALERS NINTH SUPPLEMENT TO THE BIBLIOGRAPHY

OF MICROWAVE AND RF BIOLOGIC EFFECTS
IS AVAILABLE FROM NTIS

More than 100 users, manufacturers, staff members
of federal agencies, and representatives of employee The Ninth Supplement to the Bibliogr
and trade associations and public interest groups _ph of Hieeo-
attended the BRH and the Occupational Safety and wave and RF Biologic Effects (DHEW [NIOSHJ Publi-

Health Administration's (OSHA) open workshop on cation No. 78-126), which lists approximately 575
radio frequency (RF) sealers. The workshop was additional references that were published up to

held September 12-13, 1979 in Washington, DC to September 1977, brings the total number of refer-
discuss the potential hazards associated with ences of the world's literature concerning the
the use of RF sealers, heaters, and gluers, biologic responses to microwaves (MW) and other
and to obtain information on techniques for radio frequencies (RF) to more than 4,600. In this
controlling or eliminating hazards to person- Bibliography, particular attention is paid to the
nel from these devices. The types of RF devices effects of MW and other RF on humans. The scope
discussed generally operate at a frequency between was broadened slightly from previous editions to
3-100 MHz and include heat sealers, fusers, mold- include references to biologic studies of pure
ers, fasteners, and embossers; high frequency seal- electric or magnetic fields, extremely low fre-
ers and dryers; electronic and electromagnetic quency fields, and ultrasound. Other entries cite
sealers and welders; and dielectric heaters. Among biomedical studies involving electromagnetic pulse
the specific topics addressed were: 1) measure- radiation, high voltage photography, biologic do-
ment of stray electric and magnetic field inten- simetry, the effects of electromagnetic radiation
sities generated by RF sealers, 2) biologic ef- (EMR) on cardiac pacemakers, EMR therapeutic ap-
fects of RF exposures at frequencies between 3-100 plications, MW exposure regulations and standards,
MHz, 3) the near-Field conditions that exist dur- tissue fixation, insect control, and electroanes-
ing these exposures and the resultant difficulty thesla. The citations are arranged alphabetically
of measuring the exposures and predicting possible by author with sufficient information to retrieve
adverse effects on exposed persons, 4.) RF radia- the original document. Relevant presentations at
tion measurement equipment and techniques that technical meetings and anonymous reports are also
can be used at these frequencies, 5) procedures cited, but in separate sections in the Sulffement.
or techniques available for the control of stray The Bibliography of Reported Biological Pnenomena
RF emissions, and 6) possible initiatives of feder- (Effect8) and Clinical Manifestatione Attributed
al agencies regarding the control of RF-emitting to icromeve and Radio-Prequency Radiation: Ninth
devices. Representatives of the BRH, OSHA, NIOSH, Supplement to Bibliography of Microwave and RF
the Federal Communications Commission, Canada's Biologic Effect8 is an up-dated listing of the

I LDepartment of Health and Welfare, and the Univer- Naval Medical Institute Research Report No. 2,
sity of North Carolina's Occupational Safety and which was completed under Research Work Unit MFl2.
Health Center presented talks on these subjects. 524.-15-0004B, October 1971. The Bibliography Is
The workshop was adjourned following a discussion available from the National Technical Information
session. Service, Springfield, VA 22151.

, BRH Bulletin 13(20): 2-3; 1979. DHEW (NIOSH) Publication 78-126.
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Biolobical Effects of Nonionizing Electrognw tc
Radiation 11/3), March 1M NEWS

FDA PROPOSES REGULATIONS FOR TWO the Patent Recognition Ceremony held in October
MICROWAVE DIATHERMY DEVICES 1979. Mr. Zanboorle's patent for a switch failure

monitoring device has been incorporated Into micro-
wave ovens as an additional safety feature that

The FDA has issued for public comment two proposed renders the oven Inoperative if either of the

regulations that classify both microwave (MW, 915- oven's two required safety interlocks fails to

2,450 MHz) and shortwave (pulsed or continuous elec- operate. E. W. Robinson, A. Van do Griek, Jr.,

tromagnetIc energy from 13 to 27.12 MHz) diathermy and R. W. Kisielewski were honored for their posi-

devices into class ii (performance standards) for use tive position interlock concealment shutter. This

in applying therapeutic deep heat and into class III device conceals and prevents intentional or ac-

(premarket approval) for all other uses. The Phys- cidental defeat of a safety interlock switch on

ical Medical Device Classification Panel has recom- microwave ovens. G. Kantor was honored for a

mended that both MW and shortwave diathermy de- direct contact microwave diathermy applicator that

vices be classified into class II. Class II pro- consists of a rectangular wavegulde loaded with

vides for the future development of one or more two parallel teflon seals. The configuration of

performance standards to assure the safety and ef- the applicator Induces an approximately uniform

fectiveness of the device, while class III provides heating pattern over a substantial portion of the

for each manufacturer to submit to FDA a premarket treated tissue area and minimizes potentially harm-

approval application at a date to be set in a future ful scatter radiation.

regulation. The Agency believes that performance BRH BuZetin 13(21): 4-6; 1979.

standards for MW and shortwave diathermy devices
are necessary because general controls are insuffi-
cient to prevent the risks to health presented by
these devices. Performance standards would pro-
vide reasonable assurance of the safety and ef-
fectiveness of these devices. The FDA believes ITEMS FROM THE COMMERCE BUSINESS DAILY
that sufficient information is available to es-
tablish performance standards for both devices,
and will issue a final regulation for classifying
these devices after considering public comments. 0 A CRITICAL APPRAISAL OF THE BIOLOGIC

Fed Regiet 44 (168): 50511-50513; 1979. EFFECTS OF EXPOSURE TO MICROWAVE AND
OTHER RADIO FREQUENCIES.

The Environmental Protection Agency, Headquarters
Procurement Operations, Procurement Section C (PM-
214-C), Crystall Mall #2, Room 1022A. Washington,

INVENTORS HONORED BY BRH DC 20460 is negotiating with the National Academy of
Sciences, 2101 Constitution Avenue, Washington. OC
20418 for this study on the critical appraisal of

Mohammed H. Zanboorie, Earl W. Robinson, Albert the biologic effects due to exposure to radio

Van de Griek, Jr., Richard W. Kisielewski, and frequency waves including microwaves. (October 19.
Gideon Kantor were among the 22 members honored at 1979)

3!
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MEETINGS AND CONFERENCES

INTERNATIONAL RADIATION PROTECTION THIRD INTERNATIONAL SYMPOSIUM ON
ASSOCIATION FIFTH CONGRESS CANCER THERAPY SY HYPERTHERMIA,

DRUGS, AND RADIATION

Date: March 9-14. 1980 Date: June 22-26, 1980
PZace: Jerusalem. Israel: Jerusalem Convention PZace: Fort Collins, CO: Colorado State University
Center Sponsor: National Cancer Institute, Colorado Ameri-
Sponsor: Israel Health Physics Society, Interna- can Cancer Society, Journal National Cancer Institute,
tional Radiation Protection Association (IRPA) University of Utah, Colorado State University
Requests for Information: Israel Health Physics Requests for Inforation: Office of Conferences £
Society, c/o Soreq Nuclear Research Center, Yavne Institutes, Rockwell Hall, Colorado State University,
70600, Israel Fort Collins, CO 80523
Content: Sessions will cover all aspects of pro-
tection against ionizing and nonionizing radiation Seeted Bibiography of Papers to be Presented:

HYPERTHERMIA AND ELECTRON AFFINIC COMPOUNDS.

G. E. Adams

HEAT TRANSFER MECHANISMS AND THERMAL DOSIMETRY.
15th ANNUAL MICROWAVE POWER SYMPOSIUM H. F. Bowman

APPLICATIONS OF MICROWAVE, ULTRASOUND AND RADIO-
FREQUENCY HEATING IN VIVO. J. Hunt

Date: may 6-9, 1980 PHYSIOLOGICAL CONSIDERATIONS. C. W. Song
PZaoe: Ames, IA: University Iowa
Sponsor: International Microwave Power Institute CLINICAL LOCAL HEATING--RF. J. H. Kim
(IMPI)
Requests for Information: Dr. Glen Fanslow, Depart- CLINICAL LOCAL HEATING--RF. K. Storm
ment of Electrical Engineering, Iowa State Univer-
sity, Ames, IA 50010 CLINICAL LOCAL HEATING--MICROWAVES. R. M. Scott
Content: Technical sessions and short courses will
be presented. Topics will include new technical CLINICAL LOCAL HEATING--RF--INTERSTITIAL. N. L.
contributions in noncommunication areas of radio M. Boone, N. Manning
frequency and microwave power such as biomedical
applications; biologic effects on humans, animals, CLINICAL TECHNIQUES AND RESULTS FOR WHOLE BODY
and microbiologic systems; chemical and plasma pro- HYPERTHERMIA. T. Herman, L. Parks, W. Levin,
cess; combination thermal and microwave food cooking H. Reinhold
systems; radio frequency and microwaves In the food

industry; consumer microwave oven usage patterns;
and industrial radio frequency and microwave sys-
tems and applications

INTERNATIONAL SYMPOSIUM ON THE
BIOLOGIC EFFECTS OF ELECTROMAGNETIC

WAVES

1980 IEEE/MTT-S INTERNATIONAL
MICROWAVESYMPOSIUM Date: June 30-July 4, 1980

PZace: Near Paris, France: Centre Superieur
d'Enseigment des Affalres (CESA), Near Paris, France
Sponsor: International Union of Radio Science (URSI).

Comite National Francals de Radioelectricite Sclenti-
* Date: May 28-30, 1980 fique (CNFRS), International Protection Agency, Blo-

Place: Washington, DC: Shoreham-Americana Hotel electromagnetics Society
Sponsor: Institute of Electrical and Electronics Requests for Information: N. A. J. Berteaud. CNRS,

* Engineers (IEEE)--Microwave Theory & Techniques 2, rue Henry Dunant, 94320 THAIS. France. + Requests for Information: B. Shelag. Arrangements Content: Topics will include the interactions of
Chairman, Naval Research Laboratory, Code 5251, electromagnetic fields with biologic systems; the
Washington, DC 20375 industrial and domestic uses of electromagnetic radi-
Content: Topics will cover the expected growth in ations; dielectric properties of living matter; dosi-
microwave technology in the 1980s and will Include metry; molecular and cellular effects; physiologic.

, microwave and millimeter wave devices, microwave physiopathologic, and genetic effects; behavioral
acoustics, communication systems, field and network effects; and medical applications, such as hyper-
theory, and bloeffects. thermla and microwave thermography

I -... .



81l0gkal EffecM of Nonlonking E)actomagne*

MEETINGS AND CONFERENCES Radton V3, March 18W

UIOELECTROMAGNETICS SOCIETY SECOND Content: Sessions will cover the biologic effects of
ANNUAL MEETING electromagnetic radiation

Date: September 14-18. 1980
Place: San Antonio. TX: El Tropicano Hotel
Sponsaor: Bioelectromagnetics Society FOURTH INTERNATIONAL ELECTROMAGNETIC

Requests for Information: Bioelectromagnetics COMPATIBILITY SYMPOSIUM

Society, P.O. Box 3651, Arlington, VA 22203
Content: Topics will cover the Interaction of
electromagnetic energy and acoustic energy with
biologic systems, including behavioral, physiologic, Date: March 10-12, 1981

neurologic, endocrine, developmental, genetic, and Place: Zurich, Switzerland: Federal Institute of

cellular and ultrastructural effects. Also included Technology

are the dielectric properties of biologic materials, Sponsor: Association of Swiss Electrotechniclans

electric field effects, exposure systems, dosimetry, Requests for Information: Dr. T. Dvorak, ETH Zen-

diagnostic and therapeutic applications, interactive trum-KT, 8092 Zurich, Switzerland

mechanisms, instrumentation, hyperthermia, and field Content: Topics will cover the protection of the

pertubations electromagnetic environment and will Include the
social and economical impact of electromagnetic
compatability (EMC); electromagnetic pollution.
control, and enforcement; national and international
cooperation in EMC; immunity of electronic systems;
EMC of communications, electric power, and auto-

FIFTH INTERNATIONAL WROCLAW SYMPOSIUM motion; EMC hazards to vital safety systems; com-
ON ELECTROMAGNETICCOMPATIBILITY patability of medical electronics; biologic effects

of radio frequency energy; and shieldings and absorp-

tive materials

Date: September 17-19, 1980
Place: Wroclaw, Poland: Wroclaw Technical Univ.
Sponsor: Association of Polish Engineers, Wroclaw
Technical Univ., Inst. of Telecommunications, Polish
Acad. of Sciences, International Union of Radiosci- TENTH L. H. GRAYCONFERENCE
ence (URSI), International Electrotechnical Commis-
sion (IEC)
Requests for Information: W. Moron, Symposium Secre-
tary General, EMC Symposium, 51-645 Wroclaw 12, Date: July 13-16, 1981
Poland. Place: Oxford, England

Content: All aspects of electromagnetic compati- Sponsor: Institute of Cancer Research
bility will be covered. Specific topics will in- Requests for Information: Dr. R. C. Hill, Institute
clude immunity and susceptihility; national and of Cancer Research, Royal Marsden Hospital, Sutton,
International cooperation in establishing regula- Surrey, England
tions, limits, standards, and specifications; harm- Content: The biology and biophysics of radio fre-
ful effects of radio frequency energy: and shielding quency, microwave, and ultrasonic radiation will be
and filtering reviewed, particularly with respect to their poten-

tial therapeutic value

FIFTH INTERNATIONAL CONFERENCE ON
INFRARED AND MILLIMETER WAVES 20th GENERAL ASSEMBLY OF THE URSI

nate: December 8-12, 1980 Date: August 10-19, 1981

Place: Wurzburg, West Germany Place: Washington, DC: Hyatt Regency Hotel
Sponsor: Institute of Electrical and Electronics Eng- Sponsor: International Union of Radio Science (URSI)
ineers (IEEE)--Microwave Theory & Techniques Society Requests for Information: Executive Secretary. R. Y.

Requests for Inforation: K. J. Button, MIT National Dow, National Academy of Sciences. 2101 Constitution
Magnetic Laboratory, Cambridge, MA 02139 Ave., N.W., Washington, DC 20418 or (202) 389-6478

i6



CURRENT RESEARCH

0553 MECHANISMS OF MICROWAVE NEURAL INTER- sham exposed, or will serve as neutral controls.
ACTION. Durney, C. H. (Dept. Electrical Serum from infected animals will be collected by

Engineering, Sch. Engineering, Univ. Utah, Utah cardiac puncture at 7- to 10-day Intervals after
Higher Education System, 1400 E. 2nd St., Salt the injection. The serum will be analyzed to de-

Lake City, UT 84112). termine antivaccinia antibodies by vaccinia neu-
tralization, antibody-dependent cell-mediated im-

Research is being conducted to explore the mechan- mune responses (using spleen lymphocytes),

isms that cause responses to low-level microwaves macrophage immunity, and lymphocyte killer cell

in neural substrates and to study the interactive immune mechanisms. (funding period 0/79-n/a)
mechanisms that are operative when electromagnetic
fields (EHF) come In contact with critical nerve Supporting Agency:U.S. Dept. Defense: Navy, Office

substrates. The first part of the study will be Naval Res.
concerned with nerve terminal stimulation and trans-
mitter release. Synaptosomes (pinched-off pre-
synaptic terminals of neurons) will be isolated 0556 RADIO FREQUENCY/MICROWAVE TERATOGENIC
from whole rat brain. Horseradish peroxidase will EFFECTS STUDY. Conover, D. (Div. Bio-
be used as a tracer to determine if the EMF causes
damage. The second part of the study will involve medical and Behavioral Science, EW, PHS, Center for

the effects of EMF on receptor binding molecules Disease Control, NIOS , 4676 Columbia Pkwy., Cin-

for several neural transmitters. (funding period cinnati, OH 45226).

n/a) A follow-up study will be initiated to determine

Supporting Agency:U.S. Dept. Defense: Navy, Office the thermal threshold for production of terato-Naval Res. genic effects in rats. Groups of prcgnant rats
will receive continuous high-intensity whole-body

27.12-MHz radio frequency (RF) radiation on the
gestation day when maximal teratogenic effects are

0554 BIOLOGICAL EFFECTS OF MICROWAVE RADIATION induced, and exposures will be discontinued as
(RABBITS). Eisenbud, M. (Dept. Environ- the animals reach a preselected temperature of 39,

mental Medicine, Sch. Medicine, New York Univ., 40, 41, 42, or 43 C. In a second study, pregnant
550 Ist Ave., New York, NY 10016). rats will be irradiated on the same gestation day

for longer periods of time at lower power levels
This project Is part of a broader program to to assess the influence of irradiation time on
study adverse health effects (from acute to the acute thermal threshold level. A total power
chronic) from environmental factors, such as absorption analyzer is being developed that will
microwaves. The general objectives of the re- be used in conjunction with the NIOSH RF Near-
search are to define the nature and extent of Field Synthesizer to perform bioeffects research
such effects with the aim of Instituting appro- from 10 to 100 MHz. The analyzer will be used to
priate preventive or control procedures. The re- noninvasively determine the absorbed RF power to
search includes: laboratory studies on the bio- aid in extrapolating the results of animal bio-
chemical mode of action of environmental toxicants, effects studies to humans. Extrapolation of the
exploratory studies aimed at improving the reli- results of animal bioeffects studies to humans
ability and efficiency of predictive toxicologic will be useful in setting maximum permissible per-
tests, improvement uf diagnostic procedures for sonnel RF/microwave exposure levels. (funding
diseases possibly related to environmental factors, period 10/76-9/80)
epidemiologic investigations, and field studies on
the distribution of pollutants. (funding period Supporting Agency:ltEW, PHS, Center Disease Control,
1/77-12/79). NIOSH

Supporting Agency:HEW, PHS, NIH, NatI. Inst. En-
vironmental Health Sciences

0557 INVESTIGATION OF THE FACTORS DETERMINING
MICROWAVE ABSORPTION IN NORMAL AND MALIG-

NANT TISSUE. Grant, E. H.; Sheppard, R. J.; Szwar-
0555 EFFECTS OF ELECTROMAGNETIC ENERGY ON THE nowski, S. A. (Dept. Physics, Queen Elizabeth Coll.,

IMMUNE SYSTEM OF ANIMALS. Cain, C. A.; Univ. London, Campden Hill Rd., London W8 7AH,
Tompkins, W. (Dept. Electrical Engineering, Sch. England).
Engineering, 207 Engineering Hall, Univ. Illinois,
Urbana Champaign Campus, Urbana, IL 61801). Methods of optimizing the absorption of microwave

energy by malignant tissue to achieve differential
The effects of electromagnetic (EM) fields on the heating are being devised. Thus, the project in-
immune response in mammals will be Investigated volves both the development of methods of launching
and quantitative relationships between threshold microwaves Into a tumor and the measurement of the
and suprathreshold exposure parameters and ob- dielectric properties of normal and malignant tissue

- served immunologic alterations will be determined, to determine a frequency region where microwave radi-
Young adult hamsters (8-10 wk old) will be in- ation is absorbed differentially by malignant cells
fected intraperitoneally with vaccinia virus. The at the expense of normal cells. The microwaves will
Infected animals will either be exposed to EM fields, be propagated Into the tissue using a probe or applil-
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cator with a small diameter coaxial line mounted See Current Research 0473 for description of tois
in a hypodermic needle. Matching experiments will research. (funding period 6/7S-7/aO)
be carried out using bolus material and measure-
ments of standing wave ratio will be made for various Supportinci Agenc/: iEW, P1-S, :41h, Nail. Inst. Arth-
sized applicators. Measurements of the electric pro- ritis, Metabolism, G Diyestiv: Diseases
perties of normal and malignant tissue will be made
with a Time Domain Spectrometer (TDS) as well as
by the more conventional frequency domain tech-
niques. The electric permittivity and conductivity 0560 MORTALITY, KEPROOUCTIVE AIJU INDUbTRliL
of solid tissue and cell suspensions over a fre- HYGIEiJE STUDY OF WORKERS EXPOSED TO 11W-RF
quency range of I MHz-lO0 GHz will be determined, ENERGY. Eqan, U.; Cox, C.; fteinhardt, T. (Uiv.
and the results ,iill be interpreted in terms of Surveillance hazard Evaluations and Field Studies,
the quantity and nature of the free water and water HEW, PHS, Center Disease Control, NIOSH, 4676
of hydration that are present. If the study veri- Columbia Pkwy., Cincinnati, OH 4226).
fies current evidence that suggests that the water
structure is different for normal and malignant bee Current Research 0472 for description of this
tissue, then the identification of a frequency research. (fundinq period 10/77-9/81)
region where cancer cells absorb more radiowave
or microwave energy than normal cells will be Supporting Agency:HEW, PHS, Center Disease Control,
attempted. Thus far a microwave probe has been NIOS1I
devised and tested on tumor-bearing mice; good
localization of heat in the tumor has been achieved.
TDS methods specifically suited to the determin-
ation of the permittivity and conductivity of very 0561 DNA DAMAGE/REPAIR BY ENVIRO1MENTAL CAR-
lossy materials have been designed and tested. CINOGENS/MUTAGENS. Haseitirse, W. I.;
(funding period 19/77-9/82) Martn, R. F.; Simon, M.; RoyerPokora, L.; Willum-

sen, B.; Gordon, L. (Sidney Farber Cancer Inst.,
Supporting Agency:Cancer Res. Campaign (England) Inc., 44 Binney St., Boston, MA 02115).

Mechanisms whereby deoxyribonucleic acid (DNA)
lesior.s created by environmental agents, such as

0558 MICROWAVE EFFECTS ON CNS. Albert, E. N. microwaves, are fixed into genetic lesions will be
(Dept. Anatomy, Z-h. Medicine & Health investigated. The study will include the identifica-

Sciences, George Washington Univ., 2121 Eye St. tion of new enzymatic repair activities and the
N.W., Washington, DC 20037). site of DNA sequence and an analysis of the

The effects of both acute and chronic exposure of relative frequencies of the different types of da-
microwave frequencies coimnon for Navy equipment on mage and of the effect of purified DNA repair en-mecerwae frerouns cotmon or Nhaneeqmnts on zymes on a variety of DNA lesions. In addition,the central nervous system of Chinese hamsters and specific enzyme defects in cells derived from
other small rodents will be investigated. The ptet ihgntcdfcsta novanimals will be exposed to low power density micro- patients with genetic defects that involvewave fields for 1 hr-60 days, and the histopatho- faulty DNA repair (such as xeroderma pigmentosum,

ataxia telangiectasia, retinoblastoma, Franconilogic effects and alterations of the blood-brain anemia, and Ifutchison-Gilfard progeria) will be
barrier will be emphasized. Special neurocyto- analyzed. Enzymes will be purified from bacteria
logic stains for determining degenerating axons, and eukaryotes, and DNA templates of defined se-
terminal boutons, dendritic spines, myelin, general quence that have been modified by environmental
cytoplasmic appearance, and gliosis will be used to agents will be used as substrates for DNA and
study the results. In addition, the subcellular ribonocleic acid polymerases and endo- and exonu-
aspects of neurons and glia will be examined by cleases. Protein purification procedures will be
electron microscopy, and labeled amino acids, ions, applied to characterize the enzymes involved.
and protein transport across the blood-brain bar- (funding period 7/79-12/80)
rier will be studied by autoradiography. Thres-
holds for observed effects will be determined in
terms of both exposure intensity and exposure dur- Supporting Agency:HEW, PHS, NII, M i
ation. (funding period 5/78-n/a)

Supporting Agency:U.S. Dept. Defense: Navy, Office
Itaval Res. 0562 COLLABORATIOIJ ON AlH IMPLANTABLE RF STIMU-

LATOR. Ko, W. H. (Case Western Reserve
Univ., Case Inst. Technology, 2040 Adelbert Rd.,
Cleveland, OH 44106).

0559 ACCELERATION OF FRACTURE HEALING BY ELEC- An implantable radio frequency stimulator will be
TRICAL FIELDS. Brighton, C. T.; Frleden- developed. This project is part of a broader pro-

berg, L. B.; Glack, J.; Jiminez, S.; Pollack, S.; gram to develop a Biomedical Electronics Resource
Steinberg, M.; Heppenstall, R. B. (Dept. Orthopedic Center to service the national community in micro-
Surgery, Sch. Medicine, Univ. Pennsylvania, 36th and electronics and instrumentation. The Resource
Hamilton Walk, Philadelphia, PA 19104). Center, located In the Engineerinq Desiqn Center of
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Case Western Reserve University, provides additional T.; Rudzinski, W. (Dept. Biology, Sch. Arts and

equipment to update the existing research facili- Sciences, Univ. Puerto Rico, Mayaguez Campus, PR
ties in microelectronics and integrated circuits, 00708).
medical instrumentation, and mechanical design to
provide service, training, and research in bio- To further develop and stimulate biomedical re-
medical electronics. The major groups in the Re- search and training among faculty members at the
source are: a Microelectronics Technology Labora- University of Puerto Rico, five new projects are pro-
tory for implant instruments, medical transducers, posed. One of the projects will Involve the study
and solid state electronics technology; a Medical of microwave exposure spectroscopy of effects on
Instrumentation Laboratory for research prototype microorganisms, comparison of normal and abnormal
design and development of practical health care tissue, and study of cell membrane features. (fund-
instruments; a Package and Quality Assurance Lab- ing period 9/77-2/80)
oratory to establish and operate facilities for
packaging medical instruments and perform final Supporting Agency:HEW, PhS, 141H, Div. Res. Resources
testing of devices and instruments; and an Edu-
cation and Training Group to interface with asso-
ciated medical research groups to disseminate the
information to other research institutions and in- 0565 ENVIRONMENTAL INTERACTIONS WITH THE AGING
dustrial organizations. The research results, PROCESS. Sacher, G. A. (Div. Biological
design service, and training opportunities will and Medical Res., U.S. Dept. Energy, 9700 S. Cass
be provided by the Resource to the local and na- Ave., Argonne, IL 60439).
tional biomedical community. (funding period
12/77-11/79) The effects of environmental pollutants, such as

high-voltage electric fields, on the daily (diel)
Supporting Agency:HEW, PHS, NIH, Div. Res. Re- cycles of energy metabolism, motor activity, and
sources body temperature will be studied in small rodents.

The initial phase of work with pollutants will

0563 EFFECTS OF MICROWAVES ON NEUROENDOCRINE be focused on radiation variables including both

FUNCTION. Lu, S.; Michaelhon, S. M. ionizing and nonionizing; the nonionizing radiation

(Dept. Radiation Biology anJ Biophysics, Sch. Medi- will include 60-1iz electric fields and 2,450-MHz
cine & Dentistry, Univ. Rochester, 601 Elmwood microwaves (as produced by the proposed Solar Power
Ave., Rochester, NY 14627). Satellite system). The effects of each pollutant

will be characterized and then analyzed to deter-

Research to examine and delineate physiologic regu- mine whether subsequent health effects can be pre-

lations (neuroendocrine function) and tissue in- dicted. Diel cycles of metabouism, activity, and
juries (serum enzymes) in microwave exposed rats temperature will be logged continuously and auto-
free of nonspecific stresses will be conducted. matically for several mice simultaneously for pen-
The quantitative relation among power densities, ods up to 2 weeks. The search for indicator-vari-

ables has been limited to energy expenditure vari-
body temperatures, and neuroendocrine functions
or tissue injuries will be assessed. Specific ables; thus far, three variables have been identi-

attention will be paid to the interrelation of fied that predict the length of life, i.e., rest-

hypothalamic-hypophysial/thyroid/adrenal somato- ing metabolic rate (negative correlatio), ratio
trophic axes in microwave exposed animals, The of average to resting metabolic rate (positive

interaction of previous exposure on responses or correlation), and change of metabolic rate from youth

injuries of rats to .ubsequent exposure will also to old age (negative correlation). The search will
now be extended to the activity and temperature

be investigated. Recovery or manfesation of variables, which have become functional only re-
acute neuroendocrine perturbances or tissue in- cently. (funding period 0/79-n/a)
juries by microwave exposure will be attempted.
Rats will be acclimated to experimental procedures;
a 3-hr equilibrium period will be given before Supporting Agency:U.S. Dept. Energy, Office Health

each microwave exposure. The proposed project will & Environmental Res.
extend from single to repeated (60 times, 4 hr/day)
exposure to 2,450 MHz continuous wave microwaves
in the far-field at 0.1-40 mW/cm

2 
or the equivalent

specific absorption rate. The absorption rate will 0566 HUMAN RESPONSES TO THE THERMAL ENVIROtl-
be determined for an interspecies and interlabora- MENT. Stolwijk, J. A. (Pierce Lab.,
tory rate. The exposure techniques (single- versus John B. Pierce Foundation Connecticut, 290 Congress
multi-body) will be compared. (funding period 1/79- Ave., New Haven, CT 06519).|. _ 7/80)

As part of a research program to investigate human
Supportinq Agency:HEW, PHS, NIH, NatI. Inst. En- responses to the thermal environment, the thermal
vironmental Health Sciences and nonthermal effects of microwaves will be stud-

ied in nonhuman primates using a combination of
physiologic and behavior techniques. Objectives

0564 SUPPORT FOR STUDIES OF BIOMEDICAL SCI- of this program include a better understanding of

ENCF.S. hiiskin'.i, G. W.; delCastillo, J.; the effects of the thermal environment, identifi-

Roman. J.: Sahai, H.; Herndon, A.; Arbona, J.; Jao, cation of vulnerable segments of the population,

9
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and the development of strategies for effective pro- cerebrospinal-fluld (CSF) barrier. There Is no

tection of such vulnerable individuals and for eval- evidence in rats that subconvulsive, microwave-

uation of public health consequences of energy con- induced fevers of short duration (<30 min) pro-

servation strategies. (funding period 6/77-5/80) vide access to CSF (i.e., to the brain) by ex-
perimentally induced antibody. The peak titer of

Supporting Agency:HEW, PHS, NIH, Nati. Inst. En- serum antibody (in response to pneumococcal anti-

vironmental Health Sciences gen) is variably suppressed or augmented by the
febrile treatments, but the evidence is not sta-
tistically significant. (funding period 9/77-8/80)

0567 BIOPSYCHOLOGICAL STUDIES OF MICROWAVE Supporting Agency:HEW, PHS, FDA, ORH

IRRADIATION. Justesen, D. R.; Levinson,
D. M.; Chernovetz, M. E.; Wo.re, V. 6. (Dept. Psy-
chiatry, Medical Center, Sch. Medicine, Univ. Kan-
sas, 39th St. and Rainbow Blvd., Kansas City, KS 0568 INTERACTION OF DNA DOUBLE HELIX WITH

66103). E. M. FIELDS. Prohofsky, E. W. (Dept.

Physics, Sch. Science, Purdue Univ., ExecutiveData collected to date from a 3-yr study of longev- Bldg., West Lafayette, IN 47907).

ity of mice that were exposed in utero to near-

lethal doses of 2,450-MHz microwave radiation demon- The absorption of several duplex deoxyribonucleic

strated an increased mortality among control and acid homopolymers in the microwave frequency region
radiated animals. Spontaneous tumors appeared in will be calculated. The calculations will be rigid
two controls (n = 81) but not in radiated mice ion calculations based on calculated eigenvectors,
(n - 83). The acute studies focused on distribu- and will be made for various helix lengths and for
tions of thermalized energy in the brain and lower kinked or bent helices. (funding period 9/78-8/80)
body of anesthetized rats, guinea pigs, and rabbits
during brief, but near-lethal, exposures in a Supporting Agency:HEW, PHS FDA
2,450-MHz multipath field. Pre-exposure tempera-

tures within an animal differed anatomically by 0.5-
* I K (e.g., colon versus superficial cortex); radi-

ation-induced whole-body ATs of 4.5-12 K were
associated with altered distributions that differ 0569 SMALL DROPS IN ELECTROMAGNETIC FIELDS.
both anatomically and among species. Continuing Morrison, C. A. (Electronics Res. and
studies of escape behavior by rats in intense 918- Development Command, Harry Diamond Lab.. U.S. Dept.

MHz multipath fields confirmed that irradiation per Uefense, Army, 2800 Powder Mill Rd., Adeiphi, MD
se, even at levels that prove lethal within min- 20783).

utes, lacked the sensory salience to promote es-
cape learning; however, pairing of photic (and to The theoretical effect of electromagnetic fields
a lesser extent, acoustic) stimuli as sensory cues on the dynamic properties of small drops will be
with irradiation can reinforce successful escape, investigated. Rayleigh's theory of small drops
Twelve pilot studies have been completed to de- oscillations will be extended to include the ef-
termine optimal conditions for adjuvant treatment fect of electromagnetic fields on the dynamic prop-
by microwave hyperthermia of experimentally in- erties of dielectric and charged conducting spheres.
duced glioblastoma in rats. Formal studies will (funding period 3/79-n/a)
begiii this year. Complementing the work on glio-
blastoma is recent pilot work on the role of fever Sutpporting Agency:U.S. Dept. Defense: Army, Elec-
in transfer of circulating antibody across the tronics Res. £ Development Command

Io
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6388 ORIENTATION OF ANIMALS IN SPACE AND TIME. opaque structures approximately 0.08-0.15 um

(Ger.) Lindauer, M. (Zoologisches In- long and with an approximate length-to-width ratio

stitut, Universitat Wurzburg, D-8700 Wurzburg, W. of 4:1. Electron probe analysis revealed that

Germany). Rev Phyaiol Biochem Pharmacol 85: 1-62; these particles are rich in iron. Additional mi-

1979. (133 refs) croscopic observations and measurements of Curie
temperature led to the conclusion that the primary

Studies on the optical, chemical, and mechanical magnetic component is magnetite.

orientation of animals in space and time are re-
viewed. Previous experiments have demonstrated
that the orientation system of electric fish is 6390 INFLUENCE OF THE EARTH'S MAGNETIC FIELD
based on the emission of electric impulses (0.1-4 ON THE COMB BUILDING ORIENTATION OF NOR-
msec) by the electric organ that produces an elec- NETS. (Fn..) Kisliuk, M. (Dept. Electronics, Sch.
tric field around the body. The disturbance of this Engineering, Tel Aviv Univ., Ramat-Aviv, Israel);
field by any object having an electric conductivity Ishay, J. S. Experientia 35(8): 1041-1042; 1979.
different from that of water is perceived by spec;- (5 refs)
fic receptors. These receptors are sensitive to
changes in potential of as little as 0.03 PV/cm. To investigate the influence of the earth's magnetic
Birds, insects, and bees are sensitive to changes field on comb-building orientation, hornet workers
in the earth's magnetic field and can use its vari- (Vespa cpentaZis) maintained in artificial breeding
ation for orientation. Other studies have demon- boxes in groups of 10-20 individuals were placed
strated that these animals may be disoriented in both inside a solenoid and at some distance from it
shielded space or in an artificial magnetic field, in the same room. Experiments were conducted with
In the honey bee, the direction of the axis of the adult worker hornets more than I-day-old and with
waggle dance, communicating the direction in which juvenile hornets. The maximum current In the sole-
to find the food, is consistently misdirected by noid's coil was 37.2 mA (inverted natural field).
the earth's magnetic field. The degree of mis- The introduction of a magnetic field that counter-
direction correlates highly with the daily vari- acted the vertical component of the earth's field,
ation in the total intensity of the earth's mag- thereby creating a zero field, resulted in complete
netic field. In the absence of other timers, the disorientation of both adult and juvenile hornets.
daily variations in the magnetic field are used by The mortality rates for adults and juveniles in

the honey bee as an external clock, this zero field were 25% and 70-90%, respectively.
Adult hornets built cells or even small combs in
which they deposited eggs, whereas juvenile hornets
showed almost no building activity. Neither adult

6389 PIGEONS HAVE MAGNETS. (in.) Walcott, C. nor juvenile hornets placed in pulsed fields (0.5
(Dept. Biology, State Univ. New York at sec pulse duration) averaged to zero showed any

Stony Brook, Stony Brook, NY 11794); Gould, J. L.; building activity; however, the mortality of adults
Kirschvlnk, J. L. 2encneo 205(4410): 1027-1029; and juveniles in this zero pulsed field was only
1979. (19 refs) 10-15%. Hornets placed inside an inverted magnetic

field needed 2-3 days to adapt but then proceeded
Evidence is presented to show that the ability of to develop and build in a normal manner. Hornets
pigeons to sense magnetic fiel!s may be associated placed in pulsed fields (0.5 sec pulse duration)
with a small, unilateral structure between the averaged to 50% of the natural field built regular
brain and the skull that contains magnetite in combs, albeit with cells almost twice the natural
what appears to be single domains (tiny unit mag- size, but their mortality rate was relatively high
nets). Tests for stable and superparamagnetic (20-65%). During zero field conditions, only two
domains in pigeons were performed with a SQUID mag- combs were observed; one attached to the ceiling
netometer after about 24 fresh, previously frozen, with two uncompleted cells and one attached to a
or perfused pigeon heads and necks were dissected, wall with two cells orineted at 40-50 degrees from
Permanently magnetic material was found in each of vertical. Both pedicles had an elliptical cross-
the pigeon specimens tested. The material was uni- section with the larger axis oriented in the north-
lateral and was located either in a small (I x 2 south direction, as opposed to the circular cross-
mm) piece of tissue between the dura and the skull section of normal pedicles. The following addi-
or was too closely associated with the skull to be tional phenomena were observed in two breeding
separated from it conveniently. About 40% of the boxes placed at both ends of the solenoid where
pigeons had a natural remanence (a net field due the axial field of the solenoid was not uniform:
to a preferential direction of alignment among the simultaneous building of combs on the ceiling and
many individual magnets) that ranged from 10- to on the side walls; combs with cells of different

* 10' electromagnetic units. All pigeons had an sizes; and cell walls containing considerably more
i,,lucible remanence (a measure of the total amount strips of cellulose than cell walls in control
of magnetic material) of 10 to 10- 5 electromag- boxes. The above results suggest that the ter-
netic units. The relatively weaker natural rema- restrial magnetic field is the main guideline for
nence and other observations suggest that the align- vespan building orientation.
ment amon( the single-domain magnets is only locally

5. regular. Few, if any, superparamagnetic domains
were found. Light and electron microscopy of
the naturally magnetic tissue revealed that it 6391 MICROWAVES CAN KILL INSECT PESTS. (Eu;.)
is richly supplied with clusters of electron- Hurlock, E. T. (Agricultural Science
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Service, Ministry Agriculture, Fisheries and Food, filiation given). BeZZ Teteph kag 58(4): 28; 1979.

U.K.); Liewelling, B. E.; Stables, L. N. Food Manuf (0 refs)

54(8): 37, 39; 1979. (4 refs)
A review of microwave technology and Its reported

Semicommerclal scale experiments on the use of mi- effects on humans is presented, with particular

crowaves for disinfesting dry food materials are reference to the Bell Telephone System's use of

described. The experimental set-up consisted of a this technology in its Intercommunications network.

tunnel approximately 8 m long of rectangular cross- There is substantial scientific evidence that mi-

section measuring 152 x 228 cm, through which a crowave levels above 100 mW/cm
2 

can harm the human

variable-speed moving belt passed. An 896-MHz gen- organism as a result of the tissue heating effect;

erator produced a microwave beam that was made to however, levels below 10 mW/cm
2 
are not harmful.

traverse the belt a number of times over a dis- Some Eastern European countries and the Soviet

tance of 3 m before being absorbed in a tank of Union have reported non-heating effects (e.g.,

water. The infested materials were passed through headaches, insomnia, fatigue, depression memory

the tunnel in polythene bags on the moving belt. loss) at levels between 10 and 100 uW/cm ; however,

Test insects were counted and placed in the bags it has not been clearly established whether these

with 200 g of a food material. A series of tests effects were caused by microwave radiation.
was run with a variety of exposure times and power

settings. After I wk of exposure, the food was re-

moved from the bags and the insects were counted. 6394 INTERNATIONAL COLLABORATION ON THE HEALTH

In one test conducted with bags of wheat (13.7% EFFECTS OF NONIONIZING RADIATION. (EVr.)
moisture content), a microwave dose of 780 kW-sec Suess, M. J. (WHO Regional Office for Europe 8,
resulted in 100% mortality rates for three major Scherfigsvej, 2100 Copenhagen, Denmark). J Micro-

beetle pests (OWraephilua eurinamenis, TriboZium wave Power 14(2): 93-94; 1979. (0 refs)

caetanewn, and SitophiZu8 graartiu8). In another

test with cocoa crumbs (18% moisture), a microwave The development of international collaboration on
dose of 599 kW-sec resulted in 90% mortality for the health effects of nonionizing radiation (NIR)

T. castanen adults and 96% mortality for Epheatia is reviewed. The convening of a working group on

cauteZZa larvae. In a third test with cocoa beans NIR by the WHO Regional Office for Europe at the

(6% moisture), a microwave dose of 800 kW-sec re- Hague in November 1971 can be considered as the

suited in 80% mortality for E. cauteZta larvae but beginning of international activities on NIR pro-

only a 29% mortality for T. castaneun adults. How- tection. This working group developed a sectoral
ever, when this test was repeated using hot dry air program on NIR protection designed to facilitate
(85 C) in addition to microwave irradiation, a mi- relevant investigations, data evaluation and ex-

crowave dose of 780 kW-sec resulted in 100% mor- change, establishment of biologic criteria for

talities for both these pests. damage, promotion of protective legislation, and

training of national surveillance personnel. WHO,
together with the United States Department of HEW

6392 A MICROWAVE SYNDROME? (Eng.) Manna, R. and the Polish Scientific Council to the Minister
Z. (No affiliation given). BeZZ Teleph of Health and Social Welfare, subsequently sponsored

Mzg 58(4): 21-27, 29, 11; 1979. (0 refs) an International Symposium on the Biologic Effects

and Health Hazards from Microwave Radiation. The
The Bell Sy, tem's microwave radiation facilities are proceedings included presentations on thermal and

discussed in relation to growing public concern biologic effects, influences on the nervous system

about the possible hazards of exposure to microwave and behavior, effects at the cellular and molecular

radiation. The Bell System has nearly 5,000 micro- level, measurements of radiation, and occupational

wave radio installations in the United States; these exposure and public health aspects. Working groups

carry nearly 70% of all long distance phone calls were established to critically review and evaluate

as well as network television programs and data documents on the health aspects of NIR. Their re-

communications. Based on the opinions of experts sults, consolidated in a manual for future publi-
in this field, Bell officials do not consider ex- cation, cover the electromagnetic spectrum of NIR

posure levels associated with their equipment to from UV through visible light, infrared, microwave

be hazardous either to their employees or to the and radio frequency radiation to magnetic and elec-

public. Measured microwave levels around Bell tric fields at power frequencies. Ultrasound radi-
towers in areas to which the public has access in- ation Is also included in the manual because of its
dicate that even the stringent Soviet standards for similar applications In medicine, science, and

public exposure are met. In terms of occupational technology. Regulation and enforcement procedures,

exposure, microwave levels, e.g., directly In front two directories on national legislation and in-

of an antenna, are almost always below the 1O-mW/ stitutes concerned with NIR, and a glossary of

cm
2 
occupational exposure standard in the United terms are included in the manual.

States. It is also pointed out that natural micro-
wave radiation emission from the hunan body is
greater than the exposure resulting from the oper-

ation of a microwave relay tower. 6395 SOVIET-AMERICAN COOPERATION IN ENVIRON-
MENTAL HEALTH SCIENCE. (Eng.) Schambra,

P. E. (Natl. Inst. Environmental Health Sciences,

6393 MICROWAVE: BASIC BACKGROUND AND TER- P.O. Box 12233, Research Triangle Park, NC 27709):

MINOLOGY. (Enq.) Anonymous. (No af- Rail, D. P.; Sidorenko, G. I.; Pinigin, M. A.; LIt-
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vlnov, N. N. Environ HeaZth Perapect 30: 1-7; 1979. modulated 147-MHz fields at power densities of
(40 refs) 1-2 mW/cm

2
. Cats have also been exposed to 147-MHz

fields amplitude-modulated at brain wave frequen-
The first 5 yr of experience with a Soviet-American cies (power density, 1 mW/cm

2
), and such fields

collaborative program in the environmental health had a strong influence on spontaneous and condi-

sciences is reviewed. Beginning in 1975, 3 yr after tioned EEG patterns. Evidence that microwave Ir-

its initiation, the program was expanded to include radiation may weakly enhance synaptic transmission
studies on the biologic effects of physical factors in the spinal cord was obtained when the spinal

in the environment. These studies have focused on cords of cats were directly exposed to 2,450-MHz
the biologic effects of nonionizing radiation, continuous wave radiation for 30 min. Experiments

particularly the effects of microwave radiation in which adult rats were exposed to 2,450-MHz radi-
and static and low frequency electromagnetic fields. ation over a wide power density range indicated

Joint efforts have been initially aimed at reveal- that such exposure can produce alterations in learn-

ing the potential health hazards associated with ing behavior of animals; decreased performance oc-

long-term exposures to 1nw doses of microwaves. curred in direct relation to increases in the power

During the 1st yr of the program, the Soviet side density of exposure. Experiments designed to de-
reported effects on rabbits and rats due to micro- termine the pathologic, hematologic, and immuno-

wave exposure at power densities of 10-500 wW/cm
2  

logic effects of chronic microwave exposure (2,450
and exposure durations of 7 hr/day, 5 days/wk for MHz, 10 mW/cm

2
, 23 hr/day for 6 mo) in rabbits re-

3 mo. Changes in the electroencephalograms of vealed abnormal myeloid/erythroid ratios in the
rabbits were measured along with alterations in bone marrow of exposed animals compared with con-

behavior and immunologic and cytochemical parameters trols. This exposure also appeared to slightly

in the blood of rats. The American studies, which suppress immune competence as shown by tests in

have been performed at higher exposure levels, have which pokeweed mitogen was used to stimulate lym-

generally shown no effects unless the microwave phoid cells from the spleens of exposed animals.
levels were high enough to produce heating of the

specimens. However, exceptions to these findings
2 include increased calcium efflux from brain tissue

at microwave fields modulated near brain wave fre- 6397 A RAIFEQUNC RAIATO MIROAV

quencies, suppression of immunologic responses S , RD(BureauEfor RADIATION C ewin rabbits exposed to 10 mW/cm
2 

for a 6-mo period, Solon, L. R . (Bureau for Radiation Control, New
i York City Health Dept., New York, NY). Bull At Sci

and decreased performance in rats following ex-

posures to 15 mW/cm
2 
and above. Collaboration on 35(8): 51-55; 1979. (12 refs)

studying the effects of static and low frequency
electromagnetic fields is in the early stages of A public health approach to setting standards for

development. An exchange of reviews of national exposure to microwave (MW) and other radio frequen-

scientific literature on this topic has taken place, cy (RF) radiations in the 30-kHz to 300-GHz frequen-

and a joint workshop has been convened to propose cy range is presented based on a review of experi-

joint work on outstanding problems. The first mental, clinical, and epidemiologic studies. Blo-

edition of a bilingual glossary of specialized logic effects of MW and RF observed in animals in-

scientific terms used by both countries in the area clude the following: chromosomal anomalies in the
of environmental health was completed in 1975. Chinese hamster and fruit fl (5-40 MHz pulsed, pow-

er density not reported)- mutagenisis in Swiss male
mice (17 GHz at 50 mW/cml); changes in cell structure

and dcnsity of bacteria (50-90 GHz at 10-50 mW/cm
2
);

6396 EFFECTS OF NONIONIZING RADIATION ON THE teratogenesis in mealworms (9-10 GHz at total power
CENTRAL NERVOUS SYSTEM, BEHAVIOR, AND of 20-80 mW) and in mice (2,450 MHz, energy absorp-

BLOOD: A PROGRESS REPORT. (Eng.) McRee, D. I. tion of 3-8 calories/g); behavioral impairment in
(Nat]. Inst. Environmental Health Sciences, P.O. rats (1.3-1.5 GHZ pulsed at 0.4-2.8 mW/cm

2
); neuro-

Box 12233, Research Triangle Park, NC 27709); Elder, endocrine and hormonal alterations In rats and dogs

J. A.; Gage, M. I.; Reiter, L. W.; Rosenstein, L. (2,450 MHz at 20-60 mW/cm
2 

for 30-60 min); prenatal

S.; Shore, M. L.; Galloway, W. D.; Adey, W. R.; impairment of body and brain weight in rats (2,450
Guy, A. W. Environ Health Perspect 30: 123-131; MHz at 10 mW/cm

2 
for 5 hr/day over 17-day gestation

1979. (4 refs) period); blood-brain barrier alterations in hamsters
(2,450 MHz at 10 mW/cm

2
); central nervous system in-

The effects of nonionizing electromagnetic radi- fluence in chicks (117 MHz at 1-2 mW/cm
2
); and mor-

ation on the central nervous system, behavior, and tality in rats, rabbits, and dogs (40 mW/cm
2 

for

blood are reviewed in light of recent research con- minutes to hours, 2,800 MHz pulsed, various wave-
ducted in the United States as part of a collabora- lengths between 1 mm and 10 cm). Biologic effects

* I. live effort with the Soviet Union. Results of in- of NW and RF observed In humans (exposure parameters

vestigations studying the effects of microwaves on not reported In most cases) include cataractogenesis

isolated nerves, synaptic function, transmission of and other ocular effects, central nervous system in-

neural Impulses, electroencephalographic (EEG) fluences, speculative oncogenesis (epidemiologic
recordings, behavior, and the chemical, cyto- suggestion of carcinogenesis In North Karelia region

' I chemical, and immunologic properties of the of Finland but no direct clinical evidence), blo-

blood are reported. Increased calcium efflux chemical inbalances, subjective psychologic com-
from isolated forebrains was observed when neo- plaints (0.01-10 mW/cm

2
), and hematologic changes.

natal chick brains were exposed to 6-Hz amplitude- Based on the available evidence, it Is concluded
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that a permissible occupational exposure level to The biologic effects of electromagnetic fields on

MW and RF radiation of 500 PW/cm
2 

is Indicated, less humans are reviewed with special emphasis on the

by a factor of 20 than the current OSHA guidelines thermal effects. The maximum permissible energy

of to mW/cm
2 
for working areas. With an additional density for long-term exposure is set at 10 pjW/c/m

2

safety factor of 10 for a public environmental in western countries, which corresponds to a heat

standard, an exposure level of 50 PW/cm
2 

is recom- production of about I mW/cm
3 
of tissue. Microwave

mended. These proposed regulations apply to MW and radiation energies of 100-1,000 mW/cm
2 are used

RF stationary transmitters. However, similar bio- therapeutically. The formation of cataracts have
logic considerations apply to MW and RF radiation been observed at energy densities exceeding 100
from mobile units (e.g., citizen band radios); MW/cm

2
. For frequencies below about 30 kHz, ex-

hazards associated with these types of units are in- citation processes cannot be excluded in exceptional

completely evaluated and merit careful public health cases. Between 30 and 100 kHz, thermal effects are

surveillance, predominant before excitation can appear. Arti-
ficially generated currents with frequencies and
Intensities of the same orders of magnitude of those

6398 CAN HIGH VOLTAGE CAUSE ENVIRONMENTAL of the electroencephalogram currents may affect the
HAZARDS? (Nor.) Anonymous. (No affili- central nervous system, but they are not hazardous.

ation given). Teknisk UkebZlad Teknikk 126(35): At frequencies around 10 kHz and a current intensity

16; 1979. (3 refs) of 10 PA/cm
2
, interactions with physiologic pro-

cesses taking place on the cell membrane at a time

The environmental hazards of high-voltage power constant of 0.1 msec are possible.

transmission lines are discussed. The electric
field ;ntensity can reach up to 100 V/cm directly
under a 765,000 V-line, to about 50 V/cm at a 30-m 6401 LONG-TERM EXPOSURE TO ELECTRIC FIELDS. A
distance, and to 5 V/cm at a 60-m distance. Some CROSS-SECTIONAL EPIDEMIOLOGIC INVESTIGA-
of the most sensitive pacemakers can be affected TION OF OCCUPATIONALLY EXPOSED WORKERS IN HIGH-
by the electric field around high-voltage power VOLTAGE SUBSTATIONS. (Eng.) Knave, B. (Nati.
lines. A study conducted among 250 workers of 500- Board Occupational Safety and Health, S-100 26
and 75O-kV transformer stations in the USSR demon- Stockholm, Sweden); Gamberale, F.; Bergstrom, S.;
strated such common symptoms as headache, weakness, Birke, E.; Iregren, A.; Kolmodin-Hedan, B.; Wenn-
and malaise. Reduced growth of rats and mice; berg, A. Stand J Work Environ HeaZth 5(2): 115-
stress and increased pulse rate and blood pressure in 125; 1979. (34 refs)
dogs; and behavior and physiologic changes in fish,
birds, rabbits, monkeys, and bees were seen Epidemiologic data on 53 substation workers with
after exposure to electric field intensities more than 5 yr of exposure to electric fields of
that occur in the vicinity of high-voltage 400 kV were compared with data for a matched refer-
power transmission lines. ence group of 53 nonexposed workers at the same

power stations in Sweden to investigate the pos-
sibility of chronic health effects resulting from

6399 BIOLOGIC EFFECTS OF MAGNETIC FIELDS. high-voltage exposure. The investigation included

(Cze.) Jerabek, J. (Centrum hygieny effects on the nervous system, the cardiovascular
prace a nemoci z povolani, Institut hygieny a epi- system, the blood, and fertility. The results

demiologie, Srobarova 48, 100 42 Prague 10, Czecho- showed no significant differences between the ex-
slovakia). Prac Lek 31(3): 98-106; 1979. (68 refs) posed and reference groups as a result of long-term

electric field exposure. The exposed group did
Studies on the biologic effects of magnetic fields consistently better on psychologic performance
are reviewed. Colonies of Micrococcue prodigiosue tests, but this was attributed to the higher edu-
demonstrated morphologic changes in a magnetic field, cation of the exposed group relative to the refer-

Progressive atrophy was seen in Coxphyllum maris, ence group. Members of the exposed group also had
Colpidium, Stylonichia, Oxytricha, and Vorticella fewer children, especially boys, than did members
in a magnetic field (5-8 kOe). Exposure to a 7.3- of the reference group. However, this difference
kOe magnetic field reduced the oxygen consumption appeared to be related to factors other than ex-
by mouse embryos. Exposure to 100 Oe (50 Hz for posure since it existed 10-15 yr prior to employ-
6.5 hr) caused a highly significant susceptibility ment at the substations. These results offer no
of rats to Listeria infection by impairing the evidence for the development of chronic health
immune defense. Magnetic fields can also cause effects in high-voltage substation workers as a
functional disorders in the nervous system. Occu- consequence of electric field exposure.
pations linked with exposure to magnetic fields
are listed along with the principal physical param-

eters of exposure. 6402 REGULATING POSSIBLE HEALTH EFFECTS FROM
AC TRANSMISSION LINE ELECTROMAGNETIC

FIELDS. (ng.) Rish, W. R. (Dept. Engineering
6400 BIOLOGIC EFFECTS OF ELECTROMAGNETIC and Public Policy, Carnegie-Mellon Univ., Pitts-

FIELDS. (Ger.) Bernhardt, J. (Institut burgh, PA 15213); Morgan, M. G. Proc rEEE 67(10):
fur Radiologie, Krankenhausstr. 12, D-8520 Erlangen, 1416-1427; 1979. (47 refs)

W. Germany). Z Natlurforach CC] 34(7): 616-627;
1979. (89 refs) Reducing iblic exposure to alternating current
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(AC) transmission line fields is discussed in rela- the occurrence of headaches and mood changes in
tion to the uncertainty concerning the possible persons living very close to high-tension power
health effects of such exposure. Available ex- lines that produce EMR.
perimental evidence on human health effects due
to electromagnetic field exposures from high-voltage
transmission lines is limited and inconclusive. 6404 AIR SAFETY: ROLE OF FAMILY PHYSICIAN.
The primary basis for public concern Is a series (Eng.) Zaret, H. H. (P.O. Box 388 ,
of experiments conducted in the Soviet Union that 1230 Post Rd., Scarsdale, NY 10583). NY State J
revealed adverse effects such as headaches, slug- Med 79(11): 1694-1698; 1979. (5 refs)
gishness, fatigue, irritability, poor sleep, and
reduced sexual potency in male switchyard workers Fifteen cases of acquired capsular cataract In
exposed to electromagnetic fields generated by 400- commercial air traffic controllers and airline
to 500-kV potentials. Results from a study in pilots (ages at onset, 33-55 yr) are reported. In
Spain appear to support the Soviet findings. How- all of these cases, It was confirmed that capsular
ever, virtually all research in North America and cataract was acquired following prolonged employ-
Western Europe has yielded negative results; to ment in avionic environments containing spurious
date, slight changes in reaction times and small nonionizing radiations emitted by radar, radio,
changes in blood chemistry are the only effects in navigational devices, cathode ray tubes, video
humans that these investigators have observed, display units, etc. The significance of the cap-
Clinical studies of American linemen and Canadian sular type of cataract acquired during adult life
substation workers as well as a French study of in the absence of signs or symptoms of prior Intra-
linemen and their families have all failed to un- ocular inflammatory disease relates to the differ-
cover any of the effects claimed by the Soviet ential diagnosis. All of the other ordinarily en-
studies. In the face of this uncertainty concern- countered cataracts such as congenital, familial,
ing possible health effects, it is not possible to metabolic, drug, or senile cataracts initially be-
perform an analysis that trades an evaluation of come evident within the lens substance Itself In-
known health effects against the costs of control- stead of at the site of its capsule. All but I
ling exposure to AC transmission lines in a way of the 15 patients with capsular cataract were
that will allow for selection of an optimal level otherwise healthy. They were required to pass
of control. A review of various possible control relatively stringent annual Federal Aviation Agency
strategies indicates that wider right-of-ways and/or (FAA) physical examinations; each patient had passed
the use of grounded shield wires may warrant seri- until developing the cataracts and therefore failing
ous consideration depending on the specific param- the visual acuity test. In accordance with the
eters of the line involved and on subjective opin- classification of nonionizing radiation cataracts
ions about threshold exposure and level of possible developed in 1973, all of the cases reported here
undetected per capita health impact, can be Identified as "delayed" hertzian radiation

cataracts, as differentiated clinically from "acute"
or "subacute" types. Delayed hertzian radiation

6FIcataracts usually form insidiously over a 5- to
6403 EFFECTS OF ELECTROMAGNETIC RADIATION ON 30-yr period. It is during the critical interval,

HUMANS. (Eng.) Lockey, H. W. (No af- while the cataract is evolving and before signifi-
filiation given). J Miss State Med Assoc 20(10): cant visual loss has occurred, that it is Important
237; 1979. (0 refs) to arrive at a correct diagnosis. Not Infrequently,

during the early months or years, one lens can ex-A brief editorial on the thermal and nonthermal hibit opacities while the other lens may still be
effects of nonlonizing electromagnetic radiation completely transparent. Regardless of whether the
(EMR) is presented. To date, only thermal effects cataracts are bilateral, unilateral, or at markedly
of EMR have been adequately documented. The amount different stages in the two eyes, removing the
of heat produced in a tissue exposed to EMR is pro- patient from further continuing exposure may result
portional to the level of EMR energy generated by in either a slowing down of the rate of cataracto-
the instrument, time of exposure, and source-to- genesis or a total arrest of the process In a forme
subject distance. Microwave cataracts are a well fruste stage.
documented form of EMR damage in persons working
with microwave energy and in persons cooking with
faulty microwave ovens. Persons with any metallic 6405 DIFFICULTIES IN THE CERTIFICATION OF MI-
implant such as a rod, plate, or other types of CROWAVE DISEASE. (Pot.) Gluszcz, N.
medical implants should avoid close exposure to (Kilnika Chorob Zawodowych I Ostrych Zatruc, Insty-
EMR energy sources since the metal heats more rapid- tut Medycyny Pracy, ul. Teresy 8, 90-950 Lodz,
ly and produces surrounding tissue damage. The Poland). Med Praenstlota 30(2): 147-150; 1979.

.0 effects of EMR on cardiac pacemakers are also well (4 refs)
known, and such patients should avoid exposLre.
Nonthermal effects of EMR that have been reported The difficulties in the certification of microwave
but not documented Include behavioral changes, diseases are discussed and three case reports dem-
malaise, restlessness, sterilization, fetal damage, onstrating this problem are presented. Microwave
and central nervous system changes. These effects diseases are difficult to recognize as occupational
are currently being critically evaluated, especially diseases because the exposure parameters and clini-
by the Russian electronic industry. A common non- cal pictures have not yet been sufficiently Identi-
thermal complaint associated with EMR has been fied. A 41-yr-old induction furnace operator (fur-
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nace output of 2,000 kHz, 60 kW) developed photo- er-Verlag): 93 PP.; 1978. Zentralbl ('iir' 104(7):

genic epilepsy, a sensation of warmth in his legs, 477; 1979. (0 refs)

and other disorders after 17 yr on the job. His
condition was recognized as a microwave disease. See Current Literature 6362, 6473, and 6474 for

A second case is that of a 56-yr-old man who worked description of this article.

as a maintenance mechanic at a radio broadcasting
station for 8 yr. Sixteen years later, he de-
veloped a psycho-organic syndrome; his condition was 6408 THE ELECTRICAL STIMULATION OF BONE HEAL-

not recognized on diagnosis as an occupation-related ING. (Dij.) Watson, J. (Electrical En-

disease. A 37-yr-old ship radio officer developed gineering Dept., Univ. Wales, Swansea, Wales, U.K.)

headache, malaise, and visual and psychic distur- P'oe IEEr 67(9): 1339-1352; 1979. (66 refs)

bances 8 days after he was accidentally exposed
to microwaves while repairing radar equipment. His Studies on electrical stimulation of bone healing

condition was diagnosed as an occupational disease. are reviewed. In one study using small electrical
currents, a multicathode apparatus was used to treat
57 cases of nonunion. The device used a 7.5-V bat-
tery along with a field effect transistor (FET) cur-

6406 CLINICAL ASPECTS OF THE STIMULATION OF rent source to deliver 10 wA (or 20 PA for large

BONE HEALING USING ELECTRICAL PHENOMENA. bones) to each of four cathode wires. A stainless

(Enq.) Watson, J. (Electrical Engineering steel grid anode was used on the skin surface. Of

Dept.. Univ. Wales, Swansea, Wales, U.K.); 57 patients who exhibited nonunion after fracture,
Downes, E. M. %led BioZ Enq Compit 17(2): 161-169; 39 (68%) achieved clinical and radiological union
1979. (32 refs) after electrical current stimulation. Several of

the failures involved mechanical faults such as
Clinical techniques used for electrostimulation of cathode displacement. Studies of the effects of
bone healing are described along with some results electric and magnetic fields on bone stimulation

in patients with nonunions. Stimulation with elec- are relatively few in comparison to those dealing

tric currents may be completely invasive (elec- with electrical currents. However, two animal

trodes are surgically implanted) or semi-invasive studies have demonstrated that both static and

(insertion of percutaneous electrodes). The small pulsing electric fields modify bone growth pro-

currents involved allow for the use of light weight cesses. Moreover, one research group has cuccess-

power packs so that the patient can be ambulatory, fully treated at least one patient using ari elec-

The existence of metallic inclusions (screws, plates, tret method. A crossed pair of electret strips

etc.) does not preclude the use of this method, were placed on the periosteum over the fracture

Electrostatic stimulation using electret films has line of a patient with a delayed union of the tibia;

been used in only a small number of patients; thus, 15 wk later, x-ray examination reveal]P callus for-

a proper evaluation of the technique is difficult. mation and bone union. The effects of applying

This method requires no power supply, but it is pulsed magnetic fields across fibular osteotomies
doubly invasive. Magnetic field stimulation with have been investigated in dogs. Pairs of air-cored
air-cored coils is a completely noninvasive system coils were strapped to each side of the leg so that
and is potentially fully portable with the use of the axis of their magnetic field crossed the frac-
rechargable nickel-cadmium batteries. However, it ture site laterally. When a pulse frequency of 65
is doubtful that it can be used in the presence of pulses/sec and a pulse duration of 0.15 msec were
metallic inclusions except in some carefully defined used, subsequent mechanical testing indicated that
cases. Magnetic field stimulation with iron-cored significant improvement in resistance to bending
electromagnets is also completely noninvasive but was present in the stimulated fibulae of 10/13
requires a mains-operated power pack and a magnet dogs. Magnetic fields have also been used to treat
heavy enough to preclude ambulation. However, the both acquired and congenital pseudarthroses in
field is closely defined so that the technique may humans. Air-cored coils were used for treating
be used where metallic inclusions are sufficiently patients for whom treatment such as bone grafting
remote. There is no evidence illustrating the had failed. Initially, a single O-shaped coil was
relative efficacy of the fast rising but brief field used, pulsed at 75 pulses/sec by an electronic

pulses of air-cored coils versus the sl-wer rising module that provided a fast-rising O.3-msec pulse.
more protracted fields of iron-core magnets. Results Using a seirch coil (consisting of 50 turns of 30
from a long-term clinical trial where patients with gauge wire with a 5-rmm inside diameter), an in-
various types of acquired nonunion were treated with duced voltage pulse of about 80 mV was observed
an orthopedic stimulator electromagnet are reviewed, at the face of the treatment coil. Progression
The stimulator was run continuously for a treatment to union following this treatment was observed
period of 4-8 wk; total treatment time/day was about in 10/13 patients with acquired pseudarthroses
22 hr. An analysis of the first eight patients in and in 9/11 patients with congenital pseudarthroses.
this trial revealed that six experienced sound bony Although electrical stimulation appears to be of

union, value in the treatment of nonunions, the fundamental
processes occuring a. a result of stimulation are
not understood fully.

6407 ELECTRIC STIMULATION OF BONE GROWTH AND
REPAIR (ABSTRACT). (,7y..) Burny, F.; 6409 ELECTROMAGNETIC FIELDS AND ALTERNATING

Herbst, E.; Hinsekamp, M.; eds. (New York: Spring- CURRENT. DO THEY ACCELERATE BONE HEALING?
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(Ge.) Sturmer, K. M. (Abtellung fur Unfallchlr- flore Hosp. and Medical Center, Bronx, NY 10467);
urgle, Gesamthochschule Essen, Hufelandstr. 55, Frledenthal, E.; Botsteln, C.; Sterzer, F.; Peg-

D-4300 Essen, W. Germany); Kehr, H.; Schmit-Neuer- lione, R. J Microzoxze Power 14(2): 139-144; 1979.

burg, K. P. ZentralbZ Chir 104(12): 777-790; 1979. (8 refs)
(15 refs)

Preliminary measurements of heat distribution In
The effect of magnetic field on the healing of bone volumes of tissues placed between two conformal
nonunions was studied In twenty-one 4-yr-old female applicators energized at 2.45 GHz are presented.
beagles with 4-mo-old Identical atrophic nonunlons The conformal applicators consist of a printed-
of both ulnae. The nonunions were stabilized with circuit antenna array comprising a multiplicity of
plates and treated electrically for 4 wk, with the dipoles, typically a 4 x 4 dipole array. The an-
nonirradlated ulna serving as a control. Ten of tenna board with its printed array of dipoles and
the 21 animals were exposed to a magnetic field its backing metal cavity, designed for operation
with 50 G, 22 Hz for 10 hr/day, while another at about 10 GHz, is filled with a powder of high
group of 10 dogs, in which cancellous bone graft relative dielectric constant so that its actual
was inserted, was exposed to 50 G, 38 Hz for 14 operating frequency is reduced to the treatment
hr/day. The qualitative and quantitative evalua- frequency of 2.45 GHz. In addition, a flexible
tion of the x-rays of nondecalcified bone showed plastic bag filled with the same powder is attached
better bone healing in the group with cancellous to the rim of the metal box in front of the printed
bone graft on the treated side compared with the antenna board to form a bean-bag type of applicator
nonirradiated side, but there was no significant that conforms closely to the contours of the treated
difference between the two sides In the first group, area. A metallic shield confines the microwave
The better results in the second group may be due energy to the immediate vicinity of the bag. In
either to the cancellous bone graft or to the more order to achieve maximum absorption of the micro-
intense irradiation, waves emitted from the applicator into the irradi-

ated volume, a commercial double-slug tuner serves
to match the system and minimize reflected power.

6410 MICROWAVE THERMOGRAPHY: PRINCIPLES, Uniform temperature distribution was obtained with
METHODS AND CLINICAL APPLICATIONS. (Eng.) this system in a 5-cm thick piece of meat, while

Myers, P. C. (Dept. Physics and Res. Lab. Elec- a distinct temperature peak appeared at the center
tronics, Massachusetts Inst. Technology, Cambridge, of a 3-cm piece and a concave heat distribution
MA 02139); Sadowsky, N. L.; Barrett, A. H. J Micro- pattern was obtained when a 7-cm thick slab of meat
wave Power 14(2): 105-115; 1979. (21 refs) was used. In vivo experiments were performed in

which the two applicators were positioned on two
Medical applications nf microwave thermography (MT) sides of the left gluteus major of an anesthetized
are discussed, with particular reference to a study 80-pound dog. The distance between the two ap-
of breast cancer detection at microwave frequencies plicators was approximately 5 cm. An approximately
of 1.3 and 3.3 GHz. True positive (TP) and true uniform temperature of 42.5 C was obtained across
negative (TN) rates for about 1,000 normal patients the thickness of the muscle mass. The conformal
and 29 breast cancer patients were analyzed for microwave applicators are eventually intended for
detection by MT, infrared thermography (IRT), xero- use in the hyperthermic treatment of breast tumors.
mammography (X), and several combinations as the
corresponding detection thresholds were varied.
With regard to the frequency of MT, the TP rate at 6412 FEASIBILITY OF FOCUSED MICROWAVE ARRAY
each value of TN for 1.3-GHz MT exceeded the TP SYSTEM FOR TUMOUR IRRADIATION. (Ehg.)
rate for 3.3-GHz MT by about 10%; i.e., MT at 1.3 Anderson, A. P. (Dept. Electronic and Electrical
GHz detects more cancers that at 3.3 GHz. A com- Engineering, Univ. Sheffield, Mappin St., Sheffield
parison of 1.3-GHz MT results with IRT results SI 3JD, England); Melek, M.; Brown, B. H. Electron
shows that at a TN of 0.65, both methods have a Lett 15(18): 564-565; 1979. (6 refs)
TP of 0.75; thus their statistical performance is
extremely similar. However, among the 29 cancer A focused microwave array system for producing
cases examined, the MT and IRT methods diagreed localized tumor hyperthermla is theoretically pro-
in their diagnoses in 12 cases (41%). This is a posed. The microwave applicator operates at a
higher rate of disagreement than that of the MT frequency of 2.45 GHz, at which the wavelength in
and X methods (24%) or of the IRT and X methods body tissue Is typically 20 nm. The focused array
(28%). This lack of correlation is evident when antenna configuration would produce a hot spot with-
the MT and IRT criteria are combined; the TP rate in the body corresponding to the tumor volume to
is thereby increased by about 10% over that of be heated while an acceptable temperature on the
either method alone. The combination of MT and skin and In the surrounding healthy tissue would

I. IRT in breast cancer detection offers a potential be maintained. The principle of the array system
alternative to x-ray examination, as it can detect Is illustrated by a two-dimensional simulation.
as many cancers as the latter with about the same Two orthogonal linear arrays consisting of discrete
TN rate but without the hazards of x-ray exposure. numbers of radiating elements are required to pro-

duce a focal spot at the tumor site within one
quadrant of a body section delineated by an el-

6411 THERAPEUTIC POTENTIAL OF CONFORMAL AP- lipse. The arrays are screened by ideal reflec-
PLICATORS FOR INDUCTION OF HYPERTHERMIA. tors that produce two image arrays. For the pur-

(Eng.) Mendecki, J. (Dept. Radiotherapy, Monte- pose of simulation, ideal microwave-absorbing ma-
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teral is placed opposite the two Image arrays, temperature pattern resulting from the calculated
The amplitude and phase of excitation of each radi- energy distribution. In the EM part, an ellipsoidal

ator are adjusted to produce a suitable focal spot model is used to approximate the breast tumor Ir-
region within the body to be heated, which is as- radiated by a plane wave. The inside and outside
sumed to be a homogeneous attenuating region im- fields are calculated by a computer and are de-
mersed in a matching lossless dielectric medium. picted in three-dimensional and densitographic

Although the focal region of a focused linear array formats. The computations, done by an analytical
has a depth several times greater than its width, method, are performed for different frequencies,
superposition of two orthogonal focal regions can conductivities, and tumor shapes. It is assumed
produce a region with a depth/width ratio equal to that the conductivity of the outside media is equal
unity if required. Thus, the required shape of to zero, but the relative permittivities of both

the focal region can be synthesized by controlling outside and inside media are different from that
the array-illumination function. An example of the of the free space. For the thermal part, the model
microwave-intensity distribution attainable with consists of an ellipsoidal tumor surrounded by an
realistic system parameters Indicates that the ellipsoidal capillary system. The boundary of the
focused microwave array system should be able to model (i.e., skin of the breast) is also ellipsoi-

sustain a raised temperature in the focal region dal. Certain assumptions are made regarding heat
of several degrees above that of the surrounding transfer, thermal conductivity variations, and heat
attenuating tissue. This approach offers flexi- source distribution as calculated from the EM model.
bility in choice of position, shape, and temper- The calculations are done in 400 points by a method
ature gradient in the tumor for given temperature derived from the Crank-Nicholson method with a time
limits elsewhere. The heating system is adaptable increment of 30 sec. Combining the two models,

to microcomputer control with television display. thermal patterns versus time are calculated after

Tumor distribution could be determined from x-ray 10 min of heating and at 5 and 10 min following

computerized tomography scanner images, and micro- the heating period. These preliminary results show

wave acquisition could be furthered by locking that it is not easy to obtain a uniform thermal

onto a small implanted scatterer. distribution due to very low values of thermal con-
ductivity and nonuniform microwave energy distri-
bution. The computation provides evidence of a

6413 MICROWAVE RADIOMETRY: ITS POSSIBLE BIO- strong interdependence between frequency, conduc-

MEDICAL APPLICATIONS. (Fre.) Mamouni, tivity, shape, and EM energy distribution (i.e.,

A. (Centre Hyperfrequences et Semi-conducteurs, thermal source distribution).

E.R.A. au C.N.R.S., no. 454, Universite des Sciences
et Techniques de Lille, B.P. no. 36, 59650 Ville- 6415 CENTIMETER- AND MILLIMETER-WAVE THERMOG-
neuve d'Ascq, France); Bliot, F.; Leroy, Y.; Mos- RAPHY--A SURVEY ON TUMOR DETECTION.
chetto, Y. J Fr Biophys Med Nucl 2(5): 221-224; (En,7.) Edrich, J. (Univ. Denver, Denver, CO
1978. (14 refs) 80208). J Microwave Power 14(2): 95-104; 1979.

The physical principles of microwave radiometric (33 refs)

measurement of temperature and the biomedical Clinical applications of centimeter-wave and milli-
applications of this method are described. Micro- meter-wave (MMW) thermography are reviewed. Con-
wave radiometers operating in the GHz range are tacting thermography at long centimeter wavelengths
able to sense minute temperature differences, e.g., has been used to examine confirmed breast cancer
0.1 C. Thus, microwave radiometers are of great cases. When 70 women were examined with 3.3-GHz ther-
value potentially in diagnostics, e.g., in the di- mography and 25 with 1.3-GHz thermography, a cancer
agnosis of cancer of the lungs and breast, due to detection rate of about 70% and a false alarm rate
their ability to detect minor temperature differ- of about 30% were found. These values are similar
ences between normal and malignant tissues. Com- to the corresponding rates for infrared (IR) ther-
pared with infrared temperature measurement, the mography. Remote sensing thermography using focused
microwave radiometers are better suited for the apertures has been studied for imaging purposes at
determination of subcutaneous temperatures, short centimeter and long millimeter wavelengths.

Limited clinical trials have been performed for over
I yr and are now being expanded to clinical screening

6414 NUMERICAL CALCULATION OF ELECTROMAGNETIC of large populations of women with suspected breast
ENERGY AND TEMPERATURE DISTRIBUTION IN A pathology. A comparison of 68-GHz MMW thermography

MICROWAVE IRRADIATED BREAST CARCINOMA: PRELIMINARY with IR thermography In a patient with a cancerous
RESULTS. (Eng.) Zimmer, R. (Laboratoire d'Elec- lesion of the right breast (confirmed by xeromommogram)
troradiologie, Faculte de Medecine, 11, rue Humann, revealed several differences. The MMW thermograms
67085 Strasbourg, Cedex, France); Gros, C. M. J Mi- were smoother and less spotty than the IR. Tem-
crowave Power 14(2): 155-158; 1979. (4 refs) perature variations in the diseased breast were

larger for MMW (± 4 C) than for IR (± 2 C). The

A numerical calculation of the temperature distri- average temperature of the entire right diseased
bution in a breast tumor model irradiated by micro- breast was about equal to the temperature of the
waves is presented. The model is considered In two entire left normal breast at MMW; however, aver-

parts: an electromagnetic (EM) part used to cal- aging only over the hottest area of the left and
culate the energy distribution resulting from micro- right side showed that the right side was hotter
wave Irradiation and a thermal part showing the by about 2 C according to MMW. At IR wavelenghts,
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both averages yielded a lower temperature on the NANT TUMORS. (Rue.) Lopatin, V. F. (Res. Inst.
left side. Finally, the cancer lesion, as located Medical Radiology, USSR Acad. Medical Sciences,
by mammography, was characterized by an extended Obninsk, USSR); Dedenkov, A. N. Ned RadioZ (Mock)
hot spot with 4MW thermography, whereas the IR 24(9): 9-13; 1979. (13 refs)
picture exhibited a generally cool area. Other
abnormalities that have been localized by 14W The effects of ultra-high frequency (UHF) hyper-
thermography include arthritic joints, abnormali- thermia (41-42.5 C, 40-60 min) combned with gama
ties in the spine, and tumors of the thyroid gland radiation (900-2,200 rads) on the growth of sarcoma
and brain. The use of multifrequency scanners 180 in 98 outbred mice and on the growth of the R-1
(9, 30, and 68 GHz) for three-dimensional probing tumor in 56 Wag rats were studied. UHF hyperthermla
of subcutaneous hot spots is currently being stud- alone caused only an insignificant and temporary
ied. tumor-inhibiting effect, but it significantly en-

hanced the tumor inhibiting effect of gamma radia-
tion, especially when given immediately before Ir-

6416 MILLIMETER-WAVE THERMOGRAPHY--APPLICA- radiation; 100% tumor inhibition was observed after
TION TO BREAST CANCER. (Eng.) Gautherie, Irradiation with 2,200 rads and UHF hyperthermia

1. (French Natl. Inst. for Health and Medical Res. 20 days after treatment. UHF fields causing only
Lab. Biomedical Thermology, Faculty Medicine, 67085 moderate hyperthermia (41-41.5 C) prevented the
Strasbourg, France); Edrich, J.; Zimmer, R.; Guer- radiation injury of the tissues.
gumn-Kern, J. L.; Robert, J. JMiorowave Power
14(2): 123-129; 1979. (20 refs)

6418 UHF RADIATION EFFECT ON SARCOMA 180
Millimeter-wave (MMW) thermographic studies of 14 GROWTH. (Rue.) Lopatin, V. F. (Res.
breast cancer patients were performed at frequen- Inst. Medical Radiology, USSR Acad. Medical Sci-
cies of either 30 GHz (6 patients) or 68 GHz (8 ences, Obninsk, USSR); Dedenkov, A. N. Vopr OnkoZ
patients), and the results were compared with those 25(8): 75-77; 1979. (8 refs)
from infrared (IR) thermograms. Both IR and NNW
thermographic examinations were performed under The tumor growth-inhibiting effect of low-intensity
thermally controlled conditions in a room with ade- ultra-high frequency (UHF) irradiation (15 W) was
quate electromagnetic shielding and thermal uni- studied in mice with subcutaneously transplanted
formity. Significant discrepancies were observed sarcoma 180. The rectal temperature of the animals
between IR and 1MW thermography. In three cases, was maintained at 36-37 C during the irradiation.
two of which corresponded to nonpalpable carcino- In one series, the animals were irradiated for 0.15-
mas in situ, IR thermography was negative while 2 hr/day for 10 consecutive days, beginning on day
NNW thermography clearly showed hyperthermia. In 7 after tumor transplantation. The animals were
three patients with 2TI and 1T2 carcinomas (I.U.S.C. sacrificed on day 20. The tumor growth inhibition
nomenclature) with superficial tumor depths of less was 31% for 0.15 hr/day, 62% for 0.5 hr/day, 47%
than 2.5 cm, local hyperthermia corresponding to for I hr/day, and 56% for 2 hr/day, averaging 49%
the tumor was observed with MMW thermography while for the entire series (i.e., the average tumor
intense vascular hyperthermia with anarchic pat- weight was 19% lower than in the nonirradlated
terns over wide regions was observed on IR ther- controls; p<O.O5). The tumor growth inhibition
mograms. In five patients with relatively deep was 60% in another series in which the animals were
(3-5.5 cm) tumors corresponding to ITI, 3T2, and Irradiated for 0.5 hr/day for 10 consecutive days,
1T3 carcinomas of the scirrhous type, no anomaly beginning on day 10; there was a 56% Inhibition
appeared on the 1MW thermogram, whereas IR thermog- after irradiation at 0.5 hr/day for 5 consecutive

4. raphy was positive with Intense vascular hyper- days. A single 0.5-hr irradiation had no effect
thermia up to 4 C in two cases. In three patients on the tumor growth. The average survival time
who had received radiotherapy (RT) for IT3 and IT4 of the tumor-bearing animls Increased by a fac-
tumors, both techniques were positive; however, tor of 1.5 as a result of the Irradiation.
the hyperthermia characteristics were local or
diffuse on the MMW thermogram and of the vascular
type on the IR thermogram. In two patients where
skin reactions induced by RT were clinically notice- 6419 COMBINED TREATMENT OF RADIORESISTANT
able, diffuse hyperthermia of the whole treated MALIGNANT TUMORS WITH HIGH FREQUENCY HY-
breast was seen on the IR thermogram, whereas no PERTHERMIA AND y-RAYS THERAPY--RECENT RESULTS.
relevant anomaly was seen on the NMW thermogram. (Eng.) Hymmen, U. (Kllnikum der Universitat Hei-
In general, it seems that 1MW thermography, es- delberg, Zentrum Radiologle, Abt. Allgemeine Radi-
pecially at 30 GHz, Is able to provide information ologle und Poliklilnik, Strahlenklinik, Vossstr. 3,
on subcutaneous thermal conditions and can be posi- 69 Heidelberg, W. Germany); Wieland, C. J Micro-
tive in cases of carcinoma In situ that generally wave Power 14(2): 173-180; 1979. (12 refs)
are false negatives on IR thermograms. Also, MMW
thermograms do not exhibit curvilinear hyperthermia Radio frequency hyperthermla (433.92 MHz) and y-
similar to that often observed on IR thermograms as ray radiotherapy were used to treat 52 patients
a result of very superficial veins, with relatively radioresistant tumors. Most of

the tumors were either squamous cell carcinomas
(21 patients) or soft tissue sarcomas (10 patients).

6417 PROSPECTS OF USING LOCAL UHF HYPERTHERMIA Tumors were preheated with 433.92-MHz hyperthermla

COMBINED WITH RADIATION THERAPY OF MALIG- 
for 5-7 min, with the tumor temperature after 5 min
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being 40-42 C. After hyperthermla, y-ray therapy such as the heating of deep-seated, well-defined
was delivered at a daily dose of 170-200 rads, 5 tumor volumes.
times/wk to a maximum total tumor dose of 6,000-
6,500 reds in most cases. Among 42 patients evalu-
ated for response, 29 achieved a 100% tumor re- 6421 HUMAN HYPERTHERMIC THERAPY: RELATION BE-
sponse; 9, a 75% response; and 2, a 50% response. TWEEN TUMOR TYPE AND CAPACITY TO INDUCE
There were only two local recurrences, and distant HYPERTHERHIA BY RADIOFREQUENCY. (Eng.) Storm, F.
metastases were seen in only four patients. Normal K. (54-140 Center for the Health Sciences, Univ.
tissue exhibited excellent tolerance to this ther- California, Los Angeles, CA 90024); Harrison, W.
apy. It is concluded that this combined treatment H.; Elliott, R. S.; Hatzitheofilou, C.; Morton,
Is superior to megavoltage radiotherapy alone in D. L. Am J Surg 138(1): 170-174; 1979. (18 refs)
radioresistant tumors.

The possible relationship between tumor type and
ability to induce localized radio frequency hyper-

6420 CANCER THERAPY WITH LOCALIZED HYPERTHER- thermia was investigated in 46 patients with histo-

MIA USING AN INVASIVE MICROWAVE SYSTEM. logically proved cancer that continued to progress

(Eng.) Douple, E. B. (Dartmouth Hitchcock Medical despite standard therapy. A total of 52 solid

Center, Hanover, NH 03755); Strohbehn, J. W.; Bow- tumors (18 melanomas, 13 sarcomas, 9 adenocarcin-

ers, E. D.; Walsh, J. E. J Microwave Power 14(2): ames, 3 teratocarcinomas, 2 epidermoid carcinomas,

181-186; 1979. (10 refs) and 7 other less common tumors) were treated with
13.56-MHz radio frequency waves at 50-1,000 W of

An invasive needle microwave antenna for producing absorbed power for periods up to I hr. Superficial
local hyperthermia in small animal tumors was used tumors and those with less than I cm of overlying

to treat mammary adenocarcinomas (MTG-B) implanted normal tissue were treated with experimental sur-
in the thighs of C3H mice. A sweep oscillator, face contact electrodes, with or without surface

crystal detector, oscilloscope, and double-stub cooling. Deep subcutaneous and internal tumors

tuner matching network were used to maximize radi- were treated by a Magnetrode employing circumfer-

ated power to a 50-ohm load for antennas inserted ential noncontact electrodes to provide uniform
into tumors. For tumor heating the sweep oscillator deep heat without preferential surface tissue heat-
was replaced by a 3-W, 1-GHz oscillator and a power ing. Intratumor temperatures of 42 C or greater
supply. The antenna was inserted until approxi- in 42 tumors and of 45 C or greater in 23 tumors
mately 1-2 mm of the outer conductor was inside appeared to be independent of histologic type. In

the tumor, a condition that was important for 29/52 tumors, temperatures of 45 C or greater could

achieving an electrical match in the tissue. The not be achieved without injury to normal tissues.
temperature at the antenna was maintained at 46 C However, no correlation with tumor type could be

by manually regulating the voltage supply to the established. Hyperthermia was generally well toler-

oscillator. The thermal distributions produced ated with virtually no injury to normal tissue in
were characterized in MTG-B tumors, and the re- mildly sedated, conscious patients. These findings
suits suggested that this system is capable of suggest that potentially tumoricidal hyperthermla
heating a tumor as large as I cm in diameter to may be achieved for treatment of solid human tumors

therapeutic hyperthermia levels of 42-46 C. For regardless of histologic type.
therapy trials, 21 mice were divided into three
groups of 7 animals each. Mice in the treatment
group were placed in the system with an antenna 6422 A NEW RADIATION BALANCE MICROWAVE THERHO-
inserted approximately in the center of the tumor GRAPH FOR SIMULTANEOUS AND INDEPENDENT
and were treated for 50 min with the temperature TEMPERATURE AND EMISSIVITY MEASUREMENTS. (Eng.)
at the antenna being 46 C. Animals in a sham- Luedeke, K. M. (Philips GmbH Forschungslaborator-
treatment group were subjected to the identical ium Hamburg, Vogt-Koeiln Strasse 30, 2000 Hamburg
regimen but without power supplied to the antenna. 54, W. Germany); Koehler, J.; Kanzenbach, J. J W-
Control animals were given anesthesia only. On crowave Power 14(2): 117-121; 1979. (1 ref)
the 3rd day after treatment a trend was estab-
lished, with the heat-treated tumor sizes being A radiation balance microwave thermograph for simul-
significantly smaller at the 95% probability level taneous and independent temperature and emissivity
than those of either control or sham-treated tu- measurements is described that overcomes the prob-
mors. Tumor growth was inhibited for only a short lem of variable mismatch between the test object
time following treatment (not specified); after and the receiving antenna. Measurement error due
the initial post-treatment period, the growth rate to the above problem is eliminated by making the

* of heat-treated tumors was the same as that for temperature of the receiver equal to that of the
both sham-treated and control tumors. The mean object. This effect is accomplished by employing
survival time of microwave-treated mice was 14.3 the receiver to measure the difference between the
days after treatment compared with 11.7 days for incoming and outgoing radiation flux, which equals
sham-treated mice and 11.3 days for controls, the production of emissivity and the temperature
These differences were not statistically signi- difference between the receiver and the test ob-

* ficant at the 0.05 confidence level. The develop- ject. An integrating servo amplifier controls a
ment of the antenna for incorporation into a per- variable noise source that adds excess thermal
cutaneous probe or a catheter could render this radiation to the receiver's outgoing radiation
system a useful tool for clinical applications flux such that the receiver temperature and the
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test object's temperature are in balance. The In a preliminary experiment where the applicator was

system works as long as the emissivity is not zero. a miniature coaxial line dipped in water or In a
The front-end components of the radiometer can be chunk of beef, the microwave power generator was
regarded as a broadband reflectometer completed to operated at a frequency of 4.6 GHz, and a filter
form an emissivity measurement bridge by including was used to attenuate harmonics and noise. The

the direct signal path to the noise source. This radiometer was operated at a frequency of 9.6 GHz

property can be simultaneously exploited by modu- with a bandwidth of 60 MHz. Intermodulation between
lation of the noise source and detection of the the two circuits was avoided, and fair agreement
modulated signal fraction after the first syn- was found between radiometric and thermocouple
chronous detector. This self-balancing radiometer temperature measurements. During one experiment,
permits greater measurement accuracy than that of irradiation of a beef sample with 5 W of power re-
conventional radiometers in situations where con- sulted in a temperature increase of 8 C in 10 min.

tributions from sources other than the test object The above method has potential application in both
can be minimized by direct or at least close ap- the detection and local hyperthermic treatment of
plication of the antenna. Errors due to undefined diseases like cancer in which the permittivity

source mismatch are eliminated. The automatic of the diseased tissue differs from that of the

error compensation of the radiation balance thermo- normal tissue.
graph was compared with the performance of a con-
ventional radiometer by making a manual scan

across the surface of a piece of bacon that con-
sisted of interleaved layers of fat and lean. Prior 6424 A MICROWAVE HEATING SYSTEM FOR IMPROVING

to the measurement, the meat had been heated homog- TEMPERATURE UNIFORMITY IN HEATED TISSUE.

enously in a waterbath. While the compensated (Eng.) Hand, J. W. (MRC Cyclotron Unit, Hammer-

measurement reveals just a slight decline of the smith Hosp., Ducane Rd., London W12 OHS, England);
temperature along the scan path, the uncompensated Hume, S. P.; Robinson, J. E.; Marigold, J. C.;

measurement is totally misleading due to variable Field, S. B. J Microwave Power 14(2): 145-149;

mismatch. The radiation balance thermograph was 1979. (6 refs)

also used to measure the emissivity of different
regions of the human body relative to several ex- A microwave heating system for improving temperature
perimental antennas. From this experiment, it was uniformity in heated tissue is described. The sys-

concluded that emissivity values between 70 and lO0 tem uses parallel-opposed waveguide applicators,
are well within the practical range for optimum an- operating in the TE10 mode at 2,450 MHz. The tis-

tennas but may be lower than 50% in cases of im- sue to be heated (exteriorized mouse intestine) is
proper application. The radiation balance thermo- immersed in a liquid bolus (dextran in physiologic

graph is insensitive to mismatch and mishandling, salt solution) that is both biologically compatible

whereas any conventional radiometer directly re- with and dielectrically similar to the tissue. The

sponds with considerable error, liquid bolus improves microwave coupling and avoids
shape- and size-dependent absorption characteris-
tics of irregularly shaped tissue. By maintaining
the liquid bolus at a temperature close to the

6423 SIMULTANEOUS MICROWAVE LOCAL HEATING AND target tissue temperature, thermal losses and hence
MICROWAVE THERMOGRAPHY. POSSIBLE CLINICAL temperature gradients in the tissue are reduced

APPLICATIONS. (Eng..) N'Guyen, D. D. (Universite compared with heating in hot liquid alone. This was
des Sciences et Techniques de Lille Centre Hyper- demonstrated by subjecting a typical transverse sec-
frequences et Semiconducteurs LA au CNRS No. 287 tion of intestine to microwave heating (30 W) while

U.E.R. I.E.E.A., Bat P3 BP 36, 59650 Villeneuve it was Immersed in liquid bolus (43 C) for 30 mi.
D'Ascq, France); Mamouni, A.; Leroy, Y.; Constant, The thermal damage can be contrasted with that which
E. J Microwave Power 14(2): 135-137; 1979. (3 results from immersion in bolus alone. Protection
refs) near the mesentery vessels is reduced with the micro-

wave heating system, and the gradients of thermal
A method for combining local microwave heating of damage are minimized. This result is confirmed by
subcutaneous living tissue with microwave radi- quantitative results of surviving crypts around the
ometry in the same system Is described that over- jejunal circumference. The biologically compatlb;e
comes the problem of intermodulation between the liquid bolus could also be used in direct contact
microwave generator circuit and the radiometer cir- with the skin of patients receiving microwave heat-
cuit. A microwave generator supplies microwave ing treatments for superficial lesions.
power to the tissue through a probe-applicator (cir-
cuit 1) and heats a tissue volume (test volume)

that depends on the applicator, the generator fre-
quency, and the dielectric properties of the tis- 6425 EXPERIMENTAL STUDIES ON THE USE OF MICRO-

sue. The test volume emits thermal radiation that WAVES FOR THE LOCALIZED HEAT TREATMENT OF
is collected by the applicator. This signal, which THE PROSTATE. (EN7.) Petrowicz, 0. (Inst.
is proportional to the temperature in the test vol- Experimental Surgery, Technical Univ., Munich, W.
ume, can be detected by a radiometer (circuit 2) Germany); Heinkelmann, W.; Erhardt, W.; Wriedt-
operating in a bandwidth around a certain frequency. Lubbe, I.; Hepp, W.; Blumel, G. J Microwave Pcn.,er
To avoid direct coupling between circuit I and 14(2): 167-171; 1979. (5 refs)
circuit 2, these circuits are operated at dif-
ferent frequencies chosen to prevent Intermodulation. Macroscopic and microscopic changes in the prostate
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and surrounding tissues were investigated in 15 of a patient with hyperthyroidism due to an autono-

sexually mature male mongrel dogs subjected to mous nodule in the right thyroid lobe were presented

local microwave hyperthermia (433.9 MHz). The along with the results obtained by infrared (IR)

prostate was irradiated for 15-20 min using a rec- photography and 68-GHz MWT. Despite the coarser re-

tally insertable applicator consisting of a cylin- solution of MWT compared with IR, the former appeared

drical slot antenna with a water-cooled covering, to have more structure and better localization capa-

A flexible thermistor probe for temperature measure- bilitles than the latter technique. In another pa-

ment was inserted into the prostate via the urethra, tient with exophthalmos and an overinfected muco-

and two additional thermistor probes were located cele of the left frontal sinus, a bone scintigram
surgically on the dorsal and ventral side of the showed a distinct hyperactivity in the upper part

prostate. Four experiments are described in detail of the orbit. In contrast, an IR thermogram was

because of the variability of experimental param- perfectly normal. However, 68-GHz MWT revealed a
eters. The thermistor probe temperatures ranged supra-orbital hyperthermy on the left side. The
from 43.5 to 48 C, and the microwave power used to third case involved a patient with an extensive

irradiate the prostate varied from 36 to 90 W during vertex osteoma on both sides of the midline that
the course of the experiments. In one dog, a slight was easily recognizable from the right lateral view
redness of the rectal mucosa and hyperemia of the of a scintigram. In addition, there was an under-
rectum near part of the ventral prostate were ob- lying meningioma that did not cross the medial
served. Histologic examination of the rectum re- line, as shown on an anterior brain scintigram.
vealed no significant changes. The tissue between For this case, IR thermography could not be used be-

the rectum and prostate was gelatinous, and hemor- cause of the opacity of hair and bone. However,
rhage as well as granulocyte infiltration into the these tissues are relatively transparent to MWT,
capsula and interstitium of the prostate were ob- and a 30-GHz thermogram of the vertex showed a hot
served. In another dog, no macroscopic or histo- left hemilesion in contrast with the colder right
logic changes of the prostate were observed. How- side. It is concluded that the meningioma is re-
ever, the rectum showed hyperemia, hemorrhagia, and sponsible for the hyperthermia, while the osteoma
coagulations of the mucosal membrane. In a third probably results in little hyperthermia. Overall,
dog, an edematous swelling of the rectal mucosal it appears that MWT yields more diagnostic infor-
membrane was observed, and gelatinous tissue was mation about subcutaneous and intracranial thermal
found between the rectum and prostate. The dorsal abnormalities than conventional IR thermography,

part of the prostate was hyperemic and exhibited which is limited to cutaneous temperature measure-

a reddish-blue coloring. Histologic examination ments.

revealed necrosis of the tunica muscularis; necrosis
in the parenchyma as well as in the interstitium
of the prostate was also seen. In a fourth dog the 6427 THE MINIMUM INACTIVATED CELL RATIO: A
rectum was edematously thickened, but the prostate CONCEPT FOR THE ESTIMATION OF BIOLOGICAL
was without findings. Histologic changes were EFFECTIVENESS OF HYPERTHERMIC TREATMENT OF TISSUE.
similar to those observed in the third dog but were (En.) Klinger, H. G. (SFB 92 d., Univ. Wurzburg,
less marked because of the lower treatment temper- Pleicherwall 2, 0-87, Wurzburg, Germany). J Micro-
ature in this case (43.5 vs. 44 C). Overall, the wave Power 14(2): 151-154; 1979. (4 refs)
results show that local heating of the dog prostate
is possible. The undesired hyperthermia of the The concept of minimum inactivated cell ratio (MIR)
rectum, as manifested by the above changes, was is discussed in relation to estimating the bio-
caused by inadequate contact of the rectum with i discussen on tetiain the bho-the cooled antenna covering. The gelatinous tis- logic effectiveness of hyperthermia in tumor ther-
sue beeentenn remian. proTe melayinhavee- apy. The MIR, which is important with respect to
sue between the rectum and prostate may have re- clinical recurrence of a tumor after hyperthermic
sulted from hyperthermic edema or surgical manip- treatment, can be calculated by using data from inulation. The pathologic and micromorphologic vitro dose-effect curves in combination with the in
changes of the prostate were mainly due to hyper- vivo temperature field. To illustrate the applica-
thermia. Local hermorrhage in the capsule was bility of the MIR concept, the variation of the MIR
partly caused by fixation of the thermistor probes with respect to space and heat supply time was cal-
with sutures. culated for the following model. A spherical re-

gion of a tissue with constant temperature dif-
fusivity (0.13 mm

2
/sec) was heated with a constant

6426 MILLIMETER-WAVE THERMOGRAPHY: PRELIMIN- power during a heating time "t." The maximum tem-

ARY CLINICAL FINDINGS IN HEAD AND NECK perature at the center of the heated sphere was

DISEASES. (Eng.) Robert, J. (Service de Mede- limited to 50 C in each case. It was found that

cine Nucleaire, Universite de Nancy, 54000, Nancy, for short heating times the temperature field was

|4 France), Edrich, J.; Thouvenot, P.; Gautherie, M.; quite local. However, the minimum biologic effect

Escanye, J. M. J Microwave Power 14(2): 131-134; was insufficient for a hyperthermic treatment. The

1979. (3 refs) highest MIR (65%) was found at the center of the
sphere, and the main gradient appeared at a dis-

Three typical cases that illustrate the potential tance of 0.6-0.7 cm, where the MIR decreased from

application of millimeter-wave thermography (MWT) 30% to about 5%. For one heating time, the MIR

in the diagnosis of thyroidal, orbital, and intra- was at a minimum at all radii. Long heating times
cranial pathologies are presented. In the first in the present example (640 sec) yielded a 100%
case, the results of cervical anterior scintigraphy MIR. However, the MIR was still quite high in the
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surrounding normal tissue and dropped to 10% only decreased compared with the controls. The magneto-
at distances of 1.6 cm. therapy had no adverse side-effects.

6428 SHORTWAVE AND MICROWAVE DIATHERMY FOR 6430 A PILOT STUDY TO INVESTIGATE SKIN AND
DEEP-TISSUE HEATING. (Eng.) Yang, W. J.63 IO SUYT NETIAESI N

TUMOR THERMAL ENHANCEMENT RATIOS OF 41.5-
(Dept. Mechanical Engineering, Univ. Michigan, Ann 42.0 C HYPERTHERMIA WITH RADIATION. (Fng.) John-
Arbor, MI 48109); Wang, J. H. Med Biol Eng Comput son, R. J. (Dept. Radiation Medicine, Roswell Park

17(4): 518-523; 1979. (4 refs) Memorial Inst., 666 Elm St., Buffalo, NY 14263);

A theoretical model is developed to simulate the Sandhu, T. S.; Hetzel, F. W.; Song, S. Y.; Bicher,

temperature distribution in a three-layer tissue H. I.; Subjeck. J. R.; Kowal H. S. Tt 1 sadiat

consisting of skin, fat, and muscle heated by short- Ono Biol Phys 5(7): 947-953; 1979. (16 refs)

wave (27.12 MHz) or microwave (915 MHz and 2,456 Normal tissue and tumor responses resulting from
MHz) radiation. The results under the fixed core radiotherapy (RT) followed immediately (usually
temperature condition were in good agreement with 5 mi or less) by 1.5-2.0 hr of 915-MHz microwave-
in vivo data measured at the anterior thigh of in o rhe 41.5-2. . C) were micrehuma suject. Sortwve iathrmywas upeiorinduced hyperthermia (41.5-42.0 C) were measured
human subjects. Shortwave diathermy was superior in 10 patients with multiple metastatic melanoma.
in producing a broader and more uniform temperature The response of normal skin to treatment was meas-
distribution in the musculature, but compared with ured by evaluating the degree of erythema using a
microwave diathermy, it was a less attractive meth- numerical scoring system. Tumor response to treat-
od of muscle heating, producing a slow rise in the merias sso ring tumor diaeto atment was assessed by measuring tumor diameter at
muscular temperature and requiring a higher power follow-up visits. One, three, or four fractions
density. Microwave diathermy application with a of RT were used with a minimum 72-hr interval be-
low frequency spectrum produced a temperature dis- tween each fraction. The RT dose/fraction was 500,
tribution with peak values in the musculature near 600, 650, 700, 800, or 900 rads. In some cases,
the fat/muscle interface. The temperature profile single fractions of 1,000, 1,100, 1,200, or 1,300
rose with its peak values shifting toward the fat/ rads were used. Two or more control lesions were
muscle interface, and the minimum temperature in treated with RT but without heat. Heat was applied
the fat layer became more distinct as the frequency using direct skin contact Roswell Park Memorial
and/or power intensity increased. An exposure to Institute applicators. Skin cooling was required
high frequency microwave heat at 2,456 MHz pro- to obtain equal skin and tumor temperatures. A
duced a temperature distribution with a peak value minimum circular area of 5 cm in diameter was heated
in the superficial skin tissue, a minimum in the to a 41.5 C target temperature. Thermocouple mas-
fat layer, and a second peak (lower than the first to a 4.Ct re eer thoue mepeak vaue n te mucultur ner th fa/mucleurements were recorded every 10 mmn with the power
peak) value in the musculature near the fat/muscle on and 5 sec after the power was turned off for the
interface. Heating with 915 MHz microwave radi- next 10 sec to allow for the dissipation of any
ation produced a pronounced temperature rise, with local heating resulting from thermocouple position-
the highest peak being in the musculature. Thus, ing and field interference. Thermometry was per-
microwave diathermy at a frequency of 915 MHz is formed with a fiber optic probe for surface meas-
recommended for deep tissue heating. urement over the normal skin. In addition, 29-

gauge thermocouples were inserted into the tumor
center and in its deepest aspect. Thermocouples

6429 EMPLOYMENT OF MAGNETOTHERAPY IN THE CON- were inserted at right angles to the electric field
PLEX TREATMENT OF PATIENTS WITH ULCERS. of the microwave waveguide excited in the TE1O mode

(Rue.) Guseva, N. G. (Dept. Physiotherapy, Vorosh- to minimize local heating effects. Results are
ilovgrad Oblast Clinical Hosp., Voroshilovgrad, presented for patients with at least 1 mo of follow-
USSR); Shelygina, N. M. Vrach Delo (7): 5-8; 1979. up. Normal skin reactions to RT and microwave
(7 refs) hyperthermia generally ranged from slight to severe

erythema. Although good data were difficult to
The therapeutic effectiveness of magnetotherapy obtain because of frequent short or incomplete
with alternating magnetic fields (20 sessions, 15- follow-ups, some tumors demonstrated 100% regression
20 min/session, intensity 350 or 230 G) was studied in response to therapy. The study did demonstrate
in 137 patients with noncomplicated peptic ulcer that superficial tumors up to 4 cm in diameter and
(92 men and 45 women, aged 17-60 yr). The duration 2 cm in depth can be heated with an accuracy of
of the disease was 1-5 yr in 78 cases, 5-10 yr in ± 0.5 C. It was also found that normal skin and
32, and over 10 yr in 27. Eighty-nine patients subcutaneous tissue can be heated to 41-42 C for
received magnetotherapy in addition to the con- periods up to 2 hr after RT without any evidence of

I. ventional drug treatment; the other 48 patients thermal damage. It is suggested that skin surface
received drugs only. The radlologic examinations temperature measurements may be underestimated when
showed the complete disappearance of the ulcer the thermocouple needle Is placed directly on the
niche In 86/89 irradiated patients and in 38/48 skin surface, where the tip Is exposed to air and
controls. The time necessary for the niche to the applicator end temperatures may be up to 15 C

,h. disappear and for clinical cure was 2-4 days less In cooler than the skin surface. A more reliable meas-
the irradiated patients. The pain syndrome was urement is made if the thermocouple tip is inserted

also controlled more rapidly. The gastric motor within the first millimeter of the skin tissue. The

function improved, and the length of hospitalization thermocouple readings should be !.ecked every 10
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min for any electromagnetic artifacts by turning The effect of a pulsating magnetic field on reducing
off the microwaves for 10-15 sec. resorption of the alveolar ridge of 1-yr-old female

beagle dogs following extraction of the third and
fourth premolars on both sides of the mouth was
investigated. One group of six dogs had a bridge

6431 HEART ATTACKS AND GEOMAGNETIC ACTIVITY. containing a magnetic coil that was applied to
(Engq.) Knox, E. G. (Dept. Social Medi- one side of the mouth and a second bridge without

cine, Univ. Birmingham, Birmingham, England); Arm- a coil that was applied to the other side of the
strong, E.; Lancashire, R.; Wall, M.; Haynes, R. mouth in the extraction wound area. Another group
Nature 281(5732): 564-565; 1979. (2 refs) of four dogs had bridges without magnetic coils.

The magnetic coil specifications were as follows:Data on daily admissions for acute myocardial in- dimensions, 12 by 18 by 3 mm; number of turns,
farctlon to hospitals in the West Midlands region 100; resistance. 3.4 ohms; and self-inductance. 230
of the United Kingdom for the years 1969-70 were microhenry. The signal to drive the coil con-
analyzed for their possible relationship to geo- sisted of a pulsating magnetic field with a fre-
magnetic activity during the same period. The quency of 10 Hz and a pulse length of 2 msec. The
geomagnetic data consisted of the daily sums of magnetic field strength ranged from 6,000 A/m at
Lhe 3-hr Kp-values obtained from catalogues of re- the middle of the stimulated half of the mandible
cordings taken in the U.K. There were 6,298 hos- to only 70 A/m at the middle of the control half
pital admissions over a 720-day period, a mean of of the mandible. A quantitative measurement of
8.75/day. The Kp-sums averaged 15.73/day. Analy- the resorption was made with the aid of a repro-
ses were performed with both raw data and logarith- ducible standardized x-ray technique. Resorption
mic transformations. Same-day correlation co- of the alveolar ridge following tooth extraction
efficients were calculated between the two values was reduced by 70% for stimulated wounds and by
within each of 24 successive 30-day periods. Serial 50% for nonstimulated wounds in dogs receiving
correlations were calculated separately for geo- the pulsating magnetic field treatment. The re-
magnetic activity and for heart attack admissions duction in resorption for nonstimulated wounds in
between pairs of readings separated by 1, 2 .... 31 stimulated dogs can be explained either by as-
days. Finally, over the full 720-day period, cor- suming a central mechanism of effect or an effect
relations were calculated between geomagnetic read- of the very low field present at the opposite side
ings on day 0 and hospital admissions on days -15, of the stimulated alveolar ridge.
-14,...+14, +15 days. The results were qualita-
tively similar for the raw and the log-transformed
data. Serial correlations of the admission data
gave significant values at 7 days (r = +0.15), 14 6433 PHYSIOLOGIC EFFECTS OF DEEP HYPOTHERMIA
days (r - 0.16). and 21 days (r = 0.12). A com- AND MICROWAVE REWARMING: POSSIBLE APPLI-
plex day-of-week variation over the full period, CATION FOR NEONATAL CARDIAC SURGERY. (Fn.7.) Wes-
mainly characterized by a deficiency of admissions tenskow, D. R. (Dept. Anesthesiology, Univ. Utah
on Sundays, confirmed the validity and demonstrated Coll. Medicine, 50 North Medical Drive, Salt Lake
the origins of this finding. Serial correlations City, UT 84132); Wong, K. C.; Johnson, C. C.; Wilde,
of the geomagnetic data gave significant positive C. S. Aneath Analg (Cleve) 58(4): 297-301; 1979.
results at 1/2 days (r - 0.50 at I day), 16/17/18/19 (21 refs)
days (0.17 at 17 days), and 25/26/27/28 days (0.21
at 27 days). The 27-day cycle represents the sun's Changes in cardiopulmonary dynamics and whole body
rotation period. None of the 720-day-period correla- oxygen consumption during surface cooling up to
tions with intervals of -15 .... .0....+15 days showed 20 C and during microwave rewarming to normothermia
significant positive or negative correlations; the were studied in 18 mongrel dogs to investigate the
greatest absolute value was r = +0.06. None of usefulness of microwave rewarming for re-establishinQ
the intra-30-day-period same-day correlations be- cardiac function and normothermia following deep
tween medical and magnetic data gave a significant hypothermia. Following surface cooling to 20 C,
value, either positive or negative. Despite the a 915-MHz microwave applicator with a maximum of
fact that the above statistical analysis was sen- 100 W of power was used to warm the myocardlum
sitive enough to detect serial correlations within surface temperature to 40-45 C. A nonmetallic
each of the individual data sets, it was not pos- liquid crystal temperature probe was secured to
sible to confirm Indian observations of a remarkable the anterior myocardial surface. As the majority
correlation between daily variations In the geo- of the heating occurs at this surface, the micro-
magnetic field strength and daily admissions to the wave energy applied was reduced to prevent the
cardlo-thoracic wards of hospitals. temperature from exceeding 45 C. After 2 hr of

warming with microwaves, the core temperature
reached 33 C. Rewarming was completed with warm
water bags. During microwave rewarming, the esoph-

6432 NON-INVASIVE TREATMENT OF EXTRACTION ageal temperature rose from 20-32 C linearly with
WOUNDS IN DOGS BY ELECTROMAGNETIC STIMU- time at a rate of 4.7 C/hr. Whole body oxygen

LATION. (Eng.) van der Kuij, P. (Dept. Prosthetic consumption, heart rate, and cardiac output re-
Dentistry, Sch. Medicine and Dentistry, Free Univ., turned to normal at rates equal to the rates at
De Boelelaan 1115, Amsterdam, Netherlands); Vinger- which they decreased during surface cooling. Blood

S"ling, P. A.; Smitt, P. A.; de Groot, K. J Bioeng pressure and arterial gases remained adequate.
2(6): 557-565; 1978. (13 refs) Microwave rewarming thus appears to be useful for
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re-establishing cardiac function and normothermia (4.24 ± 0.52 to 7.76 ± 2.06%) and medulla (8.05 ±
following deep hypothermia. 0.97 to 16.84 ± 4.50%) were much higher than those

for diencephalon and cortex, and there was much
more variability both within and among treatment

6434 INFLUENCE OF MICROWAVE IRRADIATION ON groups. The generally higher BUI values in cere-
CULTURED GLIOMA CELLS. I. AN ENZYMATIC bellum and medulla compared with other brain re-

AND SCANNING ELECTRON MICROSCOPY STUDY. (Eng.) gions were related to the fact that both of these
Zanker, K. S. (inst. for Experimental Surgery, tissues contained more [

1
4C]-mannitol and lessTechnical Univ. Munich, Ismaningerstr. 22, 8000 [

3
H]-water than diencephalon or cortex. Medulla

Munich 80, W. Germany); Jung, R.; Stavrou, D.; absorbed or retained the least [
3
H)-water of all

Blumei, G. J Microwave Power W42): 159-162; 1979. four tissues, and thus BUI values were highest

(4 refs) for this tissue.

Enzymatic and ultrastructural changes in cultured
C6 glioma cells irradiated with 2.4-GHz microwaves 6436 QUANTITATIVE ANALYSIS OF YEAST CELL IN-
are reported. Cultured cells were irradiated for ACTIVATION AFTER EXPOSURE TO SHF IRRADIA-
10-15 min at temperatures ranging from 48 to 56.3 C. TION. (Rue.) Petin, V. G. (Lab. Biophysics,
Measurements of plasminogen activator activity after Res. Inst. Medical Radiology. USSR Acad. Medical
microwave irradiation showed that cells kept at 48 C Sciences, Obninsk, USSR); Kapulltsevich, lu. G.
for 10 min or 49 C for 15 min were relatively un- Tsitologiia 21(7): 830-835; 1979. (9 refs)
changed with respect to control cells maintained
at 28 C. However, an increase in the temperature The effect of a super-high frequency (SHF) electro-
and time of irradiation (51.6 C for 13 min or 56.3 C magnetic field (wavelength 12.6 cm, energy density
for 15 min) resulted in a dramatic loss of plas- 13, 23, or 35 mW/cm

2
) on the inactivation of dip-

minogen activator activity compared with controls. loid, triplold, tetraploid, and hexaplold strains
Electron microscopic studies of Irradiated cells of Sccharnncee cerevisiae (strains 211, 300,
showed that the surface morphology of C6 glioma 301, 400, and 600) was studied, and the results
cells remained relatively unchanged up to a cell were compared with those obtained by a probability
culture medium temperature of 49 C for 15 min. model of the action of electromagnetic irradiation
However, when cells were irradiated such that the on cells. The model is based on the hypothesis
cell culture medium temperature rose to 51.6 C that the probability of successful cell division
for 13 min or 56.3 C for 15 min, the following is determined by the degree of cell damage. The
morphologic changes were observed: holes within temperature of the cell suspensions was 50-55 C
the cell membrane, a decrease in microvilli, and during the irradiation. The effect was assessed
destroyed zelotic blebs. These changes in surface 5-7 days after irradiation. The probability of
topology are most rationally attributed to alter- successful division was 0.4 for strain 211, 0.3
ations of membrane proteins, for 301, 0.4 for 300 and 600, and 0.5 for 400.

At the lowest energy density, the survival rates
were 63.2% for strain 301, 43.3% for strain 300,

6435 PERMEABILITY OF THE BLOOD-BRAIN BARRIER 66.2% for strain 60G. and 64.7% for strain 400.

TO MANNITOL IN THE RAT FOLLOWING 2,450 MHz At the highest energy density, the survival rates
MICROWAVE IRRADIATION. (Eng.) Preston, E. (Div. were 12% (strain 301), 9.5% (300), 0.5% (600), and

1.0% (400). The percent of cells that died with-Biological Sciences, Natl. Res. Council Canada, out division after the irradiation was (at the
Ottawa K|A OR6, Canada); Vavasour, E. J.; Assenhelm, otdvso fe h raito a a h
Ottawai 0R anada()1017; asour, . (1 Assrnem) lowest energy density) 17% for strain 311, 66% for
H. M. Brain Rea 174(1): 109-117; 1979. (13 refs) strain 300, 39% for strain 600, and 25% for strain

A radiotracer method was used to determine if 400. The results showed good agreement with the val-

2,450-MHz continuous wave microwave energy in- ues calculated from the model.

creases blood-brain barrier (BBB) permeability in
the rat to [

1
4C]-Iabeled mannitol, which Is normal-

ly excluded from entering the brain. Anesthetized 6437 PRELIMINARY STUDY OF THE CUMULATIVE EFFECT
adult rats were irradiated singly for 30 min In OF MICROWAVE RADIATION (2,450 MHz) ON THE
the quiet zone of an anechoic chamber at average IMMUNE RESPONSE OF THE MOUSE. (Fre.) Robert, 0.
power densities ranging from 0.1 to 30 MW/cm

2
. (Division de Microbiologle, CRSSA, 108 boulevard

Afterwards each rat received an intracarotid bolus Pinel, 69272 Lyon Cedex 1, France); Deschaux, P.:
Injection of [(

1
C]-mannitol/[3H]-water mixture and Pellissler, J. P.; Santini, R.; Fontanges, R. C R

was decapitated 15 sec later. Uptake of [I'C - Soo Biot (Paris) 172(6): 1148-1154; 1978. (10 refs)
I. mannitol relative to the highly permeable [

3
H -

water was calculated as the brain uptake index The effect of microwave irradiation (2,450 MHz, 10
(BUI) for four brain regions. Differences between mW/cm

2
, 1-4 hr/day on 4 consecutive days) on the

mean BUI values for brain regions removed from Immune response of 2-mo-old Swiss mice was studied
microwave-irradiated rats compared to sham-irradi- using the Plaque-Forming Cell test (antibody produc-
ated rats were not significant at the 5% level, and tion to sheep red blood cells) and by determining
a microwave Influence on BBB permeability was not the 20-day survival rate following vaccination with
evident. Mean BUI levels for cortex and diencepha- ribosome and membrane fractions of KZebaieiZa pncu-
Ion remained close to the 2% level across treatment moniae. Highly significant stimulation of anti-
groups. However, mean BUI values for cerebellum body production was seen in animals Irradiated for
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4 hr/day on 4 consecutive days. Irradiation for the GI phase failed to form colonies after MW
1-3 hr/day on 4 consecutive days had no protective treatment. The susceptibility of L6OT cells during
effect against challenge, and there was no signifi- the GI phase suggested that if an asynchronous

cant difference in the survival rate compared with population were treated at four successive 4-hr

nonirradlated controls. However, a statistically Intervals, growth would be inhibited to a greater

significant increase in the survival rate was seen extent than if the population were treated at four

in animals irradiated for 4 hr/day for 4 days. successive I-hr intervals; this was indeed found
to be the case. Preliminary experiments indicated
that the growth of VX2 and RT cells (two cell

6438 FURTHER PROGRESS WITH ONCOLYSIS DUE TO lines derived from neoplastic tissue) was more

LOCAL HIGH FREQUENCY HYPERTHERMIA, LOCAL sensitive to MW energy than the growth of L cells

X-IRRADIATION AND APATHOGENIC CLOSTRIDIA. (Eng.) at comparable energy levels. Intermittent exposure

Gericke, D. (Hoechst Ag. 6230 Frankfurt/Main 80, of these cell lines to a water bath (35 C) and an

W. Germany); Dietzel, F.; Ruster, I. J Microave ice bath (0 C) for five I-min exposure periods had

Power 14(2): 163-166, 1979. (11 refs) no effect on their subsequent growth. Bacterial
cultures of Staphyloccus aureus, Streptococcus

The oncolytic effect of local x-irradiation, local pyogenee and viridans, Bacillus subtilis, Es-

high-frequency hyperthermia (HFH), and treatment cherichia coZi, and Pseudomonas aeruginosa were

with apathogenic Clostridia is reported. Fifty totally resistant to MW irradiation unless the

NMRI mice received a subcutaneous transplant in exposure temperature was elevated to destructive

the neck of a Harding-Passey melanoma. When the levels.

tumor diameter reached at least 8 mm, the mice
received x-irradiation (2,000 rads), followed
immediately by 461-MHz HFH (40-41 C for 3 min), and 6440 STUDY OF NONIONIZING MICROWAVE RADIATION

followed 12 hr later by an injection into the tail EFFECTS UPON THE CENTRAL NERVOUS SYSTEM

vein of 108 spores of Clostridium oncolyticun s. AND BEHAVIOR REACTIONS. (Ent.?.) Shandala, M. G.

butyiricum. After one cycle of this treatment, only (A. N. Marzyev Scientific Res. Inst. Public and

10% of the mice were free of tumor relapse; how- Communal Hygiene, Kiev, USSR); Dumanskii, U. D.;

ever, this percent rose to more than 30% after Rudnev, M. I.; Ershova, L. K.; Los, I. P. Environ

two cycles of treatment and to more than 60% after Health Perspect 30: 115-121; 1979. (17 refs)

six treatment cycles. Oncolysis occurred after
each repeated spore application, and treatment was Neurologic, behavioral, and Immunologic reactions of

well tolerated. rabtits and rats exposed to far-field irradiation at
a frequency of 2,375 ± 50 MHz are reported. In one
experiment, 24 rabbits were exposed to continuous
wave radiation at power densities of 10, 50, and

6439 EFFECT OF CONTROLLED ELECTROMAGNETIC 500 PW/cm
2 

for 7 hr/day over a 3-mo period. Power
RADIATION ON THE GROWTH OF CELLS IN TIS- densities of 10 and 50 PW/cm

2 
stimulated brain

SUE CULTURE. (Eng.) Peters, W. J. (Suite 1-120, bioelectric activity, as indicated by an increase
Univ. Wing, Toronto General Hosp., 101 College St.. in the regularity of the basic theta-rhythm and
Toronto, Ontario M5G IL7, Canada); Jackson, R. W.; the degree of similarity of the form of oscillation
Iwano, K. J Surg Res 27(1): 8-13; 1979. (24 refs) with a parallel increase in its amplitude in the

thalamus and posterior hypothalamus. In the cortex
Various mammalian and bacterial cell lines were regions, the increase in activity was associated

exposed for I min or multiples of 1 min to micro- with raised excitability of the brain. A power

wave (MW) radiation at a wavelength of 12 cm, a density of 500 3M/cm
2 

suppressed brain bloelec-
frequency of 2.45 GHz, and a current of 120 mA tric activity, as evidenced by an Increase in
under strictly controlled temperature conditions slow delta waves of high amplitude that occured
to assess the effect of this exposure on their after 2 wk of irradiation in the cortex. A
growth in tissue culture. When L-929 cells were gradual Increase in slow high amplitude activity
exposed to five 1-mmn doses of MW energy, subse- was also seen after 1 mo of irradiation at a power
quent growth was significantly decreased. The density of 50 PW/cm

2
. In another experiment, rats

maximum temperature reached during irradiation was exposed to 500 lW/cm
2 
of radiation for 7 hr/day

34-35 C. When these cells were alternately cooled over a 1-mo period exhibited decreases in work
in an ice bath (0 C) and placed In a water bath capacity, levels of unconditioned feeding stimulus,
(34-35 C) for five 1-min exposures, their subse- investigating activity, and electronic irradiation
quent growth was not affected. The sensitivity threshold. This power density also caused a sudden
of suspension cultures of asynchronous L6OT cells and statistically significant disturbance of the
to MW radiation was similar to that of L-929 cells, immunologic system; this was manifested by sub-
and alternate cooling and heating again had no stantial suppression of phagocytic capability of
effect on their growth. In experiments where neutrophils and by a reduction of the functional
L6OT cells were synchronized and subsequently ex- activity of imunocompetent cells responsible for

k ' posed to five 1-mmn doses of MW energy as the cells cellular and humoral protection reactions.
progressed through the cell cycle, it was found
that cells In the S and G2 phases of the cell cycle
were resistant to MW radiation. However, 12% of
the cells in the N phase failed to proliferate 6441 ERYTHROCYTE DAMAGE CAUSED BY THE MAEMO-
following MW exposure, and about 45% of those in THERM

® 
MICROWAVE BLOOD WARMER. (Enq.;
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Linko, K. (Dept. Anesthesia, Helsinki Univ. Cen- cochlea, where possible thermoacoustic expansion
tral Hosp., Haartmanintaku 4, 00290 Helsinki, Fin- could account for the auditory perception of micro-
land); Hynynen, K. Acta Anaeathiol Scand 23(h): waves.

320-328; 1979. (15 refs)

Erythrocyte damage to blood units in Fenwal blood 6443 AN ELECTROMAGNETIC ENERGY COUPLER FOR
bags was examined after water bath warming and MEDICAL APPLICATIONS. (Eh7.) iskander,
after warming by a Haemotherm@

m i
crowave blood warm- M. F. (Dept. Electrical Engineering, Univ. Utah,

er operating at a frequency of 2,450 MHz. Extra- Salt Lake City, UT 84112); Durney, C. H. Proc
cellular hemoglobin and potassium, hematocrit, IEEE 67(10): 1463-1465; 1979. (12 refs)
osmotic fragility, and mean cellular volume were
used as indicators of red blood cell damage. Warm- An applicator for coupling electromagnetic (EM)
ing in the water bath caused no erythrocyte damage energy into a dielectric material such as tissue
at temperatures of about 46 C. At temperatures with minimum leakage radiation is described. The
above this, progressive hemolysis, swelling, and applicator is a printed-circuit 50-ohm surface
finally erythrocyte fragmentation were observed, strip transmission line (coplanar wavegulde) that
Units of red blood cells in saline warmed to tem- is fed by a small coaxial line and is terminated

peratures above 46.3 C with the Haemotherm& showed by a thick-film 50-ohm chip resistor; the ground
intense hemolysis and changes in all of the param- plane Is placed on both sides of the center strip
eters used to assess red blood cell damage; below conductor. This geometry allows the spread of
this temperature no erythrocyte damage occurred. EM fields around the transmission line rather
When the amount of blood warmed was less than 300 g than confining them between the conductors.
or when the hematocrit exceeded 0.70, the blood The coupling characteristics of the EM applil-
mixing mechanism became insufficient, leading to cator were determined by mapping the fields
local overheating and hemolysis. The mean plasma coupled through a layer of wet sponge, which
hemoglobin increase of 10 whole blood units warmed simulated the tissue, and placing the sponge on
by the Haemotherm®to 36.0-36.8 C was 123 mg/l. top of the applicator. The peak field intensity
The above results indicate that microwaves per se coupled to the sponge occurred at the contact re-
are not harmful to erythrocytes but that penetration gion with the applicator, and the signal amplitude
of microwaves together with insufficient blood mix- rapidly decreased as the distance from the con-
ing during warming are the critical factors leading tact region increased. The feasibility of using
to hemolysis. the EM applicator in medical diagnostics was ex-

amined by Inducing pulmonary edema in the lungs of

dogs and using the EM applicator to monitor changes

6442 HOLOGRAPHIC ASSESSMENT OF A HYPOTHESIZED in the microwave (915 MHz)-transmitted signal in

MICROWAVE HEARING MECHANISM. (Eng.) vivo. Changes In the phase of the microwave-trans-

Frey, A. H. (Randomline, Inc., Huntingdon Valley, mitted signal agreed very well with changes in the

PA 19006); Coren, E. Science 206(4415): 232-234; pulmonary edema, as indicated by changes in the

1979. (21 refs) mean pulmonary arterial pressure. The results ob-

tained from both the phantom and animal experiments

Dynamic time-averaged interferometric holography illustrate the high coupling efficiency of the

was used to measure predicted motion in the skull applicator with minimum leakage radiation around

or soft tissue of the heads of rats and guinea the body.

pigs exposed to pulsed microwaves to determine
if the thermoacoustic expansion-bone conduc-
tion hypothesis accounts for sound perception 6444 MICROWAVE SCATTERING PARAMETER IMAGERY
of microwaves in mammals. In one experiment with OF AN ISOLATED CANINE KIDNEY. (Eng.)
10 Sprague-Dawley rats, the microwave energy car- Larsen, L. E. (Dept. Microwave Res., Walter Reed
rier frequency was 1.275 GHz; the pulse width, 25 Army Inst. Res., Washington, DC 20012); Jacobi, J.
usec; the pulse repetition rate, 50 pulses/sec; H. Med F.ia 6(5): 394-403; 1979. (13 refs)
and the incident peak power, 1,700 mW/cm

2
. In

five of the animals, an additional set of holo- A method for Imaging blosystems using microwave
grams was made at 100 pulses/sec as each layer of radiation is described and illustrated using a
head tissue was removed, starting with the holo- phantom brain target and an isolated canine kidney.
grams of the muscle tissue. In a second experi- The images are two-dimensional arrays of microwave
ment, 16 adult male guinea pigs were used, half transmission coefficients (magnitude and phase of
of them being tested at a frequency of 1.1 GHz the complex power transmission coefficient 821)
and the others at 1.2 GHz in a 2 x 2 x 2 factor that depict the relative Insertion loss and rela-
design. The factors were peak power density at tive phase shift of a 3.9-GHz signal as It propa-
1,250 and 8,500 mW/cm

2
, pulse width at 10 and 20 gates through the specimen. The Image is a square

usec, and pulse repetition rate at 25 and 50 pulses/ array containing a total of 4,096 pixels. At each
sec. A treatment-by-subject design was used in point in the Image, the magnitude and phase of 821
which each animal was Its own control. The ex- Is measured and recorded. The data collection
periments showed that the predicted motion of head system, consisting of an electromechanical scanner
tissue did not occur. Based on this finding and subsystem, a control and recording subsystem, and
evidence reported elsewhere, it is suggested that a microwave stimulus-response measurement subsys-

the locus of radio frequency hearing Is in the tem, provides 821 microwave Images that can then
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be related to known organization within the canine 036 01 Martin, Czechoslovakia). Ceak Iyg 24(5):
kidney. Specifically, the regions thinly populated 261-264; 1979. (10 refs)
with glomeruli in the cortex corticis are distin-
guishable from deeper cortical regions containing High school and university students are exposed
large numbers of glomeruli with some suggestion of to electromagnetic fields In laboratory practice-!
lobulation. Likewise, the medullary outer zone The energy can be as high as 1,000-1,000,000 W and
where the thick loops of Henle are found in great- the current intensity can reach 1,000 A. The fre-
est proportion is easily distinguished both from quency is usually In the range of 10,000 Hz to
deeper cortical layers and the renal pelvis. Thus, several GHz. Despite the possible harmful physlo-
regions corresponding to filtration appear to be logic and mutagenic effects of magnetic fields,

separable from regions corresponding to osmotic no maximum allowable levels have yet been estab-
concentration, and these are easily separable from lished for students. According to the recommenda-

the pelvis. These maps of 821 also allow Inferences tion of the Stanford Linear Accelerator Center
concerning regions within the kidney that may be (SLAC), the maximum dose should not exceed 2 Tesla
especially liable to injury with sufficiently high for the arms and legs, and 0.2 Tesla for the whole
power microwave fields. To the extent that the body.
interrogation frequency is well removed from the re-
laxation frequency of water, so that temperature
effects on complex permittivity are minimized, the 6447 EFFECT OF SMALL DOSES OF ELECTROMAGNETIC
821 image will represent regions of increased propa- WAVES ON SOME ORGANS AND SYSTEMS OF AN.
gation loss (i.e., energy dissipation) for high (Ru.) Bachurin, V. . (Dept. Surgery, Zaporozh e
power fields of the same frequency. It can there- Medical Inst., Zaporozhe, USSR). Vray eto (7):
fore be inferred that the corticomedullary junction 95-97; 1979. (6 refs)
and medullary outer zone are especially liable to
microwave injury, and that when sufficient interior
fields are induced, the thick regions of the loops The health status of 100 workers exposed occupa-

of Henle are at special risk. Thus, the hazard can tionally to electromagnetic fields (20-60 uW/cm
2
,

be expected to be expressed as a defect in osmotic occasionally 100 PW/cm
2
, electric component 20-100

concentration rather than, for example, as defects V/m, magnetic component up to 3 Alm) was analyzed

in ultrafiltration, as a function of the length of exposure. Ninety
workers were less than 45 yr of age. The length
of employment involving exposure was 1-5 yr in 42

cases (group 1), 5-9 yr in 24 (group 2), and greater

6445 MICROWAVE INTERFERENCE WITH THE FUNCTION than 10 yr in 34 (group 3). Group I workers had

OF AN IMPLANTED CARDIAC PACEMAKER. (Eng.) practically no complaints, while two workers in group

OFktsm P. S.A (Sch. Applied Science, Univ. 2 complained about headaches, epicardlac pains,
Neelakantaswamy, P. . (weakness, and somnolence; workers in group 3 also
Science Malaysia, Minden, Penang, Malaysia); Rama- had similar complaints. In group 3, four workers
krishnan, K. P. IEEE Trans Etectromagn Compat 21 had chronic gastritis and cholecystitis, five had

recurrent coryza, four each had angina and radicu-
litis, and seven had other diseases. Electro-

A theoretical model is proposed to explain the oc- cardiogram (ECG) changes (left shift of the axis,

currence of a syncopal episode in a patient with cardi aadisode s i oftra etr i s,

an implanted ventricular sensing cardiac pacemaker sinus tachycardia, disorders in intraventricular

who was exposed to 2,450-MHz radiation from a micro- conduction, and signs of myocardiac hypoxia) were

wave oven. A subsequent clinical study with a simi- seen in some group 1 workers, usually after 3- tolar microwave environment showed a high frequency 3.5-yr exposure. The incidence of these ECG changes
artifact on recorded electrocardiogram (ECG) trac- was higher in groups 2 and 3. Focal opacification

ings, demonstrating effective blocking of the im- of the crystalline lens, arteriosclerosis, and

planted pacing activity. It is theorized that dilation of the veins of the fundus of the eye were

the absorbed microwave energy by the biomedium found in 3 workers in group 1. in 9 workers in

containing the implanted pacemaker represents a group 2, and in 16 workers in group 3. Vegetative

volume of heat source that sets up thermoelastic dystonla, asthenoneurotic syndrome, neurovascular

waves In the biomedium. These acoustic waves in- dystonia, and neurasthenic syndrome were found in

duce in the pacemaker circuit noisy microphonic six workers in group 3, and autonomic vascular

oscillations that correspond to the high frequency distonia was found in two workers in group 2.

artifacts on the ECG tracings. It is suggested
that calculation of the amplitude and frequency of
the vibration causing the high frequency noise in 6448 ELECTROMAGNETIC INTERFERENCE (EMI) RADIA-
the pacemaker output would enable the proper de- TIVE MEASUREMENTS FOR AUTOMOTIVE APPLICA-

I. sign of a pacemaker oscillator circuit with quenched TIONS. (Eng.) Adams, J. W. (Electromagnetic Tech-
microphonics. nology Div., Natl. Engineering Lab., NBS, Boulder,

CO 80303); Taggart, H. E.; Kanda, M.; Shafer, J.

NBS TechnicaZ Note Y014, 48 pp.; June, 1979. (5 refs)

6446 NEGATIVE INFLUENCE OF BIOMAGNETIC EFFECTS Measurements of electric and magnetic field strength
ON PUPILS IN LABORATORIES. (Sto.) Tuma, levels are reported for the near-field levels in

M. (Ustav mechaniky strojov, SAV, Komenskeho 3/35, and around full- and compact-sized passenger ve-
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hicles and tractor-trailer vehicles. These measure- a magnetic field probe and were not obtained by
ments were made with all common combinations of converting from electric field results. It should
mobile transmitters and antennas. The radio fre- be noted that many of the field strength levels
quency transmitting souces used the maximum legal measured are much higher than allowed by current
output power (110 W) at nominal frequencies of 40, American National Standards Institute standards
162, and 416 MHz and nominal 100-W power levels in (194 V/m) for personnel exposure. The implications
the high-frequency band (3-30 MHz). Illegal power for people who use, manufacture, and regulate these
levels (100 W) of citizens' band transmissions at systems could be serious.
27 MHz were used through special authorization by
the Interagency Radio Advisory Committee. Fields
In and around vehicles with on-board transmitters 649 ELECTRIC FIELD EFFECT ON THE HELIX-COIL
ranged mostly from 10 to 300 V/m. Field strengths TRANSITION OF POLY(L-a,y-DIAMINOBUTYRIC
in and around vehicles adjacent to vehicles with ACID HYDROCHLORIDE) IN METHANOL/WATER MIXTURES.
transmitters ranged mostly from 5 to 100 V/m. The (Eng.) Fujimori, M. (Dept. Chemistry, Coll. Gen-
results of electric field strength measurements in eral Education, Univ. Tokyo, Komaba, Meguroku,
the near-field regions of fixed, high-power trans- Tokyo, Japan); Kikuchi, K.; Yoshioka, K.; Kubota,
mitters are also reported. These sites included S. Bi.opotbynera 18(9): 2005-2013; 1979. (22 refs)
amplitude-modulated (AN), frequency-modulated, and
television broadcast stations and high-power mili- Electric field effects on the helix-coil transition
tary and Federal Aviation Agency fixed transmitters. of poly(L-a,y-diaminobutyric acid hydrochloride)
The electric field strengths in the near-field re- in methanol/water mixtures were studied by trans-
gion of the AM broadcast stations in the frequency ient electric birefringence. The electric field
range of 550 kHz to 1.6 MHz were much higher than was applied to the solution in a Kerr cell in the
those at other fixed, high-power transmitters, form of single rectangular pulses. The pulse dura-
particularly for AM transmitters with 5/8 wave- tlon was about 500 usec, and the highest voltage
length towers. Unperturbed fields of over 8O was 7 kV. Anomalous birefringence transients were
V/m were measured 3 m from the base of a 50-kW, observed above a certain threshold field strength,
5/8-wavelength transmitting tower for an AM trans- and the field strength dependence of the electric
mitter operating in the frequency range of 550 kHz birefringence of the solution resembled the be-
to 1.6 MHz. Service vehicles may come within 3 m havior of a permanent dipole moment orientation
of a transmitter tower, but at AN frequencies there over a limited range of field strengths. The anom-
should be no resonances (since even a tractor- alous transients can be interpreted as being due
trailer Is short compared to wavelengths in the A to a conformational change from the charged helix
frequency range). Based on the measured results, to the charged coil induced by the electric field.
it Is concluded that three phenomena are present. A certain fraction of counterions will be bound to
(1) Each data curve shows a resonant peak in the the charged helix, but they will be mobile in the
20- to 40-MHz frequency range. Vehicle dimensions axial direction. Application of the electric field
(approximately 5 m) are such that a half-wavelength displaces such counterions along the helix, giving
resonance can be expected. There may be other rise to an induced dipole moment. The helices are
resonances at higher frequencies that were not then preferentially oriented by the electric field.
observed due to the wide frequency separation in As the applied field is enhanced, the average degree
the higher test frequencies (above 40 MHz). (2) of orientation becomes larger, causing the compo-
The field strength levels decrease inversely with nent of the field along the helix to increase still
the square root of frequency except for the reso- more. When the counterions are shifted towards one
nant peaks. This follows a skin-effect loss. The end of the helix and the increased repulsion between
metallic vehicle body structure has losses that in- the ionized groups at the other end ovrcomes the at-
crease proportionally to the square root of fre- traction due to the amide hydrogen bonds and other
quency. The more energy that is dissipated in skin- nonbonding interactions, unwinding of the Ilix will
effect losses, the less is available for nondissipa- start at that end and propagate along the helix.
tive electromagnetic fields. (3) The larger the This process will occur above a critical field on th,.
vehicle, the lower the field strength levels in and the verge of the transition region. The mechanism
around It for equal levels of excitation power. Involved is analogous to that proposed for field-
The vehicle is an antenna, but the larger the volume Induced conformation changes in molecules such as
for constant excitation power, the lower the energy deoxyribonucleic acid.
density (and hence field strength levels) for this
larger volume. All of the measurement results are
tabulated in terms of type of vehicle, type of
ground surface, frequency, type of field, number of 6450 SOME CURRENT RESEARCH TRENDS ON THE BIO-

* measurements, and five percentile values (100, 95, LOGIC EFFECTS OF ELECTROMAGNETIC WAVES.
90, 75, and 50). Units of measurement for electric (Cze.) Musil, J. (Institut hygieny a epidemio-
fields are V/m, and those for magnetic fields are logle, Prague, Czechoslovakia). Prac Lek 31(3):
A/m (far-field V/m equivalent In parenthesis). Al- 107-108; 1979. (0 refs)
though It is recognized that converting A/m to V/m
is not valid under near-field conditions, this con- Current research trends on the biologic effects
version permits ready comparison of the magnitudes of electromagnetic waves are reviewed in the light
of the magnetic field results with the electric of recent conferences and publications on nonioniz-
field results on an energy density basis. The Ing radiation. Current research is focused on the
magnetic field strength levels were measured with action of electromagnetic waves at the cellular,
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subcellular, and molecular levels; on the effects north directed fields; the caudally opening
on the nervous system; on Immunologic and hemato- receptors were Inhibited by these fields. Thus
logic effects; as well as on the possible applica- an ampullary afferent can be either excited or
tions of microwaves for cancer therapy. The ability Inhibited depending on the sign of the change
of microwaves to destroy the blood-brain barrier in the magnetic field. It has been proposed
is also being studied, that the response difference between rostrally and

caudally directed receptors is a result of a rostro-
caudal Induced current loop, with the current flow-

6451 PERIPHERAL ELECTROSENSE PHYSIOLOGY: A ing from one ampullary group into the other; thus

REVIEW OF RECENT FINDINGS. (Eng.) Vian- one group is excited while the other is inhibited.

cour, T. A. (Dept. Biology, Rice Univ., Houston, The left-right difference may be explained
TX 77001). J PhhB'aiol (Par'io) 75(1): 321-333; 1979. by the Induced current patterns that may be aTX 77001) Jfunction of the stimulus apparatus. Even with-
('4. refs) out increased sensitivity by central integrative

Work published since 1974 on the physiology of the processes, these receptors are sensitive enough to
peripheral electrosense system of fish is reviewed. respond when a skate is moving through the earth's

The following general topics are covered: species magnetic field (05 G) at a velocity of 30 cm/sec.

and Individual specific stimulus-frequency filter-
ing by tuberous electroreceptors; the role of tuber-
ous electroreceptors in object detection; the sen- 6452 EFFECT OF A LOW-INTENSITY ELECTROMAGNETIC
sitivity of ampullary receptors to electric and FIELD OF ULTRA-HIGH FREQUENCY RANGE ON THE
magnetic fields; and the role of calcium ions in COURSE OF SLOW ALLERGIC REACTIONS. (Rua.) Vino-
the maintenance of electroreceptor function. Am- gradov, G. I. (Biologic Hygienic Res. Lab., A. N.
pullary receptors, which as a class are the most Marzeev Kiev Scientific Res. Inst. General and Com-
sensitive electroreceptor type, are found in all munal Hygiene, Kiev, USSR); Vinarskaia, E. I. Vraoh
electric fish and in nonelectric Silurolds, Chon- Deo (6): 101-103; 1979. (6 refs)
drosteans, and Elasmobranchs. In Teleosts the
threshold for an afferent response Is about 1 pV/cm; The effect of an ultra-high frequency electro-
behavioral thresholds are 10-100 times lower. Am- magnetic field (50 vW/cm2 , frequency not specified,
pullary receptors are most sensitive to low stimu- 7 hr/day for 10-30 consecutive days) on slow de-
lus frequencies, lower than about 50 Hz and as low layed contact allergy induced by dinitrochloroben-
as 5 Hz or less. The ongoing activity of the af- zene (ONCB) was studied in 78 guinea pigs. DNCB
ferent neurons postsynaptic to the ampullary re- (1% In acetone) was applied topically to the skin
ceptor cells is a train of action potential spikes for 7 consecutive days; the challenge dose was
occurring regularly at a rate of 30-80/sec. This applied 24 hr after the last treatment. Compared
afferent activity is modulated by the receptor cells, with the nonirradiated animals, the intensity of
and the amount of modulation depends on the fre- the dermatitis was significantly reduced in the
quency and Intensity of the electric field stimulus. animals irradiated for 10 days, and even more in
For sinusoidal electric field stimuli, the module- those irradiated for 20 or 30 days. The blast
tion frequency and the modulation depth is propor- transformation of peripheral blood lymphocytes by
tional to the stimulus intensity; thus, response phytohemagglutinin was also reduced significant-
frequency is the neural code for stimulus intensity. ly in the irradiated animals (18.6-22.1% versus
Concomitant with the ability of electroreceptors 31.7-35.4% in the controls). The findings indi-
to detect electric fields is their ability to de- cate that low-intensity electromagnetic fields of
tect magnetically induced electric fields. During ultra-high frequency Induce immune deficiency in
investigations of the magnetic sensitivity of am- thymus-dependent lymphocytes.
pullary electrorecptors In two species of skate
(frygon pastinara and Raja cZavata), the activity
of ampullary afferents was recorded during stimu- 6453 DIELECTRIC HEMISPHERE-LOADED SCALAR HORN
lation with nearly uniform, vertically-oriented AS A GAUSSIAN-BEAM LAUNCHER FOR MICROWAVE
magnetic fields. The afferents responded to mag- EXPOSURE STUDIES. (Eng.) Neelakantaswamy, P. S.
netic fields that were varied at rates of 0.8-20 (Electronics Section, Sch. Applied Sciences, Univ.
G/sec but did not respond to static fields. This Science Malaysia, Minden, Penang, Malaysia); Hong,
is consistent with the predicted electric, as op- F. C. IEEE Trane Microwave Theorye Tech 27(9):
posed to ferromagnetic, detection of magnetic 797-799; 1979. (14 refs)
fields. The relationship between the afferent
discharge frequency and the rate of change of mag- A new type of Gaussian-beam launcher for producing
netic Induction was approximately linear. Also, a focused microwave exposure field In biologic
the response threshold was proportional to both experiments for selective partial-body Irradiation
the length of the ampullary canal and the electric Is proposed. The launcher is formed by placing a
field threshold of the receptor. On the animal's dielectric hemisphere (instead of a full sphere)
left side, receptors with canals opening rostrally at the aperture end of a corrugated circular wave-
were excited by increasing south (dorso-ventral) guide (scalar horn) that supports a balanced hybrid
directed magnetic fields, while receptors with ca- (HE11 ) mode. This enables a reduction in the path
nals opening caudally were Inhibited by these length of the ray in the lens-medium, and hence
fields. On the animal's right, the rostrally the spherical aberration effects are relatively
opening receptors were excited by Increasing minimized. Also, by using a hemisphere instead of
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a full sphere, the launcher structure become lighter An empirical relation for calculating approximate
and smaller. An X-band launcher was designed and values of the average specific absorption rate
fabricated based on the theoretical results for an (SAR) over a broad frequency range for any prolate

aperture edge taper of 25 dB at a frequency of 9.5 spheroidal model is derived for E-polarized In-

GHz. The desired spot size at a distance of 6 cm cident plane waves by using a combination of an-

along the optical axis from the lens was taken as tenna theory, circuit theory, and curve-fitting.
28 degrees, corresponding to a spot diameter of 5 This formula provides a simple and inexpensive
cm at a distance of 6 cm from the lens along the method for calculating the SAR for various spher-

optical axis. The sphere radius was calculated to oidal sizes between those of rats and humans. The
be about 4.25 cm. The dielectric hemisphere was formula satisfies the f

2 
SAR behavior at lower

made with paraffin wax and was supported at the horn frequencies, the resonance characteristic at in-
aperture by polystyrene foam. The spherical aber- termediate frequencies, the I/f behavior past res-
ration function calculated for this lens is pre- onance, and the dependence on the dielectric con-
sented as a function of the equivalent aperture stant at the geometric optics limits. An expres-
radius normalized with respect to the free-space sion for the resonance frequency (fo) in terms of
wavelength. For comoarlson, the aberration function the dimensions of the model Is also derived, with
resulting from the use of a full sphere is also the unknown expansion coefficients being deter-
illustrated graphically. A considerable reduction mined by curve-fitting all of the data available
in the aberration effects when the dielectric hemi- in the second edition of the Radiofrequency Radi-
sphere is used as the lens is evident from these ation Dosimetry Handbook. A comparison between
results. Near-field measurements were performed values of fo obtained from the formula with those
at a frequency of 9.487 GHz, and measured and cal- obtained using the extended boundary condition

culated beam patterns at a distance of 6 cm along method illustrates that the formula provides a

the optical axis from the lens are given. The re- quick and easy method for calculating the fo with
suits indicate that the test launcher produces a approximately a 5% error at most.
near-circular Gausslan beam in the proximity of the
for'ising lens. A simple design procedure can be

used to calculate launcher dimensions for pre- 6456 EFFECTS OF LOCAL TUMOR HYPERTHERMIA ON
scribed constraints (e.g.. spot size) on the THE GROWTH OF SOLID MOUSE TUMORS. (Eng.)
Gau:,sian beam. Magin, R. L. (Dept. Electrical Engineering, Univ.

Illinois at Urbana-Champaign, Urbana, IL 61801);

6454 NON-'ONIZING RADIATIONS. (Eng.) Rick- Johnson, R. K. Cancer Res 39(11): 4534-4539; 1979.

etts. C. R. (MRC Industrial Injuries (36 refs)

and Burns Unit, Birmingham Accident Hosp., Bath

Row. Birmingham 915 INA, England). J Soc Occup Sensitivity to microwave-induced local tumor hyper-

ed 28(4): 125-133; 1978. (4 refs) thermia (43 C, 60 min) was investigated for eight
different solid mouse tumors that were transplanted

rhe biologic and physical effects of various types subcutaneously in the left flank of C3H/He, CD2F1

of nonionizing electromagnetic radiation (e.g., UV, (BALB/c x DBA/2F,), or 86D2F, (C579L/6 x DBA/2F1)

visible light, infrared [IR], microwave, and radio mice. The local tumor hyperthermia (LTH) micro-

frequency radiation) are reviewed. The principal wave system consisted of a 2.45-GHz microwave

effect of nonlonizing electromagnetic radiation on source, a four-way power-dividing network and re-

man is general or localized heating. The detail of flected power monitor, a temperature-controlled

tissue damage varies with the different types of microwave power regulator, and small direct-contact

radiation. Microwaves and other radio frequency ra- microwave applicators (3.2-cm in diameter). The

diations generate heat at deeper tissue levels applicators were coupled to the tumor by enclosing

than IR; thus tissues that are not usually heated the tumor in a bolus of muscle-equivalent dielectric

are damaged, as in the case of lens cataracts. Over material. The temperature at the center of the

the range from 30 to 30,000 MHz, the percent of heated tumors was regulated to within ± 0.1 C,

incident energy absorbed in tissue increases from while the temperature uniformity within the tumor

10 to 60% while the depth of penetration, which Is de- was ± 0.5 C. The temperature distribution measured

fined as the depth at which the energy is reduced in these tumors was: top, 43.5; center, 43.0 C; and

to about one-third of its original intensity, de- bottom and edges, 42.5 C. Tumor growth inhibition

creases from 3 cm to I mm. Taking these two fac- (TGI) and tumor growth delay (TGD, the extra number

tors into consideration, the least favorable ex- of days needed by treated mice relative to control

posure frequency for living tissue is around 3,000 mice to reach an average tumor size of 1 cm
3
) were

MHz, where 40% of the incident energy is absorbed calculated. In general, LTH reduced the size and
and the depth of penetration is about 1 cm. retarded the growth of treated tumors relative to

controls for each of the tumors tested. Although

slight Increases in life-span were observed in

6455 AN EMPIRICAL FORMULA FOR BROAD-BAND SAR several experiments, only 5/188 treated mice were
CALCULATIONS OF PROLATE SPHEROIDAL MODELS cured. Of the eight tumors tested, colon carcinoma

OF HUMANS AND ANIMALS. (Ehg.) Durney, C. H. 26 and Lewis lung carcinoma were the least re-

(Dept. Electrical Engineering, Univ. Utah, Salt sponsive, with TGIs of less than 35% and TGOs of

Lake City, UT 84112); Iskander, N. F.; Massoudl, about 1-2 days. Most of the tumors were moderately

H.; Johnson, C. C. I7EE Trans Microwxe Theory responsive to LTH; TGIs of 37-75% were observed fol-

Tech MTT-27(8): 758-763; 1979. (7 refs) lowing a single LTH treatment of 916 melanoma, mam-
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mary carcinoma C3HBA, glioma 26, and mammary adeno- embryonic, larval, and pupal stages at which ir-
carcinoma 16C. The most responsive tumors to LTH radiation was performed. This weak action of NW
were M5076 ovarian carcinoma and colon carcinoma 38, on tumorigenesis In DoaophiZa differs from that
with TGIs >62%. Colon carcinoma 38 and M5076 ovar- of ionizing radiation. It seems unlikely that
Ian carcinoma were delayed by 6-13 days. The other thermic effects are responsible for the weak effect
tumors demonstrated intermediate responses, with 3- of MW on tumorigenesis because when larvae were ex-
to 7-day TGDs. Multiple LTH treatments increased the posed to temperatures of 29 or 30 C, tumor develop-
response of all tumors both in terms of TGI and TGD. ment was completely suppressed in a fraction of the
To compare the sensitivity of tumors to heat with adults without any change in multiplicity of tumors
their growth rates, the doubling times for tumors in the other fraction of adults. When 3-day-old
were averaged into three response groups based on wild-type females were irradiated with 17 GHz for
the TGI and data for growth delay days. A poor- 16 or 21 hr and crossed with untreated males, a
response group consisted of Lewis lung and colon 26 30% Increase in fertility compared with untreated
carcinomas. A moderate response group consisted of controls was observed. The viability and tumor
816 melanoma, mammary adenocarcinomas 16C and C3HBA, Incidence in offspring were not affected. Similar
and glioma 26. A good response group consisted of results were obtained when MW-treated males were
M5076 ovarian carcinoma and colon carcinoma 38. crossed with untreated females.
Records of median day of death showed no consistent
difference between the life-spans of treated and
control mice for the early metastasizing colon
carcinoma 26, Lewis lung carcinoma, B16 melanoma, 6458 TARINE ELECTRIC FIELDS AND FISH ORIENTA-

and mammary adenocarcinomas 16C and C3HBA. How- TION. (tt.) Pals, N. (Lab. Compara-

ever, the rarely metastasizing glioma 26, colon tive Physiology, State Univ. Utrecht, Jan van Galen-

carcinoma 38, and M5076 ovarian carcinoma all showed straat 40, Utrecht, Netherlands); Schoenhage, A. A.

an increased life-span of about 20% following multi- J. Physiol. (Paris) 75(4): 349-353; 1979. (15 refs)

ple LTH treatments. Two geo-electric meters (GEM) for short-span mea-

surements of direct current (DC) electric fields
in the sea are described, and some results from a

6457 MICROWAVE EFFECTS IN DROSOPHILA MELANO- pilot study in the coastal waters of The Nether-
GASTER. (Eng.) Dardalhon, M. (Section lands are presented. One device, known as GEM II,

de Biologie, Institut Curie, 26, rue d'Ulm, 75005 consists of a PVC tube containing two Ag/AgCl elec-
Paris, France); Berteaud, A. J.; Averbeck, D. Ra- trodes. One end of the tube is open, and the other
dioprotection 14(3): 145-159; 1979. (17 refs) is closed (for 0.5 sec) every 2.5 sec by means of

a motor-driven valve. When the valve is closed,
The effects of open-space microwave (MW) irradi- no electric current can flow through the tube, and
ation in the millimeter (73 GHz) and centimeter only the electrode bias is measured. When the
(17 GHz) range were examined in Drosophita mel42no- valve is open, both the electrode bias and the
gaster. Both the wild type strain Paris and the voltage gradient are measured. The electrode sig-
strain delta carrying melanitic tumors in the nals are fed to a differential DC preamplifier and
3rd larval stage, in pupae, and in adults were to an alternating current (AC) amplifier. The
used. Cooked baker's yeast was used as nutrient (low frequency) signals are matched for recording
medium, and growth was monitored in an incubator on magnetic tape by means of a frequency modulating
(23 C without humidity control). The microwave (FM) device. In the laboratory, the signals can be
apparatus included either a Klystron of the Varian demodulated and displayed on an oscillograph; however,
VE 2103 type adjustable for the frequencies 69.5- this device has its limitations as it measures only
75 GHz or a Klystron Sperry Rand SR 4419 type ad- in one direction and gives only indirect information
justed for 17 GHz. The power density was 100 mW/cm

2  
about the direction of the electric field. A three

at 73 GHz and 60 mW/cm2 
at 17 GHz. Drosophilia dimensional version of this system, the GEM III,

eggs were treated at different stages of embryonic was also constructed. In this module, one measuring
development, i.e., 2, 4, or 5 hr after laying. Lar- electrode is situated in a PVC tube and is in con-
vae were treated at stage I (24-48 hr old), stage 2 nection with the surrounding seawater; the other
(48-72 hr old), or stage 3 (72-120 hr old). Pupae electrode is placed in a central compartment. A
were exposed on the Ist or 2nd day. Exposure times valve system provides electric contact between
ranged from 2 to 3 hr. The unirradiated controls this electrode and one of the other tubes. During
were kept at comparable conditions in all experi- a measuring cycle (6 sec), the valves open in a
ments. After 2 hr of exposure to 17 or 73 GHz, predetermined order so that with only one valve
the hatching of irradiated eggs and their develop- open the electrode bias is measured. When another
ment were normal. In a few instances, there was a valve is opened, both the electrode bias and the
tendency to a decrease In survival of eggs treated voltage gradient are measured. The signals are suc-
at different stages; of larvae treated in stages I, cessively fed to a preamplifier, an FM modulator, a
2, or 3; and of pupae. However, this tendency was demodulator, and an oscillographic recorder. This
not always statistically significant. MW treatment GEM III device can be used in water to a depth of
did not induce teratologic changes in adults. Slight 200 m. The results of the pilot study performed in
but statistically significant decreases in the the Schelde estuary and In the Waddenzee were ob-
incidence and multiplicity of tumors were observed tained with GEM II and GEM I (a unit with measuring
in adult flies exposed to either 17-GHz or 73-GHz electrodes that rotate around a vertical axis) de-
MW, and this effect seemed to be Independent of the vices. Local electric fields (up to 150 PV/m) caused
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by bottom structures and reqional electric fields pulse width for the efficient conversion of micro-
(up to 60 pV/m) due to electromagnetic processes waves to acoustic energy. For instance, computa-
were measured. Most of the recorded fields fell tions Indicated that the peak pressure generated
within the perceptive range of sharks (10 PV/m) in a cat-sized (3-cm radius) sphere exposed to
and rays (1 uV/m). 2,450-MHz energy is maximum around 2 usec and that

It falls off rapidly for shorter pulse widths. Its
decrease for longer pulse widths Is characterized
by some oscillatory behavior. A comparison of the

6459 A BIOLOGICALLY ACTIVE COMBINATION OF MODU- thermoelastic theory of microwave auditory effect
LATED MAGNETIC AND MICROWAVE FIELDS: THE with experimental measurements revealed good cor-

PRIORE MACHINE. (Eng.) Bateman, J. B. (Office relation in terms of width of impinging microwave
Naval Res. Branch London, Box 39, FPO NY 09510). pulses, independence from microwave frequency and
26 pp.; 1978. [available through National Technical specific absorption rate distribution, frequency of
Information Service, Springfield, VA 22161, Document sound, and threshoid of sensation. The advantageMo. AD060 988J. (19 refs) sud n hehl fsnain h datg

. Aof a small direct contact applicator in experiments

A generator, known as the PrIore Machine, which involving electrophysiologic recordings simultane-ous with microwave exposure was also demonstrated.
produces a biologically active combination of modu- This exposure technique eliminates the need for

lated magnetic and microwave fields is described. s esie ening eices and o
It i clime tha th geeratr podues rdiaionspecially designed sensing devices and processing

It is claimed that the generator produces radiation instrumentation necessitated by conventional micro-
wave exposure techniques. Not only does the small

regress and cures trypanosomiasis in certain labor- direct contact applicator permit placement at dif-
atory animals. A review of the literature describ- ferent areas on the head to establish desired dif-
ing the generator and its biologic effects re- ferences in absorbed energy e stribution, but it
veals that the biologic data are presented in also substantially reduces interference due to
careful detail while information on the generator direct pickup of microwave artifacts by the record-
is sparse and often contradictory. A review of ing electrode.
the patent for the generator discloses that the
active radiation emerges from a tube containing a
rotating deflector upon which impinge, from several
different sources, a stream of positive ions ac- 6461 A TECHNICAL REVIEW OF THE BIOLOGICAL
celerated in a cyclotron, a beam of centimeter EFFECTS OF NON-IONIZING RADIATION. (Eng.)
waves generated by a magnetron, and a magnetic McRee, D. I., Chairman (ad hoc Working Group, Office
field. Any or all of these may be chopped or modu- Science and Technology Policy). 41 pp.; 1978.
lated according to various patterns. (available through National Technical Information

Services, Springfield, VA 22161, Document No. PB
290 166]. (9 refs)

6460 STUDIES ON THE MICROWAVE-INDUCED AUDITORY
EFFECT. (Eng.) Lin, J. C. (Dept. Elec- A review of the present state of knowledge of the

trical and Computer Engineering, Wayne State Univ., biologic effects of nonionizing electromagnetic
Detroit, MI 48202). 74 pp.; 1979. [available radiation is presented along with recommendations
through National Technical Information Services, for current research needs in this area. The re-
Springfield, VA 22161, Document No. BES-I]. (35 refs) view includes radio frequency radiation (RFP) from

I Hz to 300 GHz and electric and magnetic fields
A thermoelastic theory of acoustic wave generation associated with both direct current and alternating
in spherical models of the mammalian head exposed current high voltage transmission lines (HVTL).
to rectangular pulses of microwave energy is pre- Research in the past 5 yr has indicated that some
sented. It was shown that the distribution of biologic systems exhibit responses to RFR at
absorbed energy inside the head is approximately exposure intensities that were previously con-
spherically symmetric for many combinations of sidered to be too low to produce detectable alter-
size and microwave frequency. By taking advantage ations (1-10 mW/cm2 ). The extent to which RFR-
of the symmetry of the absorption pattern and as- induced perturbations actually compromise living
suming that heat conduction does not occur within systems has not been determined, nor are the RFR
the short periods of time under consideration, it conditions necessary to produce an observed alter-
was possible to solve the thermoelastic equation ation well defined. Although present evidence for
of motion for the acoustic waves in the spherical the effects of RFR on the nervous system and on
head without shear stress under both stress-free the reticuloendothelial system, including immuno-
and constrained-surface boundary conditions using logic processes, is scanty, biomembrane alter-
boundary-value technique and Duhamel's principle. ations appear to be involved in many of the re-
It was found that the fundamental frequency of ported effects. much less research has been done
sound generated inside the spherical head is in- on the effects of HVTL fields, and biologic sys-
dependent of the frequency of the impinging micro- tems have not been adequately tested to determine
wave and the pattern of absorbed microwave energy if deleterious interactions do occur. It is dif-
distribution and is strictly a function of the ficult at present to develop meaningful guidelines
size of the spherical head and the acoustic proper- for exposures due to insufficient data covering
ty of the tissue Involved (velocity of sound). In exposure conditions such as frequency, waveform,
addition to giving pressure and displacement ampli- and exposure duration. In conjunction with blo-
tudes, the theory shows that there Is an optimum logic effects research, It is essential to in-
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corporate long-term, low-level studies, mechanisms tains 177 abstracts, It of which are new entries to
of interaction studies, and to develop appropriate the previous edition.
instrumentation and dosimetric techniques. Areas
of biologic effects research that are considered
highest priority based on current knowledge and 6464 PARENTAL RADIATION AND DOWN'S SYNDROME,

recent research include the nervous system, reticu- WITH PARTICULAR ATTENTION TO IONIZING
loendotheliai system, membrane structure and func- RADIATION AND RADAR. (Eng.) Cohen, B. H. (Johns
tion, and teratologic and developmental effects. Hopkins Univ., Sch. Hygiene and Public Health,

Baltimore, MD 21205). 360 pp.; 1976. [available
through National Technical Information services,

6462 ELECTRICAL PARAMETER VALUES OF SOME HUMAN Springfield, VA 22161, Document No. AD-AO61593.

TISSUES IN THE RADIOFREQUENCY RADIATIO1 (232 refs)

RANGE. (Eng.) Penn, J. W.; Bell, E. L. (Aerospace
Medical Div., USAFSAM, Brooks Air Force Base, TX in order to confirm or reject previous findings

78235). 21 pp; 1978. (available through National suggesting an association between Down's syndrome

Technical Information Services, Springfield, VA and maternal exposure to fluoroscopic and thera-

22161, Document No. SAM-TR-78-381. (12 refs) peutic radiation or possibly between this disease
and paternal exposure to radar, a replication of

Electrical parameter values of some human tissues the original study was performed on parents of a

in the radio frequency range of 10 to 10,000 MHz current series of 300 Caucasian Down's syndrome cases

are reported. Curves of conductivity and dielectric and controls (born in 1962-1968 and 1945, respec-

constant as a function of frequency are given for tively). In addition, validation of military ser-

muscle, skin, dura, brain, blood, cerebrospinal vice and radar exposure through a search of govern-

fluid (CSF), and fat-bone-yellow bone marrow. Be- ment records on all original and current series

cause of the scarcity of measured values (particu- fathers (involving 791 cases, controls, and new

larly at the high and low ends of the frequency matches) was performed along with a chromosome

range, where conductivity and dielectric constant study of 162 radar-exposed and unexposed fathers

vary rapidly), the curves for tissues of medium (159 with successful cultures) from both series.

or high water content are drawn in proportion to In contrast to the original findings, data for

the curves for muscle, for which relatively ex- the current series showed no difference in medical

tensive data exist. Values extracted from these radiation exposure between case and control mothers

curves give reasonable estimates of the inter- (or fathers). Data for the current series also

relationships among various tissues over the fre- indicated no difference in radar exposure between

quency range of interest. Values of conductivity case and control fathers. Even when the original

(at a frequency of 800 MHz and a temperature of and current series were combined, no significant

37 C) extracted from appropriate curves for brain, differences were observed between case and control

CSF, dura, bone, fat, skin, muscle, blood, and fathers with respect to radar exposure or military

yellow bone marrow are 0.96, 1.74, 1.23, 0.096, service. While more chromosome aberrations were

0.096, 1.23, 1.45, 1.60, and 0.096 ohm/m, respec- seen in radar-exposed than in unexposed fathers for

tively. The corresponding dielectric constants the two series combined, excesses in the particular

for these tissues are 33.76, 79.47, 45.64, 5.61, types of deviants observed (gaps and single chroma-

5.61, 45.64, 51.27, 61.52, and 5.61, respectively. tid breaks) can be attributed to technical error;
thus, the cytogenetic findings may not be a reli-
able indicator of chromosome fragility associated

with microwave exposure. More definitive, prefer-
ably longitudinal studies are required for confir-

6463 SEAFARER: IMPACTS AND STUDIES OF THE mation or rejection of such a possible hazard.

EXTREMELY LOW FREQUENCY COMMUNICATION
SYSTEM (A BIBLIOGRAPHY WITH ABSTRACTS). (En7.)
Lehmann, E. J. (NTIS, Springfield, VA 22161). 6465 HEMATOLOGIC EFFECTS IN MICE EXPOSED TO
185 pp.; 1979. [available through National Tech- PULSED AND CW MICROWAVES. (Fn7.) Ragan,
nical Information Services, Springfield, VA 22161, H. A.; Phillips, R. D. (Experimental Pathology
Document No. NTIS/PS-79/0025). (177 refs) Section, Biology Dept., Battelle Pacific Northwest

Lab., Richland, WA 99352). 24 pp.; 1979. [avail-
Studies are cited covering the search period 1964 able through Office of Naval Res. Annual Report,
to January 1979 of U.S. government-funded research Contract No. N00014-76-C-115). (9 refs)
on the Navy's global communication system that
employs extremely low frequency (ELF) radio waves. Hematologic and immunologic effects of continuous
This system, was previously called Sanguine, has wave (CW) and pulsed wave (PW) microwave radiation
been given the name Seafarer. The bibliography were studied in female Swiss Webster mice under
is divided into four parts. The first covers the well controlled and defined exposure conditions.
biologic effects of ELF radiation on humans, ani- For each study, 16 mice were randomly assigned to

K mals, plants, and ecosystems. The second part two groups: 8 for microwave exposures and 3 for
presents research on equipment, performance, feasi- sham exposures. In some experiments, mice were
bility, design, and transmission. The last two exposed in the far field of an anechoic chamber
sections cite surveys for the Sanguine antenna in to 2,880-MHz PW microwaves (2.3-osec pulses, I00/
Texas and Michigan. This updated bibliography con- sec) for 3-7.5 hr/day, with the total exposure time
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ranging from 60 to 360 hr. Five studies were per- regions of the body such as the neck, legs, and
formed at average power densities of 5 mW/cm

2 
and arms. To verify the theoretical results, an ex-

four at 10 mW/cm
2
. The mean specific absorption perimental study was conducted to directly measure

rates were 2.25 mW/g at 5 mW/cm
2 
and 4.50 mW/g at the induced electric field inside a phantom model

10 mW/cm
2
. An additional group of mice was ex- of man with a noninterfering implantable electric

posed to 2 450-MHz CW microwaves at a power density field probe. The section of lead wires adjacent
of 5 nW/cm. In two of five studies with 5-mW/cm

2  
to the probe was constructed with two series of

PW microwaves, there was a significant (p<O.0l lumped resistors (3,000 ohms each) to minimize
and <0.05) increase in bone marrow cellularity the current induced on the lead wires by a strong
compared with sham-exposed groups. Significant electric field that is perpendicular to an ir-
differences were occasionally seen in erythrocyte, radiated conducting body surface. The probe it-
leukocyte, and platelet measurements from micro- self was made from a zero-bias microwave diode.
wave-exposed groups, but these effects were not Qualitative agreement was obtained between the
consistently observed. The only effect in mice theory and the experiment. The main cause of dis-
exposed to 5-mW/cm

2 
CW microwaves was a reduction crepancy between theory and experiment appeared to

in reticulocyte concentration (p<0.02). During be due to numerical inaccuracy, which could only
one of four exposures to 10-mW/cm

2 
PW microwaves, be improved by subdividing the body into many more

mean bone marrow cellularity was reduced (p<O.02) subcells. A study investigating effective methods
in the microwave-exposed mice; in another group of inducing EMF hyperthermia in internal tumors
the concentration of circulating lymphocytes was in animals and humans is also described, with ref-
increased (p<O.05). During only one exposure erences provided for the published results.
(10 mW/cm

2 
for 360 hr) was any effect on serum pro-

teins noted (reduction from 5.6 ± 0.36 g/deciliter
[dl] in sham-exposed mice to 5.1 ± 0.29 g/dl in

exposed mice). This was due to a decrease in alpha 6467 URSI PURSUED: MILLIMETER WAVE BIOPHYSICS.

and beta-globulins, with no effect on albumin or (Eng.) Bateman, J. B. (Office of Naval

gamma-globulin concentrations. No effect on bone Res., Branch Office, London, England). pp. 404-409;
marrow hematopoetic colony-forming units (CFU) was 1978. [available through European Scientific Notes,

noted after exposure to 5-mW/cm
2 
PW microwaves. ONRL Report No. ESN 32-12J. (20 refs)

However, after one of four exposures to 1O-mW/cm
2

PW microwaves, there was a significant (p<O.O5) The theories and experiments presented at the URSI

increase in CFU-agar colonies. No significant symposium on millimeter wave biophysics that dealt

effects of 1O-mW/cm
2 
microwave exposures were de- with the construction of simple biologic systems

tected on assays of in vivo and in vitro cell- for displaying the effects of weak nonionizing

mediated immune functions. No exposure-related radiation are reviewed. Theories that were pre-

histopathologic lesions were found on examination sented included: 1) supramolecular sensitive do-

of several tissues and organs, mains in biologic systems that can be raised by meta-

bolic energy to a single coherent metastable vi-
brational state; 2) the resonance frequency of this

domain may be in the range of 100-1,000 GHz; 3) the

6466 QUANTIFICATION AND MEASUREMENT OF INTER- supply of microwave energy at'the resonance frequency

NAL ELECTROMAGNETIC FIELDS INDUCED IN above a critical rate will generate the coherent
FINITE BIOLOGICAL BODIES BY NONUNIFORM ELECTRO- state within the sensitive domain and thus modify the

MAGNETIC FIELDS. (Eka.) Chen, K. M. (Div. En- behavior of the system; 4) the mircowave action spec-
gineering Res., Michigan State Univ., East Lansing, trum is highly frequency-specific, having the charac-

MI 48824). 13 pp.; 1978. [available through U.S. ter of one or more resonance curves, possibly damped

Army Res. Office Final Report, Grant No. DAAG 29- by mode-softening occasioned by long-range dipole-

76-G-0201, Project No. P-13448-L]. (12 refs) dipole interactions; 5) the dose-response relation

will tend to a step function at a critical level of

A tensor integral equation method was developed to absorbed energy; 6) the response to microwave stim-
quantify the internal electromagnetic fields (EMF) ulation is a highly specific property, indicating
induced in finite, heterogeneous biologic bodies that sensitive test systems will be required; and
by nonuniform impressed EMF. An experimental study 7) long-range coherent interactions involving more
was also conducted to develop and study implantable than one enzyme system may give rise to slow chemi-
EMF probes that can be used to measure the in- cal and electric oscillations. Three presentations
ternal EMF induced in simulated biologic bodies, that offered new information on dielectric and
Additional studies were performed to investigate microwave spectroscopic properties of cell con-
induced EMF inside the human body, EMF local heat- stituents included: 1) experiments with microwave
ing for hyperthermic cancer therapy, and the inter- dispersion in the dog brain over 0.11-7.0 GHz,
action of near zone fields of an antenna with the with the results analyzed in terms of free and bound
human body. Using the tensor integral equation water in a suspension of nonconducting spheres; 2)
method to quantify the internal electric field and an extremely sensitive method for microwave spec-

the specific absorption rate (SAR) of EMF induced troscopy of transparent materials in which a split

inside human bodies exposed to EMF of up to 500 laser beam is used to detect changes in the re-
MHz, it was found that the induced SARs inside the fractive index that are produced by microwave
body depend strongly on the body geometry and the absorption; and 3) the scanning and computer pro-
frequency and polarization of the incident EMF. cessing of the data from various dense aqueous

In many cases, hot spots were induced in narrow solutions and suspensions of biologic materials
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at 0.5-GHz intervals over the range of 26.5-90.0 and design flaws. In 1976 a study was undertaken
GHz. Experiments were also discussed that dealt to determine if higher than average lymphocyte
with the use of lysogeny as a state possibly in- counts in Moscow Embassy personnel could be at-
ducible by microwaves, the incorporation of a tributed to microwave irradiation of the Embassy
biologic temperature proe during irradiation of personnel. Blood counts from Embassy subjects
cells, and the simultaneous physicochemical and showed mean lymphocyte counts approximately 41%
electrophysiologic study of the smallest available higher than those of a control group of foreign
functioning domains of small or embryonic brains. service personnel. However, the changes in the
Another presentation described an experiment in average lymphocyte count in the Moscow population
which ascites tumor cells were injected subcutane- did not correlate either in time or space with
ously into mice after exposure for 20 min in vitro the exposure of individuals within the population
at controlled temperature to a 30-MHz filed at 0, to microwave irradiatiorp of the embassy. A Johns
5, or 10 V/cm. The effects, which were clearly Hopkins Foreign Service Health Status Study was
distinguishable from the effects of heating, in- conducted between 1976 and 1978 to analyze mor-
cluded a decreased percent of samples developing tality and morbidity of Embassy employees and de-
into tumors, an increased latent period, a pro- pendents assigned there between 1953 and 1976.
gressive fall in the rate of volume increase, and This study found no evidence that the Moscow group
an eventual regression. These changes were pro- experienced a higher total mortality or a higher
duced at the cellular level by low intensity ir- mortality for any specific causes of death than a
radiation; thus, this mouse assay provided an ex- comparison group of nonirradiated subjects. How-
cellent method for biologic amplification. Al- ever, morbidity data indicated two differences be-
though several worthwhile papers, theories, and tween the Moscow group and the comparison group.
experiments were presented at the URSI symposium The Moscow male employees had a threefold higher
on millimeter wave biophysics, little attempt was risk of acquiring protozoal infections between
made to join theory with practice. An intensifi- the time of arrival at the Embassy and the time
cation of effort to detect microwave resonances of last observation than did the comparison em-
and long-range interactions underlying some of the ployees. Also, both men and women in the Moscow
biologic phenomena is suggested, group had slightly higher frequencies of most of

the common kinds of health conditions reported.
However, these conditions represented a very heter-

6468 MICROWAVE IRRADIATION OF THE U.S. EMBASSY ogeneous collection, and it is difficult to con-

IN MOSCOW (REVIEW OF ITS HISTORY AND clude that they could have been related to exposure
STUDIES TO DETERMINE WHETHER OR NOT RELATED HEALTH to microwave radiation since no consistent pattern
DEFECTS WERE EXPERIENCED BY EMPLOYEES ASSIGNED IN of increased frequency in the group exposed to
EFTHE PERIOD 1953-1977). (Eng.) Committee on Com- other than background microwave radiation could be

merce, Science, and Transportation. (U.S. Senate, found. Overall, no convincing evidence has been

96th Congress, 1st Session). (Washington: U.S. discovered that would directly implicate microwave

Government Printing Office): 31 pp.; April, 1979. exposure of Moscow Embassy employees in the causa-

(7 refs) tion of any adverse health effects.

Four studies to determine the health effects of mi-
crowave irradiation of employees at the American 6469 ELECTROMAGNETIC FIELDS IN BIOLOGI'
Embassy in Moscow between 1953 and 1977 are sum- MEDIA. PART Il--THE SCAT PROGRAP, -
marized. In 1965, the Medical Services Office LAYERED SPHERES, THEORY AND APPLICATIONS.
of the State Department conducted an internal Neuder, S. M. (Div. Electronic Products, BF
survey of the medicals records of 139 employees Rockville, MD 20875). 17 pp; 1979. HEW P , ,
and 268 dependents assigned to the Moscow Embassy. (FDA) 79-8072. (21 refs)
This internal survey plus a subsequent contract
study, the "Moscow Viral Study," did not establish The theory and applications of a computer pr, X
any genetic or other adverse biologic effects on (SCAT) for calculating the scattering and po"
employees and dependents that were attributable absorption of radio frequency and microwave ra. -
to microwave irradiation of the Embassy. However, ation by spherical lossy dielectric bodies exposei
the study was also unable to conclusively establish to linearly polarized plane wave fields are de-
that no adverse effects were present. Another scribed. The irradiated body may be a homogeneous
study, the "Project Pandora," was initiated in sphere or multilayered, spherically concentric re-
1965 to investigate possible behavioral and biD- gions of arbitrary radii. Each region can be made
effects on primates irradiated with microwave to simulate biologic tissue by assigning the
signals simulating the exposure of Embassy em- appropriate dielectric properties. Induced fields

|. ployees in Moscow. To accelerate potential con- and observed power density within these regions may
clusions, the intensity of the microwave s gnal then be calculated for preselected irradiation
was set to the maximum useful capacity of the frequencies. Several applications of the SCAT
laboratory equipment then available, which yielded program are discussed, and associated computer plots
an exposure intensity of 4-5 mW/cm

2 
compared with of fields and absorbed power are presented. These

the average intensity of the Moscow signal that include the distribution of absorbed power density
was 2-18 iW/cm

2
. However, the Pandora primate in the major plane of a 6.6-cm diameter homogeneous

study did not provide an acceptable answer to the sphere exposed to a 3.0 GHz plane wave; the power
above question because of experimental limitations absorption as a function of frequency in a 2.1-cm
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diameter multilayered model of the hamster head; consistent. Microwave- and other RF-specific eApo-

and the field intensity in a 3.3-cm and 8.0-cm sure effects are demonstrated by qualitative and
radius homogeneous sphere at 2,450 MHz and 915 MHz, quantitative differences in reponse observed at equi-

respectively, for probe measurement evaluation. valent levels of thermal stress. The assessment
From these plots it is seen that inhomogeneous of risk of exposure to low-intensity microwave and

systems exhibit discontinuities in the induced other RF fields is complicated by the limited amount
field and in the power deposition at the bound- of data on effects of long-term or chronic exposure
aries separating biologic tissue of different of animals or man, the complex nature of microwave
dielectric properties. Furthermore, spherical and other RF energy absorption in the body, the de-

systems exhibit resonant properties depending on tection of biphasic intensity and pulse repetition

body dimensions relative to wavelength; these rate responses, and the lack of interaction mechan-

spherical body resonances give rise to internal isms to account for low-intensity exposure effects.

hot spots. Although limited to applications where
isolated spherical geometry is appropriate, the
results may nevertheless be used to obtain quan-
titative estimates of the effects of relative 6472 ELECTROMAGNETIC INTERFERENCE WORKSHOP:
body size, frequency, and dielectric properties BIOLOGICAL ELECTRO-MAGNETIC INTERFERENCE
on the total power absorption and on the internal (BEMI), MEDICAL WORKING GROUP SUMMARY. AND PLENNARY
distribution of absorbed power. SESSION IV SUMMARY "THE LAST, LAST WORD." (Enq.1

Justesen, D. R.; Toler, J. C.; Arthur, M. G. In:

Proceedings of the 1978 Electronngnetic Interference
Workshop heZd in Gaithereburg, MD, November 2-3, 1978.

6P70 ELECTROMAGNETIC FIELDS AND RELATIVE SA Arthur, M. G., ed. (Boulder, CO: NBS): pp. 5-6,PATTERNS IN BILAYERED BIOLOGICAL TISSUE 38-41, 42-44; 1979. (0 refs)

EXPOSED TO A CIRCULAR APETURE APPLICATOR (ABSTRACT).
(Eng.) Tsiang, H. K. (Ph.D. dissertation, Univ. Assuming that the earth's natural electromagnetic

Washington, 1979); 184 pp. [available through Diss fields provide signals that not only enable avian
Abstr Int B, Order No. 7917654). (0 refs) navigation but also synchronize the mammal's bio-

logic clocks, the coupling of artificially gen-
The specific power absorption rate (SAR) was cal- erated fields from power lines and from radio and
culated for human tissues exposed to a direct- television broadcasts could act as a source of
or indirect-contact microwave diathermy applicator biologic electromagnetic interference (EMI). It
having a circular aperture source with a TE1 mode is pointed out that thoroughly defined and well
field distribution. The dielectric simulated fat- documented instances of athermal, life-threatening
muscle tissue was bilayered. A Fourier-Bessel in- EMI problems in man are essentially nonexistent, as
tegral representation technique and a Gauss-Legendre are instances of life-threatening EMI problems in
Quadrature integration technique were used in the the area of medical electronic systems. Existing
theoretical study and numerical computations, re- EMI standards for medical electronic systems are
spectively. Limited experimental results were in limited to the pacemaker standard developed by
agreement with theoretical predictions within a the Association for the Advancement of Medical
reasonable limit. The effects of varying aperture Instrumentation (AAMI). Existing EMI standards
size and frequency on the induced normalized SAR for biologic systems are limited to safety levels
and depth of penetration are considered. These of electromagnetic radiation with respect to per-

studies provide a basis for designing an optimal sonnel established by the American National Stand-
applicator for therapeutic applications. ards Institute (ANSI). Like the AAMI pacemaker

standard, this standard was developed via a con-
sensus procedure. Compliance is voluntary, and a

6471 A REVIEW OF EFFECTS OF MICROWAVE RADIATION 5-yr schedule for review, update, and/or withdrawal

ON BIOLOGICAL SYSTEMS. (,n) Cleary, is used by ANSI. The acquisition and use of EMI

S. F. (Dept. Biophysics, Medical Coll. Virginia, environmental data was discussed. A complete

Virginia Commonwealth Univ., Richmond, VA 23298). description of the EMI environment would not be

In: rnternational Cowmunications Conference. useful for establishing standards without full

, nc., no R%oord. (Boston, MA): Volume II, 79C H knowledge of radiation effects on the environment

1435-7 CSCB, 31.3.1-31.3.5; 1979. (35 refs) and systems. The Federal Communications Commission
(FCC) rule-making policy, as it relates to consumer

Studies in the United States and in the USSR, Po- reaction and involvement, and the public's under-

land, and Czechoslovakia during the past 10 yr standing and view of the term radiation was also

indicate previously undetected sensitivities of discussed. Consumer reactions should represent

experimental animals to radio frequency (RF) a true cross-section of the consumers and not just

I ~exposures at intensities in the range of a vocal minority. Accurate information should be

1-10 mW/cm
2
. Reported effects on behavior, disseminated to the public by organizations, the

nervous tissue, and the Immunologic and retlcu- press, manufacturers, and FCC meetinqs.

loendothelial systems suggest specific sensitivi-
ties of mammalian systems to such exposure. Al-

- s 1 though experimental results do not correlate di-
rectly with effects reported to result from oc- 6473 A REVIEW OF DIFFERENT STIMULATION METHODS.

cupational exposure, the results are generally (Enp. Herbst, E. Tn: Electric St-m-
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ulation of Bone Growth and Repair. (New York: * In a third experiment, the distal epiphyses were
Springer Verlag): 1-13; 1978. (53 refs) cut half way across perpendicular to the long axis

of the femur, and the test femurs were oriented so
Various electrical stimulation methods used for ex- that the MF axis lay along the cut in the epiphyses;
perimental (animal) and clinical (human) bone growth regeneration characteristics were then tested. In
and repair are briefly described. The following the first experiment, the difference in wet weight
three techniques have been investigated in relation between test and control femurs was approximately
to electrically stimulated osteogenesis: direct 20% and was significant. However, the temperature
current (D) stimulation; stimulation with pulsed measured in the MF test cultures was 40.1 ± 0.2 C
currents, pulsed voltages, and alternating currents; compared with - temperature of 37.6 ± 0.1 C in
and electromagnetic field stimulation. In clinical control cultures. In the second experiment, no
studies, one investigator used stimulation with DC differences between wet or dry weights were ob-
(10-20 PA) in 24 nonunions and 5 congenital pseud- served between test and control femurs when the
arthoses (4 of the tibia and 1 of the clavicle), test and control media were held at comparable
The cathode (stainless steel wire) was inserted temperatures. In the third experiment, no dif-
into a small hole within the defect, and the anode ferences in regeneration were observed between
consisted of a stainless steel skin electrode. In test and control femurs when the test and control
some cases, multiple cathodes were used. Complete media temperatures were comparable. There were
union occurred in 15 nonunions and in 1 congenital no significant histologic differences between the
pseudarthrosis of the tibia. For patients with test and control femurs in any of the three ex-
nonunion of the tibia and femur, further immobili- periments. Overall, it is concluded that the organ
zation after completion of 12 wk of electric stim- cultures showed neither a positive nor a negative
ulation was required to obtain complete healing. MF influence on the growth and regeneration of
Another investigator used a combination of pulsed embryonic rat femurs. The significant differences
voltage stimulation and treatment with a Hoffman in the first experiment were in all likelihood
apparatus (maintains good external fixation) to attributable to temperature differences. These
treat 24 cases of crural fractures. The stimulator results provide no basis for the clinical appli-
was attached to the frame of the Hoffman apparatus, cation of just the MF component of the Kraus-Lechner
and the insulated bone screws served as electrodes, method.
The average time required to gain a certain sta-
bility was 30% lower in stimulated patients than
in control patients. Skin irritation around the
anode was observed during stimulation. Other in- 6475 THERMAL DOSIMETRY: SOME BIOPHYSICAL

vestigators have reported over 100 cases of pseud- CONSIDERATIONS. (Eng.) Cetas, T. C.;

arthrosis and spontaneous fractures treated with Connor, W. G.; Boone, M. L. In: Cancer Therapy

electromagnetically induced alternating current. by Hyperthermia and Radiation. Proceedings of the

The method used was invasive and based on internal 2nd International Symposiun held in Essen, W. Ger-

fixation. Kuntscher nails or screws insulated Mrny, June 2-4, 1977. (Baltimore: Urban and

from the osteosynthesis plate served as electrodes Schwarzenberg): pp. 3-12; 1978. (53 refs)

in this system. The pulsed magnetic field in-
duced was about 30 Oe, and this field induced an Biophysical considerations of thermal dosimetry

alternating voltage at the electrodes of 0.3-0.5 V when heterogeneous tissues are heated locally or

and a current of 1-2 PA/mm
2
. No statistical eval- regionally are discussed. To monitor temperatures

uation of the results was reported, within heated masses during localized hyperthermia
trials, small thermometers must be used and biologic
data suggest that thermal dose be recorded physi-

cally in terms of time at specified absolute tem-
6474 INFLUENCE OF MAGETIC FIELDS ON GROWTH AND peratures to within 0.1 C. This limit of accuracy

REGENERATION IN ORGAN CULTURE. (Enp.) is possible if individual thermometers are cali-

Gerger, H.; Cordey, J.; Perren, S. M. In: Electric brated and if sources of error are recognized. It
Stimulation of Bone Growth and Repair. (New York: is shown that needle-mounted thermometer probes
Springer Verlag): 35-40; 1978. (d refs) must be inserted at least 4 mm Into an object to

avoid errors greater than 0.1 C. Nine thermometer
The effect of a magnetic field (MF) on the growth probes that are under development for use in strong
and regeneration of embryonic rat femurs was in- electromagnetic fields are listed. Two of these
vestigated. Embryos from SPF-albino rats in day 17 use thermistor sensors, one with microminiature
or 18 of gestation were cultured in vitro using a integrated circuitry and the other with carbon-
purely synthetic growth medium. All tests were loaded PTFE leads. Resistance is the physical pa-
performed with a field strength of 30 G and a fre- rameter sensed. Another five devices sense light

quency of 20 Hz applied during five equally spaced intensity. The sensor is a liquid crystal in two

60-mmn periods/day. In a first experiment, the of these, a liouid meniscus variation in one, an
femurs were oriented with their long axis parallel optically birefringent crystal (LITaO3) in another,
to the MF axis. The temperature of the culture and a semiconductor optical absorption (GaAs) In the
medium was monitored daily with thermistors. In a fifth. All use optical fibers as leads. Another
second experiment, the cultures were protected probe with an optical etalon sensor and optical
against the heating effect of the MF coils, and the fibers for leads detects light wavelength changes.
femurs were oriented with their long axis partly The ninth probe uses a fluid viscosity (orifice)
parallel and partly perpendicular to the MF axis. sensor with dielectric tubing for leads to detect
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fluid pressure difference. Noninvasive methods animals than in the untreated controls (20-35%
of determining temperature distributions in deep- versus 95%. respectively). Whole-body microwave
seated heated regions are also being studied; these hyperthermia (Z.450 Miz) inhibited the growth of sar-
studies involve the use of the temperature depen- coma 180 in mice and lowered the mortality by
dence of the speed of sound in tissue as well as about 60%. Because hyperthermia combined with
the use of a sensitive microwave radiometer to Streptolysin S resulted In a significantly higher
monitor the thermal radiation emitted at frequencies inhibition of tumor growth, it was concluded that
of about 1 GHz. Determination of the thermal dose immunotherapy may enhance the tumor-inhibiting
implies knowledge of the temperature versus time effect of microwave hyperthermia. This was con-
profile throughout the volume of tissue being heat- firmed in a series of experiments on the combined
ed. Two or three probes implanted within the tis- effects of microwave hyperthermia with Poly I-Poly
sue may not provide sufficient information on ther- C and/or mouse interferon on the growth of sar-
mal distributions. Thus, trials in phantom materi- coma 180. All three factors resulted in lowered
als may be helpful in a semiquantitative manner for mortality (by about 50%). tumor regression (16/
selecting heating configurations and for estab- 24 tumors), and reduction of the tumor mass (from
lishing how tissue characteristics (e.g., heter- 1,361 to 575 mg). Since neither combination of LH
ogenous electrical resistivities or circulation with Streptolysin S or Poly I-Poly C and/or inter-
patterns) affect the thermal pattern. Small vol- feron led to total cure of sarcoma 180, rats bear-
umes (1-10 cm

3
; e.g., mouse tumors) can be heated ing Guerin epithelioma, a poorly metastasizing

adequately by various methods and only a few watts tumor with high infiltration by macrophages, were
of Dower are required to raise and maintain the treated with 2,450-MHz LH (43 C) In combination
tumor at hyperthermia temperatures. Thermal dosim- with known nonspecific immunostimulators purified
etry and, in particular, thermometry are more Streptolysin S and Corynebacterium parvum. The
troublesome for moderate volumes (10-100 cm

3
; e.g., results summarized to date indicate that LH applied

human and large animal surface tumors) than for three times for I hr on the 3rd and/or 5th wk after
smaller ones. The required power level is on the tumor implantation resulted in an increase in tu-
order of 10-50 W, depending on the size of the mor temperature from about 30 C to 43 C over 6-7
mass and the mechanism of heat dissipation. Needle- min. The temperature of muscles below the tumor
mounted thermistors are routinely used to monitor did not exceed 41 C, while rectal temperature and
temperatures in masses heated by 500-kHz current the temperature inside the abdominal cavity did
fields with little significant error. Large volumes not exceed 38 C. The best results were obtained
and regional heating (greater than 100 cm

3
), which when tumors were heated on both the 3rd and 5th wk,

are applicable to many cases of clinical hyper- although no total tumor cures were observed. Im-
thermia, are the most difficult problem in thermal mune system monitoring was performed 8 wk after
dosimetry. Larger masses require more power (from tumor implantation. Inhibition of tumor growth by
100 W to a few KW), enhancing the intensity of LH and immunopotentiators was accompanied by stimu-
thermal gradients, especially if heat is conducted lation of CMI. Increased cytotoxicity of spleen
rapidly away from the region by massive blood flow. cells and peritoneal macrophages from LH-treated rats
Tissue heterogeneities can cause thermal hetero- to cultured Guerin tumor cells and high reactivity of
geneities because of non-uniform power deposition or lymphocytes to mitomycin-inhibited tumor cells indica-
non-uniform cooling paths. ted specific stimulation of the T lymphocyte systems

by heat-suppressed tumor cells in vivo. It is sug-

gested that the population of suppressed tumor

6476 REACTION OF CELL-MEDIATED IMMUNITY TO cells that survives LH because of nonuniform heat-

LOCAL HYPERTHERMIA OF TUMORS AND ITS ing of tumors may be a very important factor in

POTENTIATION BY IMMUNOSTIMULATION--A REVIEW. (Eng.) the stimulation of immunologic systems and in the

Szmigielski, S.; Janiak, m. In: Cancer Therapy inhibition of both the primary tumor and its metas-

by Hyperthermia and Radiation. Prooeedin~j of the tases. In view of the immunostimulation by in-

2nd International Symposium held in Essen, W. Ger- tensive LH, great care should be taken in combin-

many, June 2-4, 1977. (Baltimore: Urban and ing heat treatment with either x-rays or cyto-

Schwarzenberg): pp. 80-88; 1978. (56 refs) static immunodepressants. It is concluded that
further study of the stimulation of the immunologic

Studies concerning the interaction of local micro- systems by LH and of hyperthermia as a simultane-
wave hyperthermia (LH) on tumors and cell-mediated ous selective killer of cells and an immunopotenti-
immunity (CMI) are reviewed. An initial series of ator is needed.

experiments on the effect of microwave hyperthermia,
applied alone or in combination with nonspecific
Immunostimulators, on transplantable tuinors re- 6477 RADIATION AND HYPERTHERMIA. (Eh-.) John-
vealed that whole-body microwave hyperthermia in- son, R. J. In: Cancer Therapy by Hyper-
hibited virus multiplication and influenced the thermia and Radiation. Proceedinqs of the 2nd In-
course of experimental acute infections with her- ternational Sympoaium held in Essen, W. Cermany,
pesvirus (HSVI) and vaccinla virus. Daily whole- June 2-4, 1977. (Baltimore: Urban and Schwarzen-
body microwave hyperthermia, applied immediately berg): pp. 89-95; 1978. (39 refs)
after inoculation and continued for 4, 8, or 12
days after infection, protected the animals from The use of hyperthermia (HT), alone or In combin-

S'encephalitis development; the mortality rate was ation with radiation, for cancer therapy Is re-
significantly lower in the hyperthermia-treated viewed. In addition to whole-body HT, water-bath
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HT, and hyperthermic perfusions of the extremities A new radio frequency procedure, the cancer multi-

or bladder, regional HT using radio frequency (RF) step therapy (CMT) selectotherm technique, is de-

currents is possible. RF current HT may provide a scribed that permits the supply of large heat quan-

good heat distribution for some tumors since the titles per volume unit into deep-seated, localized

surface electrodes can be shaped to obtain the de- tumor tissues without causing thermal lesions in

sired distribution. Limitations of this method healthy tissues near or at the body surface. With

include fall-off of heat with increasing depth and the CMT technique, the supply of energy within the

excessive surface heating. Localized current energized volume remains almost constant in the

fields employing 500 kHz and either noninvasive planes parallel to the body surface (x-y plane),

external electrodes or Implanted needle electrodes and In the dual-system array (body section be-

have been used in five patients with recurrent tween two applicators), the energy supply on the

tumors. HT was applied without radiation therapy z-axis normal to the body surface is reduced very

(RT), and tumor regression was reported using slowly. The spatial homogeneity of the energy

temperatures of 44 C. In another study, six pa- supply resulting from the CMT selectotherm tech-

tients were treated with RT at the end of a 45- to nique is corroborated by measurements in a gelatin

60-min heating period. Heat was applied initially phantom. Similar phantom measurements demonstrated

using hot air; later, microwaves were used. Skin that the CMT technique creates a new physical situ-

temperatures of 42-48 C were measured during micro- ation with respect to the drop in energy supply

wave heating. Good tumor regression with an in- versus growing penetration (AZ) into the body tis-

crease in normal skin response was reported. In a sues. In one particular configuration, the drops

pilot study, multiple cutaneous metastatic human in energy supply obtained in the center of the

tumors were treated with either high dose fractions body for body layer thicknesses of 12, 16, 20, and

of RT alone or with lower dose fractions of RT in 24 cm were 50, 33, 24, and 19%, respectively. With

combination with HT (41.5-42 C). Heat was applied a single-system array and a thickness of 24 cm,

using either 2,450- or 915-MHz microwaves. Either the power supply would drop to 5%, and for a stand-

dielectric or air surface cooling was developed ard decawave apparatus with a coil section, the

for use with 915-MHz HT to obtain an improved heat power supply would drop to 0.5%. In the case of

distribution at depth. The results suggested that the CMT selectotherm technique, the decrease in

a thermal enhancement ratio for the tumor of 1.2- power supply obtained with growing depth into body

1.3 could be obtained. Skin scoring data for the tissues can be attributed to a reduced energy den-

normal tissue thermal enhancement ratio was in- sity in the superficial layers (by raster motion

adequate to obtain a therapeutic ratio; however, of the applicators) and to doubling the strength

it was apparent that the normal skin response was of the rotational magnetic field in the center of

increased by the addition of post-RT HT. A co- the body. Improved preconditions for achieving

operative group protocol has been developed to local hyperthermy in tumor tissues are created by

establish a therapeutic ratio for post-RT heating building up local hyperthermy on the increased

of tumor and skin to 41.5-42 C using a heat period temperature level of a metabolism-induced whole-

of 2 hr and three RT fractions (with 72 hr between body hyperthermy (e.g., CMT spontaneous hyper-

each fraction to avoid the possibility of thermal thermy at 39.5 C) and by selectively increasing

tolerance). Opposing field pulsed microwave units the thermal sensitivity of tumor tissue by creating

are being developed that will be suitable for heat- a pH drop in tumor tissue and'by decreasing the

ing buccal lesions; one applicator is used inside microcirculation (main step of the CMT concept).

the mouth and another large applicator is used The main application of blood-stream and pH selec-

externally. Frequencies from 433 to 915 MHz will be tive local hyperthermy is in treating late-stage

selected to achieve optimum thermal dosimetry. primary tumors where the wide difference of blood

Radio frequency and microwave applicators may have streams and the pronounced pH difference between

specific tumor sites for optimum application, how- healthy tissue and tumor tissue contribute to the

ever, a considerable effort must be made to obtain therapeutic selectivity. The application of pH-
accurate thermometry during heating periods and to selective local hyperthermy alone is in treating
obtain thermal isodose lines. The future of hyper- early stage tumors and metastases. Compared with

thermia and/or radiation techniques for cancer the host tissue, there Is hardly any temperature

therapy will depend on several factors: the de- increase in tumor tissue; however, the temperature

velopment of hyperthermla techniques, the investi- of the host tissue Itself becomes much increased.
normal and tumor tissue responses This is Important in the case of metastases where

to hyperf b the application of cur- it is often necessary to superheat a large portion

rently used techniques and available physiologic of the body.

data in the design of new clinical protocols.

6479 METHODS OF INDUCING HYPERTHERMIA AND ITS
MEASUREMENT. INTRODUCTION. (Eftg.) Rob-

6478 ON A NEW PHYSICAL PRINCIPLE FOR SELECTIVE inson, J. E. In: Cancer Therapy by Hyperthezsia
LOCAL HYPERTHERMIA OF TUMOR TISSUES. and Radiation. Proceedings of the 2nd International

(Eng.) von Ardenne, M. In: Cancer Therapy by Symposaiu held in Essen, W. Gezmny, June 2-4,
Hyperthermia and Radiation. Proceedings of the 2nd 1977. (Baltimore: Urban and Schwarzenberg): pp.

l ip International Synpoeiun held in Eseon, W. Germany, 107-108; 1978. (0 refs)

June 2-4, 1977. (Baltimore: Urban and Schwarzen-

berg): pp. 96-104; 1978. (22 refs) Methods of inducing hyperthermia for the treatment
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of cancer and other medical problems are briefly ending the outer conductor and having the Inner
reviewed. Ultrasound (US) and electromagnetic radi- conductor extend out beyond it for the proper length.
ation (EIR) have been introduced to overcome the Such a radiator is only effective when embedded in
problem of limited heat transfer through tissue, a a lossy dielectric; only a small fraction of the
difficulty associated with hot water hyperthermia. power will be radiated into free space in this

US is capable of penetrating soft tissues to depths case because of the mismatch the element presents
required for cancer treatment, and it has the ad- to the generator. However, it was possible to

vantage of producing sharply focused beams capable construct a needle radiator that effected a voltage
of delivering greater heating at depth than near standing wave ratio of less than 1.1 at 2,450 MHz
the surface. This advantage is counterbalanced, when the radiator was embedded in a phantom materi-

however, by the much larger absorption of US in al having the same dielectric permittivity and loss
bone than in soft tissue. In addition, transmis- tangent as human muscle tissue. In these trials,
sion of US through air spaces, such as the lung, the syringe consisted of a commercial 0.085-inch
is very small. The technology exists to direct outer diameter coaxial Teflon-filled waveguide
focused US beams to a select target volume in uni- connected by standard connectors and cable to the
form soft tissue and to produce reasonably uniform microwave generator. At the radiating end, the in-
heating. However, there are major problems with ner conductor was extended out 0.67 inch to achieve

heating uniformity near bones and air spaces of any the match mentioned above. The heating pattern ef-
magnitude. ENR at frequencies ranging from a few fected by the microwave syringe was determined by plac-
kHz to several MHz has been used to treat medical ing the radiator between the halves of a styrofoam
conditions that respond to mild heating. One of mold with a spherical cavity (radius of about 3
the classic techniques uses radio frequencies (20- inches) filled with phantom material. Microwave
30 MHz) and capacitive plates placed on either side power was injected for a short period, the mold
of the part to be heated. At these lower frequen- halves were opened, and a thermograph photo of the
cies It is possible to heat deeply enough, but there mold was taken within a period short enough to
is excessive heating of fat and some difficulty in eliminate the effects of thermal conduction. Typi-
controlling field shape. Radiative fields in the cal results are illustrated for an injection of
microwave range have been introduced to overcome 50 W for 20 sec, demonstrating the feasibility of
some of these problems. With microwaves, limited this type of device for a variety of applications
penetration in wet tissue rather than selective and experimental uses. Waveguides of the type
heating of fat poses a problem. The depth of pene- used here but with diameters an order of magni-
tration depends on frequency and is much greater in tude smaller are commercially available; these
fat than in wet tissues (26, 18, and 11 cm of fat could be useful for microwave injection into very
and 9, 3, and 2 cm of wet tissue for microwave fre- delicate tissue. Another microwave radiator con-
quencies of 433, 915, and 2,450 MHz, respectively). structed for insertion directly into the esophagus
Microwaves can be reflected from the boundary be- for hyperthermic treatment is also described. To
tween fat and muscle layers; this effect results fit through a standard Number 14 stomach tube, the
in standing waves and complex heating patterns. In radiating element and associated cable are less
addition, when microwaves impinge on a curved sur- than 3 rm in diameter and are highly flexible. They
face equivalent in size to their wavelength, both are constructed integrally into a miniature coaxial
the amount and spatial distribution of energy de- cable, UG/174, with a braided Outer conductor. This
posited is size- and shape-dependent. Focusing of is a Teflon-filled, Teflon outer-covered coaxial
microwave energy in curved bodies can take place cable with an outer diameter of 2.65 mm. The power
with an effective depth of penetration much deeper attenuation of the cable over the 2 or 3 feet re-
than predicted for simple plane objects. quired through the stomach tube is insignificant.

The radiator itself is a collnear array antenna

formed by cross-connecting the inner and outer
conductors of the cable at intervals. When the
radiator is placed in a phantom material having
the seme dielectric permittivity and loss tan-

6480 DEVICES FOR MICROWAVE HYPERTHERMIA. gent as human muscle tissue at 2,450 MHz (and
(Eng.) Taylor, L. S. In: Cancer Ther- approximately the same thermal properties).

apy by fyperthemivia and Radiation. Proceedings of more than 75% of the power is absorbed in the
tIe 2nd InterntionaZ Symposizum hZd in Eaen, W. tissue simulator. The heating power effected
Germany, June 2-4. 1977. (Baltimore: Urban and by this device was determined by insertion
Schwarzenberg): pp. 115-117; 1978. (0 refs) into a section of polyethylene stomach tube that

was then placed between the halves of a styrofoam
Two types of microwave radiators that can be di- mold with a cylindrical cavity (about 8 cm in radi-
rectly Inserted into the target tissue for hyper- us) filled with the phantom material. Tests were
thermic treatment are described. One, a micro- performed with 2,450-MHz microwaves at a power of
wave syringe for the direct injection of radio fre- 50 W. The results indicate the feasibility of in-
quency and other microwave fields Into deep tissues ternal microwave hyperthermia through catheters
in vivo, consists of a subminiature rigid coaxial such as stomach tubes. However, the results also
waveguide connecting to the generator at one end indicate that hot spots were generated due to stand-
and terminating in a needle-like configuration that Ing waves. A uniform cylindrical pattern could be
radiates the field at the other end. A coaxial obtained by mechanical motion or frequency sweep-
guide is needed since the device has no low fre- Ing. Attempts to resolve this problem by micro-
quency cutoff. The radiator Is obtained by open- wave design changes are also in progress.
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6481 MICROWAVE HYPERTHERMIA APPLICATORS: DE- of muscle phantom material was irradiated, and

SIGN AND DOSIMETRY. (Eng.) Sandhu, T. temperature measurements were made along the can-
S.; Kowal, H. S.; Johnson, R. J. In: Cancer Ther- tral axis. The results indicated that this arrange-

apy by Hyperthermia and Radiation. Proceedings of ment is capable of producing a clinically acceptable

the 2nd International Symapoeium heZd in Eaeen, W. temperature distribution. In vivo studies in-

Germny, June 2-4, 1977. (Baltimore: Urban and volving these techniques for treatment are In

Schwarzenberg): pp. 118-121; 1978. (17 refs) progress.

Two types of direct-contact microwave applicators
designed to operate at frequencies of 915 and 2,450
MHz are described. Each applicator is essentially 6482 AN INTERSTITIAL DEVICE FOR MICROWAVE
a square cross-section waveguide closed at one end HYPERTHERMIA OF HUMAN TUMORS. (EV.)
and open at the application end. The waveguide is LeBourgeols, J. P.; Convert, G.; Dufour, J. In:
excited in the TE10 mode, using a coaxial line probe Cancer Therapy by Hypertherzia and Radiation. Pro-
antenna. To couple all of the incident power into ceeding8 of the 2nd InternationaZ Sy rpo8in held in
the guide, the radiation resistance of the probe Esen, W. Germny, June 2-4, 177. (Baltimore:
antenna is made equal to the characteristic impe- Urban and Schwarzenberg): pp. 122-124; 1978. (0
dance of the coaxial line, and the contribution refs)
of the TEl 0 mode reactance to the total input
reactance is adjusted to cancel the part of the An interstitial method for microwave heating of
input reactance contributed by all of the higher- human tumors is described. The probes (either bi-
order evanescent modes. One applicator, which polar or unipolar, <1 mm in diameter) can be fitted

is designed to operate at 2,450 MHz, can be used into place by means of applicators of the type
to deliver either microwaves alone or in conjunc- used in Interstitial therapy. For the bipolar type,
tion with Ionizing radiation. A prototype was the microwave (or ultra-high frequency) current
designed, which was attached to a Picker 280-kV flows in the tissue between the inner and outer
machine. The other applicator operates at 915 MHz, conductors of the coaxial cable. The current den-
and its waveguide is loaded with low-loss dielectric sity can be shaped with a tapered dielectric coat-

, material (dielectric constant - 6.0) to reduce the ing to achieve good uniformity of dissipated power
size of the waveguide (cross-section - 8-cm

2 
side). along the probe. Depending on the frequency, the

The solid dielectric protrudes a few millimeters active length of the probe can be varied in muscu-
out of the conducting walls to avoid touching the lar tissue from about 5 mm at 2 GHz to 35 on at

skin. The applicator is further modified by at- 100 MHz. An advantage of the bipolar probe over
taching a plastic bag at the application end through the unipolar probe is that it can be used alone.
which a dielectric liquid (2:1 mixture of ethyl- With the latter type, the electric current flows
glycol and kerosene) is circulated to cool the between the inner conductors of different probes

skin surface. Dosimetric measurements of the tern- placed at some distance from each other; the outer
perature distribution for each applicator were mede conductors act only as shields. By using several
in vivo on pigs using copper-constantan 30-gaige probes of either the bipolar or unipolar type,
thermocouple needles. For the 2,450 MHz applicator It is possible to shape the region to be heated

operating at a power output of 36 W, a stead, state and to achieve a good uniformity of the temperature
was reached in -10 min. Maximum temperature was Increase within it. Since both the bipolar and
found at the skin surface. The temperature dropped unipolar probes are "cold" (at temperature equi-
by 3.5 C at a 2.83-cm depth. The temperature near librium with the surrounding medium), the temper-
the edge of the applic.tor parallel to the electric ature distribution obtained is much more uniform
vector was about I C lower than at the center. The than the distribution that could be obtained with

temperature near the other edge at right angles to "hot" probes delivering the same power via heat
the probe antenna remained within 0.5 C of the temper- conduction to the medium. In addition to the fre-
ature at the center. Temperature measurements with quency of operation, the impedance and power out-
the 915-MHz applicator were made with the dielec- put of the generator must also be considered. The
tric liquid either circulating or not circulating. Impedance is a function of the probe diameter to
Net power transmitted to the tissue was maintained the distance, length, and nature of the tissue to
at 30 W. Steady state was reached in 10 min with- be heated. In muscle and similar tissue, probes I
out dielectric circulation and in 12 min with cir- mm in diameter and 3 cm In length placed at a dis-
culation. Without the dielectric liquid circu- tance of about 1 cm from each other present an im-
lating, the skin temperature was lower than that pedance of about 50 ohms for commercially avail-
at a depth of 1 cm. Temperature dropped by 1 C able generators so that the matching of the probes
at a depth of 2.83 cm. With the dielectric liquid (reduction of reflected power to zero) is straight-
circulating, skin temperature dropped considerably forward. For a given configuration, the power

and was the same as that at 2.83 cm. Temperature necessary to reach the chosen increase in temper-
peaked at about 1.5 cm, where it was 1.0 C higher. ature is determined by the heat conductivity and
By manipulating the temperature of the dielectric and blood flow through the volume to be heated. As
liquid, it was possible to heat the tissue to a a rough indication, 3 W is enough to achieve a 6 C
depth of 3 cm with a maximum deviation in temper- Increase inside a cylinder 2.5 cm In diameter and 4
ature along the central axis of ± 0.5 C. Using a cm in length in muscular tissue. In this case,
combination of the 915-MHz and 2,150-MHz applica- the equilibrium temperature is practically reached

tors from opposite directions, a 4-cm thick slab within 8 min, a time duration that could be de-
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creased somewhat by applying a higher power such wall was folded backward, Increasing its thickness
as 5 W for a few minutes. In the case of high for the purpose of studying heat penetration.
blood flow, the power should be increased, with Application of 2,450 MHz resulted within 3 min
a corresponding decrease in the time necessary to to a temperature increase to 42 C, which was easily
reach the temperature equilibrium. A power of 10 W maintained. In contrast, the animal's oral tem-
per probe is more than enough for any situation. perature remained unchanged. In a final experiment,
A significant advantage of the above interstitial heat distribution when solid (muscle) tissue is
heating method is that the same set of probes can heated directly was measured by implanting a 0.8-me
be used either to heat the tissue or to measure thick coaxial applicator into the thigh of a live
the temperature near each Individual probe or in rat. The temperature rose to 43 C at the ap-
some volume surrounding them. This can be achieved plicator site within 5 min (2.5 W), while the
through radiometric measurements. Another advan- other thermocouples registered about I C less
tage to heating with the coaxial probes is the for each 0.5 cm of distance. Similar results were
production of good localization of the heated re- obtained with coaxial applicators implanted into
gion, without any over-heating, even at the probe mouse mammary adenocarcinoma at a frequency of
location. Once practical experimental equipment 2,450 MHz. Based on these experiments, a prototype
for temperature measurement has been designed, of a coaxial applicator suitable for clinical use
measurements can be made in human tumors, complet- is proposed. This model would consist of a co-
ing one more step to producing a simple and re- axial cable inserted into the center of an in-
liable technique for clinical use. dwelling Foley catheter that could be inflated to

conform to the anatomic space under treatment.
Thermocouples affixed to the inflatable part of
the catheter equidistant from the cable would per-

6483 INDUCTION OF HYPERTHERMIA IN DEEP-SEATED mit monitoring the temperature at several points
TUMORS BY A SPECIAL MICROWAVE APPLICATOR. of the cavity wall, providing simultaneous read-

(Eng.) Mendecki, J.; Friedenthal, E.; Botstein, C. ings within the heated malignant tumor and In the
In: Cancer Therapy by Hyperthermia and Radiation. surrounding tissues.
Proceedinga of the 2nd International Synpoaiwn held
in Eaeen, W. Germany, June 2-4, 197?. (Baltimore:
Urban and Schwarzenberg): pp. 125-127; 1978. (2
refs) 6484 SIMULTANEOUS FAR-FIELD IRRADIATION OF
A technique that may permit the treatment of cer- MULTIPLE MOUSE TUMORS FOR MICROWAVE HYPER-
tain deep-seated tumors by the Introduction of co- THERMIA (Elg.) Cheung, A. Y.; Robinson, J. E.;
axial microwave applicators into body cavities such McCulloch, D.; Samaras, G. M. In: Cancer Therapy
as the bladder, colon, cervix, esophagus, etc. is by Hyperthez"ra and Radiation. Proceedinga of the
described. In an initial experiment, the shape of 2nd International Sympoeiwn held in Eaen, W. Ger-
a body cavity such as the esophagus was simulated marny, June 2-4, 1977. (Baltimore: Urban and
by a cylindrical styrofoam container. Equal vol- Schwarzenberg): pp. 128-130; 1978. (8 refs)
umes (1.5 cm3) of animal muscle were arranged sym-
metrically at four equidistant points around the A microwave hyperthermia facitity for the simul-
radiating antenna of a coaxial applicator placed taneous far-field Irradiation of several mouse
in the center of the container. Temperature tumors Is described. The tumors were transplants
rise as a function of power and time was mapped of spontaneous mammary carcinomas on the flanks of
using a 2,150-MHz microwave source, as was the C3H mice. Initially, local tumor heating in the
spatial heat distribution. The results indicated free field with 2,450-MHz microwaves was accom-
that it is possible to reach the 42.5 C threshold plished by shielding the mouse within a tubular
temperature of Interest In tumor cell destruction metal sleeve with the mouse tumor projecting into
and that a fairly uniform temperature distribution the heating field through a slot aperture in the
(maximum variation of 1.5 C) could be maintained cylinder. However, these small (1-cm) tumors were
at a given radius. Directivity of heating was difficult to heat at 12-cm wavelengths and re-
obtained by geometric modifications of the appli- quired relatively high power levels because of poor
cators, and in a second experiment, a coaxial ap- coupling. A strategy was then developed in which
plicator equipped with a semicylindrical (180 de- the tumors were encapsulated within a larger spheri-
grees) aluminum reflector was used in a simulated cal mass ('icrowave bolus") of phantom material.
body cavity and the procedure of the previous ex- The microwave facility designed for this purpose
periment was repeated. Tissue cubes placed op- Incorporated a 3-kW, phase modulated, 2,450-MHz
posite the directive reflector of the applicator source (Gerling-Moore 14.003) that was waveguide-fed
could be heated to a temperature of 4.3 C In 3 min to a ceiling-mounted standard gain horn antenna
using 25 W of power and could be maintained at in a fully anechoic range (8 ft2 ). A parabolic
this level for 20 min with only 4 W of power. The surface Intercepting the field axis 15. cm from
temperature at other points to the rear of the re- the antenna was selected for the first experiments.
flector showed only a slight Increase. In a third Shielded mice were placed 25 cm (2 wavelengths) aport
experiment, an inflated rubber sphere with a co- to minimize Interactions between assemblies. Within
axial cable placed at its center was Inserted a region 50 cm from the field central axis, up to 13
through a midline Incision Into the abdominal cay- mice may be accomodated on the equi-power surface.
Ity of a live anesthetized rat whose intestines Bolus spheres were formed within Identical molds
had been removed. The right half of the abdominal of dense styrofoam to replicate the standard bolus
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geometry. These molds also located the mouse shield plicator, the total time that each diathermy ap-
and tumor relative to the bolus sphere, allowing pilicator is radiating energy, the position of the
optimum placement of the tumor In bolus. A 6-m multiple applicators, and the sequence in which
spacer of dense styrofoam extended the tumor away each applicator Is turned on and off. The micro-
from the perturbed field region adjacent to the wave power source is designed to operate at 915
metal shield. Graphs of vertical and horizon- MHz, and it has external voltage-controlled power
tal tumor temperature profiles Indicated an over- leveling and contains Integral forward and re-
all temperature uniformity to within ± 0.1 C flected power monitors. Its output is passed
vertically and ± 0.05 C horizontally. Thus, heating through a triple-stub tuner to coaxial Transco
uniformity to within 0.1 C may be achieved when Products solenoid switches where it is diverted
tumors are encapsulated in a well-defined volume to the miniature diathermy applicators. The cur-
of tissue-equivalent material. The relatively rent diathermy applicators are rectangular low-loss
large bolus volume tends to govern both tempera- ceramic dielectric bars that are the size of an
ture elevation and heating uniformity in the tumor, X-band waveguide (2.5 cm by 1.3 cm). A coaxial
both of which are largely independent of tumor size connector Is mounted on each bar matching the ap-
between 0.5 and 1.5 cm. Phantom studies of heating plicator to a 50-ohm coaxial line. This multiple-
at off-axis locations on an equi-power surface agree beam system provides a method for obtaining en-
well with on-axis tumor heating. Those data suggest hanced deep heating without excessive heating of
equivalent heating on the equa-power surface. The superficial tissue layers. Experiments with a
technique appears to be viable for simultaneous dual-beam system resulted in enhanced heating ef-
microwave hyperthermia of up to 12 tumors in this fects that compared favorably with nonmicrowave
particular range configuration, heating. The computer-controlled multibeam system

will be used to produce the controlled thermal
fields necessary for hyperthermia cancer therapy.

6485 PRODUCTION OF CONTROLLED HYPERTHERMAL
FIELDS FOR CANCER THERAPY. (Eng.) Sa-

maras, G. M.; Robinson, J. E.; Cheung, A. Y.; Prem- 6486 LOCAL HYPERTHERMIA BY MICROWAVE HEATING:
pree, T.; Slawson, R. G. In: Cancer Therapy by EXPERIMENTAL DATA IN PIGS AND CLINICAL
Hyperther'nia and Radiation. Proceedings of the IMPLICATIONS. (Eng.) Kogelnik, H. D.; Prokosch,
2nd International Symposium held in Essen, w. Ger- E.; Karcher, K. H.; Binder, W. In: Cancer Therapy

nmany, June 2-4, 1977. (Baltimore: Urban and by Hyperthermia and Radiation. Proceedings of the
Schwarzenberg): pp. 131-133; 1978. (9 refs) 2nd International Symposium held in Essen, W. Ger-

many, June 2-4, 1977. (Baltimore: Urban and
The designs of multiple-beam hyperthermia systems Sct-arzenberg): pp. 136-138; 1978. (10 refs)
for obtaining enhanced deep heating without ex-
cessive heating of superficial tissue layers are In vivo temperature measurements were performed in
described. For the first attempt at multibeam dia- 9- to 10-wk old female German domestic pigs (28 to
thermy, a dual-beam, parallel-opposed set of TEN 30 kg) to determine the heat distribution follow-
applicators was constructed for operation at 2,450 Ing the application of decimeter-wave local hyper-
MHz. Microwave power was electronically time multi- thermla in the gluteal regions (Philips OW 691:
plexed between either of the two beams or off to a frequency, 433.92 MHz; wavelength, 69 cm; high
dummy-matched load. The treatment field between frequency output, 200 W; power range, step 1-8).
the apertures was bolussed to plane parallel ge- Optimal energy transmission was established by con-
ometry. The resultant thermal field with equal tact of the radiator with the skin. Heating periods
power ard "on time" from each applicator was approx- of 10, 15, and 20 min were used with power steps 4,
imately parabolic along the propagation axis and 6, and 8. Temperature measurements were performed
uniform to within ± 0.1 C perpendicular to that before and immediately after microwave application
axis. The apparatus was used to treat murine C3H using a NlCr-Ni coated thermocouple (0.5-mm diameter,
mammary tumors on the flank of mice, with the core measuring accuracy ± 0.2 C, reference temperature 0
tumor temperature being controlled to within ± 0.1 C). Measurements were done at the site of skin con-
C. Treatment at temperatures between 42 and 44 C tact with the radiator (center) and at distances
resulted in progressively Increasing delay In tu- of I, 2, 3, and 5 cm around the center. An exam-
mor regrowth and redoubling time for increased ination of the temperature increase after 15-
treatment time and temperature. Comparison of min of heating (power step 8) up to 5-cm depth
thermal sensitivity versus treatment temperature within a cylindrical volume of 10-cm diameter in
for water bath-heated tumors and microwave treated the muscle mass of the gluteal region showed that a
tumors showed the same slope but a lower sensitiv- relatively homogeneous temperature elevation from
ity for microwave heating. A multiple-beam micro- the center to the periphery (5 cm around central
wave thermotherapy system was also designed and axis) could be achieved within the first few centi-
was being tested at the time of this report. The meters of tissue depth. At a depth greater than
system consists of a data acquisition and control 3 cm, the temperature Increase was only about 1 C.
section, a microwave power source, a coaxial micro- The range of temperature increases after 15 min of
wave power switching sub-system, and miniature heating was significantly higher with power step 8
diathermy applicators. The system will allow con- compared to power step 6 (maximal temperature in-
trol of superimposed microwave radiation patterns creases in the center at 1-cm depth, 4.6 versus
and resultant thermal field patterns by regulating 2.5 C; minimal temperature Increases, 2.5 versus
the total energy radiated by each diathermy ap- 1.1 C). With power step 4, there was a further

--. ... . . .. - - . . . . . . . . .I
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decline in temperature Increases. Heating periods In rats treated by x-rays and US. The percent
of 10 min (power steps 6 and 8) gave a maximum of tubules affected by the various treatments was
temperature Increase at 1 cm depth of only 1.5 C. as follows: 0% for controls, 56% for US alone,
When the time was Increased to 20 min (power step 682 for MW alone, 72% for x-rays alone, 100% for
8), there was a more homogeneous heat distribution x-rays and US, and 852 for x-rays and MW. Only
in the deeper tissue layers In comparison with the combination of US and x-rays resulted In a 752
heating times of 15 min; however, the maximal tem- reduction of the blood level of TST, an 80% re-
perature increases of 0.5 C (on the average) was ob- duction in prostate weight, and a significant re-
tained; at a depth of 4-5 cm, there was no longer a duction in the number of Leydig cells. An insig-
significant measurable difference. Because a time nificant reduction in testicular weight was noted
of about 4 min was needed to measure the entire only In the x-ray-treated groups.
volume in an experiment, the effective temperature
increases were slightly higher than the ones re-
corded. These data show that with decimeter waves 6488 COMBINATION OF RADIOTHERAPY, MICROWAVE
and heating periods of 15 min (power step 8), clini- HYPERTHERMIA AND CLOSTRIDIAL ONCOLYSIS
cally useful temperature elevations can be obtained ON EXPERIMENTAL MOUSE TUMORS. (Eng.) Dietzel, F.;
within the first few centimeters in depth and In a Gericke, D.; Schumacher, L.; Linhart, G. In: Can-
sufficiently large volume. Tumors with an Impaired cer Therapy by Hyperthezrtia and Radiation. Pro-
circulation and a low cooling capacity are likely to Deeding8 of the 2nd International Sympoeiu held
show higher temperature increases than normal tis- in Eaen, W. Germany, June 2-4, 1977. (Baltimore:
sue. Heating with decimeter waves can be performed Urban and Schwarzenberg): pp. 233-235; 1978. (10
immediately before or after radiation therapy with- refs)
out causing the patient any significant discomfort.
The use of decimeter-wave therapy in combination The antitumor effects of a triple combination of
with radiation therapy is currently being evaluated radiotherapy (RT), local microwave hyperthermia
in cancer patients, e.g., with bulky recurrences on (LMHT), and clostridial oncolysis were compared
the chest wall or in the regional lymphatics, for with the effects of each modality alone in female
superficial inoperable tumors, and for uncontrol- NMRI mice bearing Harding-Passey melanoma trans-
lable neck disease in patients with head and neck planted as a neck tumor. LMHT was applied with
cancer. an inductive Eddy current applicator (3.8-cm di-

ameter) at 461 MHz with a Siemens generator. Mice
receiving the triple combination first were ir-

6487 EFFECT OF MICROWAVE- OR ULTRASOUND-INDUCED radiated with 2,000 R of x-rays followed immedi-

HYPERTHERMIA COMBINED WITH IONIZING IR- ately by 2 min of LMHT (40-41C); 12 hr later,

RADIATION OF THE TESTIS OF RAT. (Eng.) Abadir, R.; they received an intravenous injection (tall vein)
Harman. J.; Fahim, M. In: Cancer Tlerapy by Hyper- of 108 spores of Ctostriditm oncolyticum 8. buty-
thermia and Radiation. Proceedinq of the 2nd ricum. Animals receiving single modality treat-
international Sympoeium held in Eaeen, W. Germany, ment were treated with the same dose-schedules

June 2-4, 1977. (Baltimore: Urban and Schwarzen- as above. The mean survival times for 49 untreated

berg): pp. 214-215; 1978. (3 refs) controls, 51 mice treated with RT only, 46 mice
treated with LMHT only, 51 mice treated with Clo-

The effect of microwave (MW)- or ultrasound (US)- 8tridin spores only, and 38 mice receiving a com-
induced hyperthermia combined with ionizing radi- bination of the three treatments were 26.53 ± 0.87,
ation on the rat testis was investigated. Sixty 50.08 ± 1.64, 26.89 ± 0.89, 26.25 ± 0.84, and 69.03

sexually mature male rats were divided into the ± 2.28 days, respectively i animals were cured
following six groups: controls (no treatment), (150 days without relapse) in any treatment group
US alone (3,000,000 Hz, 1 W/cm

3 for 5 min), MW with the exception of the triple combination group
alone (12.2 cm wavelength, 30 W for 5 min), x-ray where the cure rate was 182. The triple combin-
alone (600 fads), x-ray plus MW (same parameters ation also caused the greatest reduction in tumor
as above), and x-ray plus US (same parameters as volume. Treatment with LMHT alone caused only a

above). A thermocouple was inserted in one testis minor growth arrest after which tumors grew

for recording temperature during treatment, and again unhindered.

the blood level of testosterone (TST) was measured
by protein binding assay. Animals were sacrificed
60 days after treatment, and the testes were exam- 6489 THE EFFECT OF HYPERTHERMIA ON HUMAN COLON
ined for weight and histology; the prostate was CANCER XENOGRAFTS IN NUDE MICE. (Eng.)
examined for weight. The temperature variations Osieka, R.; Magin, R. L.; Atkinson, E. R. In:
in the testes were nominal for the various modes Cancer Therapy by Hyperthertnia and Radiation. Pro-
of Irradiation as follows: control - 35.0 ± 0.2 C, ceedings of the 2nd International Symrposium hold
US - 37.6 ± 0.7 C, MW - 39.9 ± 0.4 C, and x-ray - in Feen, W. Germany, June 2-4, 2977. (Baltimore:
35.2 ± 0.2 C. A reduction in spermatogenesis was Urban and Schwarzenberg): pp. 287-290; 1978. (9
seen in all treated animals, with no difference refs)
between the testis punctured by the thermocouple
and the contralateral one. The degree of disrup- Three lines of human colon cancer xenografts in

, tion was scored as follows: moderate in rats nude mice (NIH-Swiss, 4 wk old) were treated with
treated by single modalities of radiation, severe either whole-body hyperthermia (WBH) or continuous
in rats treated with x-rays and MW, and complete wave (CW) microwave-induced local hyperthermia
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(LN1). WBH was achieved by confining metabolic heat ference. Four of the patients had previously re-
in a 39.5 C ambient temperature environment with calved radiotherapy, and one had received combina-
high humidity. LM was produced by dielectrically- tion chemotherapy and immunotherapy. The first
loaded direct contact applicators (15 x 10 mm sur- patient (57 yr old) presented with a squamous cell
face) operating at 2,450 MHz. The microwave source carcinoma of the base of the tongue, recurrent and
was an Elmed Microwave 150, which generates up to with widespread metastases. After receiving one

50 W of CW microwave power. By switching the micro- noninvasive LCF treatment (44 C, 90 min), good pain
wave power either to the applicator or to a matched palliation and tumor regression were observed. Now-
load, a tumor core temperature of 42.5 ± 0.1 C was ever, the patient died of cardiopulmonary arrest

maintained. Tumor core temperature was measured 6 days after treatment. The second patient (77 yr
by a 0.13-mm copper/constantan thermocouple placed old) presented with advanced local disease at the

through the tumor with a 25-gauge needle and ori- base of the tongue. Good pain palliation and tumor

ented perpendicularly to the direction of the elec- regression for I mo were achieved after one non-

tromagnetic field. Mice were randomized into treat- invasive LCF treatment (44 C, 60 min). The patient

ment groups of four to six animals when tumors had died of progressive disease 15 wk after treatment.

reached a palpable size (about 60-100 mg). WBH at The third patient (76 yr old) presented with a

rectal temperatures of 40.0 C for 45 min reduced rapidly regrowing 3-cm mass in the floor of the

the survival of mice to 50% in comparison with un- mouth. Two courses of invasive LCF using biplanar

treated controls, but was ineffective in control- interstitial implants (43 C, 30 min; 44 C, 25 min)

ling tumor growth. However, LH (3 x 60 min at were given over a 2-wk period. Pain relief with

42.5 C) produced a complete regression rate of 50% complete tumor regression was seen after the second

for tumor line BE, which was 100% sensitive to the treatment. The patient Is alive with no evidence

antitumor nitrosourea methyl-CCNU at a single intra- of disease 14 mo after treatment. The fourth pa-

peritoneal dose of 18 mg/kg. Only transient re- tient (43 yr old) had large-cell undifferentiated

gressions were observed in tumor line CA after carcinoma of the lung that was metastatic to the

treatment with either LH or methyl-CCNU, and line axilla and supraclavicular and hip regions. Two non-
HT was completely resistant to both LH and methyl- invasive treatments (42 C, 34 min; 43 C, 32 mmn),

CCNU. No potentiation of methyl-CCNU by concom- separated by 7 days, produced local pain palliation.

Itant LH (42.5 C for 60 min) was observed in any The patient died of progressive disease 27 days

of the three colon tumor xenografts. All studies after treatment. The last patient (52 yr old) had
with LH were performed on mice bearing bilateral a history of extensive recurrent malignant melanoma

tumor implants, and growth patterns of unheated of the right leg, metastatic to the right thigh and

tumors did not differ from those obtained in un- groin region. Six lesions in a disarticulated hip

treated mice. Thus, LH did not appear to enhance stump region were treated with eight noninvasive

host Immunogenicity. These findings support LCF treatments (42-44 C, 10-36 min) over an 8-

a role for LH in the treatment of colon cancer day period. Slight regression and pain palliation

that is often resistant to either chemotherapy or were achieved. The patient is alive with disease

conventional radiotherapy, and is currently undergoing chemotherapy.

6490 CLINICAL USE OF RADIOFREQUENCY CURRENT IN 6491 CLINICAL TRIAL WITH HYPERTHERMIA AND
ORAL CAVITY CARCINOMAS AND METASTATIC RADIOTHERAPY: CUTANEOUS CANCERS AS A

MALIGNANCIES WITH CONTINUOUS TEMPERATURE CONTROL MODEL SYSTEM. (Eng.) Kim, J. H.; Hahn, E. W.;
AND MONITORING. (Eng.) Sternhagen, C. J.; Doss, Tokita, N. In: Cancer Therapy by Hyperthemwia
J. D.; Day, P. W.; Edwards, W. S.; Doberneck, R. and Radiation. Proceedings of the 2nd InternationaZ
C.; Herzon, F. S.; Powell, T. D.; O'Brien, G. F.; Syrposiwn held in Essen, W. Germany, unie 2-4, 197?.
Larkin, J. M. In: Cancer Therapy by Hyperthertia (Baltimore: Urban and Schwarzenberg): pp. 335-336-

and Radiation. Proceedings of the 2nd International 1978. (2 refs)
Symposium held in Esen, W. Germany, June 2-4, 1977.
(Baltimore: Urban and Schwarzenberg): pp. 331-334; The effects of radiotherapy (RT) alone and RT im-
1978. (1 ref) mediately before or after hyperthermia (HT) were

evaluated in 54 patients with multiple cutaneous
The use of a localized radio frequency current field malignant lesions (mycosis fungoides, Kaposi sar-

(LCF) technique with continuous automatic tempera- coma, malignant melanoma, lymphoma cutis, and other
ture control for the treatment of five patients metastatic skin lesions). Most patients were ir-
with oral cavity carcinomas or metastatic malig- radiated with electrons, with an average RT time
nancies is reported. The shape of the LCF fields of less than 5 min. The time Interval between RT
was determined by electrodes of an Invasive (in- and HT ranged from 2 to 5 min. Initially, a con-
ternal) or noninvasive (external) type. An error stant temperature water bath (43.5 C for 30 min)

4 signal modulated the radio frequency generator to was used for MT; later an Inductive radio fre-
minimize any variation from the set-point tempera- quency (RF) device operating at a frequency of
ture so that temperature at the control location 27.12 MHz was substituted. Temperature measure-
in the treatment volume (hot-test point) was held ments were made with very fine gauge thermocouples
to within ± 0.2 C of the specified level during using a 0.009-inch diameter sensor lead shielded

, . treatment. A frequency of 500 kHz was used to en- in Teflon tubing (outer diameter of 0.025 Inch)
able accurate temperature monitoring without Inter- connected to a digital thermometer. For temper-
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ature measurements, the RF power was shut off and posure to a IO0-kV/m field for I hr also had no
the temperatures recorded at equilibrium, usually significant'effect on blood pressure and heart rate
5-10 sac later. The tips of the sensors were usu- measured during the exposure. Physiologic re-

ally placed in the tumors and normal tissues at a serve capabilities were measured in rats exposed
depth of 1.5 cm. None of 29 patients treated by to 100 kV/m for I mo and then subjected to cold

RT and water bath HT developed any unusual early stress; electric field exposure had no significant
or late normal tissue reactions compared to those effect on the animals' response to the latter.

treated with RT alone. In contrast, 2/25 patients These studies cannot be compared directly with

treated with RT and RF inductive HT developed un- other investigations because of differences in

usual normal tissue reactions. One patient re- animal species and electric field characteristics.
celved 400 rads x 2 of RT and two RF treatments Failure to detect any cardiovascular changes could

for 30 min to a local recurrent malignant melanoma. have resulted from the elimination of secondary

Overlying the recurrence was a skin graft from a field effects such as microcurrent shocks, corona,
wide primary excision. Ten days after the Initial and ozone.
treatment, this patient developed an acute moist
reaction, which took about 4 wk to heal. The sec-
ond patient developed a giant vesicle in the lower 6.93 EFFECTS OF MICROWAVE-INDUCED HYPERTHER4IA
aspect of the lateral chest wall, an area where " THE RAT BLOOD-BRAIN BARRIER (MEETING
he previously underwent axillary dissection for re-current malignant melanoma. This reaction developed ABSTRACT). (Eng.) Sutton, C. H. (Dept. Neurologic
cutr h ent wiitghant melanoma. Ts racn developeduSurgery, Univ. Miami, Miami, FL 33152); Carroll, F.after the first treatment with RT and RF NT. Thus, *. PltyeioZoTiet 22(4): 121; 1979. (0 refs)

RF treatment may be contraindicated if the exposed

area is grafted or heavily scarred, Interstitial See Current Literature 5440 for description of this
temperature measurements Indicated that the tumor article.
tissue temperature (range, 39-46 C) was generally
higher than the normal tissue temperature (range,
39-43 C) during RF heating. Among 14 patients
with locally recurrent disease, 11 showed signifi- 6494 INHIBITION OF TUMOR GROWTH BY RADIO FRE-
cantly prolonged local tumor control after combined QUENCY THERAPY (MFEETING ABSTRACT). (O .)

* RT and HT (type of HT not specified) compared with Tazawa, K. (Dept. Survery, Toyama Medical and
their tumor response after RT alone. Fractionated Pharmaceutical University, Toyama, Japan); Abe, R.;
HT alone caused significant tumor regression in Salto, J.; Shinbo, T.; Fujita, T.; Ito, H.; Fuji-
9/11 patients; however, the regression was neither maki, M.; Saito, Y. Proc Jpn Cancer A88oc p. 315;
complete nor sustained. One patient remained dis- 1979. (0 refs)
ease-free 9 mo after his malignant melanotic lesion
was treated with 400 rads of RT plus 30 min of RF The effect of selective heating in a radio fre-
heating x 8 in 26 days. A similar lesion in the quency (RF) field on experimental tumors (Sato'
same patient partially regressed after treatment lung cancer and AHIO9A) was analyzed in rats. The
with RT alone followed by immunotherapy with bacil- RF generator had an output in excess of 500 W at a
lus Calmette-Guerin. crystal-controlled frequency of 13.59 MHz. The

energy was transmitted from the amplifier to an
impedance matching circuit. Selective heatirg with
RF raised the temperature in the tumors from 5 to
12 C above that of the surrounding tissue. RF

therapy produced tissue necrosis or substantial
regression of the experimental tumors. Local heat-

MEETING ABSTRACTS ing with RF (0-48 C, 20-30 min) resulted in re-
gression and delay in tumor growth. Complete re-
gression was seen in 7 of 23 rats. After treat-
ment with RF (40-46 C, 10 min), an increase in

6492 CARDIOVASCULAR RESPONSE OF RATS EXPOSED tumor growth occasionally occurred.
TO 60-Hz ELECTRIC FIELDS (MEETING AB-

STRACT). (Eng.) Hilton, D. I. (Battelle Pacific
Northwest Lab., Richland, WA 99352); Phillips, R.
0. Phyeioogiat 22(4): 56; 1979. (0 refs) 6495 INTERACTION OF 2.45 GHz MICROWAVE RADI-

ATION WITH EMBRYONIC QUAIL HEARTS (MEET-
The possible Influence of exposure to high-strength ING ABSTRACT). (Eng.) Galvin, M. J. (Research
electric fields on electrocardiogram (ECG) pat- Triangle Park, NC 27710); Lieberman, M.; McRee, D.
terns, heart rates, and blood pressures that has I. PheioZogi8t 22(4): 42; 1979. (0 refs)
been observed in various animal species was in-

I. vestigated. Sprague-Dawley rats were exposed (or The effects of microwave radiation were examined
sham-exposed) to 60-Hz, 80-kV/im, or 100-kV/Im fields in Japanese quail embryos exposed during the first
for periods through 4 mo. No significant differ- 8 days of development to 2.45-GHz microwaves (in-
ences were found between exposed and sham-exposed cident power density, either 5 or 20 mW/cm

2 , with
rats for any of the cardiovascular parameters ex- 4.03 and 16.2 mW/g specific absorption rates, re-

, * amined (ECG, blood pressure, vascular reactivity) spectively). Ambient temperature was maintained
after 8 hr, 40 hr, I mo, or 4 mo of exposure. Ex- at 37.5 C, but thermal gradients in the irradiated
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embryos could not be eliminated entirely, due to 2,550-MHz mJcrowave hyperthermla alone or in coon-

possible nonuniform absorption of microwaves. Neith- bination with radiation therapy (RT) after conven-
er morphologic nor ultrastructural changes in em- tional RT had proven unsuccessful in most cases.

bryonic heart and myocardial cells was observed Either a dielectrically-loaded tapered or conformed
at either exposure level. Lactate dehydrogenase wave guide applicator was used, and temperatures
and glutamic oxaloacetic transaminase activities on the surface and within the tumor were recorded
did not differ from those in controls. Creatine with small thermistors. The lesions (mean diameter
phosphokinase activity was lower in the 20-mW/cm

2  
0.5-4 cm) were treated at 4.3 C for 5.5 min periods;

exposure group than in the 5-W/cm
2 
exposure group regimens varied from one weekly to five daily treat-

or the controls (p < 0.01). These data indicate ments. Six of the lesions received electron beam
that 2.55-GHz microwaves at 5 mW/cm

2 
have no effect therapy (300 rads x 12) immediately after hyper-

on the developing myocardlum. however, at 20 mid/cm
2  

thermia. One complete response (CR), one partial
the cytoplasmic enzyme content is affected, response (PR, > 50% reduction), and one minor re-

sponse (< 50% reduction) were observed after hyper-
thermla alone. Five lesions unresponsive to heat

65.96 MICROWAVE INDUCED HYPERTHERMIA ± RADIO- alone were subsequently treated with heat plus RT,
THERAPY IN THE TREATMENT OF SUPERFICIAL and three CR and 2 PR were observed. In a mela-

HUMAN MALIGNANCIES (MEETING ABSTRACT). (Eng.) noma patient with multiple metastases, three similar
Harvey, H. A. (Dept. Medicine, Milton S. Hershey lesions were treated with heat alone, RT alone,
Medical Center, Pennsylvania State Univ., Hershey, and the combination therapy; PR, no response.
PA); Lipton, A.; Lookingbill, D.; White, D.; Schel- and CR were achieved, respectively. These studies

zel, D.; Stryker, J.; Sharkey, F. CZin Res 27(3): suggest that localized hyperthermia, while rela-
583A; 1979. (0 refs) tively ineffective as a single modality, is promis-

ing when used in combination with RT, particularly

Superficial tumors in 10 patients with metastatic for treatment of recurrent lesions of epidermoid
cancers (breast, lung, cervix, head and neck, mela- carcinoma of the head and neck and cutaneous metas-
noma, and sarcoma) were treated experimentally with tases of melanoma.
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