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PREFACE

Biological Effects of Nonionizing Electromagnetic Radiation is
a publication researched and prepared by Information Ventures,
Inc. under contract to the Office of Naval Research.
•'t I

This digest serves as a vehicle through which current documentation of research highlights on the biological effects and
health implications of nonionizing electromagnetic radiation
(microwave and other radio frequency radiation) is compiled,
condensed, and disseminated on a regular basis. The effects of
electric and magnetic fields (static and alternating) and research on medical applications of these nonionizing electromagnetic radiations are also included.
Biological Effects of Nonionizing Electromagnetic Radiation is
intended to be a highly useful current awareness tool for scientists engaged in research or related activities. The great
number and diversity of relevant publications make imperative
the availability of the service to persons whose work requires
that they keep abreast of current developments in the field.
Biological Effects of Nonionizing Electromagnetic Radiation is
published quarterly. Each issue includes materials received
during the preceding three months. The issues contain abstracts of current English and foreign-language research
literature, current research summaries, news items and announcements, and information on relevant meetings and conferences. Subject and author indices are provided for all literature abstracts to facilitate specific search and reference use.
Journals, books and conference proceedings are used as sources
for this publication. Materials for which full text is not
available will be included as summary abstracts. Announcements
and other materials submitted for publication should be addressed to: Dr. Bruce H. Kleinstein, Information Ventures,
·
Inc., 1500 Locust Street, Philadelphia, PA 19102.

The digest was first published in 1974 under the title Biological Effects of Electromagnetic Radiation. Since 1976 it has
been published under the present title. Previous issues can be
obtained from the National Technical Information Service.
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NIH - National Institutes of
Hea 1th
NIOSH - National Institute of
Occupational Safety and Health
NMR - nuclear magnetic
resonance
NTIS - National Technical
Information Service
od - outside diameter
Oe - oersted(s)
OSHA - Occupational Safety and
Health Administration
p - pico
PW - pulsed wave
rad - radiation absorbed dose(s)
R - roentgen(s)
rms - root-mean-square
rpm - revolutions per minute
S - siemens, = mho
SAR - specific absorption rate
sec - second(s)
sc - subcutaneous
T - tesla
u - microuF - microfarad(s)
USAF/SAM - U.S. Air Force School
of Aerospace Medicine
V - volts
VA - Veterans Administration
W- watt(s)
WHO - World Health Organization
wk - week(s)
wt - weight
x - times
yr - year(s)

A, amp - ampere
AC - alternating current
C - centigrade
cm - centimeter(s)
cps - cycles per second
CW - continuous wave
dB - decibel(s)
DC - direct current
EPA - Environmental Protection
Agency
eV - electron volt
F - Fahrenheit, farad(s)
FDA - Food and Drug
Administration
g - gram(s)
G - gauss
GHz - gigahertz
HHS - Department of Health and
Human Services
hour(s)
hr Hz - hertz
id - inside diameter
im - intramuscular
ip - intraperitoneal
ISM - industrial, scientific,
medical
IU - international unit(s)
iv - intravenous
J - joule(s)
k - kilo1 - liter(s)
m - meter(s), milliM - mega-, molar
min - minute(s)
mo - month(s)
n - nanoNIEHS - National Institute of
Environmental Health
Sciences
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posures are more accurately defined and often
based on theoretical principles like the cycloExperiments have al so
tron resonance theory.
been proposed based on a carcinogenesis model in
which electromagn etic field exposure is considered to act as a promoter, and will be given
at time· intervals appropriate for chemical
promoters. Author abstracts from the Contractors' Review pl at form presentatio ns and poster
session available at the time of the meeting are
pr,ov i ded in the "Meeting Abs tracts" section of
this issue of the Digest (BENER abstract Nos.
3668-3738). Abstracts of the final reports from
the New York State Power lines Project are al so
provided in this issue of the Digest in the
"Current Literature" section (BENER abstract
Nos. 3619-3638).

AN OVERVIEW OF THE DOE/EPRI CONTRACTORS REVIEW
by Robert 8. Goldberg,
Information Ventures, Inc.
This year's Contractors Review, held November 2
- 5, 1987 at the Hyatt Regency Hotel in Kansas
City, provided a survey of ongoing and recently
initiated studies in electromagn etic bioeffects,
instrumenta tion, and evaluation of possible
hazardous effects of electric and magnetic
fields characteris tic of transmissio n and disThe meeting, jointly spontribution lines.
sored by the Department of Energy and the Electric Power Research Institute, consisted of
presentatio ns of work in progress sponsored by
these agencies, supplemented with research
reports from investigato rs of in vitro and whole
animal bioeffects, groups .developing exposure
instrumenta tion, and groups conducting occupational and epidemiolog ical exposure and health
effects assessments in Canada, England, France,
Italy, Japan, Sweden, and Taiwan, as well as in
Attendees included representat ives of
the US.
electric utility companies and public health
agencies, engineering and public health consultants, and agencies involved in basic bioelectromagnetic s research. The meeting provided an
opportunity for industry representat ives to
question the research community on the present
understandi ng of electric and magnetic field
bioeffects and possible hazards in the wake of
renewed public interest engendered by the release of final reports from the New York State
In spite of uncertain
Powerlines Project.
research funding, progress has been made in
establishin g and quantifying biological response
to electric and magnetic fields of specific
frequency and amplitude, and in postulating a
number of membrane-based mechanisms of action.
Several epidemiolog ical studies have been initiated with more clearly defined groups of
exposed and unexposed individuals , based on
refined surrogate exposures or actual field
measurements. Instruments for routine monitoring of cumulative exposure to magnetic fields
and detailed recording of electric and magnetic
field exposure were described at the meeting.
Industry representat ives were understanda bly
frustrated by the ambiguity of the health effects data and the lack of clear quantitativ e
answers on questions of relative risk and proPerhaps the most critical
tective measures.
unresolved issue is the signal characteris tics
that best define a high exposure situation with
respect to biological effects: available evidence seems t~ indicate that a simple doseresponse relationshi p based on voltage, current
or time does not necessarily hold. It may be
necessary to define "high exposure" by a complex
function of frequency and amplitude of electric,
magnetic, and geomagnetic components. Increased
emphasis on actual exposure measurements in
epidemiolog ical studies currently underway or in
the planning stage may help resolve this issue
by better defining the exposure characteris tic
of different occupationa l or residential groups
subsequentl y found to be at high risk. A parallel approach is being taken in eel lular and
whole animal studies, where experimental ex-

INTERNATIONAL LABOR OFFICE PUBLICATIONS ON
NONIONIZING ELECTROMAGNETIC RADIATION
IN THE WORKPLACE
Several occupationa l safety and health publications specificall y concerned with effects of
radiation were
nonionizing · electromagn etic
released in the last two years by the International Labor Office. Titles include Protection
of Workers Against Radiofre9uency and Microwave
Radiation: A Technica 1 Review, OS&H No. 57, 72
pp: and Occupational Hazards from Non-ionizing
Electromagn etic Radiation, OS&H No. 53, 133pp.
Of potential interest to those concerned with
reported video display terminal hazards is
Job Content and Stress
Visual Display Units:
in Office Work by Josefine F. Dy.
Ordering information is available from: International Labor Office, Sales Section, Suite 330
NOS, 1750 New York Avenue, N.W., Washington, DC
20006. Books may be ordered from the International Labor Office or National Technical Information Service.

SUPPLEMENT TO THE HEALTH PHYSICS AND
RADIOLOGICAL HEALTH HANDBOOK
INCLUDES NON-IONIZING RADIATION
The first (1986) supplement to The Hea 1th Physics and Radio logical Hea 1th Handbook includes
material on non-ionizin g radiation (lasers,
The
ultrasound, and electromagn etic fields).
publication is produced by Nucleon Lecturn
Associates, Inc., 2919 Olney-Sandy Spring Road,
Suite D, Olney MD 20832, which markets a number
of publication s and products for radiation protection professiona ls.
NEW BOOK ON MECHANISTIC APPROACHES TO
INTERACTIONS OF ELECTROMAGNETIC FIELDS
WITH LIVING SYSTEMS
Plenum Publishing Corporation announced the
projected Fall 1987 publication of Mechanistic
Approaches to Interaction s of Electromagn etic
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Fields With Living sr5tems, edited by Martin
Blank and Eugene Find • The purpose of the text
is to bring together and examine critically the
mechanistic models and concepts proposed to
explain the biological effects of exogenous
electromagnetic fields. Section topics include
ions and membrane surfaces, macromolecules,
membrane matrix, and integrated systems (a
section including enzymatic pathways, cellular
control mechanisms, nerve growth, osteogenesis,
and response of fish to weak electric fields).

video display terminals (VDTs). Data from the
group headed by Gunnar Wa 1i nder at the Swedish
University of Agricultural Sciences, Uppsala,
was re 1eased in Sweden in June, but a paper
intended for the International Journal of Radiation Biology is stil 1 being prepared.
This
work follows studies announced last year by
Bernhard Tribukait of the Department of Medical
Radiology at Karol inska Institute, which found a
significant increase in external malformations
in offspring of C3H mice exposed during the
first 14 days of pregnancy. Walinder's group
reported significant increases in fetal deaths
and resorptions, and an insignificant trend
toward increased malformations among live
births, when pregnant CBA/s mice were exposed
for the first 19 days of pregnancy.
In both
studies, the signal was a 20 kHz sawtooth magnetic field with an intensity of 15 uT, a rise
time of 45 usec and fall time of 5 usec. Representatives from U.S. agencies (FDA and EPA)
contacted by Microwave News expressed strong
interest in these studies, but indicated that
similar research is not funded in the U.S. at
the present time.
Microwave News 7(4):3-4, 1987

HIGH TEMPERATURE SUPERCONDUCTIVITY
TO IMPROVE SENSITIVITY OF
BIOMAGNETIC FIELD MEASUREMENTS
A cover story on recent developments in hightemperature superconductivity in Science News
points out some of the implications that application of the new technology will have in the
fields of communication, transportation, bioresearch and medicine. Both magnetic resonance
imaging and instrumentation for measuring endogenous magnetic fields could benefit from the
new technology in the next few years by switching from liquid helium to liquid nitrogen cooling. Operation at higher temperatures would not
only reduce costs, but would allow sensors to be
placed closer to the body, thus increasing
sensitivity.
Science News 132(7):106-109, August 15, 1987

'J

VDT HANDBOOK ON HEALTH AND SAFETY
The VDT Book: A Computer User's Guide to Hea 1th
and Safety by Mark A. Pinsky is a 48-page guide
to possible hea 1th hazards associated with video
display terminal (VDT) use. The book's author
is the founding editor of VDT News: The VDT
Health and Safety Report, a bimonthly publication produced by the publisher of Microwave
News.
The handbook offers pr act i ca 1 tips on
reducing vision problems and musculoskeletal
stress associated with VDT work, offers suggestions on purchasing VDTs, and provides sample
collective bargaining language. The book also
discusses problem pregnancies among computer
users in relation to VDT radiation and stress
effects.
Infoworld 9(38) :48, September 21, 1987

EPIDEMIOLOGICAL FIELD STUDY OF
ELECTROMAGNETIC EXPOSURE
A request for statements of interest in receiving any forthcoming RFP was issued by Pacific
Northwest Laboratory, Battelle Memorial Institute, P.O. Box 999, Richland, WA 99352, for
epidemiological studies in the area of female
breast cancer in relation to residential electric and magnetic field exposure.
Commerce Business Daily, February 5, 1987

ELECTROMAGNETIC FIELD EFFECTS ON
GENE EXPRESSION IN E.COLI

EPRI TO FUND EPIDEMIOLOGICAL STUDIES OF
OCCUPATIONAL HEALTH RISKS FROM
EXPOSURE TO ELECTROMAGNETIC FIELDS

Contract N00014-87-K-0380 for $251,749 has been
awarded to the University of Wisconsin-Parkside,
Kenosha, WI 53141. Sponsor is Office of Naval
Research, 800 North Quincy St. Arlington, VA
22217-5000.
Commerce Business Daily, September 2, 1987

The Electric Power Research Institute (EPRI)
announced funding of several epidemiological
studies in the August 1987 issue of the EPRI
Radiation Studies Review. In January 1987, an
external pane 1 review held in San Di ego recommended that epidemiologic studies of both occupational and residential environment exposure
to electromagnetic radiation be gil(en highest
priority, followed closely by exposure assessment and animal cancer studies. EPRI selected
two epidemiological studies: a study under the
direction of David Savitz at the University of
North Carolina to assess the risk of leukemia
and brain cancer among certain groups of utility
workers (RP799-28), and an 18-month study con-

SWEDISH DATA ON VDT
RADIATION EFFECTS RELEASED
The July/August issue of Microwave News reported
some of the data from the Uppsa la mouse study of
bioeffects of sawtooth weak pulsed magnetic
fields, signals similar to those produced by
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for ungrounded workers, and 100 V/m or 0.27 A/m
in the 3-60 MHz band when workers are grounded.
The Canadian Bureau of Radiation and Medical
Devices also announced plans to tighten allowable public exposures by a factor of five, and
set more stringent limits for individuals in
contact with grounded objects. For members of
the general population, the Canadian proposal
calls for limits as low as 10 V/m (grounded in
30-100 MHz electric field). According to Maria
Stuch ly of the Radiation Bureau, the proposed
standard continues to be based on a level of
protection of 0.4 W/kg, with added protection
for grounded individuals motivated largely by
the work of Om Gandhi and Bill Guy. While there
is interest in the evidence that pulsed fields
may have greater biological effect than continuous wave fields, Dr. Stuchly indicated that
the presently available scientific evidence can
not be used effectively in establishing stanThe new Canadian limits propose to
dards.
extend standards down to 10 kHz to address
emissions from induction heaters. The "Proposed
Revision of Canadian Recommendations on Radiofrequency Exposure Protection" wi 11 be published
in the December issue of Health Physics.
Microwave News 7(5):1, 5-6, September/
October 1987

ducted by Joseph Bowman at the University of
Southern California assessing the relationship
between electromagnetic field exposure and
occupational job title, particularly among
electrical workers (RFP799-27). Ten proposals
were received in response to a request for
specialized research on nonionizing radiation
(RFP799-26), and are presently under study by
EPRI under the supervision of project manager
Bob Black. EPRI tentatively plans to fund two
or three pi lot projects this year. The Radiation Studies Review is a new occasional newsletter from EPRI, and may be requested from: Dr.
Stanley S. Sussman, EPRI, P.O. Box 10412, Palo
Alto, CA 94303 [phone: (415) 855-2581]. EPRI's
proposed research projects are also the subject
of a two-part article on EPRI's role in electromagnetics research which started in the September/October issue of the Bioelectromafnetic s
Society Newsletter (No. 78). The artic e discussed the recommendations made in the draft
report of the external review committee and
EPRI's review of its bioelectromagnetic s research program.

ONTARIO HYDRO AND IBM FUND STUDY OF
PMF REPRODUCTIVE EFFECTS
Ontario Hydro's Murry Walsh is serving as project manager for a study jointly funded with
International Business Machine intended to
replicate the studies from Sweden and Spain that
indicated adverse reproductive effects among
mouse and chicken embryos exposed to pulsed
electromagnetic fields (PEMFs). The half-million dollar study will be conducted by Dr.
Michael Wiley, a professor of anatomy at the
Univ. of Toronto Faculty of Medicine, with
statistical analysis under the direction of Paul
Corey, a biostatistician at the university.
Preliminary plans call for exposure, or shamexposure, of 800 mice to 20 kHz PEMFs at intensities of 4, 16, and 200 uT to see if there is a
A
dose-response rel at i onsh ip to the effect.
pi lot study is scheduled to begin in October
with full scale experiments scheduled for January 1989.
Microwave News 7(5) :2, September/October 1987

ELECTROMAGNETIC ALLERGY
British researcher Jean Monro of the Allergy and
Environment Unit at the Lister Hospital in
London claims to have treated over a hundred
She
patients for electromagnetic allergies.
claims her patients have reported reactions from
using an electronic watch, playing with a computer, and playing with an electrically operated
car, which would indicate hypersensitivity to
electromagnetic fields of as little as a few
millivolts. Similar reports are the subject of
a recent article in the magazine New Scientist
(July 23, 1987: p32) reporting the case of a
woman who, after exposure to a desk-top computer, could no longer sit closer that 10 feet
from the television and was unable to use the
phone.
Occupational Health 39(9):270, September 1987

EMDEX SYSTEM

NEW EXPOSURE STANDARDS RELEASED IN
SWEDEN AND CANADA

A mi croc ircu it-based personal dosimeter has been
developed by General Electric under a contract
with the Electric Power Research Institute (EPRI
The EMDEX (electric and
Project RP799-16).
magnetic field digital exposure) system measures
6 x 4 x 1 1/2 inches and consists of three
mutually perpendicular field-sensing coils,
another coil for monitoring rotational movement
in the geomagnetic field, .a signal processing
board, and an on-board computer with 256 kb of
Magnetic fie 1d measurements can be
CMOS-RAM.
made in two ranges: 1-25 mG and 0-250 mG. The
instrument is provided with an electrically
conductive cloth sash which can be used for

New frequency-dependen t exposure standards were
adopted by the Swedish National Board of Occupational Safety and Health which will take effect
In the 3-30 MHz band,
on January 1, 1988.
limits are 140 V/m and 0.16 A/m (1 mW/cm2),
time-averaged over any 6 min period, for elecExtric and magnetic fields, respectively.
posure standards above 30 MHz are 60 V/m and
0.16 A/m. · When workers are electrically
grounded, 3-30 MHz limits fall to 47 V/m and
0.13 A/m, and 30-60 MHz limits fall to 20 V/m
and 0.05 A/m. Maximum exposures for any onesecond period are 300 V/m rms and 0.8 A/m, rms
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input for electric field measurements on three
range scales (0-112.5 V/m, 0-1125 V/m, 0-11,250
V/m) • Portab 1e power is provided by a 9-vo 1t
transistor battery, and the amount of data which
can be collected before analysis is limited by
the on-board memory capacity and the data collection rate, which can be varied up to 10
samples/sec. Data from the dosimeter is down1oaded to an IBM persona 1 computer or compatible
using the serial port, and data is displayed and
analyzed using software developed for the project. A limited number of units are available
for evaluation by utilities and EPRI researchers. For further deta i1 s, contact the project
manager, Dr. Stan Sussman.
EPRI Environment Division
Technical Brief, RP799-16

Comparison of results from three clinical facilities using the same model hyperthermia equipment indicated a repeatabi 1ity of measurement
with an experimenta 1 accuracy of +/- 0. 003 C.
The test protocol is intended for routine use in
monitoring hidden degradation of hyperthermia
equipment. With other phantom material formulations it can be used to evaluate treatment
protocols at different frequencies. A paper on
the phantom and test protocol will appear in a
spec ia 1 issue of the I nternat iona 1 Journa 1 of
Hyperthermi a containing papers by a 11 contractors funded by the 5-year NCI contract to study
deep heating hyperthermia devices. Additional
information is available from Dr. Gideon Kanto't-,
Office of Science and Technology (HFZ-133),
CDRH, 5600 Fishers Lane, Rockvi 1le, MD 20857
[phone: (301) 443-3840].
CDRH Radiological Health Bulletin 21(9):2,
September, 1987

RF HYPERTHERMIA CALIBRATION KIT
MICROWAVE OVEN LEAKAGE DETECTOR

The Center for Devices and Radiological Health
has developed a calibration test kit to aid
uniform evaluation of clinical hyperthermia.
The test kit was developed under an interagency
agreement with the National Cancer Institute
which called for instrumentation for both ultrasound and rad iofrequency (RF) hyperthermi a
equipment. The RF test kit consists of fat/muscle phantom and two modified thermometry
systems based on commercially-available nonperturbing probes.
The phantom, shaped to
approximate a torso as a cylinder with an elliptical cross-section, can be placed in the clinica 1 hyperthermi a device. Temperature within the
phantom is measured by the temperature probes
inserted into four Teflon catheters. The probes
were modified to have a precision of 0.001 C,
and each thermometry system is ca 1ibrated at the
Center before shipment to the clinical facility.

A number of companies produce sma 11 microwave
oven 1eakage detectors se 11 i ng for under $20
that are designed to a 11 ow the user to monitor
microwave leakage due to faulty design or damage. Digept staff wrote to one manufacturer,
Radio Shack Tandy Corporation, to inquire about
the radiation level indicated by their uncalibrated sea 1e. According to a Radio Shack representative, the "leakage point" indicated by a
green/red transition on the meter of their
Micronta microwave leakage detector, catalog
number 22-2001, designates an incident intensity
of 1.0 mW/cm2. No figures were available on the
sensitivity and accuracy of the instrument, but
product 1iterature indicates the detector is not
intended for scientific use.
The FDA recommended emission 1imit for microwave ovens is 5
mW/cm2.
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Univ. of Arizona,
(602) 621-6112].

DOE/EPRI REVIEW OF RESEARCH ON
BIOLOGICAL EFFECTS OF 50/60 Hz
ELECTRIC FIELDS, AIR IONS AND ION CURRENTS

'

Date: November 2 - 5, 1987
Place: Hyatt Regency Hotel, Kansas City, MO
Content: Review of research on the biological
effects of exposure to electric power transmission systems.
Requests for Information: W/L Associates, Suite
4, 120 West Church St., Fredrick, MD 21701
[phone: (301) 663-1915].

Tucson,

AZ 85721

[phone:

12TH INTERNATIONAL CONFERENCE ON
INFRARED AND MILLIMETER WAVES
Date: December 14 - 18, 1987
Place: American Dutch Resort Hotel, Lake Buena
Vista, FL
Kenneth Button,
Requests for Information:
Massachusetts Inst. of Technology, P. 0. Box 72,
Cambridge, MA 02139 [phone: (617) 253-5561].

32ND ANNUAL CONFERENCE ON
MAGNETISM AND MAGNETIC MATERIALS

THE INTERNATIONAL SYMPOSIUM ON
INTERACTION OF ELECTROMAGNETIC FIELDS WITH
BIOLOGICAL SYSTEMS

Date: November 9 - 12, 1987'
Place: Marriott Hotel, Chicago, IL
Dr. John Scott,
Recjuests for Information:
American Inst. of Physics, 335 East 45th Street,
New York, NY 10017.

Date: March 21 - 24, 1988
Place: The Plaza Hotel, Tiberias on the Sea of
GaTTTee, Israel
Basic and applied topics include
Content:
geobiology,
biomagnetism,
magnetobiology,
electrobiology, magnetomedicine, bioelectroclimatology, bioeffects of pulsed and static
electromagnetic fields, nonionizing radiation
safety measures, and geopathogenic and bioelectromagnetic climatic factors in traffic accidents.
Requests for Information: Secretariat of the
International Symposium on Interaction of
Electromagnetic Fields with Biological Systems,
P.O. Box 50432, 61500 Tel-Aviv, Israel (phone:
972-3-664825: telex: 361142).

INTERNATIONAL MONOTECH '87
CONFERENCE ON ELECTROTECHNOLOGIES
Date: November 11 - 12, 1987
Place: Montreal, Quebec, Canada
J. P. Cristel,
Requests for Information:
Canadian Committee on Electrotechnologies, 1
Westmount Sq. (525), Montreal, Quebec H3Z
2P9, Canada [phone: (514) 931-5921].
9TH ANNUAL CONFERENCE OF THE IEEE
BIOENGINEERING IN MEDICINE AND BIOLOGY SOCIETY

24TH ANNUAL MEETING OF
THE NATIONAL COUNCIL OF RADIATION
PROTECTION AND MEASUREMENTS (NCRP)

Date: November 13 - 17, 1987
Place: Park Plaza Hotel, Boston, MA
Eight sessions (November 13 & 14),
Corite'nt:
co-sponsored by the Bioelectromagnetics Society,
cover topics which include bioeffects of DC and
time-varying magnetic fields, mechanisms of cell
growth enhancement by sub-RF fields, effects of
electric fields on ion transport, bioeffects of
pulsed microwave fields, endogenous and applied
fie 1ds in cart i 1age and bone, microwave interact ions with tissue, electroporation and electrofusion.
Dr. Ronald S.
Requests for Information:
Newbower, Conference Chairman, 9th Annua 1 EMBS
Conference, Dept. of Medical Engineering,
Massachusetts Genera 1 Hosp i ta L Boston, MA 02114
[phone: (617) 726-1676].

Date: March 30 - 31, 1988
Place: Washington, DC
Requests for Information: NCRP, 7910 Woodmont
Ave., Suite 1016, Bethesda, MD 20814 [phone:
(301) 657-2652]
INTERNATIONAL NON-IONIZING RADIATION WORKSHOP
Date: April 5 - 8, 1988
National Science Centre, Parkville,
Place:
iiTctciria, Australia
Requests for Information: see 7th International
Congress, April 10 - 17, 1988

SYMPOSIUM ON HYPERTHERMIA

7TH INTERNATIONAL CONGRESS OF THE
INTERNATIONAL RADIATION PROTECTION ASSOCIATION
( IRPA 7)

~ : December 13 - 18, 1987
Place: Boston, MA
held in conjunction with the ASME
Corite'nt:
Winter Annual Meeting
Prof. Bob Roemer,
Requests for Information:
Dept. of Aerospace and Mechanical Engineering,

Date: April 10 - 17, 1988
Place: Sydney, Australia
Content: Meeting theme is "Radiation Protection
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Practice", and wi 11 consider nonion121ng radiation as well as ionizing radiation. A workshop
ori "Non-ionizing Radiation Biological Effects,
Protection and Standards" wi 11 be he 1d at the
National Science Centre, Clunies Ross House (191
Royal Parade, Parkville, Victoria, 3052), April
5-8, 1988, the week before the conference. This
review session will cover ELF, microwaves, UV,
IR, visible light, and lasers. For information
on the workshop contact:
Dr. C. Roy, NIR
Section, Australian Radiation Lab, Lower Plenty
Rd., Yallambie, Victoria, Australia, 3085.
Requests for Information: IRPA 7 Secretariat,
GPO Box 2609, Sydney, NSW 2001, Australia.
[Cable:
'CONVENTION SIDNEY'; Telex: AA74845
'CONSEC', phone: (02) 241-1478].

Reguests for Information: Debbie Tritle, AAMI,
19 1 North Fort Meyer Dr., Suite 602, Arlington,
VA 22209 [phone: (703) 525-4890].

20TH ANNUAL MEETING OF THE
CONFERENCE OF RADIATION CONTROL
PROGRAM DIRECTORS (CRCPD)

'

Date: May 16 - 19, 1988
Place: Hyatt Regency, Nashville, TN
Recjuests for Information: CRCPD, 71 Fountain
Pl., Frankfort, KY 40601 [phone:
(502) 2274543].

I

4TH INTERNATIONAL CONFERENCE ON
HF RADIO SYSTEMS AND TECHNIQUES
Date: April 11 - 13, 1988
Place: Savoy Place, London, UK
Recjii'ests for Information: Conference Services,
IEE, Savoy Place, London WC2R OBLi UK.

1988 IEEE MTT-S
INTERNATIONAL MICROWAVE SYMPOSIUM
Date: May 25 - 27, 1988
Place: New York, NY
Recjii'ests for Information:
Jesse Taub, LRW
Assoc1ates, 1218 Balfour Dr., Arnold, MD 21012.

1988 INTERNATIONAL SYMPOSIUM ON
RADIO PROPAGATION
( ISRP '88)
Date: April 18 - 21, 1988
Place: Beijing, China
Recjii'ests for Information: Prof. Sha Zong (Z.
Sha), China Research Inst. of Radiowave Propagation, P.O. Box 138/88, Xinxiang, Henan, People's
Republic of China.

TENTH ANNUAL MEETING OF THE
BIOELECTROMAGNETICS SOCIETY
Date: June 19 - 24, 1988
Place: Westin Hotel, Stamford, CT
Recjii'ests for Information: Dr. W. G. Wisecup,
BEMS, P.O. Box 3729, Gaithersburg, MD 20878
[phone: (301) 663-1915].

WORLDWIDE NONIONIZING RADIATION
SAFETY STANDARDS:
THEIR RATIONALE AND PROBLEMS
Date: May 2 - 6, 1988
Place: Capri, Italy
Coiitent: This course wi 11 review information on
biologica 1 effects of nonionizing radiation from
DC to microwaves, and worldwide safety standards
with discussions of their rationale and problems. The course will be directed by Om Gandhi
and Giorgio Franceschetti, and participants will
include M. Grandolfo, D. Justensen, K. Mild, and
S. Tofani.
Requests for Information: Om Gandhi, Dept. of
Electrical Engineering, Univ. of Utah, Salt Lake
City, UT 84112 [phone: (801) 581-7743].

9TH INTERNATIONAL WROCLAW SYMPOSIUM ON
ELECTROMAGNETIC COMPATABILITY
Date: June 28 - 30, 1988
Place: Wroclaw, Poland
Recjii'ests for Information:
Mr. W. Moron, EMC
Symposium, Box 2141, 51-645 Wroclaw 12, Poland
(telex: 712118 ilw pl).

FIRST SYMPOSIUM ON BIOLOGICAL EFFECTS,
HAZARDS AND PROTECTION FROM NONIONIZING
RADIATION IN OUTDOOR APPLICATIONS

23RD ANNUAL MEETING AND EXPOSITION OF THE
ASSOCIATION FOR THE ADVANCEMENT OF
MEDICAL INSTRUMENTATION (AAMI)

Date: August 12 - 16, 1988
Place: Stockholm, Sweden
Recjii'ests for Information: NIRO 87, c/o KREAB
Congrex, Box 5619, S-114 86 Stockholm, Sweden.

Date: May 14 - 18, 1988
Place: Sheraton Washington Hotel, Washington,

~
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limited to a 20 kHz sawtooth pulse type with a
peak field strength of 15 uT. These conditions
produced the most pronounced effects in the
earlier study. In order to be able to include
the possible effects on the growing cerebrum
the exposure time has been extended to the 19th
day of pregnancy which is the day before
delivery. The mice were sacrificed on the 19th
day of pregnancy. The ex tens ion of the rad i at ion period can of course not cause a reduction
in the frequency of possible malformations. In
addition, the present experiments have been
carried out with CBA/S mice in order to el imiThus,
nate possible strain-related effects.
the experiments done at the Karolinska Institute
are not identical to those carried out at this
institute, but none of the changes can be
considered to diminish the frequency of the
observations in the Karolinska study.

TRANSLATIONS FROM FOREIGN LITERATURE
From time to time, Information Ventures will
prepare and publish full-text translations of
of
research reports
language
non-English
interest to members of the b ioe l ectromagnet i cs
We welcome your comments and
community.
suggestions for future translations.

'

EXTENDED STUDIES ON THE EFFECTS OF PULSED MAGNETIC FIELDS ON THE EMBRYONIC DEVELOPMENT IN
Frolen, H.: Svedenstal, B. M.: Bierke,
MICE.
[The Swedish AgriculP.: Fellner-Feldegg, H.
tural Univ., Dept. of Radiological Oncology
(H.F.,B.M.S,P.B.) and The Inst. for Pathology
(H.F-F.)] Project SSI 346, 86. Final Report
(June 1987).

Materials and Methods:
Abstract:

The experimental animals are from our own
population of inbred CBA/S mice. The experimental setup was constructed by Docent L-E Paulsson
of the National Institute for Radiation Protection who also standardized the magnetic field
The setup
together with H. Fellner-Feldegg.
consisted of four wooden racks each of which
contained five levels. At each level there is
room for a cage (33 x 28 x 11 cm) for ten
Each cage is placed between two
animals.
helmholtz coils, each containing two wires. The
outer coils with three wires are responsible for
the border field compensation (average diameter: 60 cm. Distance between coils: 25 cm).
The cage locks are made of stainless steel wire
nets consisting of individually insulated welded
wires in order to avoid the development of eddy
It was demonstrated that with this
current.
construction the field strength varied by less
than 5% in the cages. The magnetic field can
be described as a sawtoothed pulsed field which
in the present experiments mostly had a peak
strength of 15 uT which corresponded to the
maximal field strength in the Karolinska study.
Pulses of 20 kHz with 45 usec linear inclination
periods and 5 usec declination periods were
produced in a generator (Interstate F 47) and a
two-channel 100 watt amplifier (minic MOS-Power
The coil current was contro 11 ed
Amplifier) •
continuously with a rheostat with a variation of
] ohm and with an oscilloscope.

An experiment was designed in CBA/s mice in
order to extend earlier experiments on teratogenic effects in C3H mice after exposure to
magnetic fields. The magnetic field as used in
the present investigation was of a sawtooth
pulse type with 20 kHz repetition frequency.
The peak field strength was 15 uT. The pregnant
dams were exposed from the moment when a vaginal
plug was found to the 19th day of gestation,
when their uteri with contents were examined.
The number of exposed dams was 211 and the
number of fetuses was 1566, of which 36 (2.3%)
The corresponding figures for the
were dead.
unexposed controls were 154 pregnant dams with
1124 fetuses, of which 11 were dead (0.98%).
No statistically significant increase in the
number of malformations could be found in the
exposed groups as compared to that in the
However the number of placental
controls.
resorptions was greater and the number of dead
fetuses was probably higher in the exposed
(Work
females as compared with the controls.
supported by grants from the National Institute
of Radiation Protection.)
Background:
The Unit for Radiological Oncology, the Swedish
Agricultural University has been commissioned
by the National Institute for Radiation Protection to continue and extend the studies on
teratogenic effects of pulsed magnetic fields
that earlier have been carried out at the
Institute for Medical Radiobiology, the Karo1inska Institute [Tribukait B, Cekan E, Paulsson LE, (1987) "Effects of Pulsed Magnetic
Fields on Embryonic Development in Mice." In:
Knave B and Wideback P-G, eds., Work with
Display Units 86. Elsevier Science Publishers,
North-Holland].

During the experiment only two racks were used
for the production of magnetic fields. The two
other ones were used for the cages housing the
The stray field strength at
control animals.
the control animals' cages was less than 0.7
uT. The terrestrial magnetic field was the only
static field present.
Six different experiments have been carried out,
but experiment no. 2 had to be disregarded
because of a technical mishap (electrical power
failure). In each experiment approximately 200
dams aged 75 to 90 days were bred and examined
for the presence of vagina 1 plugs. An average

The exposure conditions are such that the
greatest possible similarity to those of the
earlier studies has been obtained, but have been
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It has been claimed that the observed effects in
mice that have been exposed to pulsed magnetic
fields were not caused by the fields but by
We have responded to
secondary ultrasound.
this critique by asking the occupational
hygienist, Ingemar Limnel l, Orebro (who proposed
this idea) to examine for the presence of
The
ultrasound in our experimental setup.
ultrasound detector registered a considerable
signal (approximately 20 DBa) between the coils:
however, the signal remained unchanged even
after the detector had been shielded against
sound with a thick layer of foam rubber which
gave a 30 DB-shielding against sound in the
It was concluded that the
audible region.
observed signal was caused by induction in the
emitter and that no ultrasound existed beyond
the limits of detection (approximately 1 DBa).

number of 70 to 80 pregnant dams were obtained
and the same number participated in each
experiment. The animals had free access to food
and water from the same supplier as in the
Karol i nska study (Astra Ewos R3). The pregnant
dams were exposed continuously from the first
until the 19th day of pregnancy at which time
they were sacrificed by neck dislocation. The
The
uterus and its content was analyzed.
light/dark cycles were 12/12 hours.
The following endpoints were used:
1.
2.
3.
4.
5.
6.

Pregnant versus non pregnant
Number of live versus number of dead embryos
Implantation frequencies
Number of placenta resorptions
Embryonal length and weight
Number of malformations

Results:
It is shown in Table 1 that 211 litters with a
tota 1 number of 1566 embryos from the exposed
groups were analyzed. Among these, 36 were dead
( 2. 3%). The corresponding numbers for the
control animals were 154 litters, 1124 embryos
and 11 dead ( 0. 98%). Among the exposed dams 34
of the exposed and 19 of the control animals
This difference is not
were not pregnant.
Relative to the
statistically significant.
number of observed embryos the number of deaths
is significantly higher in the exposed groups:
The
0.01 < p < 0.025 (four-way analysis).
frequency of placenta resorptions is higher in
the exposed than in the control animals (p <
0.001).

All dams with vaginal plugs were collected in a
pool from which they were distributed to
ex per imenta l cages by ind iv i duals who were not
In order to determine
involved in the study.
whether the embryos were alive or dead the
following criteria were established:
1.
2.
3.
4.

Check for spontaneous movements
Check if movements can be provoked
Evaluate the muscle tone in the extremities
Evaluate the color of the embryo (circulation
and oxygen saturation)

Placenta resorptions have distinct characteristics and are therefore easily recognizable. It
is also easy to establish the embryonal weight
In contrast, it is
with sufficient accuracy.
more difficult to measure the length of the
embryo because it is always somewhat bent, and
the bending can vary from case to case. It is
often difficult to delineate what should be
For example, we
classified as malformations.
have not classified as malformations noncomplicated joinings of ribs or phalanges with slight
axle deviation; these types of changes are
listed in Table 2 under "internal malformations."

The weights of the live embryos show very small
variations both within groups and between
In spite of
exposed and nonexposed animals.
this, the higher weight of the exposed embryos
was statistically significant (p < 0.01). No
difference was apparent with regard to the
length of the embryos. It is shown in Table 2
that few malformations were detected, but there
was almost always more of them in the exposed
Nevertheless, the total number of
animals.
malformations is so small that no statistical
evaluation is possible; nor is it possible to
give a detailed account of the different forms
The number of malformations
of malformation.
per litter did not show a poisson distribution.
The ratio between the observed number per
litter or per embryo and the expected number
(assuming a poisson distribution) of malformations increased with increasing numbers of
malformations per litter or embryo which means
that a litter or embryo that suffers from one
malformation has an increased risk of getting an
additional one.

Each embryo was analyzed two times: the first
time macroscopically after it had been removed
from the uterus, the second time under the
After removal of the
dissecting microscope.
amniotic sac each embryo was classified according to sex, length, weight, viability and
observable malformations. One embryo from each
litter was then arbitrarily selected and fixed
(Bouin) for histological and pathological
evaluation.

The conclusions of the analysis of external
malformations are the following:

In addition, embryos with external and suspected
external and/or internal malformations were
frequently examined. In these embryos the inner
organs were examined microscopically in sections
through the median plane. All the other embryos
were stained with alizarin and examined under
the dissecting microscope for skeletal malformations and retardations.

Of 1530 live embryos from 211 exposed litters,
16 litters contained a total of 21 malformations distributed in the fol lowing manner: 11
mothers contained 1 embryo with one ma l format ion score and 5 mothers contained 1 embryo
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with two malformation scores (if a poisson
distribution is assumed, the expected number of
In
embryos with two malformations is 0.14).
addition, we found 31 embryos with one undeveloped rib and 58 with retarded sternal
development (Table 4).

nonexposed one both with regard to the number of
implantations and the number of mothers (p <
0.001 with a 4-way analysis). The statistical
validity is, nevertheless, uncertain in the
latter case since the number of implantations do
not appear to be gaussian distributed in the
mice.

Of 1113 live embryos from 154 control group
litters, 8 were found with a total of 13
malformations. Six dams had one fetus with 1
malformation and 1 animal had a fetus with 5
In these groups we also found
malformations.
21 fetuses with retarded rib development and 57
sternal development
fetuses with retarded
(Table 4).

The embryonal weights in the groups were very
similar with very small standard errors (Table
1). The !%-increase in the average body weight
of the exposed mice compared with the control
mice is far too small to have any significance
although from a purely statistical point of view
it is significant.
The number of implantations in the exposed
animals appears higher than in the controls,
The
but the difference is not significant.
increase in the intrauterine embryonal mortality
from 0.98% in the control animals to 2.30% in
the exposed mice is clearly significant (p <
0.025). The 16 external malformations among the
1530 live exposed embryos correspond to 1.05%;
in control animals 0.81% of these malformations
The corresponding numbers in
were observed.
the Karolinska study were 1.87 and 0.19%,
respectively. The difference in the incidence
of malformations between exposed and nonexposed
animals in .this study is not significant (even
if the malformations in the dead embryos were
included), but a significant difference was
observed in the Karolinska study (pa 0.02).

Five embryos with 13 malformations were noted
among 36 dead embryos in the experimental
group. Two dams had one malformed embryo and
one normal, one dam had one normal embryo and
three malformed ones, and two dams had one
embryo with four malformations (Figure la). In
addition, three cases of retarded sternal
development (Table 4).
In the control group 11 dead embryos were noted
among which two dams had one embryo with one
malformation and one with retarded sternal
The frequency of
development (Table 4).
malformations is greater among the dead than
among the live embryos (Table 3).
The histopathological examinations that included
408 embryos confirmed the macroscopically based
diagnoses and provided also a more detailed
picture of the type and extent of the changes.
For example, the ma l formations that affected the
central nervous system ranged from the microscopically barely detectable meningoencephalocele
to exencephalia and spina bifida with complete
exposure of the brain or spinal cord to the
lumbar region. The routine examinations of the
inner organs of the embryos did not reveal
further changes.

However, in contrast to the Karol i nska group we
do not know the frequency of spontaneous
malformations in our CBA-strain, measured over
an extended period, which means that our value
of 0.81% malformations does not have the same
significance. Nor have we been able to detect
an increased frequency of internal malformations
caused by pulsed magnetic fields. The retarda~
tion in sternum development is so frequently
occurring that it is doubtful whether it should
The same
be classified as an abnormality.
comments can be made with respect to the
defective rib development in the last pair of
ribs.

In the figures there is shown a selection of
representative malformations. Figure la shows a
dead embryo with four serious malformations, 1)
Spina bifida, 2) Exencephalia, 3) Abdominal
Figure lb shows an
hernia and 4) Open eyes.
embryo with incompletely developed sternum, and
Figure le shows an example of the usual condition where one of the 13th pair of ribs is
shorter than the other rib in the pair.

The longer exposure period in our study may_be
one reason for the increased embryo morta 1ity
compared to the one observed in the Karo 1i nska
study ( 19 days of exposure versus 14 days in the
Karolinska study). But the higher implantation
and resorption frequencies suggest that other
If the
causes also should be considered.
magnetic fie 1d exposure caused defective embryos
that normally would have been "rejected" to
implant one would expect an increased number of
placenta resorptions and dead embryos. In order
to clarify if this indeed is the case we intend
to repeat the study as far as these parameters
are concerned. The magnetic field exposure will
then be initiated after the implantation has
taken place. If the effects on resorption and
embryonal mortality still are observed, the
effect of the magnetic field on embryonal
mortality between the 14th and 19th day of
gestation will be examined.

Discussion:
Tribukait et al. found that pulsed magnetic
fie 1ds affected neither the frequency of
placenta resorptions nor the embryo mortality or
body weight. We have obtained conflicting
results. We have observed the strongest effects
of the pulsed magnetic fields in the early
stages of embryonal development which was
apparent as "resorbed places" in the lining of
the uterus (10.7% compared with 5.6% in the
control animals). The frequency of resorption
is higher in the exposed group than in the
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In a summary it can be stated that we have
studied the same parameters as the Karo 1i nska
group. Nevertheless, we have observed that the
magnetic fie 1d exposure caused changes in the
frequencies of placenta resorption and embryona l mortality; these changes were not observed
by the Karol inska group. For the primary end
point (ma 1formed embryos) we have not found a
statistically significant magnetic field-dependent increase in spite of a larger number of
animals than that used in the Karolinska study.

FIGURE 1.
la.
lb.
le.

Gunnar Wa 1i nder has been res pons i b1e for the
project and the statistics; the assistants, Ulla
Hammarstrom and Lena Jansson have provided
valuable technical assistance.
The project was completely supported by grants
from the National Institute for Radiation
Protection.

I

Embryo with:
1. Exencephali
2. Abdominal hernia 3. Spina bifida 4. Open eyes
Retarded sternum development
Shortened rib

TABLE 1.
Effects of Pulsed Magnetic Fields on fertility, implantation frequency, placenta resorption, embryonal roortality
and weight data are from experiments no. 1,3,4,5 and 6.
Number
Number
Number
Number
Number
Number
Number
Weight
Length

TABLE 2.

of
of
of
of
of
of
of
of
of

Exposed
245
211 (86.1%)
34 (13.88%)
1753
187 (10.67%)
1530 (97.7%)
36 (2.3%}
0.957 +/- 0.003
19.58 +/- 0.03

dams
pregnant dams
nonpregnant dams
implantations
placenta resorptions,
live embryos
dead embryos
live embryos (g)
live embryos (mm)

Controls
173
154 (89.0%)
19 (10.98%)
1190
66 (5.55%)
1113 (99.0%)
11 (0.98%)
0.947 +/- 0.003
19.51 +/- 0.03

Teratogenic Effects
External malf.

Live embr:los
Exposed

Serie

Ex. S.b.

"i

Mo.

O.e.

M.p. :s-p.

1

0
0
0

1
1
0
0

1

1
1

0
1

2
2

0

0
0

0

0
1
0

1

0

0
5

0

1
3

4
5
6

An.

S:a 6

1
0
1
1

5

Nonexposed

A.h.
0
1
1
2
3
7

3

3
4

6

1
0
0
0
0

I nterna 1 ma 1f.

S:a

1
0

3

1

1

0
0
0
2

0
1

1
0
1
0

0

2
0

0

1

0

0
0

2
0

2

0
1

10

M.s.

M.r.

1
0
0

22
8

1

14

14
7
1

0
2

3

21

0
0
0
0

0
0

11
58
13

9

13

14

8

13

57

Tota 1 No.
of embr:los
1530

8

1
31 S:a 110
7
4
2
3
5

21

~

1113

S:a
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TABLE 2 ( cont. l Teratogenic Effects
I nterna 1 ma lf.

External malf.

Dead embryos
Exposed

A.h.

An.

Mo.

O.e.

M.p. :s-p.

1
0
0
1
2

0
0
0
0
2
2

1
0
0
1
0
2

0
0
0
1
0
1

1
0
0
0
0
1

0
0
0
0

1
3

0
1

0
0

0

0
0

0

4

0

0

0
0

0

0

5
6
Nonexposed

Ex. S.b.
1
0
0
1
0
S:a 2

1
3
4

f
~

Serie

5
6

0
0
S:a 1

0
0

0

0

0
0
0

0
0

1

4

0
0

2
1

0

0
0
0

13

3
0
0
0
0

0
0
0
0

0
0
1

0

M.r.

0
0

0
0
0

0
0

M.s.

2

8
1

Total No.
of embryos
36

0
0
0
0

0 S:a 16
7

11

0

2
0
5
0

S:a

3

malf. - malformations
Mo. - Microophthalmia
Ex. - Exencephalia
O.e. - Open eyes
S.b. - Spina bifida
M.s. - Malformed sternum
A.h. - Abdominal hernia
M.r. - Malformed rib
An. - Anophthalmia
M.p.:s-p. - Malf. phalanges:Syn-polydactylia

TABLE 3.

Malformations in live and dead embryos
Dead embryos

Live embryos
11

5
0

0
1

0
0
0

0

0
16
16 (1.05%)
21

Controls
2
0

PEMF
2

Controls
8*

PEMF

Treatment
Embryos with 1 malf.
2 malf.
3 ma lf.
4 malf.
5 ma lf.
No. 1itters w. ma lf.
No. embryos w. malf.
Total No. malf.

2
0
5
5 (13.9%)

1
8*
9 (0.81%)
13

13

0
0

0
2
2 (18.2%)
2

* One litter included two embryos, each with one malformation. In all of the other cases with multiple malfonmtions in the same litter each embryo had only one malformation.
A poisson analysis of the distribution of malformations indicates that the number of embryos or litters with
more than one malformation is over-represented. This means that if an embryo has a malformation the risk of
getting one more of the same type is greater than getting one of a different type.

TABLE 4.

Pulsed magnetic field effects in ribs and sternum (Internal Malformations)
Dead embryos

live embryos
Treatment

No. malf.
ribs

No. ma lf.
sterna

No. ma lf.
ribs

No. ma lf
sterna

PMF
Controls

31 (2.03%)
21 (1.89%)

58 (3.79%)
57 (5.12%)

0
0

3 (8.33%)
1 (9.09%)
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greater safety for patient and operator, and has
potential to treat deep brain tumors using
stereotaxic approaches to locate the probe.

ELECTROMAGNETIC FIELD FOCUSING (EFF)
3550
PROBE--A NEW NEUROSURGICAL TOOL. (Eng.) Patil,
Yamanashi, W. S.; Valentine, J. L.;
A. A.;
[Div. of Neurological
Hill, D.; Filip, 0. F.
Surgery, Oral Roberts Univ. Sch. of Medicine,
City of Faith Medical and Res. Center, 8181
South Lewis Ave., Tulsa, OK 74137 (RR/A.A.P.);
Dept. of Radiology, Oral Roberts Univ. Sch. of
Medicine, City of Faith Medical and Res. Center,
Tulsa, OK (W.S.Y., O.F.F.); Dept. of Pharmacology, Oral Roberts Univ. Sch. of Medicine, City
of Faith Medical and Res. Center, Tulsa, OK
(Wien)
Neurochir
Acta
D.H.)]
(J.L.V.,
86(3/4):106-11 0; 1987 (12 Refs).

TUMORICIDAL CELLS INCREASED BY PULSAT3551
Malter, M.;
(Eng.)
ING MAGNETIC FIELD.
R.
Suss,
R.;
Kuhnlein,
G.;
Schriever,
D-6900
Krebsforschun gszentrum,
[Deutsches
Anticancer Res
Heidelberg, F.R.G. (RR/M.M.)]
7(3B):391-394; 1987 (15 Refs).
Since pulsed electromagneti c fields (PEMF) have
been reported to have growth-stimula ting effects
on a number of ce 11 types, the authors evaluated
the effects of a 2-Hz or 50-Hz PEMF field on the
cytotoxicity of natural killer cells in rat
spleen and liver, and on growth of L1210 mouse
leukemia cells. Rats were exposed to a magnetic
field produced by an Alpha Electronics (Hamburg)
generator operating at maximum intensity [measure not given] for 3-4 sessions of 1 hr each
per day for 8 days. Control animals were housed
Liver and spleen
under similar conditions.
effector cells were isolated by collagenase
digestion, washed repeatedly, and used in a
cytotoxicity assay against 51Cr-labeled EsB and
Eb cells (metastasizing and nonmetastasizi ng
The activity of
DBA/2 lymphoma cell lines).
liver killer cells increased after PEMF treat2.7-fold against Eb cells with 50-Hz
ment:
treatment (no effect with 2-Hz PEMF), and 3- and
1.7-fold against EsB cells with 50- and 2-Hz
The number of ce 11 s i soPEMF, respectively.
1ated from 1iver was increased 1.8-fold after 2Hz and 1.9-fold after 50-Hz PEMF exposure. The
number and/or activity of killer cells increased
after 7 days of treatment with PEMF, and increased lysis was observed only in an 18-hr
51Cr release assay, not in a 4-hr liver cell
assay. PEMF had no effect on activity or number
of spleen cells at either frequency. In the in
vivo experiment, L1210 cells were inoculated ip
into 24 female B6D2Fl mice; half the mice
received a single 200 mg/kg dose of cyclophosphamide 2 days later, and half of each group was
exposed to PEMF for a total of 1 hr /day until
death (up to 16 days). Mice treated with PEMF
died after the same latent period as the corresponding control animals. Assuming that slow
reactions are characteristic of macrophages, the
authors 3uggest that PEMF may stimulate Kupffer
cells. Failure to observe a response with L1210
cells in vivo may indicate that these cells or
the immune system are insensitive to the treatment conditions.

Biological tissue lying in an electromagneti c
field wi 11 be subjected to eddy currents which
can be brought to a sharp point of high i ntens i ty near the tip of a grounded probe. This
principle has been utilized in the design of an
electrosurgica l tool for cutting, coagulating,
and vaporizing tissue that utilizes a grounded
electromagnet ic field-focusing probe tuned to
match the frequency of the applied field. The
apparatus was designed for use in neurosurgery
to treat aneurysms with well-circumscr ibed
thrombosis and preservation of the parent
vessel. The apparatus consists of a sine wave
generator operating from 3 to 30 MHz, an inductive applicator, and a helical· coil which
produces the field. The probe, constructed from
a stylet of a 23-gauge spinal-punctur e needle
covered with polyethylene tubing except for the
tip, is 5/8 of the wavelength long and is
grounded through an inductive and capacitive
tuning device. Surgical studies were conducted
on Sprague-Dawley rats. Large bilateral craniectomies and cortical incisions were performed
on 33 rats: frontal lobectomi es were al so
performed in 6 of the animals; and movement of
Evans blue dye across the blood-brain barrier
was evaluated. Large abdominal vessels, including the inferior vena cava and the abdomi na 1
Most rats
aorta, were coagu 1a ted in 3 rats.
were sacrificed immediately after the surgery
for histological examination, while a few were
examined up to 4 days later. Heat dissipation
within the brain tissue was monitored in 5 rats
using an array of Luxtron fluroptic temperature
sensing probes during heating at maximum power
The ability of the apparatus to
for 10 sec.
vaporize tumors was studied in 4 C3H mice with
subcutaneously implanted mammary care i nomas.
Coagulating ability was found to depend on
wattage; excellent coagulation could be obtained
for smaller vessels up to 2 mm in diameter.
Cutting action was judged excel lent, with
minimal or no bleeding, minimal or no disruption
of the blood-brain barrier, and minimal edema in
the surrounding structures. The O.3 nm-diameter
probe produced cortical incisions O.46 mm in
Vaporizing action was effective in
breadth.
soft brain tissue and firm tumors, and was also
effective when the tissue was covered by saline.
The authors discussed the probe in comparison to
other neurosurgical techniques, and concluded
that it is superior to laser instruments in
preservation of the blood-brain barrier, has

EFFECTS OF CONSTANT MAGNETIC FIElDS ON
3552
THE B-CELLS AND INSULIN TARGET CELLS IN THE
RAT. (Eng.) Sutter, B. Ch. J.; Billaudel, B.;
Sutter-Dub, M. Th.; Bellossi, A. [Departement
d'Endocrinolog ie, Universite de Bordeaux I,
Avenue des Facultes, F-33405, Talence Cedex,
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France (RR/B.Ch.J.S., B.B., M.Th.S.); Laboratoire de Biophysique, Faculte de Medicine, 2,
Avenue du Professeur Leon-Bernard, Rennes Cedex,
France (A.B.)]
Aviat Space Environ Med
58(6):537-540; 1987 (7 Refs).

PLA2 samples were purified from porcine pancreas, snake venom, bee venom, and rat liver
mitochondria. The monolayers were produced in a
Verger-de Haas zero-order trough with an al kylated silicon support covering the reaction
compartment, and a platinum counter-electrode in
the aqueous subphase. The subphase compartment
was stirred magnetically and was maintained at
25 C with a circulating water bath.
Surface
pressure was adjusted to 15 mN/m, and a DC
potential up to approximately 75 V (0-30 nA
current) was applied between the semiconductor
and the counter electrode (the potential across
the monolayer was much less).
Reactions were
initiated by injecting enzyme into the subphase.
When the support served as the cathode, pancreatic PLA2 was activated 4-fold by a potential of
-25 V. Reversing the polarity to +25 V reduced
PLA2 activity to 1.5-fold the control activity.
The reversal of polarity could be repeated
several times:
if the potential was reversed
after triggering PLA2 activity, the rate of PLA2
reaction decreased to 2.5 times the original
activity, but if the reaction was initiated at
+25 V, the activity of PLA2 was 65% of the
initial control enzyme velocity. PLA2s isolated
from different sources responded differently to
the field. Snake venom PLA2 was activated 2.5fold. and bee venom PLA2 only 1.5-fold by a -25 V
potential. The threshold for activation of PLA2
was -10 V. A maximal activation of 7-fold was
observed with pancreatic PLA2 in an applied
potential of -75 V. The activities of all PLA2s
were reduced to varying degrees by a potential
of +25 V.
Ethylenediaminetetraacetic acid
(EDTA), a divalent ion chelating agent, completely abolished PLA2 activity when added prior
to application of current. A negative potential
was found to decrease the mean molecular area of
phospholipids, and the threshold for an observable decrement in surf ace pressure was -20 V.
Addition of 150 mM sodium chloride to the
subphase increased surface pressure, as predicted by electrostatic theory. Reversing field
direction resulted in reciprocal changes in
surface pressure.
The authors cone lude that
the membrane potential that is effective in
producing these effects, estimated to be 25-175
mV, is in the range of membrane potentials found
in cells, and therefore changes in membrane
potential might be an important factor in the
regulation of intracellular PLA2s in vivo. The
authors speculate about possible mechanisms of
electric field effects including field-induced
change in the daub le layer adjacent to the lipid
film, electrostatically-induced changes in the
conformation of the substrate phospho lipids, and
field-induced changes in the conformation,
orientation, and film penetration of PLA2.

Constant magnetic fields (MF) have been reported
to decrease glucose-stimulated insulin release
in isolated newborn rat pancreatic islets, but
similar effects have not been reported in adult
rats. The authors exposed 5-wk-old male Wistar
rats for 2 hr/day, 5 days/wk, for 4 wk to a
constant homogeneous electromagnetic field from
an LMM 300 electromagnet. Groups of rats were
exposed to fields of 400 or 800 mT and compared
with unexposed controls. After 4 wk, the rats
were killed, and body and pancreas weight,
glucose and insulin plasma · levels, insulin
content and secretion in pancreatic islets, and
glucose uptake and oxidation in diaphragm and
adipose tissue slices and isolated adipocytes
were measured. Neither magnetic field exposure
changed B-cell function parameters significantly.
Exposure to either MF condition abolished
the effect of insulin stimulation of glucose
uptake in hemidiaphragm preparations, but had no
effect on basal glucose uptake or basal or
insulin-stimulated glucose oxidation.
The
diameter of adipocytes was slightly increased in
animals exposed to 400 mT, and adipocyte basal
glucose oxidation was increased significantly in
animals exposed to 800 mT. The absolute levels
of insulin-stimulated glucose oxidation were not
significantly different between groups.
However, when results were expressed as percent of
mean basal levels, exposure to 400 mT significantly increased adipocyte response to insulin,
and 800 mT exposure significantly decreased it.
The authors conclude that results show no effect
on pancreatic function in young ma le rats, but
may indicate diminished glycogen formation in
muscle, and altered basal glucose oxidation in
adipose tissue.

3553
TRIGGERING OF THE ACTIVITY OF PHOSPHOLIPASE A2 BY AN ELECTRIC FIELD. (Eng.) Thuren,
T.;
Tulkki, A-P.; Virtanen, J. A.; Kinnunen, P.
K. J.
[Dept. of Medical Chemistry, Univ. of
Helsinki
(RR/P.K.J.K.); Dept. of Membrane
Physics, KSV Res. Labs., Helsinki, Finland]
Biochem 26(16):4907-4910; 1987 (33 Refs).
Phospho l ipases A2 ( PLA2) are ubiquitous enzymes
involved in liberation of prostaglandins and
leucotri enes, inflammatory responses, chemotax is, resealing of ruptured nerve membranes,
cytotoxicity, pathogenesis, cell differentiation, and membrane energetics. The authors have
studied PLA2 hydrolysis of 1,2-didodecanoyl-sn3-phosphoglycerol (diC12PG) monolayers residing
between an alkylated silicon support and water.
An electric field was applied to the monolayer
to assess its effect on enzyme activity and the
surface pressure of the phospholipid monolayer.

3554
FACILITATION OF ELECTROFUSION OF PLANT
PROTOPLASTS BY MEMBRANE-ACTIVE AGENTS.
(Eng.)
Nea, L. J.; Bates, G. W.; Gilmer, P. J. [Dept.
of Biological Science and Inst. of Molecular
Biophysics, Florida State Univ., Tallahassee, FL
32306 (RR/G.W.B., L.J.N.); Dept. of Chemistry
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:role of membrane fluidity is ambiguous since
including
several agents promoting fusion,
CaC12, lysoPC and DMSO, reduce membrane fluidity. However, close apposition of lipid bilayers
seems to be required for electrofusion as well
as chemically and virally induced fusion.

and Inst. of Molecular Biophysics, Florida State
Univ., Tallahassee, FL 32306 (P.J.G.): George J.
Ball Inc., Corporate Office, Box 335, West
Chicago, IL 60185 {present address/L.J.N .)]
Biochim Biophys Acta 896(2) :293-301; 1987 (32
Refs).

r

The authors investigated the mechanism of
electrofusion in plant protoplasts by examining
the effects of treatments known to modulate
membrane structure and function in an ima 1 and
Protoplasts were prepared from a
plant cells.
nonmorphogenic suspension culture of Daucus
A 10-15 ul volume of protocarota (carrot).
plast suspension (5 X 10(4) cells/ml) was placed
in a fusion chamber consisting of a glass slide
with two parallel platinum plates mounted 0.5 nm
apart, and fusion was observed with an inverted
microscope. A commercial chamber (Fusion Slide
No.2050S, D.E.P. Systems, Metamora, MI) was used
for most experiments, and a chamber with the
same electrode spacing that could fit in an
incubator was constructed by the investigators
to observe temperature effects. Electric fields
were generated using a Zimmermann Cell Fusion
Power Supply (G.C.A. Procision Inc, Chicago,
Contact between protoplasts was estabIL).
1ished by dielectrophore sis in an AC field of
160-200 V/ cm, 600 kHz for 2 min, after which the
field strength was increased to 200-250 V/cm.
Fusion was then induced with two DC pulses· of
600-1000 V/cm for 50 usec. Because of day-today variations in fusion efficiency attributed
to subtle differences in protoplast physiology,
fusion was always evaluated relative to control
fusion rates. Lysophosphati dylcholine (lysoPC),
dimethylsulfox ide (DMSO), and calcium chloride
(CaC12), were all found to stimulate electrofusion by 14.6, 7.1, and 12.8% over controls,
Increased concentrations of
respectively.
lysoPC and DMSO produced cell lysis. A temperature decrease to 10 C greatly reduced fusion
( from 18% to 3% of the ce 11 s), whereas a temperature increase to 30 C had no significant
effect. The effect of temperature, lysoPC, and
CaC12 on membrane fluidity was assessed by
comparison with electron spin resonance spectroscopy of intact protoplasts labeled with 5The nonpermeating anion
doxystearic acid.
ferricyanide was used to localize the signal to
the outer surface of the plasma membrane.
Decreased temperature was shown to reduce
membrane fluidity. LysoPC produced a small but
reproducible decrease, and 20 mM CaC12 caused a
Pronase and
large reduction in fluidity.
prote i nase K treatments were used to examine
the role of membrane proteins on electrofusion.
Proteinase K produced an increase in fusion from
7.4% to 16.6% of cells, pronase, an increase
The protease inhibitor
from 6.9% to 13.8%.
the
blocked
fluoride
phenylmethyls ulfonyl
enhancement of fusion when applied with proteinStudies using the lectin FITC-Con A
ase K.
showed no change in the capping or clusterir.g
labeled proteins with protease treatment or AC
The authors discuss these
field exposure.
observations in light of several proposed
They cone l ude that the
mechanisms of fusion.

CALCIUM CYCLOTRON RESONANCE AND DIATOM
3555
MOBILITY. (Eng.) Smith, S. D.; McLeod, B. R.;
Li boff, A. R.: Cooksey, K. [Dept. of Anatomy,
Univ. of Kentucky, Coll. of Medicine, Lexington,
KY 40536-0084 (RR/S.D.S.): Dept. of Electrical
Engineering, Montana State Univ., Bozeman, MT
(B.R.M.): Dept. of Microbiology, Montana State
Univ., Bozeman, MT (K.C.): Dept. of Physics,
Oakland Univ., Rochester, Ml 48063 (A.R.L.)]
(12
Bioelectromag netics 8(3):215-227: 1987
Refs).
Cyclotron resonance theory suggests a mechanism
for the stimulation of ion movement through
biomembranes by low level magnetic fields of
The
specific frequencies and intensities.
authors tested the cyclotron resonance hypothesis using a simple, well-defined single cell
system as a quantitative bioassay for the
effects of specific combinations of DC and AC
magnetic fields on calcium ion (Ca++) membrane
Movement of the marine diatom Amphora
flux.
coffeaeformis on a low-calcium (0.25 mM) agar
minimal medium depends on the rate of calcium
Ce 11 mot i 1i ty was
transport into the ce 11 s.
evaluated at Ca++ concentrations ([Ca++]s)
ranging from O to 5.0 mM with exposure to
various magnetic fields generated by a set of 3
pairs of Helmholtz coils. Coils allowed control
of the vertical and horizontal static magnetic
field, with superimpositio n of an AC magnetic
In the absence of an applied field,
field.
diatom mobility reached half maximum at a medium
[Ca++] of 0.5 mM and reached maximum at 2.5 mM.
In the resonance field, mobility was quite
prominent at 0.10 mM, and reached maximum at
Magnetic field conditions calculated
0.25 mM.
on the basis of the resonance theory model
indicated optimum stimulation of Ca++ flux at an
AC frequency of 16 Hz and a magnetic field
Frequencies were varied
density of 20.9 uT.
around the fundamental and three of its harmonics (16, 32, 48, and 64 Hz) and amplitudes of
5.2-62.7 uT, static fields were varied from
20.9-83.6 uT. The specificity of the effect for
Ca++ was assessed by adding lanthanum ions
(La+++), a competitive inhibitor for the attachTest and
ment of Ca++ to receptor sites.
control plates were exposed for 1 hr under
controlled ambient conditions, plates were
evaluated microscopicall y using a blind experimental design, and data were compared by
analysis of variance and nonparametric tests.
Results indicated clear resonance effects as
predicted by the cyclotron resonance model.
Significant stimulation of movement was seen in
0.5 and 0.25 mM [Ca++] at 16 and 48 Hz AC
frequencies compared to control, 32 Hz, or 64 Hz
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fields. When the AC field was eliminated, the
static (DC) field had no effect on mobility, and
the AC field had no effect if the DC field was
eliminated. When DC and AC fields were perpendicular to one another, they were ineffective.
The peak of AC amplitude was demonstrated on
0.25 mM (Ca++] plates by a linear increase in
mobility when the field was increased from 5.02
uT to 20.9 uT, and a decrease in mobility in
both 0.25 and 5.0 mM [Ca++] plates when the
field was at 41.8 and 62.7 uT. La+++ inhibited
mobility at a 11 concentrations above 10(-6) M
when the [Ca++] was 0.25 mM, and inhibition was
at least partially reversed when effective
magnetic fields were applied with La+++ concentrations under 10(-3) M. The resonance peak
around 16 Hz was quite sharp, dropping off
significantly at 14 and 18 Hz, with a damping
factor of O. 047 s. The authors discuss models
of ion channels in the membrane consistent with
the resonance pattern, and point out that their
results explain conflicts in the literature
regarding bioeffects of AC magnetic fields,
es pee i ally if no account was taken of the static
magnetic field or of the orientation of the
coils in a particular experiment.

were no statistically significant differences in
fractions of sows that were pregnant or mean
number of implants per litter between exposed
and sham-exposed dams in any of the teratology
groups. Mean number of live fetuses was greater
and prenatal mortality was less in exposed
animals of the first teratology group, but the
authors considered this a statistical artifact.
No statistically significant differences appeared in body masses of dams, but in the second
teratology group, exposed ma le fetuses weighed
less than sham-exposed fetuses.
There were a
few statistically significant differences in
relative and absolute organ masses, crown-rump
length, and maximal skull width in the second
teratology group which were generally indicative
of retarded growth in the exposed group, but the
effect was not robust.
The incidence and
pattern of malformations was somewhat ambiguous.
The incidence of lesions classified as fetal
pathologies did not differ between exposed and
sham-exposed animals in any of the teratology
groups, but the incidence of all malformations
was significantly greater in exposed animals of
the second terato 1ogy group. Most malfonnat ions
were associated with the musculoskeletal system,
and the spectrum of malformations was similar in
exposed and sham-exposed groups.
In pos tnata 1
studies, fertility and growth curves of the
offspring were not different between groups, but
birth weight of F2 offspring and the fraction of
litters containing malformed offspring born to
Fl dams was greater for exposed an ima 1s. The
authors conclude that an effect on reproductive
outcome may be associated with electric field
exposure, but because of the i neons i stency of
the results among groups, a cause-and-effect
relation with exposure cannot be demonstrated.

3556
DEVELOPMENTAL
STUDIES
OF
HANFORD
MINIATURE SWINE EXPOSED TO 60-HZ ELECTRIC
FIELDS.
(Eng.) Sikov, M. R.; Rommereim, D.
N.; Beamer, J. L.; Buschbom, R. L.; Kaune, W.
T.: Phillips, R. D..
[Depts. of Biology and
Chemistry, Battelle, Pacific Northwest Labs.,
Richland, WA; Battelle, Pacific Northwest Labs.,
P. 0. Box 999, Richland, WA 99352; (RR/M.R.S.;
D.N.R., J.L.B., R.L.B., W.T.K.); US EPA, Health
Effects Res. Lab.
(MD-71), Research Triangle
Park,
NC
27711
(present address/R.D.P.)]
Bioelectromagnetic s 8(3):229-242; 1987
(23
Refs).

3557
REPRODUCTION AND DEVELOPMENT IN RATS
CHRONOLOGICALLY EXPOSED TO 60-HZ ELECTRIC
FIELDS.
(Eng.) Rommereim, D. N.; Kaune, w.
T.; Buschbom, R. L.; Phillips, R. D.; Sikov, M.
R. [Depts. of Biology and Chemistry, Battelle,
Pacific Northwest Labs., Richland, WA; Battelle,
Pacific Northwest Labs., P. 0. Box 999, Richland, WA 99352; (RR/D.N.R.; W.T.K., R.L.B.,
M.R.S.): US EPA, Health Effects Res. Lab. (MD71). Research Triangle Park, NC 27711 (present
address/R.D.P.)] Bioelectromagnetic s 8(3):243258; 1987 (25 Refs).

The authors report results of a broadly-based
screening of Hanford Miniature swine chronically
exposed to a 30-kV/m, 60-Hz electric field for
20 hr/day. Groups of exposed and sham-exposed
swine were housed in separate, environmentallyequivalent buildings for the duration of the
three-generation study. The electric field over
the area of the exposure sta 11 was uni form to
within +/- 2.5% at ground level and to within
+/- 8% at the maximum height of a pig.
The
swine were not subjected to spark discharge, and
there were no detectable levels of audible hum,
noise, vibration, or ozone attributable to the
high-voltage system.
The FO generation cons is ted of 31 exposed and 18 sham-exposed females.
After 4 mo, all gilts were bred to
unexposed boars for the first teratological
evaluation and to establish the Fl generation.
Fl females were bred at 18 mo of age to produce
the F2 generation, which was followed for 10 mo.
FO and Fl females were each bred a second time
after 10 mo of additional exposure to produce
two additional groups of litters for terato logical evaluation at 100 days of gestation. There

As a fo 11 ow-up to their study of the reproductive effects on miniature swine of long-term
exposure a 60-Hz electric field (Bioelectromagnetics 8(3):229-242, 1987), the authors attempted to identify interacting factors in a
similar study of Charles River CD rats. Mating
times and field strengths of the swine study
were scaled appropriately for rodents based on
age at sexual maturity and body size. In two
replicate experiments, rats were exposed or
sham-exposed 19-20 hr/day to a uniform (+/3.5%) vertical 60-Hz electric field of 100 kV/m.
Perturbation of the electric field by cages and
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Each rectangular tissue block is repretime.
sented by a node, paths for heat flow between
nodes are represented by heat conductors, and
the thermal energy of each node is represented
From a knowledge of surface
by a capacitor.
area, volume, tissue composition, and location
of each block, values can be assigned and the
temperature determined for each time increment.
A 7708-block model of 0.5 x 0.5 x 0.5 cm cells
was used under simulated conditions of exposure
to the near-resonance frequency of 350 MHz while
positioned over a ground plate. The calculated
distribution of SARs in the animal model were
compared with temperature patterns measured in
restrained monkeys using Vitek Mode 1 101 temWhole-body dosimetry was
perature probes.
determined by the calorimetric method using a
monkey-shaped mold filled with a homogeneous
phantom material of average tissue properties.
Two adult male squirrel monkeys were then
exposed to whole-body SARs of 4, 5.5, 9.6, and
11 W/kg at ambient temperatures of 32, 30, 24,
and 20 C, respectively, while continuous recordings were made of colonic temperature and skin
The model
temperature at the tail and foot.
predicted the trend of the response reasonably
we 11. E1evat ion of col on i c temperature tended
to be more accurately modeled than the rise in
skin temperature at the tail and foot. Calculated results tended to overestimate the absolute rise in temperature; the calculated
steady-state colonic temperature was typically
on the order of 1 C higher than measured values.
This may have been due partly to inaccuracy in
the initial SAR value used for the model, since
whole-body SAR had to be estimated from a
homogeneous phantom model rather than from
The mode 1 al so
measurements of the an ima 1.
tended to underestimate the abrupt rise in tail
s'.<i n temperature, indicating that the increase
in skin blood flow was not adequately simulated.
The authors conclude that the degree of accuracy
is encouraging for so complex a phys i o logical
model.

animals reduced the effective field strength to
Exposure cages had
approximately 65 kV/m.
polycarbonate walls with wire mesh floor forming
an i ntegra 1 part of the 1ower electrode, so that
rats were in electrical contact with the reference ground. Conductive carpeting materia 1 was
supplied for nests during the period in which
1itters were delivered and reared. After 1 mo
of exposure, 4-mo-old female rats were mated to
unexposed ma 1es for 12 consecutive nights during
the field-off period. Some females with copulation plugs were killed for teratologic evaluaThe remaining
tion at 20 days of gestation.
Litter
females were allowed to go to term.
sizes were reduced to 8 animals, and postnatal
development of the Fl animals was assessed over
the following 12 wk. When Fl females reached 3
mo of age, they were again mated with unexposed
males and examined near the end of term.
Exposure had no detectable effect on copulation
rate, or on gestational gains in body mass. In
the first replicate experiment, exposed females
had a significantly lower pregnancy rate, a
lower incidence of intrauterine mortality, and a
higher incidence of malformed fetuses, but these
end points were essentially identical in exposed
and sham-exposed an ima 1s in the second rep 1icate
The authors conclude that the
experiment.
exposure of rats to an electric field strength
of 100 kV/m does not provide an adequate model
for examining the ro 1e of contributory factors
involved in the swine study. They feel it is
not possible to determine if differences in the
outcome of replicate experiments are due to
random biological variations, or due to use in
these experiments of a near-threshold va 1ue of
field strength and duration for producing an
electric field effect.

ELECTROMAGNETIC
A FINITE-DIFFERENCE
3558
COMPARISON
DEPOSITION/THERMOREGULATORY MODEL:
(Eng.)
BETWEEN THEORY AND MEASUREMENTS.
Fatmi, M. B. E.; Ward, T. R.
Spiegel, R. J.;
[US EPA, Research Triangle Park, NC (R.J.S.,
T. R. W.); Northrop Services, Inc. , Research
Triangle Park, NC (M.B.E.F.); Mail Drop 74,
Developmental and Cell Toxicology Division,
Health Effects Res. Lab., US EPA, Research
Triangle Park, NC 27711 (RR/R.J.S.)] Bioelectromagnetics 8(3):259-273; 1987 (11 Refs).

MAGNETIC-FIELD-INDUCED
LOW-LEVEL,
3559
GROWTH MODIFICATION OF BACILLUS SUBTILIS.
(Eng.) Ramon, C.; Martin, J. T.; Powell, M. R.
[Depts. of Phys i ca 1 Science and Bi oeng i neer i ng,
Inst. of Applied Physiology and Medicine,
Seattle, WA; Inst. of Applied Physiology and
Medicine, 701 16th Ave., Seattle, WA 98122
Bioelectromag netics 8(3):275-282;
(RR/C.R.)]
1987 (5 Refs).

The accuracy and spatial resolution of a threedimensional block model of a squirrel monkey was
evaluated by comparing selected calculated
The model
results with experimental data.
calculates the local SAR and temperature distribution based on the combined electromagneti c
energy deposition and thermoregulato ry response
using finite-differe nce procedures. The mode 1
considers active mechanisms of thermoregulati on
such as vasodi lation, vasoconstricti on, and
sweating, as well as passive modes of heat loss,
and can predict temperature distributions in
complex geometries in which metabolic rates and
blood flow can vary with tissue type and with

The growth and morphology of Bacillus subtil is
were found to be influenced by exposure to lowThe
intensity sinusoidal magnetic fields.
mutant strain used for these studies, FJ7 Ctype, was characterized by a tendency to form
macrofibers in a right-handed helix. Changes in
the helical morphology and cell growth were used
Liquid cultures of
as biological endpoints.
bacteria were incubated in a controlled temperature waterbath between paired Helmholtz coils
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capable of producing a uniform magnetic field
(+/- 0.1 mT).
Several pilot experiments were
performed to control for the effects of confounding variables like heating, and mechanical
and acoustic vibrations from the coils. Temperature was found to be stab le within the limit
of the incubator control (+/- 0.1 C), and
bacterial samples exposed to mechanical vibrations only showed no difference in growth from
unexposed controls. The acoustic noise spectrum
in the circulating water occurred in the 10-250
Hz frequency range with a maximum of 62 dB at
125 Hz.
Bacteria exposed to an acoustic tone
simulating the output of the magnetic coils
showed a 10% reduction in growth, while bacteria
exposed to the tone with a 0.8 mT magnetic field
(1 kHz sinusoidal signal with 2-sec-on/2-sec-off
period) showed a 23% enhancement of growth
compared to totally shielded control cultures at
the same temperature (32.8 C) and middle portion
of the growth cycle. In subsequent experiments,
control cultures were exposed to the same
intensity acoustic tone as generated by the
magnetic coils using a miniature immersible
speaker.
Growth curves for field strengths of
0.8, 1.6, and 2.5 mT 800 Hz and 1 kHz sinusoidal
signals gave similar displacement of the cell
count with time to reach a higher plateau count.
Growth enhancement in the middle portion of the
growth cycle ranged from 15 +/- 2% (0.8 mT, 800
Hz CW) to 76 +/- 5% (2.5 mT, 1 kHz PW), and
showed
a
dose-response
relationship
with
strength of the magnetic field and frequency. A
periodic on/off field enhanced growth more than
a continuous sinusoidal field.
Microscopic
examination of magnetic field-exposed bacteria
with interference light and scanning electron
microscopy showed 1ittle or no aggregation of
adjacent bacteria and an absence of characteristic helical fiber formation.
The authors
conclude by discussing possible mechanisms for
the observed effect, and suggest that alterations in membrane calcium flux could reduce
adsorbed ion concentrations, resulting in a
decrease in cell adhesion.

were assigned at random to one of four groups
and exposed or sham-exposed for 10 consecutive
days at 20 or 30 C. Physiological tests were
conducted at 5-6 and 16-17 days of age to
determine pre- and post-exposure responses,
respectively. Oxygen consumption, colonic, and
skin surface temperature (at the base of the
tail) were measured in water-jacketed Plexiglas
metabolic chambers.
Steady-state metabolic
responses were determined at test temperatures
of 35.0, 32.5, 30.0, and 25.0 C. In comparison
to normative data for untreated rat neonates,
rats in all four groups showed below average
growth. This reduced growth was attributed in
part to the utilization of energy for metabolic
heat production, but may also reflect reduced
availability of milk from the dam during experimental exposures.
Both groups of animals
exposed to ambient temperatures of 20 C exhibited significantly lower growth rates than
animals of the 30 C group. No growth effects
could be attributed to microwave exposure.
Metabolic rates and body temperatures in a 11
exposure groups were similar to values for
untreated animals at 32.5 and 35 C. The temperature difference between colonic and skin
readings in the 25 C metabolic test was less in
exposed and sham-exposed animals adapted to 20
C, with skin temperature averaging 1.3 C higher
than in untreated rats. This result indicated
that both groups of animals repeatedly exposed
to 20 C showed reduced peripheral vasoconstriction associated with short-term adaptation to
cold stress. Microwave exposure at 5 mW/cm2 was
apparently not of sufficient magnitude to
diminish the cold stress. By contrast, animals
exposed to the 5 mW/cm2 at an ambient temperature of 30 C displayed an enhanced ability to
maintain near-normal colonic temperatures in 30
C metabolic tests. This was the only significant difference between microwave and shamexposed groups, and suggests that exposure to
low-intensity microwaves
is sufficient to
diminish only moderate cold stress.

3561
EFFECTS OF MICROWAVE EXPOSURE AND
TEMPERATURE ON SURVIVAL OF MICE INFECTED WITH
STREPTOCOCCUS PNEUMON IAE.
(Eng.)
Liddle, C.
G.; Putnam, J. P.; Lewter, 0. H. [Developmental and Cell Toxicology Div. (MD 72), Health
Effects Res. Lab., US EPA, Research Triangle
Park, NC 27711 (RR/C.G.L.)] Bioelectromagnetics
8(3):295-302; 1987 (22 Refs).

3560
THERMOREGULATORY
RESPONSES
OF
THE
IMMATURE RAT FOLLOWING REPEATED POSTNATAL
EXPOSURES TO 2,450-MHZ MICROWAVES.
(Eng.)
Spiers, D. E.;
Adair, E. R. [John B. Pierce
Foundation Lab. and Yale Univ., New Haven, CT;
John B. Pierce Foundation Lab., 290 Congress
Ave., New Haven, CT 06519 (RR/D.E.S., E.R.A.)]
Bioelectromagnetics 8(3):283-294; 1987
(19
Refs).

In establishing microwave exposure guidelines,
it is important to consider the potential for
heightened sensitivity to microwaves in populations already compromised by illness. A possible parallel appears in studies showing an
increased frequency of death from pulmonary
disorders,
cardiovascular disease, cerebral
accidents, and respiratory illness during heat
waves. Survival was followed for groups of CD-1
female mice infected with an LD50 dose of
Streptococcus pneumoniae Type III [9 x 10(3)

The thermoregulatory behavior of immature rats
(5-7 days of age) is 1imited by insufficient
thermal insulation and a lower ability to
increase metabolic heat production. The authors
studied the adaptation of immature rats to 4-hr
cold stress (ambient temperatures of 20 and 30
C), with or without simultaneous exposure to
low- level (5 mW/kg) 2450 MHz microwave radiation.
Thirty-two Sprague-Dawley albino rats
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st irnu l i using the staircase procedure or the
method of constant stimuli. Tone stimuli, swept
between 3 and 8 kHz with a sweep repetition rate
of 8 Hz. were presented against a background
Electric fields were
white noise of 64 dBA.
produced by a parallel plate capacitor system
that could generate fields of 0-27 kV/m. In the
first stage of training, the auditory stimulus
was a tone 20 dBA above noise. In the second
stage, tones of varying intensity were presented
to determine a psychometric function and abIn
solute threshold for tone discrimination.
the third stage, the field was presented along
with the tone, then the tone was gradually faded
out, leaving the electric field to serve as the
dis.criminative stimulus. Presses on the correct
In the
lever were reinforced with water.
staircase procedure, each session began with a
stimulus that could be easily discriminated from
background, then the stimulus was reduced by
1/20 on each succeeding trial until the subject
could not detect the stimulus. The trial was
continued by backing the stimulus intensity in
3-step increments until the subject could detect
the stimulus, and repeating this down-up-down
cycle for the duration of the 90 min session.
In the constant stimuli procedure, stimulus
intensity was randomly selected regardless of
the subject's performance and therefore each
intensity was sampled a "constant" number of
In a trial, 90% of stimuli were pretimes.
sented randomly and every tenth stimulus was a
"retraining" stimulus of maximum intensity.
Comparison of the psychometric functions for
tones showed characteristic patterns of response
to different frequencies and intensities in
In 5 of 8 subjects, similar
each subject.
"signature" patterns were detected in the
response to tones and electric fields: that is,
the shape of a psychometric function for a
particular subject was often similar whether the
discriminative stimulus was a tone or a field.
Three subjects were an exception to this generalization, since there were obvious differences
The
between their tone and field results.
overall mean of thresholds for electric field
detection was 13.3 kV/m (rms) using the staircase method, and 7 .9 kV/m using the method of
The authors consider the
constant stimuli.
results remarkably similar given the differences
between these two protocols.

bacteria ip in 0.1 ml broth], and exposed or
sham-exposed to 2450 MHz CW microwaves at an
incident power density of 10 mW/cm2 (SAR approximately 6.8 W/kg). Four groups of 25 mice
each were exposed or sham-exposed to microwaves
for 4 hr/day for 5 days, starting on the day of
infection, at ambient temperatures of 19, 22,
Survival of
25, 28, 31, 34, 37, and 40 C.
infected, sham-exposed mice increased with
ambient temperature from 19 to 34 C, then
declined sharply at 37 and 40 C. Survival of
microwave-exposed mice was significantly greater
(mean difference of 19.8%) at ambient temperatures of 19-31 C. Maximum survival was reached
at an ambient temperature of 31-34 C (88%
survival),• but declined sharply at higher
temperatures, reaching 0% at 37 C. When animals
that died of hyperthermia on the first day of
exposure were subtracted from mortality in the
microwave-exposed group, the survival rate
curves for exposed and sham-exposed animals were
para 11 el through the ambient temperature range
To test the hypothesis that inof 19-37 C.
creased survival in microwave-exposed animals
was a result of achieving abdominal temperatures
capable of attenuating the virulence of S.
pneumoniae (41 C), colonic temperature was
measured in groups of mice during exposure to 10
mW/cm2 at 22 C. Colonic temperature measurements indicated that the maximum temperature
rise was about 0.8 C, well below the temperature
where direct heating effects on the bacteria
The 20% improvement in
would be expected.
survival due to microwaves was roughly equivalent to an increase in ambient temperature of
5.6 C, suggesting that microwaves or the hyperthermia resulting from microwave exposure is
more effective than ambient temperature alone in
The authors suggest that
improving survival.
the increased survival observed with higher
ambient temperature and microwaves may be a
result of stimulation of the immune system.

DETECTION OF 60-HERTZ VERTICAL ELEC3562
Sagan, P. M.;
{Eng.)
TRIC FIELDS BY RATS.
Stell, M. E.: Bryan, G. K.; Adey, W.R. [Res.
Service (151). J.L. Pettis Memorial Veterans'
Hosp., 11201 Benton St •• Loma Linda, CA 92357
(P.M.S., M.E.S., G.K.B., W.R.A.) {RR/M.E.S.):
Dept. of Physiology and Pharmacology, Loma Linda
Univ., Loma Linda, CA {P.M.S., M.E.S.): Dept. of
Surgery, Loma Linda Univ. , Loma Linda, CA
(W.R.A.): Hughes Aircraft Corp., Display Systems
Simulation Dept., Radar Systems Group, Building
Rl, M/S C341, P.O. Box 92426, Los Angeles, CA
90009 (present address/P.M.S.)] Bioelectromagnetics 8(3):303-313; 1987 (16 Refs).

EFFECT OF LOW POWER MONOCHROMATIC
3563
ELECTROMAGNETIC RADIATION IN THE MILLIMETRE
RANGE ON BIOLOGICAL PROCESSES. {Eng.) Golant,
M. B. Biophysics 31(1):154-163 (translation of:
Biofizika 31(1) :139-147, 1986): 1987 (31 Refs).
The author briefly reviews the literature,
mainly from the Soviet Union, on bioeffects of
electromagnetic radiation (EMR) at non-thermal
power levels, and presents a theoretical biophysical model to explain the response of organisms to EMR. Initial results in the 1960s and

The ability of rats to detect electric fields
was assessed using two different behavioral
protocols. Thirty-two adult male Sprague-Dawley
rats were trained to press a lever to indicate
the presence or absence of graded auditory
stimuli, then further trained to electric field
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1970s established, in the author's oprn1on, a
broad spectrum of reproducible biological effects and therapeutic responses in a range of
organisms that could not be attributed to
heating or to mechanisms similar to those of
ionizing radiation. The response of organisms
to EMR is characterized as being relatively
independent of power density between threshold
levels and levels causing appreciable heating,
and confined to narrow frequency bands a lternati ng with bands having no biological activity.
Specific biological reactions may require
sufficiently long or repeated exposure to EMR,
may result in residual effects, and may involve
sensitive sites in the body located far from the
point at which maximum current density impinges.
The author advances the hypothesis that all
organisms have susceptibility to EMR frequencies
not normally encountered in the natural environment as a consequence of the evolution of
internal information signals.
The systems of
communication and control within an organism
must be resistant to external interference, and
quasi-monochromatic
signals
consisting
of
mi 11 imeter waves and other very high frequency
vibrations which are strongly absorbed by the
atmosphere and surrounding tissues would meet
this requirement while providing the potential
for high information content.
Control of
metabolism, construction of structural elements
within the cell and in multicellular arrays, and
cell recognition and morphogenic movements in
embryo 1ogy and repair of structural damage are
discussed as processes likely to be regulated by
electromagnetic fields. Therapeutic frequencies
of EMR may promote intensification of intercellular communication weakened unfavorable factors
such as disease or mechanical injury.
Since
electromagnetic vibration energy decays in lossy
tissues, there must be some periodic ampl ification mechanism dependent on energy stores in the
organism. The role of EMR, according to this
hypothesis, adds up to synchronization of a
series of osc i 11 a tors in the organism leading to
the formation or intensification of an information signal. A possible physical mechanism is
described consisting of electromagnetic vibrations generated in polarized cell membranes
deformed by acoustic vibrations with the electric field.
From this analysis, the author
concludes that the influence of EMR on the vital
activity of organisms is primarily determined by
the ability of the EMR signal to mimic to a
certain extent the communication and control
signals of the organism; or to influence the
dynamics of energy transduction or amplification
of endogenous electromagnetic signals.

A number of studies have suggested that calcium
flux in neural tissue may be very sensitive to
the effects of amplitude-modulated, low-intensity microwave fields (MWF). In an attempt to
isolate the specific components of the MWF
effect, the authors used the method of intracellular dialysis to follow the calcium current of
mo 11 usc neurones.
Neurones were prepared from
the nerve ring of Limnea stagnalis, using
pronase digestion, and maintained in a transparent plastic waveguide chamber with or without
flowing physiological saline. Micropipettes for
dialysis had 30 um diameter tips, a size chosen
for the maximum reduction in the drop in calcium
current without raising the resistance of the
pipette above 150 kohms. Cells were irradiated
for not more than 10 min with 900 MHz microwaves, continuous or amplitude-modulated by
pulse or sinusoidal voltages at 0.5-1000 Hz,
with SARs of 0.2-20 W/kg. On disconnecting the
flow of external saline solution, a characteristic increase in the calcium current was observed
proportional to the SAR which appeared and
disappeared with switching microwave power on
and off. Changes in the calcium current were
proportional to the SAR only and did not depend
on the parameters of modulation.
A !-olution
flow speed of 2-3 ml/min abolished any significant response to microwave radiation. The
fl ow sys tern stabilized the temperature of the
external solution to within 0.04 C. The authors
calculated the heating effect of MWF exposure in
comparison to the temperature coefficient (QlO)
of the calcium current, and concluded that the
effects of MWF can be attributed to a thermal
effect. The temperature change values computed
from the increment of calcium current somewhat
exceed the experimental value for the change in
temperature which might indicate selective
overheating of the ce 11 s in the MWF, but is more
likely only the consequence of measurement
errors.

3565
EVALUATION OF THE AMPLITUDE OF CHANGE
IN THE DISTANCE BETWEEN CONTACTING MEMBRANES ON
EXPOSURE TO AN EXTERNAL VOLTAGE.
(Eng.)
Viryasov, S. N.
[All-Union Research Institute
for Ap_p lied Microbiology, Obo l ensk (Moscow
Region)]
Biophysics 31(2):390-391; 1987
(4
Refs).
An external voltage decreases the distance
between two bilayer lipid membranes due to the
electro-osmotic transfer of water in the intermembrane gap. The author derives an expression
for the change in the distance between membranes
and the volume of liquid transferred as a
function of change in the membrane voltage. A
value of 18 nm or less was calculated for the
change in distance between membranes with a 200
mV change in membrane voltage.
Given the
limited precision of the experimental measurements, the author considers this to be in good
agreement with the measured value of 8.5 nm made
with bovine brain lipids in heptane.

3564
EFFECT OF ELECTROMAGNETIC RADIATION IN
DECIMETRE WAVELENGTH RANGE ON CALCIUM CURRENT OF
MOLLUSC NEURONES.
(Eng.)
Alekseyev, S. I.:
Il'in, V. I.: Tyazhelov, V. V.
[Instit. of
Biological Physics, USSR Academy of Sciences,
Biophysics
Pushchino (Moscow Region), USSR]
31(2): 290-295; 1987 (14 Refs).
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ORIENTATION OF LIPID TUBULES BY A
3566
MAGNETIC FIELD. (Eng.) Rosenblatt, C.; Yager,
[Francis Bitter National
P.; Schoen, P. E.
Magnet Lab., Massachusetts Inst. of Technology,
Cambridge, MA 02139; Code 6190, Bio/Molecular
Engineering Branch, Naval Res. Lab., Washington,
DC 20375-5000 (C.R., P.Y., P.E.S.): Dept. of
Physics, Case Western Reserve Univ., Cleveland,
OH 44106 (present address/C.R.); Bioengineering,
FL-20, Univ. of Washington, Seattle, WA 98195
Biophys J
(present address/P.Y., P.E.S.)]
52(2):295-301; 1987 (39 Refs).

.

Biological membranes can be oriented by magnetic
fields of 1 Tor more, an effect that has been
attributed to the diamagnetic anisotropy of the
hydrocarbon chain of lipids as well as protein
The authors
constituents of the membrane.
examined magnetic field orientation of a new
type of lipid microstructure, a tubule consisting of lipid bilayers wrapped around a hollow
Tubules are formed from polymerizable
core.
diacetylenic phosphatidylcholines by crystal1i zat ion of 1iposomes at the phase transit ion
temperature, or precipitation of a solution in
organic solvent by the addition of water.
Tubules were prepared from 1,2-bis(l0,12-triby
cosadiynoyl)-sn-glycero-3- phosphocholine
precipitation. The mean tubule length, determined by phase contrast microscopy, was 21 +/- 7
um, and the number of bilayers per tubule,
determined from scanning electron micrographs of
air-dried samples, ranged from 1 to 7 layers
(average about 2.5 layers) with thickness often
not consistent over the length of individual
tubules. Tubule suspensions were maintained at
a 27 +/- 0.2 C and placed in the bore of an
11.2-T Bitter magnet with a transverse optical
port. Field-induced birefringence was used to
monitor orientation of the molecules in the
magnetic field over a period of 2-3 min. Light
scattering in high fields indicated that the
tubules oriented in the magnetic field with
their long axes parallel to the field direction.
Saturation of orientation occurred at about 2 T.
The diamagnetic susceptibility anisotropy (delta
chi) was determined to be (-7 +/- 1) x 10(-9)
erg cm(-3)G(-2) which compares well with values
The
obtained for vesicles of egg l ec i thin.
authors cone l ude that magnetic orientation
should be useful in comparing the microstructure
of tubules prepared with other lipids, as well
as the study of membrane structure interactions
with other substances such as anesthetics or
membrane proteins •

The authors attempted to confirm reports of
resonance in the dielectric absorption of DNA
solutions at 1-10 GHz using an automatic network
analyzer. Plasmid puC8.c2 DNA was purified on a
Sepharose 4B column and prepared in buffer at
concentrations ranging from 0.5 to 1.5 mg/ml.
The plasmid was primarily in supercoi led form
with a molecular weight of 3.6 megadaltons.
Electrophoretic analysis indicated a typical
d,ecrease of about 20% in the amount of supercoiled DNA following dielectric measurement.
One series of dielectric measurements were made
with an open-ended coax i a 1 probe prepared from
semi-rigid 50-ohm 2.99-mm od transmission line
The reflection
and immersed in the sample.
coefficient from the sample was measured using
an HP8510 automatic network analyzer (HewlettPackard Co., Palo Alto, CA) in steps of 0.045
Additional
GHz between 0.045 and 18 GHz.
measurements were made by the transmission line
technique. The DNA solution was placed inside a
length of 7-mm coaxial transmission line between
a thin Teflon disk and a short circuit terminating the line, and measured with an HP8410
automatic network analyzer (ANA). The transmission line method allows calibration of the ANA
to factory-standard loads so that the reflection
coefficient is precisely known, and error in
Using
measurement is substantially smaller.
either method, differences between DNA and
buffer solutions were smoothly varying functions
of frequency associated with differences in the
i.onic conductivity of the solutions. There was
no evidence of resonance peaks at 2.4, 4, 6.5,
or 8.5 GHz as reported by Edwards et al. (Biophys J 47:799-807, 1985: Phys Rev Lett 53:12841287, 1984). Osei llations appeared in the probe
measurements when displayed on an expanded
scale, but their magnitude was not related to
IDNA concentration, and did vary with the length
of the probe and with the gating parameters of
The authors maintain that these
the ANA.
oscillations arise from imperfect cancellation
The largest errors in ANA
of system errors.
measurements are source match errors from stray
reflections in the system, and directivity
errors from imperfections in the directional
System errors are resonant-] ike in
couplers.
appearance and of a magnitude that is potentially comparable to or much larger thgn the DNA
resonance effect to be measured. The authors
maintain, based on their results, that the
reported DNA resonances are probably artifacts.

APPLICATION OF WEAK ELECTRIC FIELD TO
3568
THE HINDPAW ENHANCES SCIATIC MOTOR NERVE REGENERATION IN THE ADULT RAT. (Eng.) McDevitt,
[Depts. of
Fortner, P.: Pomeranz, B.
L.:
Zoology and Physiology, Univ. of Toronto,
Toronto, Ontario M5S lAl, Canada (RR/B.P.)]
Brain Res 416(2):308-314: 1987 (42 Refs).

"RESONANCES" IN THE DIELECTRIC ABSORP3567
TION OF DNA? (Eng.) Foster, K. R.; Epstein,
B. R.; Gealt, M.A. [Dept. of Bioengineering,
Univ. of Pennsylvania, Philadelphia, PA 19104
(K.R.F.): David Sarnoff Labs., Princeton, NJ
08543 (B.R.E.): Dept. of Biosciences and Biotechnology, Drexel Univ., Philadelphia, PA 19104
Biophys J 52(3):421-425: 1987 (20
(M.A.G.)J
Refs).

Using an animal model of neural injury, the
authors documented the ti me course of funct iona 1
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Kyoto 606, Japan (RR/M.H.)]
127; 1987 (18 Refs).

motor nerve regeneration with and without exposure to a weak DC field. Groups of adult male
Wistar rats had the sciatic nerve in the midthigh region either crushed with fine forceps,
immediately
then
or surgically sectioned,
resutured using basic microsurgical techniques.
For up to 40 days after surgery, rats were
placed daily in plastic holders and exposed or
sham-exposed to weak DC stimulation. Stainless
steel electrodes were inserted percutaneously
with the distal electrode between the 4th and
5th digit of the hindpaw, and the indifferent
Groups of
e 1ectrode inserted into the ta i 1.
animals were exposed to constant cathode or
anode distal currents of 10 uA (field strength
At periodic interapproximately 100 mV/cm).
vals, control and stimulated animals were
surgically prepared, and evoked electromyograms
(EMGs) were obtained to evaluate the progress of
For EMGs, the sciatic nerve was
regeneration.
again exposed, a 11 nerve branches prox ima 1 to
the site of the lesion were cut to prevent
stimulus spread, and the sciatic nerve was
gently suspended on a pair of silver-silver
chloride electrodes in liquid paraffin for
recording. Extracellular multiple unit recordings were made of four muscle groups at multiple
sites to distinguish evoked potentials from
denervation fibrillation potentials or artiEMG potentials had to demonstrate a
facts:
constant latency to repeated stimulation apimmature regenerated axons.
propriate for
Contra l studies indicated a return of EMG
activity, the x-intercept of the curve of
percentage of re innervated sites as a function
of time after injury, at 20.1 days for crush and
The
32.4 days for cut-and-suture animals.
effects of electrical stimulation were evaluated
at 18-20 days for crush groups and at day 30 for
In cut-and-suture
cut-and-suture groups.
significantly more rats rece1v1ng
groups,
cathode-distal stimulation evidenced evoked EMG
activity on day 30 (66%) than in anode distal
(17%) or unstimulated (17%) groups. The number
of sites reinnervated was also higher in the
cathode-distal group (16.6%) than in anodedistal (3.5%) or unstimulated (5.5%) animals.
Latency measurements in each group were similar,
indicating no difference in the rate of maturaResults
tion and myelination of the nerves.
after crush injury were quite different; there
was no significant difference between groups.
The authors suggest several hypothetical mechanisms to explain these results, pointing out that
the endoneural sheath is preserved in crush
injury, and therefore the amount of injury
current, calcium influx, and disorganization of
the neural axons are less with crush injury.

Cancer 60(1):121-

The authors report thermometry data obtained
during treatment of 60 deep-seated tumors in 59
patients using two radiofrequency (RF) capacitive heaters operating at 8 or 13.56 MHz. The
hyperthermia apparatus, developed by the authors
in cooperation with Yamamoto Vinyter Company,
Ltd., Osaka, Japan, utilized disk electrodes
ranging in diameter from 10 to 25 cm. Electrodes were coup 1ed to the skin using a bo 1us
filled with low temperature circulating saline.
Teflon-coated microthermocouples were
Thin
inserted into tumor and/ or adjacent normal
tissues through 21 or 19 gauge angiocatheters,
and the location of the angiocatheters was
monitored by x-rays, ultrasound, or CT scan.
Thermocoup 1es were ca 1i brated against a standard
mercury thermometer and used for continuous
monitoring employing an electrically isolated,
Hyperthermi a
RF filtered thermometry circuit.
was applied regionally once or twice a week for
Initially, the
a total of 1-12 sessions.
treatment goa 1 was to maintain a tumor center
temperature over 43 C for 40 min; in later
treatments, the goal was modified to keep
minimal tumor temperature over 42 C for 30 min.
If the treatment goal could not be reached,
hyperthermia was administered at the maximum RF
power to 1erated by the patient for 40-60 min.
Hyperthermi a thermometry resu 1ts were obtained
in the tumor center for 307 treatments, and
within tumors and surrounding normal tissue for
266 treatments. Maximum tumor temperatures were
over 43 C in 45% of the treatments, and between
42 and 43 C in 19% of the treatments. Assessed
in terms of minimum tumor temperature, results
were not as satisfactory: the minimum temperature of 42 C was achieved in only 11% of the
cases in which thermal distribution within the
The predominant limiting
tumor was measured.
factor for power elevation was pain in 76% of
the treatments, and systemic symptoms (blood
pressure, pulse rate, and/or rectal temperature)
in 24% of the instances where tumors could not
be heated to more than 43 C. The efficiency and
ease of heating varied with tumor type, anatomical location, tumor size, and thickness of
subcutaneous fat in the region. Tumors in the
head and neck, thorax, and 1ower abdomen and
pelvis could be heated more readily than tumors
Metastatic tumors and
in the upper abdomen.
cholangiocarcinomas were heated more easily than
hepatocellular carcinomas, a difference attributed to slower blood flow in the former two
tumors. The depth of the tumor did not have an
influence on heating efficiency of similar
tumors with centers from 5 to 10 cm deep. The
efficiency of tumor heating decreased as the fat
thickness increased; the frequency of hyperthermia over 42 C decreased from over 70% to under
30% when the fat thickness was over 15 cm. The
authors conclude that deep heating can be
achieved by this method, but that uniformity of
heating is a common problem in regional deep
Loe ally recurrent co 1orecta 1 cancers
heating.
and larger hypovascular pelvic tumors seem to be

RADIOFREQUENCY CAPACITIVE HYPERTHERMIA
3569
FOR DEEP SEATED TUMORS I. STUDIES ON THERMOMETRY. (Eng.) Hiraoka, M.; Jo, S.; Akuta, K.;
Ni sh imura, Y.: Takahashi, M.: Abe, M. [Dept. of
Radiology, Faculty of Medicine, Kyoto Univ.,
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heart, using a magnetometer ( a superconducting
quantum interferometric sensor), a scanner, and
a dig i ta 1 analyzer for image processing. The
magnetometer allows measurement of the magnetic
It uses a
field perpendicular to the chest.
measuring coil with a diameter of 24 mm and a
basal distance of 40 mm to minimize noise.
Industrial and geomagnetic noise is actively
compensated for by the use of three mutually
orthogonal square Helmholtz coils which measure
2.5 m on each side. The magnetometer is placed
in a nonmagnetic helium cryostat and is stationary with respect to the active compensation
Measurements are taken while the
system.·
patient is on a ·nonmagnetic couchette with three
The magtranslational degrees of freedom.
netocardiographic signal is synchronized with
the signal from a standard ECG lead. A second
standard ECG lead is placed at the center of 3cm square 8 x 8 grid which rests on the chest.
A magnetic field strength distribution map is
constructed from 64 signals from different
Signals
points recorded at the same moment.
from each point are averaged over several
periods of cardiac output, each period being
A twodivided into millisecond intervals.
dimensional interpolating filter is used to
construct values from intermediate points.
Signals are relayed to an analog-digital converter and then processed by a computer for
Maps are reproduced on a display
viewing.
screen where amplitude values are represented by
a color or brightness .variance. The complete
map is an aggregate comp i 1ed over the entire
period cif cardiac contraction.· Several appl ications of this technology are briefly described
including the correlation of series of successive maps to the QRS complex of the electrocarThe authors suggest that analysis of
diogram.
the integral dynamic structure of the heart's
magnetic field under normal and pathological
conditions may introduce a new too 1 for funct i ona 1 cardiology.

the best candidates for RF capacitive hyperthermia.

t

RADIOFREQUENCY CAPACITIVE HYPERTHERMIA
3570
FOR DEEP SEATED TUMORS II. EFFECTS OF THERMORADIOTHERAPY. (Eng.) Hiraoka, M.; Jo, S.;
Akuta, K.; Nishimura, Y.; Takahashi, M.; Abe, M.
[Dept. of Radiology, Faculty of Medicine, Kyoto
Cancer
Univ., Kyoto 606, Japan (RR/M.H.)]
60(1):128-135; 1987 (11 Refs).
In a companion paper to the study reporting
thermometry data obtained during treatment of 59
patients with deep-seated tumors using radiofre(Cancer
heaters
capacitive
(RF)
quency
60(1):121-127, 1987), the authors provide
results on the clinical effectiveness and safety
of combined hyperthermia and radiotherapy in
treating 40 patients with locally advanced deepTumors included in this study
seated tumors.
were judged refractory to radiotherapy based on
tumor size or histologic type and were located
more than 7 cm in maximum depth from the surSince a 11 patients treated had advanced
face.
diseases, the evaluation of treatment effectiveness was based on local tumor response rather
Six tumors (15%} exthan patient survival.
hibited complete response, 19 (48%} showed
partia 1 response, and 15 (37%) showed no reGreater regression was observed in
sponse.
tumors heated to 41-43 C maximum temperature
than in tumors heated below 41 C or above 43 C.
Minimum tumor temperature during hyperthermia
was not related to tumor regression. Subjective
signs were remarkably improved by thermorad i otherapy, and pain was relieved in 84% of the
Intratumor low density areas were
patients.
found in CT scan images from treated patents.
Histopathological examination demonstrated these
areas were massive coagulation necrosis, and no
observed in these areas in
malignant cells were
1
the two tumors exa mi ned carefully. The authors
conclude that the appearance of intratumor low
density areas on post-treatment CT scans can be
used as a parameter to assess treatment effecThe authors feel that these results
tiveness.
justify further application of thermoradiotherapy in the treatment of refractory deepseated tumors.

DIRECT POWER-FREQUENCY ELECTRIC FIELD
3572
EFFECTS ON MAMMALIAN ENDOCRINE TISSUE. (Eng.)
Keku, E.; Hsieh, S. T.;
Lymangrover, J. R.;
Dunlap, W. P.; Seto, Y. J. [Dept. of Physiology
and Pharmacology, Wake Forest Univ. Medical
Sch., Winston-Salem, NC, 27103 (J.R.L., E.K.);
Electroscience and Biophysics Res. Labs., Sch.
of Engineering, Tulane Univ •• New Orleans, LA,
70118 (J.R.L., S.T.H., W.P.D., Y.J.S.)] Environ
Res 43(1):157-167; 1987 (23 Refs).

DYNAMIC MAPPING OF THE HEART'S MAG3571
NETIC FIELD. (Eng.) Matlashov, A. N.; Zhuravlev, Yu. E.; Valiev, I. V.; Orlov, Yu. N.;
Platonov, S. A.; Lipovich, A. Ya.; Taratorin, A.
[Inst. of
M.; Godik, E. E.; Gulyaev, Yu. V.
Radio Engineering and Electronics, Academy of
Dok lady 8 ioSciences of the USSR, Moscow]
phys i cs 286(2):285-287; 1987 (6 Refs).

Rat adrenal tissue was placed between two
aluminum plate electrodes, and adrenocorticotrophic hormone (ACTH)-stimulated corticosterone
output was measured as a function of intensity
and duration of power-frequency (60 Hz) field
exposure. Adrena 1 tissue was obtained from ma le
Sprague-Dawley rats, and maintained in KrebsHanseleit glucose solution in a temperaturecontrol led, nonconduct i ve, superfus ion chamber.
The preparation was found to remain viable for

This paper presents a method for dynamic mapping
of the endogenous magnetic fields of the human
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at least 14 hr, with only slight diminution of
responsiveness with time. The electric field in
the tissue was estimated at 8 x 10(-9) times the
measured field intensity in air, or approximately 8 mV/m at the maximum intensity used (1000
kV /m in air). ACTH was administered twice for a
10-min period in the superfusion medium, and
aliquots of superfusate were collected for
analysis of steroids by an automated fluorescence method. Basal samples of superfusate were
collected after 2-hr equilibriation, the exposure chamber was energized, tissue preparations were stimulated with ACTH after 15 min and
again after 5.5 hr, and superfusate samples were
collected for 30 min at the end of each basal
period and for 1.5 hr after each infusion of
ACTH. Tissues were incubated for a tota 1 of 9
hr and exposed to the electric field for 7 hr.
A repeated-measures analysis of variance was
used to compare basa 1 and ACTH-stimulated
steroidogenesis in fields of different intensities (0, 5, 10, 100, 1000 kV/m), and with
constant or switched field exposure (turned off
for 30 sec, then back on, at 30-min intervals)
for a 7-hr exposure period at 1000 kV/m.
Electric field exposure did not significantly
affect basal steroidogenic activity, but increased the steroidogenic response to ACTH. A
2-fold increase in adrenocortical response to
ACTH was observed during the initial 2 hr of
exposure to 1000 kV/m, and a 3.2-fold increase
was observed after 5.5-7 hr of exposure to 10
kV/m. Other differences were not statistically
significant. Switching the electric field off
and on gave the same significant stimulatory
effect after the initiaf ACTH stimulation as the
constant field, but also caused a 2- to 3-fold
elevation in steroidogenesis in response to ACTH
after 5.5-7 hr exposure.
The mechanism and
critical exposure parameters for these direct
effects of electric fields on endocrine tissue
are unclear, but the authors cone lude that their
results indicate that 60-Hz electrical fields
are capable of significantly influencing endocrine function.

lesions, and with a rounded ball end for depressed lesions.
The needle electrode was
inserted into the tissue, and the depth of
coagulation roughly corresponded to the length
of the needle. The coagulation setting was 5-20
sec at 30 W, with 2-22 coagulations used to
treat each lesion. Endoscopic examinations were
performed after 1-2 wk, then every 4 wk, and
subsequently every 3-6 mo.
Hemostasis was
successful in a 11 10 cases of digestive tract
hemorrhage and no recurrence of hemorrhage was
observed.
Five cases of gastric and colon
polyps (tubular adenomas) and 10 out of 15 cases
of gastric adenoma and early cancer were treated
successfully and showed no recurrence at up to
27 mo.
The authors observe that microwave
coagulation offers more control and less tissue
necrosis in comparison with laser and high
frequency wave techniques, but is not as eff ic i ent or effective in treatment of large polyps
and tumors over 10 mm in diameter.

3574
AN INTERIM NOTE ABOUT APPLYING THE
IRPA PULSED RADIOFREQUENCY GU IO ELI NES.
(Eng.)
Mi 11 er, G. C. [ Hazards Control Dept., Lawrence
Livermore National Lab., P. 0. Box 5505 (L-384),
Livermore, CA 94550]
Health Phys 53(2):197;
1987 (1 Ref).
The author points out an ambiguity in the
radiofrequency exposure guidelines of the
International Radiation Protection Association
( IRPA84) which he has encountered in the application of these guidelines for staff at
Lawrence Livermore Laboratory.
The guidelines
recommend that maximum exposure to pulsed wave
(PW) radiofrequency radiation be not more than
100 times the occupational and general exposure
limits set for continuous wave (CW) radiation.
The author cone l udes that the IRPA committee
must have based these limits on power densities
and worked back to electric and magnetic field
strengths. Expressing limits as power density
or as field strength leads to different results.
For example, expressed as power densities,
general exposure limits are proportional to
occupational exposure limits divided by five,
but expressed as field strengths, occupational
exposures must be divided by the square root of
five. The author has concluded, pending confirmation by the IRPA, that exposure limits measured by the peak electric or magnetic field
strength of PW radiation should be no more than
10 times the CW limits.

3573
ENDOSCOPIC MICROWAVE TREATMENT. (Eng.)
Kuyama, Y.;
Yamamoto, N.; Takashimizu, Y.;
Tamura, Y.; Sasabe, M.; Kaurosawa, H.; Fujimoto,
H.; Nishiura, M.; Ohkusa, T.
[First Dept. of
Internal Medicine, Faculty of Medicine, Tokyo
Medical and Dental Univ., 5-45, Yushima 1-chome,
Bunkyo-ku, Tokyo 113, Japan (RR/Y.K.)] Gastrointest Endosc 33(3):229-232; 1987 (7 Refs).
A microwave electrode tissue coagulator, Microtase model HS-15M (Heiwa El Co.), was evaluated
in the endoscopic treatment of 37 cases of
gastrointestinal
hemorrhage
and
neoplastic
polyps.
The tissue coagulator consisted of a
2450 MHz generator with a maximum output of 100
W, connected to a monopolar surgical electrode
with a flexible coaxial cable. Three electrodes
were used for endoscopy with needle points of 3
mm for high protuberant lesions, 2 mm for 1ow

3575
COMMENTS ON THE EDITORIAL ABOUT RADIOFREQUENCY STANDARDS BY D. H. SLINEY, M. L.
WOLBARSHT AND A. M. MUC. (Eng.) Osepchuk, J.
M.
[Ratheon Company, Res. Div., Lexington, MA
02173]
Health Phys 53(3):327-330; 1987
(28
Refs).
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In a reply to comments by J. M. Osepchuk (Hea 1th
Phys 53(3) :327-330, 1987). the authors feel that
statements presented in their original editoria 1
(Health Phys 49:677-683, 1985) were misinterThe editor i a 1 was intended to "evoke
. preted.
some thought and discussion regarding the
several fundamental assumptions relating to
microwave exposure 1imits," and the authors feel
that details and speculations in the editorial
High-peak power, lowwere basically correct.
duty cycle exposure could stimulate nerves or
affect membranes at higher radiofrequencies and
produce 1oca 1i zed "hot spots" due to resonance
This
phenomena or radiation configurations.
would not be the case with CW irradiation, where
thermal effects dominate. The authors disagree
with Dr. Osepchuk's view that substantial
research work with PW radiation was done in the
While there· are studies
U.S. prior to 1984.
using PW radiation, in many cases there was no
significant discussion of differences between PW
and CW exposure, and dose calculations were
generally based on average power density and
ignored peak values. It is not a simple matter
to compare the research basis for the differing
Based on
standards in the U.S. and U.S.S.R.
personal communication, the authors feel that
Soviet research cannot be taken at face value,
since much of the work was performed at occupational health institutes using military radar,
and the frequencies used were altered in the
The authors
reports for security reasons.
intended their comparison of U.S. and Soviet
standards to point out underlying philosophical
differences, in order to use these differences
to identify possible areas of occupational
health concern.

Sliney, Wolbarsht, and Muc (Health Phys 49:677683, 1985) attributed differences in safety
1imits for exposure to microwaves in the U.S.
and U.S.S.R. to the use in U.S. research of CW
diathermy sources, while Soviet research was
conducted with PW military radar equipment. As
a result, according to Sliney, Wolbarsht, and
Muc, U.S. research workers on microwave bioeffects overlooked an effect of instantaneous
temperature increase we 11 above average temperature with PW radiation "when the pulse duration
is comparable to or significantly less than the
The author takes
thermal relaxation time."
issue with the conclusions of Sliney, Wolbarsht,
and Muc on the basis of physical principles, and
errors in their historical review of U.S. and
The author characterizes
Soviet literature.
the phys i ca 1 mechanism invoked by S1i ney,
Wo 1barsht, and Muc as an elementary textbook
instantaneous temperature would only
error:
exceed average temperature if pulse du rat ion was
significantly greater than, not less than,
In practice, this
thermal relaxation time.
situation applies only to the very small areas
of exposure encountered in pu 1sed laser heating,
not to the larger volumes heated by microwave
fields. Since thermal time constants of microwave-heated vo 1umes are generally in the range
of seconds to several hours, there would be
virtually no instantaneous temperature increase
during radar pulses and generally little difference between the heating characteristics of
PW and CW energy as long as the time-averaged
power is the same. Sliney, Wolbarsht, and Muc
a 1so misrepresent the methodo 1ogy used by U.S.
and U.S.S.R. research groups. CW diathenny and
various PW radar sources including military
equipment were used in both countries prior to
1970, while since then, microwave oven sources
In reviewing papers
have become more common.
presented at the Bioelectromagnetics Society
meetings from 1979 to 1986, the author finds
U.S. research studies on microwave/radiofrequency bioeffects used CW sources in 317 cases and
The author cone 1udes by
PW sources in 150.
pointing out a number of other factual errors,
and asserts that U.S. standards are supported by
a considerable research effort, citing the 1700
references reviewed by the American National
Standards Institute and Institute of Electrical
and Electronics Engineers in formulating the
ANSI C95 standard.

AUDITORY UNIT RESPONSES TO SINGLE3577
PULSE AND TWIN-PULSE MICROWAVE STIMULI. (Eng.)
[Center for
Lebovitz, R. M.
Seaman, R. L.:
Rehabilitation Science and Biomedical Engineering, Louisiana Tech Univ., PO Box 10426, Ruston,
LA (RR/ R.L.S.)] Hear Res 26(1):105-116; 1987
(29 Refs).
The effect of the frequency content of the
microwave modulation waveform on the auditory
response (microwave hearing) was evaluated in
The
recordings from single auditory nerves.
duration of single pulses and the delay between
twin pulses were used as the principle microwave
stimulus parameters, and the 1inearity of the
response was evaluated. Adult mongrel cats were
anesthetized with sodium pentobarbital, an
auditory unit in the dorsal cochlear nucleus was
identified using a glass microelectrode to
sample output wh i 1e. presenting frequency-swept
tones to the right ear with a small earphone,
and the stability of the recorded unit was
confirmed by determining the characteristic tone
frequency of response at successively lower
amplitudes. Microwave stimuli at 915 MHz were
applied using a waveguide applicator located 23
cm from the dorso 1atera 1 aspect of the head.

.
REPLY TO COMMENTS ON EDITORIAL ABOUT
3576
RADIOFREQUENCY STANDARDS. (Eng.) Wo lbarsht, M.
[Depts. of
Sliney, D. H.: Muc, A. M.
L.:
and
Engineering
Biomedical
Ophthalmology,
Psychology, Duke Univ., Durham, NC 27706
U.S. Army Environmental Hygiene
(M.L.W.):
Agency, Aberdeen Proving Ground, MD 21010
(D.H.S.): Radiation Protection Service, Ontario
Ministry of Labour, 400 University Ave., Toronto, Ontario M7A 1T7, Canada (A.M.M.)] Health
Phys 53(3):334: 1987 (2 Refs).
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For power levels and animal masses used in
these experiments, the calculated threshold SAR
was less than 6 mW/g and the calculated threshold specific absorption was less than 0.5 uJ/g.
Useful results were obtained from 27 cochlear
units in nine animals. All units were responsive to low power levels and 24 exhibited
responses consistent with the pattern predicted
as a function of pulse duration. Characteristic
frequency ( CF) responses were in the range of
931 Hz to 25.5 kHz, indicating that physiologically significant amounts of energy were produced over this frequency range in heads exposed
to pulses of microwaves. Previous theoretical
studies predicted the fundamenta 1 frequency of
head resonance is 30-40 kHz in the cat. The
authors therefore conclude that results are not
consistent with a primary role for head resonance in microwave hearing.'
Patterns of response amplitude have a periodicity of 1/CF and
are fully explained by frequency content of the
pulse stimulus and signal processing of the
auditory system. For pulses shorter than about
0.24/CF, it is shown that response amplitude is
predictably proportional to pulse energy.

a one-ct imens i ona 1 therma 1 prof i 1e on the probe
axis based on the bioheat equation when the
medium is heated by a defined microwave power.
A graphic profile of the most 1ikely temperature
as a function of depth was then calculated.
There was a good correlation between experimental and theoretical results in situations with
and without surface cooling.
Each thermal
profile could be associated with a "signature"
which consisted of the surface temperature at
the probe-tissue interface, and the radiometric
temperature in two frequency ranges.
The
authors feel that these "signatures" will
provide a means to predict clinical hyperthermia
profiles by noninvasive means once more complex
models are developed to express power distribution in multilayered tissue containing fat,
muscle, and tumor.

3579
EVALUATION OF CALCULATED TEMPERATURE
DISTRIBUTIONS FOR A 27 MHZ RIDGED WAVEGUIDE USED
IN LO CALI ZED DEEP HYPERTHERMIA. (Eng.) Visser,
A. G.: van Rhoan, G. C.: van den Berg, P. M.:
Reinhold, H. S.
[Depts. of Hyperthermia and
Physics, Rotterdam Radiotherapy Instit., Rotterdam, The Netherlands (A.G.V., G.C.R.): Dept. of
Electrical Engineering, Delft Univ. of Technology, Delft, The Netherlands (P.M.B.): Radiobiological Inst. TNO, Rijswijk and Erasmus Univ.,
Rotterdam, The Netherlands (H.S.R.)]
Int J
Hyperthermia 3(3):245-256: 1987 (21 Refs).

3578
A NEW METHOD FOR THERMAL DOSIMETRY IN
MICROWAVE HYPERTHERMIA USING MICROWAVE RADIOMETRY FOR TEMPERATURE CONTROL. (Eng.) Plancot,
M.:
Prevost, B.: Chive, M.: Fabre, J. J.:
Ledee, R.: Giaux, G. [Centre Hyperfrequences et
Semiconducteurs, L.A. C.N.R.S. no. 287, Universite des Sciences et Techniques de Lille I, UER
d'IEEA, Bat. P4, 59655 Villeneuve D'Ascq Cedex,
France (M.P., M.C., J.J.F., R.L.): Centre
Medical Bourgogne, rue de Borgogne, 59000 Lil le,
France (M.P., B.P., G.G.): Centre de Lutte
Cantre le Cancer 0. Lambret, rue Combemale,
59000 Lille, France (G.G.)] Int J Hyperthermia
3(1):9-19: 1987 (33 Refs).

Two-dimensional computer simulations were used
to map temperature distributions in muscleequ iva 1ent phantoms of different sizes heated by
a 27-MHz ridged waveguide, and results were
compared to temperature profiles of exposed
interior surfaces determined from infrared
thermometry photographs.
The calculation is
performed in two steps: first, the electromagnetic problem is solved: then the heat conduction problem is solved, taking into account the
therma 1 properties of the tissues and effects of
skin cooling and blood flow.
The computer
program, developed at Delft University of
Technology, can perform calculations for realistic tissue configurations based on CT scans
using matrices of up to 3000 elements in a time
period that makes it practical for clinical use
(20 min on a PDP 11-44 computer). In general,
the computer simulation from a single applicator
overestimated the depth of penetration.
The
overestimation could be corrected by substituting a higher value for electrical conductivity
(2.0 S/m) for the measured value (0.8 S/m). At
higher frequencies, discrepancy between the
measured and calculated distribution is smaller.
In modeling inhomogeneous tissue configurations,
choice of a larger electrical conductivity
cannot be expected to give accurate results due
to marked differences in the electromagnetic
properties of the tissues. The authors ascribe
the error to the prob 1em of mode 1i ng in two
dimensions, which does not take into account the
divergence of the electric field in the third

The authors have been developing an atraumatic
thermal dosimetry system for use in clinical
microwave hyperthermia based on numerical
simulations and radiometric measurements.
By
using two different radiometric temperatures,
around 1 and 3 GHz, the authors have been able
to improve the precision of temperature profiles, and establish characteristic signals from
different thermal profiles. This paper reports
experimental results obtained with a homogeneous
muscle-equivalent polyacrylamide gel phantom
with flowing hot water at its base to simulate
physiological effects of blood flow and body
heat. Two applicators were used: a microstripmicroslot antenna with flowing water cooling in
the aperture, and a rectangular waveguide filled
with a low-loss solid dielectric.
Copperconstantan thin thermocoup 1es inserted in Teflon
sheaths were used to measure the temperature
profile inside the phantom after heating for
comparison with radiometric measurements. The
temperature profile was determined from radiometric data by calculating the thermal noise
power emitted from the phantom, then calculating
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contra ll ed by thermoregu lated air flow. Samples
were exposed at power levels of 125, 150 and 175
mW/cm2, corresponding to SARs of 62, 76, and 87
mW/g, respectively. The cells were heated until
sample temperature reached 45 C, then samples
were immediately di luted and subcultured for the
colony-forming assay, or used after 15 min for
the trypan blue exclusion assay. The kinetics
of hyperthermia in the waterbath treatment were
regulated by a computer to closely parallel the
kinetics of microwave heating, with temperature
controlled to+/- 0.05 C. Survival curves as a
function of final temperature indicated that
survival was lower with microwave treatment than
with waterbath heating, and the effect was
Lower
greater at higher power densities.
survival was partially explained by a higher
rate of energy loss to the air during microwave
microwave-heated cells absorbed more
heating:
thermal energy than waterbath-heat ed cells at
the same final temperature. When results were
expressed as a function of the amount of energy
absorbed, the survival responses were similar at
125 mW/cm, but microwave-heated samples were
still more sensitive to eel l ki 11 ing at higher
power levels in spite of the correction.
Survival curves had the same slopes with microwave and waterbath heating. Dose modification
factors ( sham treatment/micro wave treatment) for
comparable LD37 and LD50 effects were close to
unity at 125 mW/cm2, but were significantly
different from 1 at the higher power levels
(1.24 and 1.19 for LD37 at 150 and 175 mW/cm2;
1.15 and 1.14 for LDlO at 150 and 175 mW/cm2).
The response curves obtained in terms of trypan
dye exclusion were comparable, but cell survival
started to decrease at lower energy absorption
levels (80-100 J/g) than cell viability (100-120
J/g) indicating that some cells that are able to
exclude trypan blue are unable to form colonies.
The authors conclude that the apparent specific
effect of microwaves is associated with exposure
at high power densities involving short treatment times and rapid rises in temperature. The
results provide no indication of a nonthermal
2.45 GHz microwave effect at a power level of
125 mW/cm2 (SAR of 62 mW/g).

Ultimately, a three dimensional
dimension.
model may be needed for accurate simulations,
and at present the two-dimensional simulation
must be viewed as a "best-case result" in
clinical treatment.

t

WHAT IS REGIONAL HYPERTHERMIA ? (LET3580
TER) (Eng.) Oleson, J. R. [Div. of Radiation
Oncology, Duke Univ. Medical Center, Durham, NC
Int J Hyperthermia 3(3) :281-282; 1987
27710]
(8 Refs).
The author contends that the term "regional
hyperthermia" is misleading; the term "regional
power absorption" would be more accurate.
Radiofrequency sources produce unpredictable
patterns of heating within the tumor treatment
area and adjacent normal tissue, and produce a
systemic temperature increase as we 11. Without
the use of extensive invasive thermometry, the
assumption that temperature elevations are
uniform is not justified. Systemic temperature
rise must be monitored by temperature measurements at arterial, rec ta 1, or esophageal sites
as appropriate for treatment site. In clinical
treatments, where systemic temperature may be
limited to 38-39 C, regional temperature rise
due to regional power absorption may be insigThe author
nificant in well-perfused areas.
maintains that "improperly conducted studies in
large animals must not lead us to believe that
any currently existing device for regional power
deposition can create uniform tissue and tumor
temperature rise in the absence of systemic
hyperthermia."

THERMAL EFFECTS OF 2.45 GHZ MICROWAVES
3581
ON SURVIVAL AND VIABILITY OF CHINESE HAMSTER V79 CELLS. (Eng.) Dardalhon, M.; Averbeck, D.;
More, C.; Berteaud, A. J.; Ravary, V. [lnstitut
Curie, Section de Biologie, 26 rue d'Ulm, 75231
Paris Cedex 05, France (M.D., D.A., V.R.); CNRS,
GR 35, rue Henry Dunant, 94320 Thi a is, France
(A.J.B.)] Int J Radiat Biol 52(2):325-335; 1987
(24 Refs).

.

AUTOMATED TEMPERATURE SCANNING FOR
3582
(Eng.)
HYPERTHERMIA TREATMENT MONITORING.
Engler, M. J.; Dewhirst, M. W.; Winget, J.M.;
Oleson, J. R. [Div. of Radiation Physics, Dept.
of Radiology, Duke Univ., Durham, NC 27710
(M,J.E.); Div. of Radiation Oncology, Dept. of
Radiology, Duke Univ., Durham, NC 27710 (M.W.D.,
J.R.O.): Dept. of Biomedical Engineering, Duke
Univ., Durham, NC 27710 (J.M.W.): Duke Univ.
Medical Center, P.O. Box 3295, Durham, NC 27710
Int J Radiat Oneal Biol Phys
(RR/ M.J.E.)]
13(9):1377-138 2; 1987 (10 Refs).

In order to detect possible microwave-spe cific
effects in microwave hyperthermia, a Chinese
hamster V-79 eel l 1ine was treated with 2.45 GHz
radiation or waterbath heating, and two biological endpoints were. used to assess genetic and
colony-forming
membrane damage to the cells:
Cell
ability and trypan blue dye exclusion.
monolayers were trypsinized, washed, and the
eel ls were resuspended in serum-free medium at a
concentration of 2 x 10(6) eel ls/ml for waterMicrowave exbath or microwave treatments.
posures were performed using a waveguide with a
horn antenna in an anechoic chamber, with
samples pl aced on a rotating platform to improve
uniformity of exposure and ambient temperature

This paper describes an automated temperature
scanning sys tern designed for used in conjunction
with a Clinitherm 915 MHz clinical hyperthermia
system. During treatment, up to three indepen-
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dent ly contro 11 ed actuators move sing le-sensor
fiberoptic probe thermometers through the
treatment field in 19 gauge blind-ended catheters using stepping motors with nonrotational
armature-driven lead screw shafts. An IBM PC-XT
computer communicates with hardware to control
the movement of the thermometers. Thermometry
signals are returned to the PC through the
serial port to calculate temperature prof i l es
and provide real-time feedback control and
display of scan parameters ( such as temperature,
temperature difference between points, position,
spacing, time, and dwell time) which can be set
and altered with software. Data from initial
scans with an arbitrary step of 1 cm intervals
were entered into an algorithm to determine
spacing used during subsequent treatment scanning.
Use of system constraints on scanning
parameters (a 3- to 10-mm range of steps, 1.0-C
maximum change in temperature between adjacent
measurements, and stability of measurement of
less than 0.1-C change over 15 sec before
writing the temperature to memory) resulted in
few adjacent measurements with differences
greater than 1.0 C.
Thermal profiles from
treatment of a number of tumors illustrate the
capability of the scanning system. Profiles are
given from three- channel recording during
treatment of a scalp tumor.
Data from the
treatment of a human thigh tumor demonstrated
good resolution of the scanning system with high
temperature gradients, and indicated how decreased spacing and dwell times resulted in
greater measurement efficiency. Data collected
from a human neck tumor showed that scans done
with decreased spacing (adjusted by the algorithm from a standard spacing of 2 mm) resulted in an increase of 133% in number of
measurements with only a 70% increase in time.
Some temporal resolution of temperature is lost,
however, because with decreasing space between
measurements, the complete temperature profile
is measured less frequently.
Possible thermometry errors of the automated system are
discussed. These include dwell time necessary
for a sensor to equilibriate with surrounding
area, thermal diffusion along a thermometer
lead, position uncertainty due to catheter
movement, and thermometer lead obstruction. The
authors conclude that the automated system is a
significant improvement in thermometry because
it requires less operating time than manual
scanning, and provides better data for treatment
documentation and modeling than fixed-point
sensors.

Medicine, Tulsa, OK (A.A.P.); Dept. of Pharmacology, City of Faith Medical and Res. Center,
Oral Roberts Univ. Sch. of Medicine, Tulsa, OK
(J.L.V.) Dept. of Pathology, City of Faith
Medical and Res. Center, Oral Roberts Univ. Sch.
of Medicine, Tulsa, OK (O.F.F.): City of Faith
Medical and Res. Center, Oral Roberts Univ. Sch.
of Medicine, 8181 South Lewis Ave., Tulsa, OK
74137 (RR/W.S.Y.)] Invest Radio] 22(7):574-580;
1987 (10 Refs).
A field-focusing radiofrequency probe was
developed for treatment of aneurysms that are
inaccessible because of their location or
inoperable because of cerebral edema. A s i nuso ida l radiofrequency wave of 27.0 MHz was
amplified and fed through an impedance matcher
to an inductive applicator. The eddy current
induced in the tissue was brought to convergence
by a probe with its electrical length equal to
5/8 wavelength of the electromagnetic field, and
its inductance and capacitance tuned to satisfy
the resonant condition. A total of 97 rats was
used to produce two types of aneurysm models:
abdominal aneurysms produced by side-to-side
anastomosis between the abdominal aorta and the
inferior vena cava, or anastomosis between the
abdominal aortae of two rats.
A11 aneurysms
were treated at various times (up to 3 wk) after
creation of the aneurysm, or left as untreated
controls, and followed for up to 6 wk.
A
Luxitron model 10008 fluoroptic temperature
probe was used to obtain heat distribution data
in dielectrically uniform phantom material and
at locations around the abdominal aorta and vena
cava.
The thermal distribution was sharply
defined in phantom material; conduction of heat
away from the probe tip was greater in the
artery than in the vein. An average rms power
of 98.5 W was used for treatment, and the
average probe pick-up current was 0.25 mA. For
surgical procedures, a probe with a 0.3 mm tip
was inserted into the caudal end of the aneurysm
using the transvascular approach and power
applied for 0.5-1.5 sec as the probe was gradually advanced toward the cephalic end.
Immediate coagulation of blood near the tip and
subsequent co 11 apse of the fundus was observed
as a result of heat-induced thrombosis. Histological examination of aneurysms 3 days and 3
weeks after treatment showed complete obliteration of the aneurysms and patency of the parent
arteries, confirmed in eight animals using
angiograms.
The authors find these results
promising for treatment of small aneurysms, but
point out that these preliminary studies must be
supported by studies evaluating the technique
with larger animals and i ntracran ia l aneurysm
models before it can be considered for clinical
application.

3583
ELECTROMAGNETICALLY
INDUCED
FOCUSED
HEAT IN THE TREATMENT OF SURGICALLY CREATED
ANEURYSM MODELS.
(Eng.)
Yamanashi, W. S.:
Patil, A. A.; Valentine, J. L.; Hill, D. L.;
LePage, J. R.; Filip, 0. F.; Lester, P. D.
[Dept. of Radiology, City of Faith Medical and
Res. Center, Oral Roberts Univ. Sch. of Medi cine, Tulsa, OK (W.S.Y., D.L.H., J.R.L.,
P.D.L.): Dept. of Surgery, City of Faith Medical
and Res. Center, Oral Roberts Univ. Sch. of

3584
POWER-FREQUENCY .FIELDS:
THE REGULATORY DILEMMA. (Eng.) Morgan, M. G.; Florig,
H. K.; Nair, I.; Hester G. L.
[Dept. of Engineering and Public Policy, Carnegie-Mellon

28

Current Literature

Biological Effects of Nonionizing Electromagnetic
Radiation Xl(2), December 1987
Univ., Pittsburgh, PA 15213]
3(4):81-91; 1987 (19 Refs).

initiated a review of the literature on the
poss ib 1e ·hea 1th effects of public exposure to
video display terminals (VDTs). An estimated 15
million VDTs are currently in use in offices and
private homes in the United States, and the
total is expected to reach as many as 100
million VD Ts by the year 2000. The Center for
Office Technology estimates that 10-14 million
workers in the US and Canada, about 7 mill ion of
whom are women of childbearing age, spend all or
part of their working day at VDTs. The Council
reviewed data on adverse health effects due to
radiation, ergonomic effects, and stress.
Extensive measurements of ionizing radiation
infrared,
(low-energy x-rays), ultraviolet ,
microwave, and very low and extremely low
frequency electromagn etic radiation (5-500 Hz)
have demonstrated levels well below accepted
standards of exposure even under "worst case"
Sounds in the audible and
test conditions.
above-audib le frequency range are not considered
a problem since levels from VDTs are lower than
those found to cause prob 1ems in industry, and
these moderate levels can be easily contro 11 ed
by component shielding. Studies of clusters of
cataract incidence among newspaper workers using
VDTs was found to be due to chance a lone, and
exposure to radiation with VDTs is on the order
,of 10,000 x less that that known to produce
radiation-in duced cataracts. Reported clusters
of reproductiv e disorders associated with VDT
use were evaluated and judged insignifica nt and
not indicative of a causal effect for similar
reasons. Facial dermatitis has been associated
with VDT use in a few cases, possibly due to the
electrostat ic field set up between the operator
and the VDT screen with consequent deposition of
airborne particles on the operator's face, but
the ev i de nee was judged anecdota 1 and unconvincing. Ergonomically related effects of eyestrain
and musculoske letal discomfort, and more generjob-related stress, were considered
ally,
problems that could be alleviated by changes in
office design and work schedule. Eye and muscle
strain related to VDT use generally produces no
permanent damage, and responds well to rest
periods and minor changes in office seating and
lighting. The committee cone l uded that many of
the adverse hea 1th effects reported were re lated
to the nature of the tasks performed with VDTs
Proposed
rather than the VDTs themselves.
remedies include increased attention to working
conditions and effective communication between
system planners and users; continued educational
and research programs on office automation and
the nature of VDT worker complaints, with
emphasis on ergonomics and stress-redu ction
measures to improve the job environment; and a
continued effort by the American Medical Association to monitor this field and alert
physicians if adverse hea 1th effects appear to
be indicated.

Issues Sci Technol

The authors discuss the regulatory problems
posed by public concern over possible harmful
effect of exposure to low-frequency electromagnetic fields in the absence of definitive
experimenta l data on possible bioeffects. They
feel that research has demonstrated that powerfrequency fields can produce effects in a number
of biological systems, but that it is not yet
clear whether exposures can give rise to significant health problems. Scientific issues are
not likely to be resolved soon given the decrease in federal research funding in this area.
Dose-response relationshi ps, which have been
used to extrapolate safe exposure limits in the
case of chemical hazards, cannot be applied to
power-frequency field exposure because it is not
clear what aspects of exposure (field strength,
amplitude and frequency of field, change in
strength over time, currents induced in the
body, or some other variable) are most sigIn communicating
nificant for bioeffects.
information about risk to the public, the
authors suggest "a passive program of risk
information should be made
communication:"
available to those who want it, but not actively
distributed in a way which would make the public
more likely to perceive the potential hazards of
electromagn etic fields as well-define d and
serious. In the absence of clear data for riskbenefit analysis, the authors suggest avoiding
exposure to power-frequency fields in ways that
Thus, they would
involve little or no cost.
avoid the use of electric blankets during
pregnancy, and suggest planning new transmission
facilities to minimize human exposure, but would
not advocate expensive relocation of existing
transmissio n lines or people exposed to them.
Two approaches applicable to setting standards
for new transmissio n line constructio n are
(1) selective avoidance (e.g.,
discussed:
reducing exposure of the public by increasing
the width of transmissio n-1 ine rights-of-w ay),
and (2) establishin g a "similar exposure level"
for people living near the right-of-wa y so that
they are exposed at the same level as the normal
1iving and working environment (e.g., exposure
The
from household wiring and appliances) .
authors feel that this approach is consistent
with the scientific data, but political pressures may require action beyond these options.

HEAL TH EFFECTS OF VIDEO DISPLAY TER3585
MINALS. (Eng.) {Council on Scientific Affairs)
[American Medical Assoc., 535 N. Dearborn St,
Chicago, IL 60610 (RR c/o Dr. W. R. Hendee)]
JAMA [J Am Med Assoc] 257(11):150 8-1512; 1987
(65 Refs).
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(Eng.) McLeod, B. R.; Smith, S. D.; Cooksey,
K. E.; Liboff, A. R.
[Dept. of Electrical
Engineering, Montana State Univ., Bozeman, MT
59717 (B.R.M., K.E.C.); Dept. of Anatomy, Univ.
of Kentucky, Lexington, KY 40536-0084 (S.D.S.);
Dept. of Physics, Oakland Univ., Rochester, MI
48063 (A.R.L.)]
J Bioelectricity 6(1):1-12;
1987 (14 Refs).

3587
CA2+-45 CYCLOTRON RESONANCE IN HUMAN
LYMPHOCYTES. (Eng.) Liboff, A. R.; Rozek, R.
J.; Sherman, M. L.; McLeod, B. R.; Smith, S. D.
[Dept. of Physics, Oakland Univ., Rochester, MI
48063 (A.R.L.); Industrial Health and Safety
Program, Oakland Univ., Rochester, MI 48063
(R.J.R.); Dept. of Medical Lab. Sciences,
Oakland Univ., Rochester, MI 48063 (M.L.S.);
Dept. of Electrical Engineering, Montana State
Univ., Bozeman, MT 59717 (B.R.M.); Dept. of
Anatomy, Univ. of Kentucky, Lexington, KY 405360084 (S.D.S.)]
J Bioelectricity 6(1):13-22;
1987 (15 Refs).

The motility of the marine diatom Amphora
coffeaeformi s depends on the ca lei um ion concentration ([Ca++]) in the surrounding medium.
The authors tested the. cyclotron resonance
hypothesis using this simple, well-defined
single eel l system as a quantitative bioassay
for magnetic field effects on the transport of
Ca++.
Cell motility was evaluated on agar
plates with [Ca++] ranging from 0.012 to 5.0 mM
and exposure to various magnetic fields generated by a set of three pairs of Helmholtz coils.
Two coils allowed control of the vertical and
horizontal static magnetic field, while the
third allowed superimposition of an AC field.
Magnetic field characteristics were set by
direct measurement using a single-axis fluxgate
magnetometer. After exposure to a field for 1
hr, mobility was scored by examining the plate
under a light microscope, and a diatom leaving
a clear track at least three times its length
was scored as mobile.
For most experiments,
static field conditions were varied around a set
of cyclotron resonance conditions for Ca++: a
magnetostatic field of O vertical and 20.9 uT
horizontal flux density, in an AC frequency of
16 Hz at a peak flux density of 20.9 uT.
Motility was evaluated at 0, 0.25, 0.5, and 5.0
mM [Ca++] with or without a magnetic field tuned
to Ca++ eye l otron resonance. At resonance there
was a sharp reduction in the Ca++ threshold so
that mobility was enhanced 5 x in 0.25 mM Ca++.
At 20.9 uT, the resonance peak around 16 Hz was
quite sharp, dropping off significantly at 14
and 18 Hz.
When the frequency and magnet f c
field flux density were doubled keep.ing the same
ratio, a second peak appeared at 41.8 uT, 32 Hz
as predicted by eye lotron resonance. Response
to harmonics of the fundamental resonance
frequency at [Ca++] of 0.25 and 0.5 mM showed
significant stimulation of mobility at odd
harmonics (16 Hz and 48 Hz), while even harmonics (32 Hz and 64 Hz) did not differ from
control levels. The specificity of the effect
for Ca++ was assessed in varying medium concentrations of 1anthanum ions ([La+++]), a
competitive inhibitor for the attachment of Ca++
to receptor sites. La+++ inhibited mobility at
all concentrations above 10(-6) M when the
[Ca++] was 0.25 mM, but inhibition was at least
partially reversed with [La+++] under 10(-3) M
when a resonant magnetic field was applied. The
collision time for the interaction of Ca++ with
the ion channel, calculated by computer fitting
to the frequency peak data, was 47 msec. This
long collision time suggests the site of magnetic field interaction is not the cell surface,
and raises additional questions regarding the
nature of ion movement through the membrane
channel.

The uptake of radiolabeled calcium ion (45Ca++)
by mixed human lymphocytes is significantly
enhanced by exposure to low-frequency magnetic
fields of a magnitude on the order of the
geomagnetic field (under 5 x 10(-5) T).
The
authors propose a model to explain low frequency
electromagnetic coup 1i ng to ce 11 s as a eye lotron
resonance phenomenon. They tested this mode 1 by
examining the response of lymphocytes over the
frequency range of 10-30 Hz and amplitudes up to
1.5 x 10(-4) T, looking for maximum Ca++ uptake
at the expected eye 1otron resonance frequency
for 45Ca++ (14.27 Hz). Fasting blood samples
were collected from a single donor, and mononuclear cells were isolated by density centrifugation in Histopaque-1077 (Sigma Diagnostics).
Washed ce 11 s were suspended in we 11 s of microtiter plates between three sets of paired
Helmholtz-like coils that could be used to
ca nee 1 the vert i ca 1 or hor i zonta 1 components of
the geomagnetic field, or impose a sinusoidally
time-varying field with adjustable frequency and
amp 1itude. P1ates were exposed or sham-exposed
for 1 hr at room temperature, cells were washed
and 45Ca++ beta activity determined by scintillation count and expressed as a ratio of incorporation in exposed cells over control cells.
Calcium uptake was found to depend on frequency
and amplitude. With amplitude set at 1.5 x 10(4) T (rms), 45Ca++ uptake showed a complex
variation with a narrow resonance minimum uptake
at 14.3 Hz and maxima at higher and lower
frequencies dropping off above 18 Hz.
At an
amplitude of 0.21 x 10(-4) T,
calcium uptake
exhibited a narrow resonance maximum centered
at 14.3 Hz.
When the frequency was fixed at
14.3 Hz, the incorporation ratio increased
linearly at low field strength, then dropped off
sharply at higher field strengths (above 0.5 x
10(-4) T). The 14. 3 Hz center frequency corresponds precisely to the predicted eye 1otron
resonance frequency for the 45Ca++ ion ( 14. 27
Hz), in contrast to the predicted resonance for
the usual 40Ca++ isotope (16.00 Hz).
The
authors interpret these resonance results,
together with similar results for resonance
effects on 40Ca++ uptake in diatoms at 16 Hz
reported e 1sewhere, as strongly supporting the
cyclotron resonance hypothesis.
The negative
effect of higher amplitude 14.3 Hz fields are
discussed in terms of an ion channel model of
Ca++ transport through the cell membrane.
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Hunter
Biological Sciences,
10032 (R.G.);
College, City Univ. of New York, NY 10021
J Bioelectric ity 6(1):37-47; 1987
(A.S.H.)]
·
(17 Refs);

PULSING ELECTROMAGNETIC FIELD THERAPY
3588
OF MULTIPLE SCLEROSIS BY THE GYULING-BORDACS
DOUBLE-BLIND, CROSS-OVER AND OPEN
DEVICE:
STUDIES. (Eng.) Guseo, A. [Dept. of Neurology, Central Hosp. of Cty. Fejer, Szekesfeher var, Hungary] J Bioelectric ity 6(1):23-35; 1987
(46 Refs).

The authors report stimulation of specific
transcriptio n in salivary gland cells of the
dipteran Sciara coprophila by a pulsed electromagnetic field (PEMF) produced by a veterinary
electromagn etic stimulator used to treat musculoskeleta l problems in horses (Biostogen
System 10036Z, El~ctro-Bio logy, Inc.). Salivary
gland cells of late fourth instar female larvae
were exposed to a PEMF in glass Petri di shes
positioned between vertical Helmholtz-a iding
coils. The signal was asymmetric with a burst
repetition rate of 1.5 Hz and width of 30 msec.
Signal characteris tics were 250 usec positive,
10 usec negative with a 4 usec negative spike.
The peak magnetic field was 0.38 mT, and the
induced electric field was 1.5 x 10(-3) V/m.
After exposure or sham exposure in medium
containing [3H]-uridin e, glands were either
fixed for transcriptio n autoradiogr aphs or the
RNA was extracted and fractionate d for analysis
of uptake into tota-1 RNA, into fractions obtained by oligo-dT affinity chromatography, or
size classes obtained by sucrose density gradiExposure to this PEMF
ent centrifugat ion.
signal produced the same general pattern of
augmentation seen with exposure to other clinical signals reported previously, but the amount
of RNA synthesized was greater than the amount
stimulated by other asymmetric signals, and
approximate ly equal to that seen on exposure to
a 72-Hz sine wave. The majority of transcription was at interband areas, and the autoradiographic grain pattern over the X chromosome was
the same pattern as was observed with other
types of electromagn etic signals. The majority
of incorporatio n was into polyadenyla ted RNA
fractions of size classes that correspond to
processed ( 6-14 Svedberg units) or unprocessed
The authors con(20-25 Svedberg units) RNA.
clude. that frequency is only one of the critical
factors governing the effectivene ss of electromagnetic signals in augmenting transcriptio n in
Sciara cells.

Beneficial effects of pulsing electromagn etic
fields (PEMFs) have been reported in several
neurologica l disorders including neuralgias,
sciatica, and lumbago, and in promoting healing
of damaged peripheral nerves in animal studies.
The author reports the results of a controlled,
double-blin d clinical trial on the effect of an
applied magnetic field on the functional symptoms of 20 hospitalize d multiple sclerosis (MS)
patients. A11 patients were clinically definite
by Bauer's criteria, and were evaluated before
and after treatments by Kurtzke's functional
Patients
system, and by subjective criteria.
were given 15 daily treatments or sham-treatments in a reclining or sitting position by
placing the coil on the upper and lower spine
areas, then on the lower extremities . · The
applied magnetic waveform consisted of a 300 Hz
sine wave which lasted 6 msec, and a 13 msec
period of damped (to zero) oscillation s.
Repetition rates of 2-50 Hz were used. The peak
applied magnetic field strength was 5-7 mT. In
addition to the patients in the double~blin d
study, 104 patients were treated in an open
series involving one or more treatment bouts,
each bout separated by 3 or more mo, for up to 5
Patreatment bouts over a period of 18 mo.
tients in the placebo group of the double-blin d
study got an open series of treatments after 1
mo and were termed a cross-over treatment group.
Double-bl ind results indicated "well improved"
or "improved" status for 7/10 PEMF-treated
patients, and 2/10 of the placebo group in the
double-blin d study. In the open series, 83/104
were evaluated as well improved or improved, as
were 8/10 of the cross-over group, former
placebo group patients given open PEMF treatThe improvement in most cases made
ment.
general weakness imeveryday life easier:
proved, walking longer distances or stepping on
stairs became possible, and bladder incontinence
improved in 26/50 patients showing urinary
incontinenc e. The main effect of the PEMF was
The author
to reduce spasticity and pain.
advocates the use of· PEMF stimulation as part of
physiothera py treatment in preference to other
forms of electromagn etic stimulation (functional
electrical stimulation of peripheral nerves,
cerebellum, and spinal cord) because of its
clinical convenience .

MEMBRANE POTENTIALS INDUCED BY EXTER3590
NAL ROTATING ELECTRICAL FIELDS. (Eng.) Fuhr,
·Hagedorn, R.; Glaser,. R.; Gimsa, J.;
G.;
Muller, T. [Dept. of Biology, Humboldt-Univ. of
Berlin, GDR] J Bioelectric ity 6(1):49-69; 1987
(30 Refs).
Rotating electric fields produced using square
pu 1ses were employed to measure the membrane
potentials induced in mesophyll protoplasts and
results were eva 1uated using theoret i ca 1 ca 1cu lat ions of membrane potentials for three cell
a single-laye red cell (modeling a
models:
mammalian erythrocyte ), a two-layered cell, and
a three- layered cell (modeling a plant proto-

STIMULATION ·or RNA SYNTHESIS IN THE
3589
SALIVARY GLAND CELLS OF SCIARA COPROPHILA BY AN
ELECTROMAGNETIC SIGNAL USED FOR TREATMENT OF
SKELETAL PROBLEMS IN HORSES. (Eng.) Goodman,
[Dept. of Pathology,
Henderson, A. S.
R.;
Columbia Univ. Health Sciences, New York, NY
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plast with an intact tonoplast and plasmalemna).
Mesophyll protoplasts were prepared from Avena
sativa and Kalanchoe daigremontiana by washing
in 0.5 M mannitol solution to reduce the external conductivity. The rotating field chamber,
constructed using four stainless steel needles
as electrodes, could generate a uniform field
strength of 2-40 kV/m at the center of the
chamber.
Protoplasts were sedimented on a
gelatin layer at the bottom of the chamber, and
rotation was measured under the 1ight microscope
using a stopwatch. Using three spherical shell
models, estimates were made of the potential
within the membrane systems of the ce 11.
Theoretical results indicated that charging of
the membrane will increase linearly with increasing field strength in accordance with Ohm's
law. A linear relationship between cell radius
and peak membrane potential occurs only for low
membrane conductivities.
Electric loading of
the membrane would be expected to decrease with
increasing field frequency since the impedance
of the membrane decreases with increasing
frequency due to its capacitive component. By
lowering the conductivity of the outer membrane,
it should be possible to induce a transmembrane
potential on membranes of cell organelles.
However, the induced transmembrane potential
becomes smaller with decreasing size of cell
components, so it may be impossible to achieve
breakdown of the nuc 1ear membrane in the case
of a small nucleus. The authors calculate that
transmembrane potentials are in the range of
natural membrane potentials (10-100 mV) at field
strengths of 2-5 kV/m.
Dielectric breakdown
occurs at transmembrane potentials of about 4001000 mV, which for 50-um diameter protoplasts
would require an outside field strength of 15-50
kV/m.
Theoretical predictions of frequencydependent induced membrane potentials up to the
point of irrevers i b1e breakdown were confirmed
by experimental results with protoplasts.
Nonlinear rotational behavior of protoplasts was
observed only near dielectric breakdown at field
strengths of 15-20 kV/m.
The use of chopped
rotating fields for extremely high rotations
avoids temperature effects and allows measurements at field strengths up to the dielectric
breakdown of the membrane systems.

water, methanol, and saline-glycerol mixtures of
known dielectric constants. Consistent results
were obtained in the 900-1300 MHz range for a/L
= 0.072, and in the 400-800 MHz range for a/L =
0.364. Antennas were fabricated from sections
of semirigid coaxial lines with a center conductor extended by the distance L, and ends were
flashed with nickel and silver-plated to avoid
chemical reaction with the tissues.
Measurements were performed on healthy albino rats
under sodium pentobarbital anesthesia. Tissues
were exposed in situ, washed with normal saline,
and reflection coefficient measurements were
made several times working as quickly as possible with the probe placed insofar as possible
at a single location. Measurements were performed on skeletal muscle, liver, spleen, lung,
heart, cerebrum, and cerebellum.
Dielectric
permittivity and dielectric loss factors were
reported for each tissue.
Dielectric permittivity curves showed a small but distinct gamma
dispersion with an activation energy between
those of free water and protein.
The water
fraction of each tissue was calculated assuming
that relaxation above the gamma dispersion was
due solely to water.
The authors discuss
differences in the dielectric properties of
different tissues which may be attributed to
differences in the amount of bound water,
protein content, and properties of protein
(shape factor, hydration factor, nearest neighbor interactions) in each organ. The authors
suggest that these data will be helpful in
theoretical determinations of the distribution
of microwave field energy and the temperature
profile produced in different parts of the body.

3592
PULSE SHAPE DISTORTION BY TISSUE.
(Eng.)
Hart, F. X.
[Dept. of Physics, The
Univ. of the South, Sewanee, TN 37375]
J
Bioelectricity 6(1):93-107: 1987 (6 Refs).
The author presents a theoret i ca 1 analysis of
pulse distortion in tissues in order to demonstrate how pulse shapes in tissues can differ
from those detected by pickup coils in air or
liquid media.
The paper compares free-space
pulse shapes with pulse shapes produced by
capacitive coupling into a two- layered, lossy
dielectric sphere.
Analysis of the resulting
pulse shape involves decomposition of the
incident pulse or pulse train into its sinusoidal components, determination of the transmission of each component into the sphere, and
re combination of the transmitted components to
obtain the actual pulse shape at the tissue
site. The analysis is applied to the case of a
muscle-bone sphere surrounded by air. A single
bipolar pulse was sampled at 5-usec intervals,
Fourier components were obtained, and pulse
distort ion calculated. Samp 1i ng and calculation
errors were evaluated by recombining components
after Fourier transformation for comparison with
the initial pulse, and it was noted that very
high frequency components had to be eliminated

3591
IN VIVO DIELECTRIC MEASUREMENT OF
BIOLOGICAL TISSUES IN THE FREQUENCY RANGE 0.4 TO
1.3 GHZ. (Eng.) Ray, S.; Behari, J. [Sch. of
Envi ronmenta 1 Sciences, Jawahar 1a 1 Nehru Univ ••
New Delhi-110067, India]
J Bioelectricity
6(1):71-91: 1987 (26 Refs).
The dielectric properties of living rat tissues
were measured in the frequency range of 0.4-1.3
GHz using a monopole antenna technique and
network analyzer.
Several antennas were designed with different ratios of conductor radius
to length of the monopole antenna (a/L) in order
to match the capacitances of the terminating
medium, and these antennas were calibrated in
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Weight differences were not sigcontrols.
The authors conclude the primary
nificant.
effect of the DC field is probably on ion
uptake, and suggest that the effects on growth
and ion transport might be due to interference
with endogenous auxin or gibberelin activity.

to produce good agreement. As a further check,
calculations were carried out for a nondispersive sphere, and pulse distortion was not
observed. Comparison of the original pulse and
pulse shape within the sphere are illustrated
for a number of different characteristic times
and frequencies. Pulse shape distortion proved
to be governed by the overlap between the
frequency range of the Fourier components of the
pulse and the frequency range over which there
is a significant relative dispersion of the
bone and muscle dielectric properties. At low
and high frequencies, all Fourier components are
transmitted equally we 11 in the tissue, while at
intermediate frequencies, behavior is more
complicated. The greatest pulse distortion is
observed near or somewhat above resonance. If
the major frequency components of a pulse or
pulse train are in the region of the relaxation
frequency, considerable pulse distortion will
Although the numerical results are
occur.
beyond the scope of this paper, the author
points out that frequency-dependent pulse
distortion should also occur for inductive
coupling.

DOWN'S SYNDROME IN VERNON TOWNSHIP.
3594
(Eng.) Zaret, M. M. [1230 Post Rd., Scarsdale,
NY 10583] J Bioelectricity 6(1):137-138; 1987
(2 Refs).
The author discusses three clusters of abnormal
births and cancer which he feels are possibly
associated with exposure to nonionizing electroAn unexpected cluster of
magnetic radiation.
ten children with Down's syndrome were born to
women living in Vernon Township [New York];
eight of the mothers were under 30 yr of age. A
10% increase in cancer deaths was reported among
residents of three towns in Cape Cod, Massachusetts, adjacent to Otis Air Force Base, site of
The final
the PAVE PAWS radar installation.
example offered is a reported 7% increase
between 1983 and 1984 in breast cancer mortality
among white women under 50 yr of age, which the
author attributes to increased exposure at
breast height to electromagneti c radiation from
microwave ovens and video display terminals.
The author feels that government agencies have
failed to provide adequate nonionizing radiation
health protection.

ITS EFFECTS
ELECTRICAL STIMULATION:
3593
ON GROWTH AND ION ACCUMULATION IN LACTUCA SATIVA
L. (Eng.) Krizaj, D.; Vodovnik, L.; Pohleven,
[Dept. of Biocybernetics ,
F.; Goga la, N.
61000
Engineering,
Electrical
Faculty of
Ljubljana, Trzaska 25, Yugoslavia (D.K.; L.V.);
Dept. of Plant Physiology, Inst. of Biology,
Biotechnical Faculty, 61000 Ljubljana, Askerceva
12, Yugoslavia (F .P.; N.G. )] J Bioelectricity
6(1):129-136; 1987 (30 Refs).

ELECTROMECHANICAL STRESSES PRODUCED IN
3595
THE PLASMA MEMBRANE OF SUSPENDED CELLS BY
(Eng.) Bryant, G.;
APPLIED ELECTRIC FIELDS.
Wolfe, J. [Sch. of Physics, Univ. of New South
Wales, Kensington, 2033 Australia] J Membrane
Biol 96(2):129-139; 1987 (26 Refs).

The effect of a weak DC electrical current on
plant growth and ion accumulation was observed
in lettuce seedlings under control led environmental conditions. Seeds of Lactuca sativa were
transferred onto 1% agar, and silver/silver
chloride wick electrodes were placed in the
medium about 9 cm apart. An applied current of
1.5 uA produced a nonuniform DC field of 38-175
Treatment was run continuously for 14
mV/m.
days under standard incubation conditions: 12
hr/day of light (1300-2900 lux) at 25 +/- 5 C,
60-70% relative humidity. Six experiments were
conducted, each involving 6 treated and 6
control replicate di shes with 40 seeds each.
After 14 days, seedlings were isolated for
determination of their fresh and dry weight;
internode length; root length; and potassium,
There was a
sodium, and calcium content.
significant reduction in root length in electrically-treated seedlings relative to controls,
with a 35% increase in the internode length. A
425% increase in potassium content, a 25%
increase in calcium content, and a 50% decrease
in sodium content were observed in treated
Effects on ion transport seemed to
seed 1i ngs.
be light-dependen t: when DC-treated plants were
grown in darkness for 5 days, the potassium
increase was reduced to a 244% increase over

T•o define the forces leading to rupture of the
plasma membrane of a cell subjected to an
applied electrical field, the authors present a
theoretical analysis of the electrical and
mechanical stress in the bounding membrane of a
cell (or vesicle) in suspension. The membrane
i.s treated as a thin, elastic, initially spherical, dielectric shell separating two solutions
whose conductivity is much greater than that of
the membrane. The membrane acts as a capacitive
element with an impedance much greater than the
resistance of the solutions through which it is
The electrostatic solution
being charged.
yields forces acting on both faces of the
These forces act to elongate the
membrane.
eel l to a spheroid shape in the direction of the
electric field, but are counteracted by internal
pressure resisting a decrease in volume, and
membrane surface tension resisting an increase
in membrane area. The internal pressure excess,
the net electrical force per unit area, and the
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surface tensions are related by the generalized
Young-Laplace law.
The use of the laws of
electrostatics in these calculations limits the
application of the results to DC fields or AC
fields with a period much longer than the
charging time of the membrane, typically about 1
usec. A complete analytic solution is obtained
for the deformation of the cell, the surface
tension, and the transmembrane potential induced
by the applied field.
The authors show that
mechanical tensions anticipated to be sufficient
to lyse membranes are produced at external
field strengths which are of the same order of
magnitude as those which have been experimentally shown to lyse the plasma membranes of cells
in suspension.

method proved to be very su i tab 1e for measurements of high water content material.

3597
ELECTROMAGNETIC FIELDS AROUND INDUCTION HEATING STOVES.
(Eng.) Stuchly, M.A.:
Lecuyer, D. W. [Bureau of Radiation and Medical
Devices, Heal th and Welfare Canada, Room 233,
Tunney's Pasture, Ottawa, Ontario, KIA OL2
Canada (RR/ M.A.S.; D.W.L.)] J Microwave Power
22(2):63-69; 1987 (6 Refs).
The induction heating stove, an appliance that
heats food by induction of eddy currents in
cooking utensils having high magnetic permeability such as cast iron and stainless steel,
has recently been introduced for domestic use.
The authors measured electric and magnetic field
strengths in the vicinity of two induction
stoves heating five cooking utensils of different sizes and shapes. The two stove models,
both designed for use with a single cooking
utensil, were a Sanyo Model IC-60 with an
operating power range of 150-1400 W, and a
Panasonic Model KY-1600T with an operating power
range of 220-1200 W.
Measurements were made
with a Hewlett Packard Spectrum Analyzer Model
HP8556A, an HP5340A Frequency Counter, and an
HP1740A oscilloscope. Magnetic field strength
was measured using an 11-cm coil terminated with
a 47-ohm resistor. Calibration of the coil in a
field produced by a pair of Helmholtz coils
indicated a variation of less than 10% over the
frequency range of 10 kHz to 1 MHz. E1ectr i c
field measurements were made using a Model RHM-2
broadband meter (10 kHz to 220 MHz), manufactured by Instruments for Industry. The operating frequency of the induction stove depended on
the power setting, and was in the range of tens
of kHz, amplitude modulated at a frequency of
120 Hz.
Both stoves showed a high harmonic
content which al so increased in frequency as the
power setting increased, and differed with
different cooking utensils. The electric field
strength in the vicinity of the stove was found
to be much lower than the magnetic field
strength when compared in terms of energy
density.
Typical electric field strength
measurements at a distance of 0.1 m from the
Panasonic stove ranged from 14.2 +/- 0.8 V/m at
the right side of the stove to 11.3 +/- 0.6 V/m
in front.
At a distance of 0.3 m, a more
1ikely position for the stove operator, electric
field strengths averaged 4.3 and 4.9 V/m.
Magnetic field strengths at a distance of 0.3 m
ranged from O. 7 to 1.6 A/m, and H-field
strengths of up to 25 A/m were recorded at the
container.
For a given power setting, the
magnetic field strength was found to vary with
cooking utensil material and size: generally
cast iron pots produced stronger fields than
stainless steel pots to a maximum of about 5fold greater.
The two stove models did not
differ very much in field strength. The authors
conclude that magnetic and electric field
exposures at a normal working distance from the

3596
DIELECTRIC PROPERTIES OF BEEF, BEEF
LIVER, CHICKEN AND SALMON AT FREQUENCIES FROM
100 TO 2500 MHZ. (Eng.) Tran, V. N.: Stuchly,
S.S. [Deakin Univ., Victoria, 3217 Australia
(V.N.T.): Dept. of Electrical Engineering, Univ.
of Ottawa, 61 Louis-Pasteur, Ottawa, Ontario KlN
6N5, Canada (RR/S.S.S.)]
J Microwave Power
22(1):29-33; 1987 (9 Refs).
The dielectric properties of uncooked beef, beef
liver, chicken and salmon were measured. at
frequencies of 100-2500 MHz and at temperatures
of 1.2-65
C.
The dielectric constant and
dielectric loss were determined using a 3 mm
open-ended coax i a 1 line sensor and an automatic
network analyzer with measurement uncertainties
of +/- 2% for the dielectric constant and +/3% for the loss factor. Disks (12 mn diameter x
15 mm) were cut from commercially obtained
meats for di~lectric measurement, and 10 g
samples were taken for moisture analysis.
Samples were placed in short tubes contained in
Styrofoam cups to prevent rapid temperature
changes, and placed in a refrigerator, placed in
a temperature bath, or measured immediately at
ambient temperature. A digital thermometer was
used to monitor temperature to an accuracy of
0.2 C.
Moisture content was determined by
drying to a constant weight at 105 C. Results
given are rea 1-t ime averages of 10 independent
readings and the average of five test samples.
The dielectric constant for all types of meats
tested decreased with decreasing temperature,
while the maximum of the dielectric loss factor
shifted toward lower frequencies. Consequently,
the dielectric loss factor curve at 1.2 C
crosses over the curves at ambient and higher
temperatures. Variances sharply decreased with
increasing frequency.
Dielectric constants
recorded at 100 MHz for beef were 75.4 at 23.4 C
and 63.6 at 1.2 C, 86.1 at 40 C and 64.2 at 1.2
C for beef liver, 84.2 at 40 C and 59.9 at 1.2 C
for chicken, and 86.2 and 64 C to 60.7 at 1.2 C
for salmon. The moisture content of beef, beef
liver, chicken, and salmon were 73, 65, 74, and
71%, respectively. These results show a trend
consistent with both theoret i ca 1 expectation and
previously published data.
The experimental
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uniformity across the aperture remained for any
Although there was no
layer in the phantom.
temperature maximum within the phantom, there
was a clear concentration of heat around 3.5 cm
deep attributed . to the Fre)inel zone focusing. A
simulated double opposing troughguide configuration was tested, and produced. a local power
maximum at 3.5 cm. Maximum mustle layer thickness for equal power deposition in the center as
on the surface was calculated to be 2.6 cm. The
authors indicate future plans to improve coupling and surface cooling of the dielectric
matching layer, and to conduct in vivo studies
of heating patterns in large·animals.

stove are small when compared to existing
exposure standards, and exposures to higher
levels closer to the stoves are likely to be of
brief duration. While there are no recommendations on exposure levels to low frequency
magnetic fields, levels around induction stoves
are close to levels around domestic electric
ovens at the same distances.

EXPERIMENTAL STUDY OF THE CONTROLLABLE
3598
(Eng.)
MICROWAVE TROUGHGUIDE APPLICATOR.
Rappaport, C. M.: Morgenthaler, F. R.; Lele, P.
[Dept. of Electrical Engineering, Room 13P.
3110, Massachusetts Inst. of Technology, Cambridge, MA 02139 (RR/C.M.R.: F.R.M.): Dept. of
Mechanical Engineering, Massachusetts Inst. of
J
Technology, Cambridge, MA 02139 (P.P.L.)]
Microwave Power 22(2):71-78; 1987 (9 Refs).

A COMBINED ELECTRIC AND MAGNETIC FIELD
3599
RADIATION MONITOR. (Eng.) Aslan, E. [Instrument Group, Nard a Microwave Corp., 435 Moore land
Rd., Hauppauge, NY 11788] · J Microwave Power
22(2):79-83; 1987 (7 Refs).

The authors present a design for a leaky-wave
troughguide antenna for a 915 MHz microwave
hyperthermia applicator which provides a continuous aperture distribution with built-in
Focusing of the
deposited power monitoring.
electromagnetic energy is achieved using the
a
principle of the Fresnel magnifying lens:
series of 180 degree phase reversals change the
applicator phase each time the variation exceeds
one ha 1f tissue wavelength to bring the apparent
phase to approximate a plane. Fine focusing is
made possible by stacking the troughguide
elements, each fed with prescribed phase and
amplitude, and providing each element with an
asymmetric base block which can be varied in
position to vary the amount of energy radiated
Constructive interference can
at that point.
then be used to produce power deposition at
depth. Field probes placed along the length of
the antenna monitor the internal guided field
to determine the net radiated power as a function of length. As long as radiation leakage
from between the applicator and the tissue is
kept negligible, the level of power entering the
tissue surface can be computed with no perturbaA quarter wavetion of the radiated field.
length impedance matching layer consisting of
dry table salt 4.0 cm thick was used for early
experiments, and later replaced by an artificial
dielectric composed of 1.02 cm diameter steel
ball bearings packed in boron nitrate powder
The artificial
with a spacing of 1.27 cm.
dielectric has superior thermal conductivity for
surface cooling, and has low electrical conductivity for minimal power dissipation. Experiments were performed using a muscle-equivalent
phantom and measuring power deposition with an
electric field. probe and thermocouple. Reflection and transmission characteristics betwEen
800 and 1100 MHz were determined using an HP8410A network analyzer and an HP-8620C sweep
Base blocks were adjusted to
oscillator.
ac~ieve uniform power deposition across the
phantom surface, then heating patterns were
determined after full power (70 W) heating for
20 min with all probing devices removed. Power

A description of a radiofrequency radiation
meter designed specifically for monitoring
leakage fields around radiofrequency dielectric
heat sealers is given. In accordance with FDA
Guidance, the meter measures either the electric
or magnetic fields as selected by a panel
switch. There are two full scale ranges (5 and
50 mW/cm2), an overload capability of greater
than 50 W/cm2 (30 dB above the full scale rated
power), and a frequency sensitivity of+/- 0.75
dB from 10-40 MHz. Calibration is at 27.12 MHz
with calibration factors for 13.56 and 40.68 MHz
supplied. Correction for temperature sensitivity is 1.0 and 0.5 percent/degree C for the
magnetic field and electric fields, respectively. The meter runs on a 9 V transistor battery
Both
with approximately 150 hr of use time.
electric and magnetic field sensors are isotropic to within+/- 0.75 dB and provide independence of the companion fields. Three orthogonal
loops of the magnetic field sensor are designed
with a sing le center that corresponds to the
approximate vertex of the three orthogonal
electric dipoles. Other configurations, such as
an arrangement where the loops are in the planes
of three adjacent sides of a cube, produces
spatial shadowing in certain attitudes of the
probe, ultimately producing' large deviations
from an isotropic response. , Cross-coup! ing is
eliminated due to the light coupling of the
The
field sensors with the electric· field.
electrical field disturbances ·to the dipole
produced by both the magnetic loops and electric
dipoles affects its sensitivity rather than its
integrity, allowing the meter to respond only to
the electric field. The currents induced by the
electric field in opposite sides of the loop are
in phase, resulting in zero voltage ·appearing
across the terminating diode so the loops
The inrespond only to the magnetic field.
dependence of. electrical and magnetic field
measurements was confirmed by performance tests.
Performance tests were conducted in a 1-m long
TEM eel l in a short or open circuit with an
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impedance of 10 and 12000 ohms, respectively.
The fields were measured and compared to measurements made using a Narda 8662 electric field
probe and a Narda 8631 magnetic field probe.
For the short circuit, an equivalent power
density electric field of 2 mW/cm2 was measured
with both probes, while the magnetic field
measured 0.064 mW/cm2 and 0.05 mw/cm2 with the
8631 and combined probes, respectively.
With
the open circuit, both probes registered 2. 0
mW/cm2 for the magnetic field, and the electric
field measured 0.05 and 0.055 mW/cm2 with the
combined and the 8662 probes, respectively.

caused to luminescence by radiation from a light
emitting diode.
As the temperature of the
sensor is raised, the emission band shifts to
longer wavelengths, and the ratio of output at
two wavelengths can be used to calibrate the
sensor. Decay time technology uses a material
exhibiting
a
long,
exponentially-decaying
f 1uorescence as a sensor. The resu 1t i ng probe
is relatively calibration-free, as the temperature of the phosphor sensor can be determined
directly from changes in its decay time.
Magnesium fluorogermanate activated with tetravalent manganese is used as the sensor as it can
withstand high tempePatures, is chemically
insoluble, and can be used safely in biological
systems. A Xenon flash lamp used as the excitation source can be shared among a number of
optical channels in a multi-sensor system.
Although single-flash accuracy is on the order
of +/- 0.5 C, an accuracy of +/- 0.1 C can be
obtained by integrating 20-30 flashes over 2-3
sec.
Two commercial systems are available: a
four-channel industrial instrument capable of
operating from -200 C to 450 C, and an eightchannel system for medical hyperthermia. Other
specific designs, primarily for industrial
applications, are discussed.

3600
FIBEROPTIC THERMOMETRY AND ITS APPLICATION. (Eng.) Wickersheim, K. A.; Sun, M.
H.
[Luxtron Corporation, 1060 Terra Bella
Avenue, Mountain View, CA 94043 (RR/K.A.W.:
M.H.S.)]
J Microwave Power 22(2):85-94; 1987
(23 Refs).
This paper describes the technology involved in
the commercial development of fiberoptic thermometry and fiberoptic temperature sensors and
briefly reviews application of this technology
in the fields of high voltage transformers,
industrial microwave heating, electromagnetically induced hyperthermia, electronics testing,
and magnetic resonance imaging. The electrically nonconducting nature of optical fibers allows
these sensors to be used in high DC electric or
magnetic fields, and strong rad iofrequency or
microwave fields where use of sensors with
electrically conducting leads would cause problems.
Fiberoptic systems make use of changes
with temperature in the optical properties of a
fiber or sensor. The US Naval Research Labs are
i nvo 1ved in the development of f i beropt i c
interferometry using the fiber i tse 1f as the
sensor, while commercial sensors are constructed
of optically responsive materials attached to
the end of the optical fiber.
Two types of
sensors are reviewed:
reflective or transmissive sensors, and luminescent sensors, a specialized subdivision of which uses decay-time
technology. The reflective sensor is based on
mater ia 1s that respond to temperature changes
with differences in the ability to transmit or
reflect light. The use of liquid crystal film
and liquid crystal mixtures as transmissive
sensors is limited by their chemical instability
and narrow range of operation between O and 250
C. Solids which have been used include gallium
arsenide whose band edge shifts with temperature, small crystals which show a strong birefringence change with temperature, and ruby
glass. The most commercially practical sensors
are constructed with luminescent material.
Production cost is low, and sensor material can
be used in a variety of configurations for
specific applications.
Probe size can be
minimized since a single fiber can be used for
exciting radiation and luminesce at different
wavelengths.
The sensor material, typically
constructed from semiconductor crystals, is

3601
NUMERICAL SOLUTION OF TWO-DIMENSIONAL
ELECTROMAGNETIC PROBLEMS BASED ON THE INTEGRAL
DEFINITION OF THE CURL OPERATOR.
(Eng.)
Hagmann, M. J.
[Electrical Engineering Dept.,
Florida International Univ., Tamiami Campus,
Miami, FL 33199] J Microwave Power 22(2):103105; 1987 (8 Refs).
The author describes a numerical method to solve
electromagnetic field problems involving polygonal or polyhedral cells of various shapes with
an accuracy comparable to the finite difference
method. The method is particularly appropriate
when the complex shape of waveguides, microwave
cavities, or irregular interfaces between
dielectrics can be best approximated by a
combination of different types of cells. The
value of the electric field intensity directed
parallel to each edge of a cell is calculated
using the curl-curl form of the wave equation
with a finite difference approximation of the
differential form of the curl operator. Several
two-dimensional examples are derived for a.
square trough and triangular cells, and numerical results for a square trough calculated by
this method are compared with results calculated
by an existing Fortran program based on finite
differences.

3602
BRAIN TUMOR MORTALITY RISK AMONG MEN
WITH ELECTRICAL AND ELECTRONICS JOBS: A CASECONTROL STUDY. (Eng.) Thomas, T. L.: Stolley,
P. D.: Stemhagen, A.: Fontham, E. T. H.: Bleecker, M. L.: Stewart, P. A.; Hoover, R. N.
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cytic tumors, which increased with duration of
exposure. Workers involved in the manufacture
and repair of electronic equipment had a RR of
10.4 after 20 yr (8 cases, 1 control), while a
comparab 1e group of e 1ectr i ca 1 tradesmen had a
RR of 2.6 (6 cases, 4 controls). Elevated risk
from brain tumor mortality was reported for the
electrical ·engineers (RR 2.2,
following jobs:
3 cases, 1 control); technicians (RR 4.1, 4
cases. 1 contra l); repairers (RR 4. 6, 18 cases.
4 controls); and assemblers (RR 5.6, 6 cases, 1
control). The RR for men exposed to so 1der i ng
fumes in any job was 3.4 with no variance with
respect to exposure 1eve 1. There was no risk
In a
gradient associated with lead exposure.
summary of results. the authors conclude that an
increased risk of brain tumors, primarily
astrocytic tumors, occurs among men with an
occupational exposure to MW/RFR for 5 or more
years. However, exposure to MW/RFR in jobs not
involving electrical equipment design, manufacture, installation, or maintenance did not have
an excess brain tumor risk, and one electronics
job category presumably involving no MW/RFR
exposure, assemblers, did have excess tumor
The authors therefore cone l ude that a
risk.
specific etiologic agent cannot be identified
from these data because these jobs involve
exposure to MW/RFR, soldering fumes, and organic
solvents.

[Environmental Epidemiology Branch, Div. of
Cancer Etiology, National Cancer Inst., NIH,
U.S. Dept. of Health and Human Services, Bethesda, MD 20892 (T.L.T., P.A.S., R.N.H.); Dept. of
Health Sciences, Occupational
Environmental
Medicine Div., Johns Hopkins Univ., Sch. of
Hygiene and Public Health, Baltimore, MD 21205
(T.L.T., M.L.B.); Clinical Epidemiology Unit,
Section of General Medicine, Dept. of Medicine,
Univ. of Pennsylvania Sch. of Medicine, Philadelphia, PA 19104 (P .D.S.); Cancer Epidemiology
Service, New Jersey State Dept. of Health,
Trenton, NJ 08625 (A.S.); Pathology Dept.,
Louisiana State Univ., Sch. of Medicine, New
Orleans, LA 70112 (E.T.H.F.); Dept. of Neurology, Johns Hopkins Univ., Sch. of Medicine,
Francis Scott Key Medical Center, Baltimore, MD
21224 (R.N.H.); Landow Building, Rm. 4Cl6, NIH,
Bethesda, MD 20892 (RR/T. L. T.)] JNCI 79(2) :233238; 1987 (28 Refs).
A case-contra l study of brain tumor mortality
risk associated with microwave and radiofrequency electromagnetic radiation (MW/RFR) exposure
and with other occupational exposure occurring
in electrical and electronics jobs was conducted
using data from usual residents of northern New
Jersey; Philadelphia, PA and surrounding counties; and the gulf coast of Louisiana. Death
certificate data were compiled for 435 white
males who died of brain and other central
nervous system tumors, and matched to 386
controls who died of other causes. Brain tumor
diagnoses were verified through a hospital
Based on histology, 300 cases
record review.
were astrocyt i c tumors and 135 from other or
unknown types of cells. Study subjects' next of
kin were interviewed for information on the
subjects' work history and a number of possible
Each subject was
brain tumor risk factors.
classified by two methods with respect to MW/RFR
For comparison with two previous
exposure.
studies, jobs were classified as jobs involving
exposure in the design, manufacture, installation, or maintenance of electronic or electrical
equipment and all other jobs, such as welding or
radio broadcasting. The second method involved
the classification of jobs by a certified
industrial hygienist who assigned codes for
presumed exposure to MW/RFR, lead, and soldering
Results using Method 1, showed an
fumes.
overall relative risk (RR) of 1.6 (95% Confidence Interval (CI) = 1.0, 2.4) for men ever
exposed to MW/RFR. However, in the subgroup of
workers exposed to MW/RFR but not in electrical
or electronics jobs, there was no increased
risk, so, as a subgroup, the electronic and
el ectri cal workers had an increased RR factor of
2.3 (95% CI = 1.3, 4.2; 44 exposed cases, 19
Risk generally increased
exposed controls).
with a duration of exposure of over 5 years.
The second method of classification gave similar
When men who al so had exposure to
results.
soldering fumes or lead were removed from the
MW/RFR group, the RR for brain tumors was 1.4
Combining data from both
(95% CI=0.7. 3.1).
methods. it was found that electronics workers
exposed to MW/RFR had increased risk of astro-

LOW-LEVEL MICROWAVE IRRADIATIONS AFFECT
3603
CENTRAL CHOLINERGIC ACTIVITY IN THE RAT. (Eng.)
Horita, A.; Chou, C-K.; Guy, A. W.
Lai, H.;
[Dept. of Pharmacology, SJ-30, Univ. of Washington Sch. of Medicine, Seattle WA 98195 (RR/H.L.;
A.H.); Dept. of Psychiatry and Behavioral
Sciences, Univ. of Washington Sch. of Medicine,
Seattle WA 98195 (A.H.); Center for Bioengineering, Univ. of Washington Sch. of Medicine,
Seattle WA 98195 (C-K.C., A.W.G.); Div. of
Radiation Oncology, City of Hope Medical Center,
1500 East Duarte Rd., Duarte, CA 91010-0269
J Neurochem
C-K.C.)]
(present address,
48(1):40-45; 1987 (30 Refs).
To determine the effect of low-level microwaves
on cholinergic activity in the brain, choline
uptake was measured in frontal cortex, hippocampus, hypothalamus, and stria tum tissue of rats
irradiated for 45 min with either PW or CW
microwaves. Male Sprague-Daw] ey rats were shamexposed or exposed to either PW ( 2 usec, 500
pulses/sec) or CW 2450 MHz radiation in a
circularly-polarized waveguide for 45 min. The
spatially averaged power density of 1 mW/cm2
produced an SAR of 0.6 W/kg body weight. In a
second series of experiments, rats were given 1
mg/kg ip injections of na ltrexone hydrochloride,
naloxone hydrochloride, or saline vehicle
immediately before exposure to assess the effect
of narcotic antagonists on the choline uptake
Immediately after exposure, animals
response.
were killed, brain regions were dissected out on
ice, and sodium-dependent high-affinity choline
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uptake, representing about ha 1f of the total,
was assayed using [3H]choline.
Acute PW
irradiation significantly decreased choline
uptake in the hippocampus and frontal cortex
when compared to sham-exposed rats. Treatment
with na 1trexone or na loxone b 1ocked the effect
of PW microwaves on choline uptake in the
hippocampus, but did not significantly alter the
effect on the frontal cortex. Neither antagonist had an effect on choline uptake in shamirradiated animals.
CW irradiation decreased
choline uptake significantly only in the frontal
cortex. Pretreatment of CW-irradiated rats with
naltrexone had no significant effect on the
decrease in choline uptake in the frontal
cortex.
The authors cone l ude that microwave
effects are site-selective because major cholinergic innervations to the hippocampus and
frontal cortex, which originate from the medial
septum/diagonal band and the nucleus basal is,
respectively, were differentially affected by CW
and PW irradiation that gave the same amount of
energy deposition in the body. The authors note
that PW microwaves activate the auditory system,
whereas CW microwaves do not, and indicate that
they are currently investigating the possibility
that the effect of PW microwaves is caused by
activation of the auditory system.

field value of 9.0 x 10(6) V2/m2, while the
Bovie ESU gave a peak value of 1.0 x 10(5)
V2/m2.
Electric field intensities (quoted as
the square of the field strength) at more
distant body locations ranged from 1.0 x 10(5)
to 1.0 x 10(4) V2/m2 for the bipolar ESU, and
2.0 x 10(4) to 1.0 x 10(3) V2/m2 for the Bovie
ESU. Operating at lower power in the cutting
mode, electric field levels were lower for both
instruments, ranging from 2.0 x 10(4) to 5.0 x
10(4) V2/m2 and 1.0 x 10(3) to 9.0 x 10(4) V2/ITT1.
for the bipolar and Bovie ESUs, respectively.
The bipolar ESU operating in the coagulation
mode produced a peak magnetic field in the
eye/forehead region of 3.5 A2/m2, which exceeds
the American National Standard Institute safety
level (ANSI 95.1) by approximately 20 times.
Exposure at other locations ranged from 0.01
A2/m2 at the gonads to O. 5 A2/m2 at the neck.
The authors report natural urban background
levels for comparison.
Peak electric fields
ranged from 4.0 x 10(4) V2/m2 near a microwave
transmitter on Governor's Island to 0.5 x 10(3)
V2/m2 on a subway platform, and magnetic fields
ranged from O. 2 to O. 01 A2/m2.
The authors
conclude that surgeons are exposed to high
levels of microwave emissions, exceeding background levels by 10 to 1000 times. In view of
evidence from human epidemiologic and animal
studies that acute or prolonged low- level
exposure to microwaves can contribute to cataractogenes is, the authors cone l ude that a
potential for eye injury exists in the surgical
specialties in which electrosurgical units are
frequently used.

3604
POTENTIAL OCULAR DAMAGE FROM MICROWAVE
EXPOSURE DURING ELECTROSURGERY:
DOSIMETRIC
SURVEY.
(Eng.)
Paz, J. D.;
Milliken, R.;
Ingram, W. T.; Frank, A.; Atkin, A. [Dept. of
Preventive Medicine, New York Medical Coll.,
Valhalla, NY (J.D.P., W.T.I.); Dept. of Anesthesia, New York Medical Coll., Valhalla, NY
(R.M.); Dept. of Preventive Medicine, Univ. of
Kentucky, Lexington, KY (A. F.); Dept. of Ophthalmology, Mount Sinai Sch. of Medicine, New
York, NY (A.A.); 33 Riverside Dr., New York, NY
10023 (RR/J.D.P.)] J Occup Med 29(7):580-583;
1987 (22 Refs).

3605
EFFECT OF ELECTRIC CURRENTS ON DNA
SYNTHESIS IN RAT OSTEOSARCOMA CELLS: DEPENDENCE
ON CONDITIONS THAT INFLUENCE CELL GROWTH.
(Eng.) Noda, M.;
Johnson, D. E.; Chiabrera,
A.; Rodan, G. A. [Dept. of Oral Biology, Univ.
of Connecticut Health Center, Farmington, CT
(M.N., D.E.J.); Dept. of Biophysical and Electronic Engineering, Univ. of Genoa, Genoa, Italy
(A. C.); Merck Sharp and Doh me Res. Labs., West
Point, PA 19486 (RR/G.A.R.)]
J Orthop Res
5(2):253-260; 1987 (37 Refs).

A survey was made of nonion1z,ng electromagnetic
emissions from two electrosurgical units employed in New York hospitals: the Riter Model
260 bipolar electrosurgical unit (bipolar ESU)
used in neurologic surgery, and the Bovie spark
gap electrosurgical unit (Bovie ESU; LiebelFlarsheim) used in general and urologic surgery.
Measurements were made with a Holaday Industry
Model HI-3002 RF/MW Monitor that was calibrated
and standardized before and after the study by
the manufacturer.
The electric and magnetic
field strength was measured in the near field at
positions that simulate exposure to the eye/
forehead, neck, chest, upper arms, lower arms,
waist, and gonads of a surgeon operating in a
typical bent-over position.
The eye/forehead
region was 20 cm from the active lead of the
instruments.
Several successive readings were
taken at each position and the highest value
reported.
Maximum exposure occurred in the
eye/forehead region. The bipolar ESU operating
in coagulation mode produced a peak electric

Clonal populations of an established bonederived ce 11 line, ROS 17 /2 .8, were exposed to a
sinusoidal 60-Hz electric current in vitro, and
quantitative measurements were made of [3H]thymidine incorporation to study the effect of
electric field exposure on DNA synthesis. Cells
were exposed in medium-filled wells using agar
bridges and paper electrodes to avoid the
effects of electrochemical products.
Shamexposed cultures were installed. in the same
apparatus, but separated from the surface of the
plate by 1-cm posts to prevent current leakage.
Temperature was monitored at frequent intervals,
and was found not to vary at settings up to 1000
uA rms/cm2 within the sensitivity limits of the
probes and temperature fluctuations of the
incubator (+/- 0.1 C). Cells were cultured for
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extensive on surfaces c 1oser to the microwave
source at the top of the oven. Varying degrees
of burns to the abdominal viscera occurred in
the piglets exposed in the supine position.
Light microscopy of the biopsy samples indicated
a consistent pattern of relative sparing of
subcutaneous fat with overlying burned skin and
burned muscle below.
This pattern is termed
"relative layered tissue sparing", and is
uniquely characteristic of microwave burns.
Nuclear or cytoplasmic streaming, a characteristic of electrical burns, was never seen.
Electron microscopy revealed edema and acantholysis of the cells of the strata basale and
spinosum, with bullae located above the basement
membrane. The authors discuss reported cases of
microwave burns to adults and children, and
recommend that suspected cases of microwaveinduced burns be confirmed with full-thickness
biopsy at the junction of burned and normal
skin, and that microwave-burn patients be
monitored closely for delayed complications due
to visceral damage.

10-14 hr, then electric currents of indicated
intensity were applied for 34 hr (total culture
time of 44-48 hr). Medium containing [3H]thymid i ne was added for the f i na 1 24 hr of the
culture period.
Preliminary experiments assessed the interaction of electrical field with
three culture variables known to influence the
rate of cell division: serum concentration in
the medium (O, 0.2, or 5%), seeding density of
the culture (5 x 10(3) to 1 x 10(5) cells), and
age/stage of the culture (2-8 days after subculture).
Incorporation was significantly increased only with 0.2% serum, a seeding density
of 2 x 10( 4) ce 11 s, and after 4 days of culture.
Under these growth-limiting culture conditions,
significant stimulation of [3H]thymidine incorporation was seen at 30, 100, and 300 uA
rms/cm2, but not at 10 or 1500 uA rms/cm2. The
magnitude of the effect was fairly small; about
20% above control values.
Under conditions
allowing maximum growth of these cells, no
electrical effects were seen. The authors conclude that the effect of electrical stimulation
is 1i ke ly to be an enhancement or acceleration
of an existing process rather than initiation of
a new biological response, and the significance
of this response to the proliferation of mesenchyme and the process of bone fracture hea 1i ng
is unclear.

3607
ATTENUATION OF MORPHINE-INDUCED ANALGESIA IN MICE BY EXPOSURE TO MAGNETIC RESONANCE
IMAGING: SEPARATE EFFECTS OF STATIC, RADIOFREQUENCY AND TIME-VARYING MAGNETIC FIELDS. (Eng.)
Prato, F. S.; Ossenkopp, K-P.; Kavaliers, M.;
Sestini, E.; Teskey, G. C.
[Dept. of Nuclear
Medicine, St. Joseph's Hea 1th Centre, London,
Ontario N6A 4V2, Canada (RR/F.S.P.); Psychology
Dept., Un iv. of Western Ontario, London, Ontario, Canada (K-P.O., E.S., G.C.T.); Div. of
Oral Biology, Faculty of Dentistry, Univ. of
Western Ontario, London, Ontario, Canada (M.K.)]
Magn Reson Imaging 5(1):9-14; 1987 (47 Refs).

3606
EFFECTS OF MICROWAVE RADIATION ON
LIVING TISSUES.
(Eng.)
Surrell, J. A.;
Alexander, R. C.; Cohle, S. D.; Lovell, F. R.;
Wehrenberg, R. A. [Depts. of Surgery, Ferguson
Hosp. and Blodgett Memorial Hosp., Dept. of
Hosp.,
Grand
Pathology,
Blodgett Memorial
Rapids, MI, and Dept. of Pediatrics, Univ. of
Iowa Hosps. and Clinics, Iowa City, IA; Ferguson
Clinic, 72 Sheldon S.E., Grand Rapids, MI 49503
(RR/ J.A.S.)] J Trauma 27(8):935-939; 1987 (19
Refs).

To resolve the relative contribution of magnetic

field components in suppressing the analgesic
responses of mice to morphine injections, the
authors exposed mice to the static, time-varying, and radiofrequency (RF) components typical
of those used in the magnetic resonance imaging
(MRI) procedure.
Male CF-1 mice were shamexposed or exposed to fields generated by a
Teslacon resistive system (Technicare Corporation, Cleveland, OH) in groups of 5-6 animals,
and were free to move within the cage during the
exposure period. For the sham exposure, there
was a residual static field of 2-4 G around the
MRI machine when it was turned off.
Exposed
animals were subjected to a 22-slice, 23.2-min
imaging procedure with a repetition time of 1030
msec and an echo time of 30 msec, employing a
position encoding Z gradient of approximately
0.19 G/cm, and a Y and X gradient of approximately 0.14 G/cm. The static field was 0.15 T.
For the time-varying field, the position encoding gradients were left on, but the RF transmitter and main e 1ectromagnet were turned off. For
RF field exposure, the 90 and 180 degree sliceselecting pulses with Gaussian amplitude roodulation were used, and encoding gradients and the
main electromagnet were left off. At the mid-

To provide background information for detection
and treatment of microwave oven burns in cases
of ace i dent or child abuse, the authors conducted a detailed examination of the effects on
living piglet tissue of microwave radiation at
exposures sufficient to cause full-thickness
burns. Piglets were selected because of their
comparable size to· the human infant, and skin
characteristics similar to human skin.
Anesthetized piglets were individually exposed in
supine or prone positions to the maximum output
of a 750-W household (2450 MHz) microwave oven
for 90, 105, or 120 sec.
The piglets were
subsequently maintained under genera 1 anesthesia
in the postburn period for up to 14 hr, and
given intraperitoneal resuscitation utilizing
lactated Ringer's solution with 5% dextrose.
Autopsy was performed and biopsy specimens taken
from the various burned skin and visceral
tissues. All piglets received well demarcated
full-thickness skin burns with moderate variations in the degree of burns depending on
duration of exposure.
All burns were more
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recovery sequence with a 1600-msec repetition
time and a total imaging exposure of 57 .6 min
was used. Sham-imaged subjects were placed in
the scanner with all magnetic fields off, and a
cassette tape was used to reproduce the sounds
of the imaging procedure.
Control subjects
spent the corresponding 70 min in a waiting
area. Standard double-bl ind procedure was used
in administering and scoring one of two different test batteries prior to treatment; the
other was given subsequent to treatment. After
approximately 3 mo, one of the test batteries
was given at random as a follow-up. The neuropsychological test battery, administered in
about 1 hr by a trained psychometrist, consisted
of the State-Trait Anxiety Inventory; the
Wechsler Memory Sea 1e; Pa ired Associate Learning
Test (PALT): the Wechsler Adult Intelligence
Scale-Revised; Digit Span, Block Design, and
Digit Symbol subtests; the Benton Revised Visual
Retention Test; a half-hour delayed recall of
the PALT; the Vandenberg Mental Rotation Test;
and the Sternberg memory scanning paradigm.
Test Battery A and B consisted of different
forms of the tests presented in different
orders.
In spite of efforts to randomize
groups, a one-way analysis of variance between
groups on the pretreatment test data on several
tests. revealed significant differences between
sham, imaged and contra 1 groups To compensate
for intergroup differences, analysis was based
on change in each subject's pre- and posttreatment scores, and analysis of variance was
confined to those tests showing no difference
between groups at the pretreatment time period.
The authors concluded from analysis of the test
results that no apparent effects on cognitive
function could be attributed to imaging. Two
sets of significant results were observed in the
imaged group:
(1) increased state anxiety
scores at 3 mo compared to decreased scores in
the sham-exposed group, and (2) a performance
decrement on the Digit Span Forward and Digit
Span Backward re 1at i ve to sham-imaged but not
unexposed contra 1s in the postexposure tests.
The authors attribute these differences to
chance, or to unintentional clues given by the
MRI technical staff during treatment, and
conclude that MRI should be considered a safe
procedure under these exposure conditions.

dark period, animals were exposed or shamexposed for 23.2 min, briefly removed for
injection with either 10 mg/kg morphine sulfate
or saline vehicle, and returned to the MRI
machine for a second 23.2-min exposure under the
same conditions.
At the end of the second
exposure period, animals were tested for their
response latency to a thermal stimulus (latency
of paw-lick reaction on being placed on a 50 C
hot plate) as an index of analgesia. Response
latencies of all saline controls exposed to
various magnetic field conditions were statistically equivalent and not significantly different
from home-cage controls.
Mice exposed to RF
fields demonstrated a significant decrease in
response latency relative to sham-exposed
animals which was still significantly greater
than saline controls. Mice exposed to the timevarying fields displayed significantly more
marked attenuation of their response latencies
to a level that was not significantly different
from sa 1i ne contra 1s.
The authors cone 1uded
that time-varying magnetic fields associated
with MRI abolish nocturnal morphine-induced
analgesia in mice, while the isolated RF and
static field components have 1ittle effect. The
authors point out that results do not preclude a
synergistic effect of magnetic field components
in conjunction with fluctuation magnetic stimu1i, nor the possibility of more potent effects
of static and RF fields on other biological
systems.

3608
THE EFFECT OF MAGNETIC RESONANCE
IMAGING ON HUMAN COGNITION. (Eng.) Sweetland,
J.;
Kertesz, A.; Prato, F. S.; Nantau, K.
[Dept. of Psychiatry, St. Joseph's Hosp. Res.
Inst., Univ. of Western Ontario, London, Ontario, Canada (RR/J.S.); Dept. of Clinical
Neuro log i ca 1 Sciences, St. Joseph's Hosp. Res.
Inst., Univ. of Western Ontario, London, Ontario, Canada (A.K., K.N. ); Dept. of Nuclear
Medicine, St. Joseph's Hosp. Res. Inst., Univ.
of Western Ontario, London, Ontario N6A 4V2,
Canada (F.S.P.)] Magn Reson Imaging 5(1):129135; 1987 {38 Refs).
Control led studies of the effects of magnetic
resonance imaging (MRI) fields on performance on
a battery of standard cognitive tests were
conducted in order to investigate possible
behavioral hazards associated with MRI. Neurologically normal paid volunteers (62 males, 95
females ranging in age from 18-63 yr) were
randomly assigned to imaged, sham-exposed, or
In the imaged condition, 53
control groups.
subjects received a head scan consisting of a
47-min inversion recovery anisotropic 3D image
acquisition sequence with a 1250-msec repetition
time and a 30-msec echo time, followed by a
12.6-min slice image with a 100-msec repetition
time. These conditions were chosen to simulate
a multi slice sequence. After 39 subjects had
been imaged, imager software was upgraded to
multislice capability, and a 14-slice inversion

3609
INCREASING
ELECTROMAGNETIC
ENERGY
TRANSMISSION FROM ONE MEDIUM TO ANOTHER BY THE
INTERPOSITION OF INTERMEDIATE LAYERS.
(Eng.)
Diaz, S. B.: Alvarez Ovide, B.; Padula Pintos,
V. H. [Centro Argentina de Estudios de Radiocomunicaciones y Compatibilidad Electromagnetica, Julian Alvarez 1218, 1414 Buenos Aires,
Argentina] Med Biol Eng Comput 25(3) :347-349;
1987 {3 Refs).
When an electromagnetic field reaches a surface
between two media, the reflected component is
proportional to the difference between the
electrical characteristics of the two media.
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Results indimagnitude of the perturbation.
cated increased perturbation as the probe
diameter was decreased, with a consequent
increase in the temperature gradient at the
The magnitude of
circumference of the probe.
the effect was sma 11 however, and other considerations, such as greater tissue disruption
and thermal smearing due to the increased mass
of larger probes, are likely to be more important factors in the choice of probe diameter.
If no special . measures are taken to increase
thermal coupling of a thermocouple probe to the
surrounding tissue, a calculated self-heating
artifact of up to 0.7 C may be produced in the
60-W forward power field required to achieve 42
C at a depth of 20 mm. Calculations indicate
that a perturbation in excess of 0.1 C is not
observed at distances greater than 3 nm from the
outer surface of the probe, so no significant
difference could be expected in the response of
heated tissue due to the presence of the probe
as an additional heat source.

The author used theoretical calculations to
show how the intensity of the refracted field
may be increased by adding layers of media with
electrical characteristics that average those of
the two media. Taking into account the conductivity and permittivity of skin and air as the
two media, the author calculated the effect of
adding one or two matching layers. The materials allowing adjustment close to the ideal are a
composite of 70% polystyrene and 30% carbon
(single matching medium) or a bilayer of nitrate
pyralin-Thiokol Type FA Compound. Calculations
indicate that the coupled power ratio is increased by 1.67 to 2.34, increasing with freThe authors
quency from 100 to 3000 MHz.
suggest that the consequent decrease in the
incident power needed to obtain the same temperature rise would reduce the hazardous heating of
organs adjacent to the treatment site in hyperthermia.

PERTURBATION OF THE TEMPERATURE DIS3610
TRIBUTION IN MICROWAVE IRRADIATED TISSUE DUE TO
THE PRESENCE OF METALLIC THERMOMETERS. (Eng.)
Constable, R. T.; Dunscombe, P.; Tsoukatos, A.:
Malaker, K. [Dept. of Medical Physics, Manitoba
Cancer Treatment and Res. Foundation, Winnipeg,
Manitoba, Canada R3E OV9 (R.T.C.; P.O., A.T.):
Dept. of Radiation Oncology, Manitoba Cancer
Foundation, Winnipeg, Manitoba, Canada R3E OV9
(K.M.)] Med Phys 14(3):385-388; 1987 (8 Refs).

OBSERVATION OF MICROWAVE-INDUCED EYE
3611
LENS SURFACE MOTION IN VITRO. (Eng.) Wyeth, N.
[Electro-Optics Technology Div., Science
C.
Applications International Corp., Mclean, VA
22102] Med Phys 14( 4): 619-626; 1987 (20 Refs).
A parametric study of the effect of heat and
pulsed microwaves on rat lenses in vitro indicated apparent fragmentation and stretching of
the capsule at SAR values of 1.2 W/g, leading to
the hypothesis that the mechanism coupling
microwave radiation to effects in the lens is
thermoelastic transduction (Exp Eye Res 36:75,
1983). In order to investigate this hypothesis,
the authors examined the physical motion of the
surface of the eye lens induced by pulsed
A Plexiglas chamber
microwave radiation.
supported the lens in saline in a circular
waveguide, while surface displacement was
measured with a HeNe laser interferometer. The
e lectr i cal signal from the interferometer was
stored in digitized form in a signal averager
with a sampling time of 40 usec. The microwave
transmitter operated at 918 MHz with a pulse
width of 10 usec, rise time of 0.1 usec, and
peak power levels from 10 to 45 kW. The lens
chamber and interferometer, which were mounted
on a vibration isolation table, were mechanically separate from the waveguide and pulse generator. Because the lens loses plasticity with age
and lens properties will vary after extraction,
no parametric studies of surface displacement as
a function of pulse peak power or pulse energy _
were done. A typical averaged direct reflection
signal from a lens exposed to a 30-kW microwave
pulse appeared as a decaying oscillation with an
initial main frequency component of around 300
Hz, increasing to around 500 Hz, and a decay
Far
time constant in the range 5-10 msec.
surface motion proved d iff i cult to measure for
technical reasons, so two-point data could be
obtained for only a limited number of cases.

Using a computer simulation of clinical heating
by circularly polarized, 2450-MHz microwave
radiation, the authors determined the quantitative effects of metallic thermocouples on local
A two-dimensional finiteheating patterns.
difference program using Gourlay's hopscotch
technique and an irregular grid in rectilinear
coordinates was developed for use on a PDP-11
computer to model conditions which could be
encountered in a clinical setting. A small grid
spacing in the region of the probe was chosen
for maximum resolution of perturbation by the
The temperature disthermocouple assembly.
tribution was determined using the standard
bioheat transfer equation, and metabolic effects
were ignored. Variation in blood flow was found
Blood
to affect the degree of perturbation.
flow acted as a heat sink, reducing the ability
of deposited energy to produce a temperature
rise in the tissue but not in the probe, and
increased the temperature difference
thus
between probe and tissue as blood flow increased. The calculated systematic error in the
recorded temperature increased with increasing
The magnitude of the
power and temperature.
perturbation was found to vary with probe depth:
with increased power density and temperature
toward the surface of the tissue, the difference
between the probe temperature and the temperature of the surrounding tissue became more
At depths of 10 mm or more,
exaggerated.
changes in the surface heat transfer coefficient
were found to have a negligible effect on the
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Two-point surface motion data indicated that
both near and far surfaces move initially in a
positive radial direction (away from the center
of the lens) and therefore indicate lens deformation, not a simple translation in position.
Displacement data could not be obtained during
the first 0.5 msec after the microwave pulse due
to electromagnetic interference with the signal
processing electronics, so concurrent effects of
the microwave pulse were missed.
Lens vibrations were modeled with thermoelastic equations,
and the observed motion could be explained as
the natural oscillation modes of an elastic
sphere excited by thermoelastic waves produced
in the surrounding saline. The authors conclude
that the observed vibrations are induced by
thermoelastic transduction waves, but the results are unable to expl!'lin lens damage since
equally large low-frequency oscillations can be
expected to occur in response to the normal
mechanical shocks experienced during murine
life.
They feel the cataractogenic damage is
most likely caused by the initial compressional
thermoelastic transduction waves as they pass
through the lens, which occurs during the time
period not monitored in the laser experiment.

equivalent phantom material contained in either
a life-sized polyacrylamide shell shaped like a
female human leg, or a latex half-mannequin
mode 1 representing two legs and the pelvis. The
energy deposition patterns were mapped in the
phantom material with a unidirectional or an
isotropic E-field probe. Return loss measurements indicated that the MAPA had to be operated
in the 131-189 MHz frequency range to keep the
return loss under 5%. A "stub" tuner added to
the radiofrequency feed circuit to obtain a good
match to the load extended the frequency range
to 105-110 MHz.
In clinical practice, the
authors note, changes in the position of the
patient and changes in dielectric properties of
the tissue with heating mean it is necessary to
readjust the operating frequency during treatment to keep a good match to load impedance.
Experiments were conducted at 107 MHz with the
tuner, and at 188 MHz without it. The point of
maximum energy deposition in the first mode 1 was
centered and heating patterns were relatively
symmetric at both frequencies, provided powersp 1i tt i ng feed circuits operated correctly and
the bolus was correctly positioned to couple all
dipoles to the load. Energy deposition patterns
were more uniform at lower frequency.
The
energy deposition pattern was not significantly
altered by introducing the bone-equivalent
phantom (model 2), but the importance of shape
was evident in measurements made with the third
mode 1.
Energy deposition patterns were re 1at ive ly uniform within any transverse plane of
the MAPA, but the electric field pattern was
skewed towards maximum energy deposition in
smaller cross-sectional regions.
For example,
if the MAPA was located on the calf, the maximum
energy deposition pattern shifted either towards
the knee or towards the ankle.
Three-d imens i ona 1 models would be needed to adequately
predict these patterns and avoid aberrant
heating patterns in clinical use. Experiments
were performed with the half-torso mannequin to
check whether energy radiated by the applicator
could produce substantial heating at locations
outside the treatment area.
Measurements
indicated that maximum energy deposited by the
MAPA in the untreated leg and pelvis was less
than 12% of the 1eve 1 in the treated 1eg. The
authors conclude that the MAPA should be able to
heat deep portions of a human 1imb, but some
care must be taken to monitor temperature in
view of hard-to-predict shifts in maximum energy
deposition towards limb areas with a smaller
cross-section.

3612
EXPERIMENTAL CHARACTERIZATION OF THE
MINIANNULAR PHASED ARRAY AS A HYPERTHERMIA
APPLICATOR.
(Eng.)
Guerquin-Kern, J. L.;
Hagmann, M. J.; Levin, R. L.
[Biomedical
Engineering and Instrumentation Branch, Div. of
Res. Services, NIH, Bethesda, MD 20892; Institut
de la Sante et de la Recherche Medicale (INSERM), Paris, France (present address, J.L. GK.); Dept. of Electrical Engineering, Florida
International Univ., Tamiami Campus, Miami, FL
33199 (present address/M.J.H.); 13/3Wl3, NIH,
9000 Rockville Pike,
Bethesda, MD 20892
(RR/R.L.L.)] Med Phys 14(4):674-680; 1987 (15
Refs).
A series of experiments using the miniannular
phased array (MAPA) with several leg models of
different complexity was conducted to determine
the energy deposition patterns and assess the
ability to predict and control heating in
clinical situations.
The MAPA is a 30-cm
diameter, thin-walled cylinder with 8 axially
oriented dipole elements operating in the
frequency range of 100-200 MHz. A water bo 1us
fills the space between the shell and the limb
in order to improve energy coupling, reduce
stray electric fields, and provide surface
coo 1i ng.
For these experiments, the MAPA was
used with an Amplifier Research model lOOL
broadband amplifier fed by a Hewlett-Packard
6080 signal generator to provide a more flexible
and stable radiofrequency power source than the
computerized BSD-1000 system designed for
clinical use with the MAPA. Measurements were
made in (1) a homogeneous cylindrical muscleequivalent phantom, (2) a cylindrical boneequ iva 1ent phantom coaxially centered in rruscleequ i val ent phantom, and (3) homogeneous muscle-

3613
SPECIFIC ABSORPTION RATES IN SIMULATED
TISSUE MEDIA FOR A 10 X 10 CM 915-MHZ WAVEGUIDE
APPLICATOR. (Eng.) Denman, 0. L.; Kolasa, M.
J.; Elson, H. R.; Aron, B. S.; Kereiakes, J. G.
[Univ. of Cincinnati Hosp., Dept. of Radiology,
Div. of Radiation Oncology, Cincinnati, OH
45267-0757; St. Elizabeth Hosp., Dept. of
Radiation Therapy, Dayton, OH 45408 (present
address/M.J.K.)]
Med Phys 14(4):681-686; 1987
(9 Refs).
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applied to the double helix, generally without
Only the property of helix-coil
success.
transition (DNA melting) has been firmly established as a meaningful physical property
reflecting biologically significant characterisThe author views recent attempts to
tics.
document resonances in the microwave absorption
spectrum of DNA solutions, and explain them
using soliton theory, in this context. Treating
DNA as a one-dimensional crystal "in their most
recent attempt to hijack DNA, physicists have
used a new sophisticated weapon, the soliton,
which is the current vogue in many branches of
The author cites the latest attempt
physics."
to confirm microwave resonance data (Nature
328(6126):145-146, 1987) which found no difference in microwave absorption between a DNA
solution and pure buffer without DNA, and
concludes that "the hijackers have failed
·
again."

The authors measured the power distribution
characteristics of the Clini-Therm waveguide
applicator, a 10 x 10 cm clinical hyperthermia
device operating at 915 MHz, using muscle- or
fat-equivalent phantom material and invasive
fiber optic thermometry probes. Four clinically
relevant treatment configurations were simudirect contact between the applicator
lated:
and muscle, use of a circulating water-fi 1led
bolus at the interface, direct contact with a 1cm-thick layer of fat over the muscle, and use
of the bolus with the fat-muscle phantom.
Thermometry probes, pas it ioned in an array of
PE-60 catheters spaced 1 cm apart, were moved
through the catheters in 1-cm increments to map
out i so-SAR prof i 1es of the heated phantoms in a
single plane. For each SAR measurement, microwave power was applied for 20 sec and temperature was measured at 10 sec intervals until the
Relative
phantom reached thermal equilibrium.
power deposit ion patterns are i 11 ustrated in the
paper for the four configurations and for
various depths below the surface in the first
In the first configuration,
configuration.
heating was maximal approximately 2 cm lateral
Beneath the app 1i ca tor,
to the centra 1 axis.
14% of the surface area was encompassed in the
maximum SAR region and power deposition at the
periphery of the applicator was 45% of the
When the bolus was introduced
maximum SAR.
between the applicator and muscle phantom,
better coupling improved efficiency 44%, and
highest SAR was measured on the central axis of
the applicator, however the thermal gradient
a 1so increased so the SAR at the periphery of
the applicator field was only 20% of maximum.
Introduction of a fat layer also reduced the
asymmetry in irradiation without the bolus,
reduced the maximum SAR approximately 12%, and
reduced the SAR at the periphery of the applicator field to 30% of maximum. Introduction
of the bolus further reduced asymmetry with
depth but also reduced the volume of tissue
In
encompassed in the effective SAR volume.
genera 1 , power a 1ong the centra 1 axis was
attenuated approximately 50% for each cm of
muscle material, and the addition of fat or a
water-filled bolus between applicator and muscle
altered the pattern of power distribution and
reduced the fractional thermal field size
without substantially altering the relative
deposition of power with depth along the central
axis.

MICROWAVE ABSORPTION IN AQUEOUS SOLU3615
TIONS OF DNA. (Eng.) Gabriel, C.; Grant, E.
H.; Tata, R.; Brown, P. R.; Gestblom, B.;
Noreland, E. [Dept. of Physics, King's Coll.,
Strand, London WC2R 2LS, UK ( C. G., E. H. G.);
Dept. of Biochemistry, King's Coll., Strand,
London WC2R 2LS, UK (R.T., P.R.B.); Dept. of
Physics, Uppsala Univ., Box 530, S-751 21
Nature
E.N.)]
(B.G.,
Sweden
Uppsala,
328(6126):145-146; 1987 (11 Refs).
laboratories attempted to
Two independent
confirm the observation by Edwards, Swicord, and
Davis (Phys Rev Lett 53:1284-1287, 1984) of
resonance absorption by circular and linear
segments of DNA mo 1ecu 1es in the frequency range
DNA preparations were made from
of 1-10 GHz.
the plasmid dimer pUC8.c2 (5480 base pairs), the
material used by Edwards et al., and dielectric
measurements were performed using automated time
domain spectrometers using a reflection (London)
or transmission (Uppsala) technique. Reference
samples were used to normalize measurements and
avoid artifacts due to slight impedance mismatch
Measurements at each
within the systems.
frequency were repeated up to 36 times on
The
samples from 4 plasmid preparations.
uncertainty of measured parameters was on the
order of 1% for permittivity, and 2% for loss
factor. No resonance absorption or any form of
enhanced absorption was demonstrated.

PHYSICISTS RETREAT
DNA STRUCTURE:
3614
AGAIN. (Eng.) Frank-Kamenetskii, M. [Instit.
of Molecular Genetics, USSR Academy of Sciences,
Moscow 123182, USSR] Nature 328(6126):108; 1987
(10 Refs).

EFFECTS OF AN EARTH-STRENGTH MAGNETIC
3616
FIELD ON PINEAL MELATONIN SYNTHESIS IN PIGEONS.
[Anatomisches
Semm, P.
Reuss, S.;
(Eng.)
Institut der Universitat, D-6500 Mainz, F .R.G.
(S.R.); Zoologisches Institut der Universitat,
D-6000 Frankfurt, F.R.G. (P.S.); Dept. of Neural ogy, Sch. of Medicine, Hea 1th Sci enc es Center,
State Univ. of New York at Stony Brook, Stony

This editorial comments on attempts by physicists to characterize physical properties of
DNA. In the author's opinion, each novelty or
vogue among solid-state physicists has been
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Brook, NY 11794 (present address/S.R.)] Naturwissenschaften 74(1):38-39; 1987 (13 Refs).

as the gas mixture around the pigeon's body,
while a breathable atmosphere was provided by
fitting a tight collar-type inset into the
housing at the level of the pigeon's neck. Skin
temperature was measured after 10 min equilibration at the breast of a pigeon exposed for 10
min to a magnetic field inside a solenoid w.ith
10 Tat the head. In air, there was a decrease
in skin temperature of approximately 3 C within
5 min after the magnetic field was applied.
When air was replaced by an argon atmosphere,
the magnetic field effect completely disappeared
within the limits of experimental resolution
(0.1 C). The authors suggest that many of the
magnetic-field -induced effects on living organisms that have been reported in the 1iterature may be explained on the basis of magneticfield-induced changes in thermal convection.

The effects of artificial changes in the geomagnetic field on pineal melatonin-syn thesizing
enzymes serotonin N-acetyltransf erase (NAT) and
hydroxyindole -0-methyltrans ferase (HIOMT) were
studied in sighted and blinded pigeons. Groups
of pigeons (Columba 1ivia) were placed in an
artificial magnetic field generated by 3-m
diameter Helmholtz coils.
The coils were
activated for 30 min to produce a 50-degree
rotation of the horizontal component of the
earth's magnetic field under dark conditions
(dim red light).
Immediately following exposure, animals were killed by decapitation, and
pineal glands were quickly removed for enzyme
assay. Intact and blinded exposed animals were
compared with sham-exposed controls. In intact
animals, exposure to the magnetic field resulted
in a 60% reduction in NAT activity relative to
controls.
Blinded pigeons showed a 19% reduction in NAT activity which was not significantly
different from controls.
Neither group had
statistically significant differences in HIOMT
activity relative to controls. This decrease in
NAT activity at mid-scotophase , when melatonin
content in pigeons peaks, para 11 els the response
seen when sighted pigeons are exposed to 1ight
at this time.
The small reduction in NAT
activity in blinded pigeons may indicate some
intrinsic sensitivity to magnetic fields, but
the effect lacks statistical significance.

3618
MAGNITUDE OF POTENTIAL INDUCED IN A
MOLLUSK NERVE CELL IN A LOW-FREQUENCY ELECTRIC
FIELD. (Eng.) Ierusalimskii, V. N.; Balaban,
P. M. [Lab. of Molecular Biophysics, Inst. of
Chemi ca 1 Physics, Academy of Sciences of the
USSR, Moscow: Lab. of Physicochemical Studies,
Res. Inst. for Biological Assays of Chemical
Compounds, Moscow Province, USSR]
Neurosci
Behav Physiol 17(2):125-130 (Translation of: Zh
Vyssh Nerv Deiat 36(1):163-169, 1986): 1987 (14
Refs).
An in vitro preparation of the subpharyngea 1
ganglia of the snail Helix lucorum was used to
evaluate the effect of extracellular sinusoidal
0.1 Hz electric fields on neuron transmembrane
potentials. Recordings were made of individual
cells using an intracellular microelectrode ,
then the neuron was marked with an injection of
Lucifer Yellow, and fixed for morphological
study.
A second electrode was placed in the
solution at various points close to the outer
surface of the cell body so that the potential
shift could be measured on the cell membrane
with minimum contribution from the layers of
solution between the cel 1 and the indifferent
electrode.
The external field was applied by
silver-silver chloride electrodes which could be
rotated around the ganglion preparation about
the vertical axis.
In most recordings, the
potent i a 1 induced in the ce 11 by an ex trace 11u lar electric .field differed from the external
current in both amp 1i tude and phase and depended
on the relative positions of the microelectrodes. The magnitude of the induced potent i a 1
increased with increasing effective cell length
in the direction of the field; effective cell
length being determined by the resistances of
the ce 11 body and the 1ength of the processes
directed along the field. As the extracellular
electrode was moved from the cell body along the
process, there was a point approximately in the
middle of the process where potential between
intra- and extracellular electrodes in the
external field was nil. The exact position of
this "nul 1 point" was a complex function of cell

3617
MAGNETIC-FIELD-INDUCED
SKIN-TEMPERATURE CHANGES OF ANIMALS ORIGINATE FROM MODIFIED
AIR CONVECTION. (Eng.) Ecochard, J.: Maret,
G.
[Hochfeld-Magnetlabor des Max-Planck-Instituts fur Festkorperfors chung, F-38042 Grenoble, F.R.G.]
Naturwissensch aften 74(1):39-40:
1987 (13 Refs).
Magnetic-field -induced skin temperature changes
have been reported for humans, mice, and homing
pigeons. The authors have proposed a mechanism
to explain this effect based on the physical
principle of induction of pressure gradients in
paramagnetic gases when a magnetic field gradient and temperature gradient are applied simultaneously.
Molecular oxygen, as the only
paramagnetic component of ambient air, could in
theory modify the gravitationall y driven convective motion of oxygen-contain ing gases, including air, and therefore alter the skin temperature as long as it is in sufficient thermal
contact with the circulating air. Temperature
measurements made on pigeons provided quantitative confirmation of this pr inc i p1e (Naturwi ssenschaften 71:100, 1984), but did not eliminate
the possibility that other magnetic field
effects cou 1d be operating as we 11.
In the
present study, the authors conducted similar
quantitative studies in a gas containing no
atmospheric oxygen. Air was replaced by argon
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genetic, teratogenic and reproductive studies at
the cell to animal population level; (3) cell
growth and differentiatio n studies of osteoblastic, ocular, and immune system cells; (4)
effects on proliferation of cancer cells in
culture: (5) neurobiology of the developing rat
cerebellum, calcium flux from neural tissue, and
electrophysiol ogical and neurothemical characteristics of monkeys; (6) behavioral studies
involving magnetic field effects on drug-induced
behavior in rodents, circadian rhythms in
squirrel monkeys, behavioral effects on rats
exposed to electromagneti c fields in utero and
postnatally, and behavioral effects of low-level
60-Hz magnetic fields in conjunction with with
low-level static magnetic fields; (7) psychophysiological studies of humans exposed to
controlled electromagneti c fields; and (8) an
epidemiologica l study of childhood cancer and
residential magnetic field exposure in the
The Pannel's Final
Denver, Colorado area.
Report provides details of dosimetry measurements and a review of the literature, as well as
an overview of the research projects results and
significance. Detailed reports of the experiments are appended and published separately.
Most of the research studies reported no effects
Some of the behavior and brain
of concern.
studies demonstrated small but consistent
changes in body rhythms, pain responses, and the
The most serious
ability of rats to learn.
concern was raised by the results of the Denver
study which indicated that children with leukemia and brain cancer are more likely to live
in homes where there are elevated 60-Hz magnetic
field levels than are children who do not have
cancer. The pane 1 points out sever a 1 problems
in attributing increased risk of childhood
cancer to fie 1d exposure based on the Denver
Care was taken in the design of this
study.
study to avoid methodological bias, but several
unavoidable problems limit the precision of the
study including possible socioeconomic differences in neighborhoods near power lines, the
1imited geographic area surveyed, unidentified
confounding risk factors in the population, the
difficulties of exposure assessments over time,
and the limited response rate in the comparison
groups. The Panel's Final Report concludes that
60-Hz electric and magnetic fields can affect
certain biological systems by unknown mechanisms
at levels that are similar in magnitude to those
encountered beneath power transmission lines.
The epidemiologica l studies raise the possibi1ity that magnetic flux levels a thousandfold
lower than those shown to have effects in
laboratory studies may be a health concern.
These findings cannot be readily translated into
concrete regulatory recommendations, but suggest
several additional areas where further research
and development is needed. Specific recommendations call for (1) research into a means of
power delivery that would reduce magnetic field
exposure, (2) further study on the interaction
of the geomagnetic field and 60-Hz fields, (3)
definition of thresholds for biological effects,
(4) replication of experiments on electromagnetic field effects on learning behavior, (5)
further investigation of the association between

shape in the field, reflecting the contribution
of various parts of the processes, larger
diameter processes having a greater effect on
potential shifts in the cell body. For several
neurons with processes located on the surface of
the ganglion, the intracellular signal remained
unchanged for the same strength of the extrace 11u l ar current no matter where in the cell body
or process the intracellular electrode was
For relatively low extracellular
placed.
currents (0.1-0.2 mA or 0.06-1.1 mA/cm2), marked
potent i a 1 shifts were created on the ce 11 body
membrane leading to the generation of action
The authors suggest that their
potentials.
results imply that in the intact vertebrate
brain, with fairly extensive processes, weak
extracellular currents could be sufficient to
modify spontaneous activity or excite a silent
neuron.

BIOLOGICAL EFFECTS OF POWER LINE
3619
Ahlborn, A.; Albert, E. N.;
(Eng.)
FIELDS.
Fraser-Smith, A. C.; Grodzinsky, A. J.; Marron,
M. T.: Martin, A. 0.: Persinger, M. A.: Shelanski, M. L.; Wolpow, E. R. [Dept. of Epidemiology, National Inst. of Environmental Medicine, Box 60208, S-104 01 Stockholm, Sweden
(A.A.): Dept. Anatomy, George Washington Univ.
Medi ca 1 Center, 2300 I St., NW, Washington, DC
20037 (E.A.): Space, Telecommunications and
Radioscience Lab., Dept. of Electrical Engineering, Stanford Univ., Stanford, CA 94305 (A. FS.): Dept. Electrica 1 Engineering and Computer
Science, Massachusetts Inst. of Technology,
Cambridge, MA 02139 (A.J.G.); Office of Naval
Research, Molecular Biology Program, 800 North
Quincy St., Arlington, VA 22217 (M. T.M.): Dept.
of Obstetrics and Gynecology, Northwestern Univ.
Medical Sch., 333 East Superior St., Chicago, IL
60611 (A.O.M.): Neuroscience Lab., Dept. of
Psycho 1ogy, Laurenti an Univ., Sudbury, Ontario
P3E 2C6, Canada (M.P.); Dept. of Pathology,
Columbia-Pres byterian Medical Center, 630 West
168th St., New York, NY 10032 (M.S.); Dept. of
Neurology, Harvard Medical Sch., Boston, MA
New York State Power Lines
02115 (E.R.W.)]
Project Scientific Advisory Panel Final Report,
1 July 1987; 1987 (159 Refs).
The New York State Power Lines Project was
established in February 1980 to conduct research
and to review the scientific literature regarding possible health hazards of electromagneti c
fields generated by 765 kV overhead transmission
This report provides the Scientific
lines.
Advisory Panel's overview of results from the 16
research projects plus 2 extension projects
supported by the $5 million research funds
The research
available for this project.
program concentrated on severa 1 topic areas: (1)
construction of exposure faci 1ities and development of dosimetry methods to characterize and
monitor electric and magnetic fields from 1 to
50 kV/m and 0.1 to 10 G: (2) genetic, cyto-
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cancer and residential and occupational magnetic
field exposure, and (6) support of further
research on the biological effects of electromagnetic fields "administered by an agency,
preferably federal, which is credible by virtue
of being clearly independent of partisan influence."

vigor/activity, fatigue/inertia, confusion/bewilderment; (5) performance - simple reaction
time, memory span, focused attention, time
estimation,
internal timing sense, signal
detection, information processing, simple and
complex decision-making. Field-related effects
were observed, however, in cardiac interbeat
interval ( IB I) and in components of the evoked
response (an electroencephalogram parameter).
The authors suggest that the effects observed
in the IBI during resting phases might be very
transitory or that the IBI effect is obscured by
the subject's subsequent task demands. Similar
suggestions are presented concerning the effects
observed on the evoked response.
The authors
discount habituation to task demands and sensitization to the field as being significant.
They suggest that rather than the strength of
the field, it may be chang_es in field strength
within an exposure period that have profound
effects on human physiology.

3620
INFLUENCE OF 60 HZ FIELDS ON HUMAN
BEHAVIOR PHYSIOLOGY BIOCHEMISTRY.
(Eng.)
Graham, C.; Cohen, H. D. [Midwest Res. Inst.,
425 Volker Blvd, Kansas City, MO 64110]
New
York State Power Lines Project, Wadsworth Center
for Laboratories and Research, Albany, NY 12201;
129 pp.; 1985 (8 Refs).
The behavioral and physiological effects of
human exposure to 60-Hz electromagnetic fields
were studied in a controlled-exposure facility;
the experimental protocol called for the doubleblind evaluation of human biochemical, hematological, and immunological parameters: sensory,
neural, motor, perceptual, and cognitive functions (multitask battery, MTB): and evaluations
of field perception. The exposure apparatus was
confirmed to be capable of generating an electric field within the experimental range of 0-16
kV/m with a uniformity of +/- 5.6% in the subject exposure area and a harmonic distortion of
less than 1. 0%. The apparatus was capable of
generating a magnetic field in the range of 0
to 32 A/m (0-0.4 G) with a uniformity of +/4.8% in the subject area with the vertical axis
in phase with, and the horizontal axis 90
degrees to, the electric field.
Dosimetry in
the exposure booth in a 9 kV/m electric field
was evaluated with a sitting 6-foot male mannequin modified by segmentally coating it with
electrically conductive paint.
Short circuit
currents (Isc) in the mannequin were determined
to be 129.2 uA naked and 121.6 clothed. Subjects in preliminary experiments were unable to
detect the magnetic field at any of the field
strengths tested and 90% of the subjects had a
threshold of perception of 9 kV/m for the
electric field while in the seated test position. An adaptation effect and gradual onset of
increasing field intensity both led to higher
perception thresholds.
Subjects in a standing
position had lower electric field perception
thresholds. The battery (MTB) experiments were
performed with 12 male volunteers who participated in four 10 hr experimental sessions
spaced 1 wk apart: experimental sessions included 6 hr exposure, or sham exposure, periods.
No significant effects were observed in the
following parameters: (1) vital signs - pulse
rate, oral temperature, blood pressure; (2)
physiology - respiration rate, skin conductance
level, skin conductance response; (3) fieldrelated symptoms and daily life activitiessleep, appetite, sexual activity, cognitive
function, physical function: (4) mood - tension/
anxiety, depression/dejection, anger/hostility,

3621
BIOLOGICAL EFFECTS OF EXTREMELY LOW
FREQUENCY ELECTRIC AND MAGNETIC FIELDS ON THE
OCULAR TISSUES:
AN IN VITRO STUDY.
(Eng.)
Basu, P. K. [Dept. of Ophthalmology, Univ. of
Toronto, 1 Spadina Crescent, Room 115, Toronto,
Ontario M5S2J5, Canada]
New York State Power
Lines Project, Wadsworth Center for Laboratories
and Research, Albany, NY 12201; 112 pp.; 1986
(88 Refs).

The biochemical, morphological and cytopathological effects of 60-Hz sinusoidal electromagnetic field exposure were assayed in cell
culture and organ culture models of human and
rabbit eyes. The study utilized eel l cultures
of corneal fibroblasts obtained from rabbit and
eye bank eyes and from organ cultures of rabbit
cornea and lens. Electric currents were applied
at a density of 30 or 3 uA/cm2 rms, with an
internal electric (E) field strength of 0.19 or
0.019 V rms/m, respectively.
Magnetic (B)
fields were applied with a strength of 1.0 or
0.1 G, in phase with ·the electric fields.
Exposure current density within culture medium
was uniform to +/- 10%.
The exposure conditions tested were with the stronger electric
and/or magnetic fields or the weaker electric
and/or magnetic fields.
Exposure of the ce 11
cultures to the fields was maintained for 7 days
during the cultures' exponential growth phase
until reaching confluence (stationary phase).
ATPase assays were performed on eel l and lens
organ cultures exposed to the fields for 1 hr,
and corneal and lenticular organ cultures
exposed for 2 days. No ev i de nee was found of E
or B field exposure effects on the viability,
protein synthesis, plating efficiency, or ATPase
activity of rabbit corneal stromal cells. An
interaction effect was noted between the lower
dose E and B fields in assays of DNA synthesis
(thymidine incorporation) in the corneal cells;
E fields alone or E with B fields did not have
an effect, but the B fields alone did have a

46

Current Literature

Biological Effects of Nonionizing Electromagnetic
Radiation Xl(2), December 1987

(Eng.) Gundersen, R.; Greenebaum, B.; Goodman
E. [University of Wisconsin-Par kside, P.O. Box
2000, Kenosha, WI 53141] New York State Power
Lines Project, Wadsworth Center for Laboratories
and Research, Albany, NY 12201; 45 pp.; 1986 (O
Refs).

significant effect. No significant effects were
observed in tests of DNA synthesis, protein
synthesis, or ce 11 viability in exposed ( combined E and B fields only) human corneal stromal
No difference was found in morphology
ce 11 s.
between exposed and sham-exposed cultivated
rabbit or human stromal cells using phase
contrast microscopy of living cells and light
microscopy of stained cells. Thymidine incorporation was significantly different in rabbit
cornea organ cultures after wounding and strong
field exposure. No exposure effects were seen
in rabbit lens hydration, but exposure to the
stronger combined field modified the AtPase
activity of rabbit lens.

The in vitro effects of 60-Hz magnetic (B) and
electric (E) fields on calcium efflux were
studied in cultured dissociated spinal cord
cells obtained from embryonic chick and on
synaptic transmission in excised adult rat
Synaptic
flexor digitorum brevis muscle.
transmission was evaluated by measuring possible
changes in spontaneous neurotransmit ter release
using direct intracellular recording techniques
to monitor miniature endplate potential (mepp).
The spinal cord ce 11 s were plated on cover slips
and were then saturated with 45Ca; 90% of the
cellular calcium pools were saturated with the
label. The slips were exposed to B or E fields,
after which calcium efflux was determined. No
significant changes were seen in calcium efflux
from the disassociated chick spinal cord in
response to E and/or B field exposure for 20
min to 72 hrs except for the 72 hr combined E
and B field exposure: however, the authors
caution that the alterations in calcium efflux
may be within the variation of the system. Rat
skeletal muscle synapse exposure to a B field
showed an effect neurotransmit ter release as
indicated by a singificant mepp frequency
increase of 12% with a 10 min application of a
1.0-G, 60-Hz linearly polarized B field, parallel in orientation with respect to the elecA frequency-depe ndent response was
trode.
observed with application of a 70-Hz linearly
polarized field which decreased mepp frequency.
Mepp frequency was not significantly altered
with application of a 60-Hz, 1.0-G circularly
The authors suggest that
polarized B field.
experiments should be performed to examine the
effects of variation in the length of calcium
labeling, length of washing time for excess
label removal, and the source of neuronal
tissue. Regardless of whether magnetic fields
are altering calcium concentration, membrane
properties, or some other feature of the cell,
the authors suggest that the field induces the
changes either by interacting directly with a
magnetic moment of the membranes involved or
with the biological material indirectly through
the electrical field or current density induced
in the tissue by the time varying magnetic
field.

IN VITRO GENETIC EFFECTS OF ELECTRO3622
MAGNETIC FIELDS. (Eng.) Cohen, M. M. [Div. of
Human Genetics, Dept. of Obstetrics and Gynecology, Sch. of Medicine, Univ. of Maryland,
Baltimore, MD 21201] New York State Power Lines
Project, Wadsworth Center for Laboratories and
Research, Albany, NY 12201; 100 pp.; 1986 (35
Refs).

Human lymphoid cells were exposed in vitro to a
uniform, circularly polarized 60-Hz magnetic
field of 0-2 G, and/or to a 1inearly polarized
60-Hz electrical field within the magnetic
polarization plane which induced a current
density of up to 30 uA/ cm2 in the ce 11 s. The
magnetic field exposure was produced with
orthogonal Helmholtz coils and the cells, which
were suspended in a conductive media, were
resistively coupled to the applied electric
field through electrodes in agar gel. Lymphoid
cell lines were established from peripheral
b1ood samples obtained from, normal individuals
and from patients affected with the inherited
chromosome instability syndromes: ataxia telangiectasia, Fanconi anemia, Bloom syndrome, and
xeroderma pigmentosum. Normal lymphocytes from
heparin i zed blood samples were exposed to the
electromagnet ic field in vitro for a 69-hr
incubation period. After the exposure period,
cells were analyzed for mitotic rate, chromosome
breakage, sister chromatid exchange frequency
(SCE), and cell cycle parameters. No effect of
the electric field of 30 uA/cm2 alone or in
combination with a magnetic field of 1 or 2 G,
or of a 2-G field alone, was observed in any of
The lymphoid
the four cytological endpoints.
eel l lines were investigated for induced chromosome breakage and SCE frequencies only, after
the fol lowing exposure regimens: 0 G, 30 uA/cm2;
No sig2 G, 30 uA/cm2; and 2 G, 0 uA/cm2.
nificant. effect on SCE frequencies or chromosome
breakage in the lymphoid ce 11 lines was observed.

REPRODUCTIVE INTEGRITY OF MAMMALIAN
3624
CELLS EXPOSED TO 60 HZ ELECTROMAGNET! C FIELDS.
Gandi, 0. P.;
Livingston, G. K.;
(Eng.)
Chatterjee, I.; Witt, K.; Roti Roti, J. L.
[University of Utah, Salt Lake City, Utah 84112]
New York State Power Lines Project, Wadsworth
Center for Laboratories and Research, Albany, NY
12201; 45 pp.; 1986 (1 Ref).

EFFECTS OF 60 HZ ELECTROMAGNETIC FIELDS
3623
ON CALCIUM EFFLUX ANO NEUROTRANSMITTER RELEASE.
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The cytogenetic effects of electric and/or
magnetic fields were assessed in human lymphocytes and in CHO cells under four electric
field current densities (3, 30, 300, and 3,000
uA/cm2) and one magnetic field strength (2.2 G).
Exposure to the fields was continuous for 24 hrs
for CHO cultures and for 72 hrs for lymphocyte
cultures.
The electric field exposure system
consisted of a pair of stainless steel electrodes separated from the culture medium by an
agarose gel in the cytogen i c studies and by a
liquid salt solution in the cell growth studies.
Two pairs of Helmholtz coils driven 73 degrees
out of phase were utilized to produce an elliptically polarized magnetic field with an intensity of 2. 2 G and which was 36 degrees out of
phase with the electric field.
The sister
chromatid exchange (SCE) assay was performed in
lymphocytes and CHO cells to evaluate the
potential for primary DNA damage. CHO cultures
were assayed for effects on cell doubling time,
maximum cell density, and plating efficiency for
ce 11 s maintained continuously in the presence of
fields since subculture. The rate of cell-cycle
traverse was assessed by measuring the accumulation of cells in the G2-M peak of the DNA
histogram during Colcemid blocks of variable
duration. No evidence was found for a modulation of SCE frequency in CHO eel ls or in lymphocytes comp 1et i ng two divisions in the presence of continuous electromagnetic fields
(EMF). The frequency of mi cronuc 1e i in exposed
CHO cells was not elevated and the authors
conclude that the EMF was not clastogenic.
Growth curves were not· significantly different
between exposed and sham-exposed cultures.
Conflicting results were observed concerning
cell cycle traverse. No significant differences
were observed between exposed and sham exposed
CHO cultures in ce 11 surv i va 1.
The authors
cone 1ude that there was not any treatment effect
on genetic parameters or prol iteration in the
cell lines studied.

spaced 76 cm apart in the center of the experimental room. Magnetic fields were generated
by a pair of Helmholtz coils; the two horizontal
coils measured 200 x 232 cm and the two vertical
coils were 193 x 225 cm. The phase angle of the
vertical magnetic field was within 1% of the
electric field and the phase of the horizontal
field differed from the vertical by 90 degrees.
Following exposure, animals were allowed to
entrain on a 12:12 light-dark photoperiod for 2
wk after exposure for up to 20 days. No statistically significant increase in the free-running
period of the feeding rhythm, compared to
control values, was observed in 2 animals
exposed to a 2.6-kV/m and 1-G field.
When
exposed to a 26-kV/m and 1-G field, a significant increase of the free-running period was
observed in 3 of 9 an i ma 1s. When exposed to a
39-kV/m and a 1-G field, a significant increase
of the period was observed in 3 of 4 animals.
Postexposure observations indicated that the
high field exposures may have produced a longlasting effect on the circadian period.
No
differences were observed in the oxygen consumption patterns.
The authors cone 1ude that the
free-running period of squirrel monkey circadian
rhythms was altered by 60-Hz electric field
exposure and that those effects may persist
postexposure in ambient field conditions.

3626
INVESTIGATION OF POTENTIAL BEHAVIORAL
EFFECTS OF EXPOSURE TO 60 HZ ELECTROMAGNET! C
FIELDS.
(Eng.)
Thomas, J. R.; Schrot, J.;
Liboff, A.
[Environmenta 1 Stress Program
Center, Naval Medical Res. Inst. Bethesda, MD
20814-5055 (J.R.T., J.S.); Dept. of Physics,
Oakland Univ., Rochester, MI 48063 (A.L.)] New
York State Power Lines Project, Wadsworth Center
for Laboratories and Research, Albany, NY 12201;
76 pp.; 1986 (33 Refs).
The effects of exposure to 1inearly polarized
60-Hz magnetic fields of 0.5-5 G with, or
without, combined exposure to a 1-kV/m electric
field and with, or without, combined exposure to
a 260-mG static magnetic field were studied in
the schedule-controlle d behavior of male LongEvans hooded rats that were dosed with the
psychoactive drugs amphetamine or chlordiazepoxide.
Animals were maintained on a 12 hr
light/dark cycle in a temperature controlled
room. The total earth's field in the exposure
facility was determined to be 4.04 x 10(-5) T
and the 60-Hz background was estimated to be
less than 1 x 10(-7) T rms. During 1 hr/day, 5
day/week test sessions, the rats were placed in
chambers where they were trained on a multiple
fixed-ratio (FR) differential-reinfo rcement-oflow-rate (DRL) reinforcement schedule that
required responding to sound and light cues on
a response lever to produce food pellets. Over
a course of several months, the animals were
exposed to electric and/or magnetic fields for
30 min at a time, twice per week immediately
preceding two of the 5 days/week 1-hr test

3625
EFFECTS OF ELECTROMAGNETIC FIELDS ON
PRIMATE CIRCADIAN RHYTHMS. (Eng.) Sulzman, F.
M.:
Murrish, D. E.
[Dept. of Biological
Sciences, Univ. Center at Binghamton, State
Univ. of New York. Binghamton, NY]
New York
State Power Lines Project, Wadsworth Center for
Laboratories and Research, Albany, NY 12201; 65
pp.; 1986 (28 Refs).
The effects of long-term exposure to 2.6-, 26-,
or 39-kV/m electric and 1-G magnetic fields on
the circadian timing system of squirrel monkeys
were studied under constant light conditions.
The exposure facility consisted of a 4 x 4 m
room lined with grounded screening to create a
complete Faraday cage.
The animals were restrained in two 3.2 liter Plexiglas metabolism
chambers inside the exposure room and exposed.
Monkey oxygen consumption and feeding were
continuously monitored.
Electric fields were
generated by two parallel 140 x 168 cm plates
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syn thesis. Cultured human colon cancer ce 11 s,
when exposed to B fields and to combined E and B
fields, were induced with resulting increased
cel 1 proliferation, numbers of surface transferrin receptors, resistance to natural killer cell
activities, and expression of tumor cell surface
antigens. No sustained effects were produced in
Thymidine incorporation (DNA
normal cells.
synthesis) was enhanced in adult skin fibroblast
cells when measured 3 days after the 24-hr B
The authors conclude that
field exposure.
normal, unstimulated (by mitogen) canine or
human lymphoid cells were not significantly
affected by the ELF EMF exposure.

sessions. One group of animals was administered
d-amphetami ne sulfate at a dose of 1 mg/kg and a
second group of animals was administered chlordiazepoxide hydrochloride at a dose of 10 mg/kg.
Drugs were administered ip 30 min before the
start of an experimental session. The exposure
systems contained two parallel plates with a
10 .1-cm spacing for generation of the e 1ectr i c
field, and three magnetic field coils separated
by 13.5 cm. The plates were situated along the
The 60-Hz magnetic
axis of the three coils.
field was directed along the animal's long axis
while the subjects were constrained in Plexiglas
enclosures located near the center of the bottom
No systematic behavioral changes were
plate.
observed in the rats on the FR DRL schedule when
exposed to the oscillating magnetic fields
alone or in combination with the electric field,
either with, or without, the amphetamine or
ch lord i azepox i de. However, the rate and pattern
of responding during the DRL component of the
multiple FR DRL reinforcement schedule were
consistently changed after exposure to the
static magnetic field combined with the 60-Hz
magnetic field. The five animals exposed under
these conditions displayed a consistent and
reproducible increase in the rate of responding
on the DRL schedule. The authors suggest that,
as this specific exposure protocol was consistent with the cyclotron resonance condition for
unhydrated lithium ions, the results of the
combined exposures may be related to the resonant efflux of lithium ions from eel ls in rat
brains.

MUTAGENICITY AND TOXICITY OF 60 HZ
3628
MAGNETIC AND ELECTRIC FIELDS. (Eng.) Benz, R.
D.; Carsten, A. L.: Baum, J. W.; Kuehner, A. V.
[Associated Univ. Inc., Brookhaven Natl. Lab.,
New York State Power Lines
Upton, NY 11973]
Project, Wadsworth Center for Laboratories and
Research, Albany, NY 12201; 196 pp.; 1987 (O
Refs).
The possible genetic and somatic effects on mice
of exposure to 60-Hz extremely low frequency
(ELF) magnetic (B) and electric (E) fields were
investigated at two power levels: 10 G and 50
kV/m or 3 G and 15 kV/m. BNL-H/S and SwissWebster male mice were mated with female mice
once a week for 8 wk during which time the males
were continuously exposed to the ELF fields; the
females were exposed during the mating period
for a total of 17 days. Dominant lethal mutation endpoints were examined, including impregnation rate, number of viable embryos, number of
early deaths, number of late deaths, number of
corpora lutea (representing number of eggs
released), and number of pre implantation losses.
For the multigeneratio nal experiments, male and
female mice were maintained from 4 wk of age in
exposure rooms and then mated at sexual maturity. Animals were mated either in the exposure
rooms or in nonexposure rooms and then maintained in those rooms. The pups were retained
in the same rooms and the exposure/matin g cycle
was repeated with the second generation.
included
made
Multigeneratio n observations
impregnation rate, gestation time, 1itter loss,
litter size, weight gain and sex ratio. In the
cytogenet i c and ce 11 kinetic experiments, males
of both strains of mice were exposed to the ELF
from age 5 wk and individuals were sacrificed at
increasingly spaced time intervals over a 30Cytogenetic endpoints examined
wk period.
included bone marrow sister chromatid exchanges
and average bone marrow cell-generatio n time.
In the final experiment, bone marrow stem-cell
content was evaluated using the spleen colony
forming test after exposure of 5-wk-old male
BNL-H/S mice to the high level EMF for 22 wk.
The authors report that none of the endpoints
studied at either field strength indicated
statistically significant effects attributable
to electromagneti c field exposure.

BIOLOGICAL FUNCTIONS OF IMMUNOLOGICAL3627
LY REACTIVE HUMAN AND CANINE CELLS INFLUENCED BY
IN VITRO EXPOSURE TO 60 HZ ELECTRIC AND MAGNETIC
FIELDS. (Eng.) Winters, W. D. [Univ. of Texas
Hea 1th Science Center, San Antonio, TX 78284.]
New York State Power Lines Project, Wadsworth
Center for Laboratories and Research, Albany, NY
12201; 105 pp.; 1986 (101 Refs).
The effects of in vitro exposure to 60-Hz
electromagnet ic fields (ELF EMF) on the structure and function of human and canine leukocyte
populations were investigated. The eel ls were
obtained from normal adult subjects at intervals
during ongoing primary and secondary immune
Cells were exposed in vitro to
responses.
electric (E) and magnetic (B) fields continuously for up to 24 hr at field intensities of 3, 30
and 300 mA/m2 (rms) and 0.01, 0.1, and 1.0 G
(rms). Changes in eel lular functions, synthesis
of intracellular macromolecules, and cell
surface e 1ements and receptors were monitored in
unstimulated, resting peripheral human blood
lymphocytes and in unstimulated, resting canine
leukocytes and lymphocytes from per iphera 1
blood, thoracic duct, and lymph node origins.
No transient or long-term effects of exposure
were seen in human or canine leukocyte cell
immunoglobulins;
receptors:
ligand
surface
mitogen response; or DNA, RNA, ,and protein
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3629
EFFECTS OF ELECTRIC AND MAGNETIC FIELDS
ON THE DEVELOPING RAT BRAIN. (Eng.) Gona, A.
G.:
Yu, M. C.
[Dept. of Anatomy, Univ. of
Medicine and Dentistry of New Jersey, New Jersey
Medical Sch., 100 Bergen St., Newark, NJ 07103)
New York State Power Lines Project, Wadsworth
Center for Laboratories and Research, Albany, NY
12201: 40 pp.; 1987 (43 Refs).

protocols.
However, they suggest the poss i bi1ity that the intermittent nature of the postnatal exposure may have allowed for regeneration
of EMF-impacted brain tissue.

3630
PART I.
ELF LOW INTENSITY MAGNETIC
FIELDS AND EPILEPSY. (Eng.) Ossenkopp, K-P.;
Cain, D. P.
[Dept. of Psychology, Univ. of
Western Ontario, London, Ontario, Canada] New
York State Power Lines Project, Wadsworth Center
for Laboratories and Research, Albany, NY 12201:
31 pp.; 1987 (19 Refs).

The morphological and biochemical effects of
exposure to 60-Hz electric and magnetic fields
on the developing brain of Sprague-Dawley rats
were investigated both pre- and postnatally
using a controlled exposure apparatus.
The
experimental system was designed to expose the
animals simultaneously to an electric field of 1
or 100 kV/m (rms) and to a magnetic field of 1
or 10 G (rms)r with the int~ntion of simulating
human exposure to power transmission line
electromagnetic fields.
In the postnatal
exposure experiment, litters of rats were
selected for exposure and sham exposure on the
day of birth or the day after, with exposure
conditions continued until postnatal day 21.
Pups were exposed for 7 to 8 hr/ day in two
sessions, one in the morning and one in the
afternoon, during the first 2 or 3 days and were
returned to their mothers for feeding in between.
In the prenatal exposure experiment, 5day pregnant rats were exposed, or sham-exposed,
continuously from day 5 to day 20 of pregnancy,
with the exception of a 1 hr or less period for
feeding and cage cleaning.
Sample pups were
k i 11 ed on the day of birth ( for the prenatal
exposure experiment, only) and at the end of the
first, second, and third postnatal week.
No
differences between the exposed and sham-exposed
animals in foliation, proliferation, and migration of external granule ce 11 s, alignment of
Purk i nje ce 11 s, and the appearance of Purk i nje
cell somata were revealed with light microscopic
examination of the pups' brains.
The ultrastructure and the nuclei and cell organelles of
the Purkinje cells were all normal when examined
by electron microscopy.
Purkinje cells did
appear to have membrane stacks such as have been
observed in rats exposed to electric fields,
however the stacks were equally common in both
exposed and sham-exposed animals.
Clustered
degenerating eel lular elements were noted in the
external granular layer of the cerebellum and
subjectively appeared to be more common in
exposed animals: however this was not considered
to be significant. In utero exposed rats did
not display any cerebral development differences
between the field-exposed and sham-exposed pups
as revealed by ce 11 number (DNA determined J,
cell size (protein/DNA ratio), and myelination
(cerebroside) at any developmental point or with
any field intensity.
Biochemical analysis of
cerebral deve 1opment indicated that there were
some differences in the early development of the
cerebellum of exposed rats, but the differences
were not present by postnatal days 13 and 20.
The authors conclude that the maturation of the
rat brain is not adversely affected by in utero
or postnatal exposure to the 60-Hz electromagnetic fields under the present experimental

In light of reported concerns of a suggested
faci l itory effect of 50 to 60 Hz magnetic fields
on epileptic seizures in humans, the effects
were studied of acute exposure to low intensity
60-Hz magnetic fields on 3 different animal
epilepsy models:
pentylenetetrazol (PTZ)induced seizures in rats, electrical brain
kindling induced seizures in rats, and novelty
induced seizures in Mongolian gerbils.
Adult
male rats were exposed to 60-Hz magnetic fields
at up to 1. 85 G and then injected with 55-60
mg/kg PTZ.
The lethality of the seizures
induced by PTZ were reduced by the field exposure, with significant effects occurring at
1.0-1.5 G and no significant effects at 0.5 and
1. 85 G exposures.
Brains of male hooded rats
implanted with electrodes in their basolateral
amygdala were stimulated to evoke a nonconvulsive effect or a fully generalized seizure after
either exposure to a linearly polarized 60-Hz,
1.0 G magnetic field for 1 hr or to a sham field
condition.
The electroencephalogram (EEG) . was
recorded before and after stimulation in order
to obtain a prestimulation baseline and to
record afterdischarge (AD). A constant current
stimulator provided a 1-sec 60-Hz train of
biphasic square waves, each 1 msec in duration.
All subjects were stimulated once daily at 200
uA until a generalized convulsion was displayed,
after exposure or sham-exposure to the magnetic
field: this stimulation was well above the
threshold for AD in a 11 subjects. On the last
test day, the exposed and sham-exposed groups
were switched.
AD duration was significantly
inhibited in animals exposed to the 60-Hz field
in the cross-over test and a weak retardation in
kindling development in those animals exposed to
the 60-Hz field relative to the sham-exposed
rats was suggested by the data.
Mongolian
gerbils, used in a third set of experiments,
have a genetic predisposition to exhibit reflex
epileptic seizures in response to novel stimuli.
The gerbils were exposed to a 1.0-G 60-Hz
magnetic field, or a sham field, for 1 hr and
then were placed in an open-field apparatus
which consisted of a circular (90 cm diameter)
wall enclosed field inside of a curtained
enclosure: all surfaces were black and the field·
was illuminated with fluorescent lights located
100 cm above the field. The results indicated
that the gerbil seizure induction model was not
reliable under present test protocol as the
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the first two experiments indicated a highly
significant effect of pre-exposure to 60-Hz
fields resulting in a shorter latency with
The third
greater magnetic field intensity.
experiment did not reveal any significant
inhibitory effect of time-varying magnetic
fields on opiate-induced behavioral changes
Resu 1ts of the
during the mid- 1i ght period.
fourth experiment indicated that pre-exposure to
the 60-Hz field during tolerance development did
not have a significant effect on tolerance
levels. The authors suggest that a weak, but
significant, cue-specific effect during the preexposure period of the tolerance development
phase may have gained significant stiumulus
control over the behavioral effects of the
morphine injection but the marginal signifcant
di ff ere nee may a 1so represent a Type I error.
The authors cone 1ude that nocturnal morphineinduced analgesia -in the mice was clearly
inhibited and that inhibition increases linearly
with field intensity.

results were not consistent between experiments.
The authors suggest that the effects of the
magnetic field exposure on PTZ-induced rats
indicate the presence of an intensity window
with respect to the protective effects of 60-Hz
exposure on the 1etha 1i ty of PTZ- induced se i zures. They also conclude that the duration of
after-discharges in kindled rats was significantly reduced after exposure to the 60-Hz 1.0-G
The authors suggest as possible mechafield.
nisms for modification of seizure charactersitics by the magnetic fields, interactions
with the endogenous opioid systems, the neuronal
cell membrane calcium ion flux, and the pineal
gland.

ELF LOW INTENSITY MAGNETIC
PART II.
3631
(Eng.)
FIELDS AND MORPHINE-INDUCED ANALGESIA.
[Dept. of
Kavaliers, M.
Ossenkopp, K-P.;
Psychology, Univ. of Western Ontario, London,
New York State Power Lines
Ontario, Canada]
Project, Wadsworth Center for Laboratories and
Research, Albany, NY 12201; 21 pp.: 1987 (41
Refs).

EFFECT OF 60 HZ ELECTRIC AND MAGNETIC
3632
FIELDS ON NEURAL AND SKELETAL CELLS IN CULTURE.
(-Eng.) Rodan, G. A. [Merck Sharpe & Dohme Res.
Labs., Div. of Merck & Co., Inc., West Point, PA
New York State Power Lines Project,
19486]
Wadsworth Center for Laboratories and Research,
Albany, NY 12201; 38 pp;; 1987 (6 Refs).

The effects· of 1-hr exposures to 60 Hz low
intensity magnetic fields, of 0.5 to 1.5 G
strength, on morphine-induced analgesia in 2- to
3-month-old male mice were studied. The magnetic field was generated by 100-cm diameter
Helmholtz coils spaced 103 cm apart on the Zaxis. Animals were placed in a cube, 30 cm on a
side, which was centered between, but insulated
from, the coils in the Z-axis. The background
geomagnetic field had a horizontal (Z) intensity
of 0.46 G and a vertical (H) intensity of 0.12 G
with ·an inclination of 75 degrees. Alignment of
the co i 1s was in the Z-ax is 20 degrees NNE of
Ambient time-varying fields
magnetic north.
during sham-exposure conditions were 1ess than
0.01 G. Animals were exposed, or sham-exposed,
for 30 min and then injected with either morphine sulfate (10 mg/kg per 10 ml) in saline or
isotonic saline and returned to the exposure
chamber for another 30 min. After exposure the
animals were tested for front foot licking
response to an aversive therma 1 st imu 1us (hot
plate) for a 1imit of 150 sec; after response or
after 150 sec the animals were returned to their
In the first two of three experiments
cages.
the mice were treated during the mid-dark period
of the day-night cycle with exposure to 0.5In the third experiment, the animals
1.5 G.
were treated during the mid-1 ight portion of the
A
day-night cycle with exposure to 1.0 G.
fourth experiment was performed to determine the
effect of exposure to a 60-Hz magnetic field
prior to daily injections of morphine on the
development of tolerance to morphine's analgesic
effects. Protoco 1 for the fourth experiment was
the same as for the third experiment, but the
procedure was repeated for 10 consecutive days;
on the 11th day the exposure conditions were
switched and on the 12th day the original
exposure conditions were reinstated. Results of

i

The effects of 5-uA/cm2 electric current and 5-,
10-, or 20-G magnetic fields on proliferation,
as determined by cell number and DNA synthesis,
and on parathyroid hormone (PTH) stimulation of
cyclic-AMP (c-AMP) accumulation, in rat osteosarcoma (ROS 17/2.8) and fetal rat calvaria
osteoblastic cel 1 1 ines were examined in vitro.
A magnetic exposure system, a capacitively
coupled system, and an agar electrode system
In the
were used for ce 11 culture exposure.
capacitively coupled system, the tissue-culture
dishes were placed between two closely spaced
parallel rectangular copper plates which were
connected to a 10, 000-V transformer. Currents
were limited to 5 uA/cm2, which was the maximum
level at which no corona was detected, and
cultures were continuously exposed for up to 229
hr. The agar e 1ectrode exposure system provided
60-Hz 1i ne vo 1tage to ce 11 cu 1tu res at current
In the magnetic
densities up to 3000 uA/cm2.
field exposure system, a set of parallel Helmholtz coils provided a vertically oriented
magnetic field at field strengths of 5, 10 or 20
G; exposure was maintained for up to 2 wk in two
experiments and up to 7 wk in a third experiPTH-activated adenylate cyclase, a
ment.
1igand-receptor interaction, was not affected by
fncorporation of [3H]electric currents.
thymidine into DNA was slightly affected by the
conditions,
growt~-limiting
unde~
currents
indicating a stimulation of DNA synthesis by 15Cell growth was not significantly af20%.
fected by current densities of 5 uA/crn2. In the
magnetic field exposure system, cell prolifera-
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An epidemiological survey of childhood cancer
cases in the five-county Denver Standard Metropolitan Statistical Area was conducted to study
the relationship between cancer risk and the
residential distribution of electrical power
lines.
The Colorado Central Cancer Registry,
and other mi nor sources, were used to identify
children (from birth to 14 years of age) diagnosed with any form of cancer during the years
1976 through 1983.
Random digit telephone
dialing was used to identify a child control
group which was matched, case by case, to 3-yr
age bracket, sex, and area of residence. This
method was used to identify a second reference
group of residence contra ls. Exposure assessment was conducted by in-home electromagnetic
field measurements and by external wire configuration coding.
Center-of-room magnetic
fields were measured in the bedrooms and front
door areas and in other areas where the child
had spent a significant amount of time. Measurements were made under both low and high
house power conditions; electric fields were
measured under high house power conditions. The
external wire configurations were documented at
each residence and coded according to the
Wertheimer and Leeper coding system. Confounding variables, such as socioeconomic characteristics, family cancer history, and x-ray
exposure, were assessed by questionnaire at each
residence. The wire codes were found to be a
valid predictor of magnetic field measurements.
The mean low-power residence average magnetic
fields were 2.12, 1.22, 0.71, 0.53, and 0.49 mG
across the five levels of wire codes, ordered
A weak tendency
highest to lowest exposure.
towards an increase in cancer risk with exposure
above 2.5 mG was associated with low power
magnetic fields based on exposure at or 2' yr
before the date of diagnosis, with a str:cinger
relationship among leukemia cases. Cancer risk
was not associated with high house power magnetic or electric fields.
Very High Current
Configuration homes at or 2 yr before the date
of diagnosis were overrepresented in the cancer
cases, although the wire codes at the time of
birth were not related to cancer risk.
Odds
ratios over the five wire-code exposure levels
were not highly stable, although a clear trend
of increasing risk with increasing exposure was
shown.
When analyzed on a high versus low
exposure basis, the wire codes revealed more
precise odds ratios of 1.6-1.7 for total cancer
The
cases and 1.9-2.1 for leukemia cases.
author suggests that the wire codes are a more
accurate historical exposure indicator than the
in-house field measurements due to the random
error in the measurements. The author concludes
that there is an association between childhood
cancer risk and long-term exposure to powerline
magnetic field, as indicated by the wire-code as
a surrogate for measured exposure.

tion was not affected and culturing eel ls for
many generations under exposure to 10 G did not
select for cells with altered growth rates.

3633
BEHAVIORAL EFFECTS OF ELF.
(Eng.)
Salzinger, K.: Birenbaum, L.: Coll, G.; Freimark, S.; McCullough, M.; Paduano, J.; Phillips,
D.
[Polytechnic Univ., 333 Jay St., Brooklyn,
NY 11201] New York State Power Lines Project,
Wadsworth Center for Laboratories and Research,
Albany, NY 12201; 137 pp.; 1987 (32 Refs).
The behavioral effects of exposure of SpragueDawley rats in utero and perinatally to extremely low frequency (ELF) (60 Hz, 30 kV/m, 1 G
(full-ELF) or 60 Hz, 10 kV/m, 1/3 G (1/3-ELF)]
electromagnetic fields was investigated first
with a memory task and then with operant conditioning. Memory in four adult male rats was
studied
with
a
delayed-matching-to-sample
procedure under exposed (24 hr) and unexposed
conditions.
No systematic variation in the
proportion of correct matches with the varying
exposure conditions was observed. The authors
note, however, that insufficient data were
collected to rule out the possibility of ELF
effects on memory.
A random interval (RI)
schedule of reinforcement training was implemented involving a repeating time cycle in which
the first response has a fixed, nonzero, probability of producing the food reinforcer and in
which all other responses in the time cycle have
a zero probability of producing food.
As
training proceeded the full-ELF-exposed rats
(both mothers and offspring) responded significantly more slowly than the sham exposed
rats, with this effect becoming more distinct.
A nonsignificant difference was observed of
decreased response rates in the full-ELF group
compared to the 1/3-ELF group. The last group
of offspring were run for a total of 79 sessions
over which the difference in performance was
maintained. As the behavior was extinguished,
the same set of animals retained the performance
differential.
The authors cone l ude that rats
exposed pre- and perinatally to the 30 kV/m 1 G
ELF fields responded at a lower rate, and
maintained that rate, than animals exposed to
sham conditions and that this effect is not
attributed to a simple motor deficit.

3634
CASE-CONTROL STUDY OF CHILDHOOD CANCER
AND RESIDENTIAL EXPOSURE TO ELECTRIC AND MAGNETIC FIELDS. (Eng.) Savitz, D. A. [Dept. of
Epidemiology, Sch. of Public Health, Univ. of
North Carolina, Chapel Hi 11, NC 27514]
New
York State Power Lines Project, Wadsworth Center
for Laboratories and Research, Albany, NY 12201;
178 pp.; 1987 (19 Refs).

3635
PART I.
EPIDEMIOLOGICAL STUDIES OF
CANCER AND RESIDENTIAL EXPOSURE TO ELECTROMAGNETIC FIELDS. (Eng.) Stevens, R. G. [Battelle
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Memorial
land, WA
Project,
Research,
Refs).

·.,

(Eng.) Kaune, W. T.; Stevens, R. G.; Callahan,
N.J.; Severson, R. K.; Thomas, D. B. [Battelle
Memorial Inst., Pacific Northwest Labs., Richland, WA 99352 (W.T.K., R.G.S.); Fred Hutchinson
Cancer Research Center, Seattle, WA (N.J.C.,
New York State Power Lines
R.K.S., D.B. T. )]
Project, Wadsworth Center for Laboratories and
Research, Albany, NY 12201; 109 pp.; 1987 (17
Refs).

Inst., Pacific Northwest Labs., RichNew York State Power Lines
99352]
Wadsworth Center for Laboratories and
Albany, NY 12201; 50 pp.; 1987 (25

An epidemiological survey of leukemia cases and
controls was conducted in King, Pierce, and
Snohomish counties of western Washington state
in an effort to determine the possibility of a
relationship between leukemia incidence and
environmental residential exposure to electromagnetic fields (EMF) associated with the
electric power distribution system. One hundred
sitxty four individuals who had been diagnosed
with acute non- lymphocyt i c leukemia (ANLL)
during the years 1981 to 1984 were identified;
114 of these patients participated in the study.
Random digit dialing was used to select 204
control subjects of whom 133 participated in the
Interviews were conducted with all
study.
subjects (either patients, next of kin, or
contra 1s). The 35 page questionnaire, which was
administered in person, considered the following
points: residence history, present residence
construction, major electrical appliance use,
occupational history, history of hobbies involving EMF exposure, ionizing radiation exposure,
medical history, medication and drug use,
smoking, a le oho l consumption, pet ownership, and
demographics. The interviewer evaluated up to
four different determinants of EMF exposure at
each subjects residence; the first being the
A map was
questionnaire data on exposure.
sketched of the external distribution of wiring
around all residences (including each residence
occupied by each subject for one or more years
over the past 15 years) and point-in-time
measurements were made of electric and magnetic
An
field intensity inside the residences.
exposure code based on the Wertheimer-Leeper
(WL) adult-study classification was generated.
A 24-hr measurement of electric and magnetic
field intensity was made in a small subsample of
the subject residences; these measurements were
used in deve 1opment of a second wiring code
("engineering-based code") in conjunction with
aspects of wiring configuration. The point-intime measurements were made in the kitchen,
bedroom, and family room in both a household
"low power" configuration (all appliances off)
and a "high power" configuration. No association was found between case or contro 1 status
and the WL code, the engineering-based code, or
The author
the point-in-time measurements.
concludes that residential exposure to electric
and magnetic fields was not related to a risk of
ANLL in the study population, although the
author cautions that the evidence against an
effect is not strong due to the sma 11 sample
size and poss i b 1e misc 1ass if i cation of exposure.

In an effort to determine the effectiveness of
the use of outside electrical wiring configuration as a surrogate for indoor residential
electromagnetic field characteristics, 24-hr
measurements of electric (E) and magnetic (B)
fields were made inside residences within 3
counties of western Washington state. A 4-probe
data collection system was built that was
capable of monitoring the vertical and horizontal B fields and vertical E fields, recording
these values on magnetic tape every 2 min.
Continuous field strengths were measured in the
family room (B field at two points and E field
at one point), and the bedroom (B field at one
point). Field measurements at a single point in
time were also obtained as part of an epidemioAdditionally, the
logical interview process.
total electrical energy used in each residence
during the 24-hr measurement period was recorded, and scaled maps of the distribution wiring
within 43 m of the homes were charted. Information in the harmonic content of the fields was
obtained in the measurements with two frequency
The 24-hr measurement
response weightings.
system was capable of detecting magnetic flux
density (MFD) in the range of 0-30 mG and the E
The
field strength in the range 0-150 V/m.
field strengths could be measured with the
system frequency response set either to f 1at
mode, i.e. response constant in frequency, or to
linear mode, i.e. response linear function of
frequency. Results of the study indicated that
the 24-hr and separate point-in-time B-field
measurements corre 1ated and that the residential
B fields, but not the E fields, correlated with
the external wiring configuration code developed
The 24-hr mean Bby Wertheimer and Leeper.
field strengths measured in the bedrooms were
found to be similar to the values obtained from
family-room B-f i e 1d measurements. Family room E
and B fields were not correlated. Diurnal patterns were seen in the family room and bedroom B
fields which, the authors suggest, correspond to
the general level of power consumption in the
subject residence and/or the neighborhood. The
B-field levels are at a minimum from midnight to
5 am and peak in the morning and early evening.
Electric fields did not display a daily pattern.
An improved prediction of 24-hr average residential exposure to B fields, compared to the
Wertheimer-Leeper codes, was obtained based on
the total number of service drops, the distance
to neighboring transmission lines, and the
number of phase conductors possessed by neighThe point-in-time meaboring primary lines.
surements of the B field, but not the E field,
were significantly correlated to the 24-hr
The point-in-time E field meameasurements.

RESIDENTIAL MAGNETIC AND
PART II.
3636
ELECTRIC FIELDS MEASURED OVER 24-H PERIODS.
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system function, either in neuron activity, or
in the activity of enzymes that catabol ize the
neurotransmitters. No effect of E- and B-field
exposure was observed on early or mid- latency
evoked potential components in the monkeys. A
significant decrease in the amplitudes of later
components of the somatosensory evoked potential
was associated with field exposure. The authors
conclude that the field exposure did not have an
effect on peripheral or central sensory afferent
pathways, but that the latter results are
consistent with electromagnetic field exposure
opioid antagonist effects.

surements, made in the center of the family
room, were consistently lower than the 24-hr
measurements made at the walls of the room. The
authors suggest that single-location E-field
measurements may not be as useful as an estimate
of human exposure.

CHRONIC EFFECTS OF 60 HZ ELECTRIC AND
3637
MAGNETIC FIELDS ON PRIMATE CENTRAL NERVOUS
Wolpaw, J. R.;
(Eng.)
SYSTEM FUNCTION.
Seegal, R. F.; Dowman, R. I.; Satya-Murti, S.
[Wadsworth Center for Laboratories and Research,
New York State Department of Health, Albany, NY
New York State Power ,Lines Project,
12201]
Wadsworth Center for Laboratories and Research,
Albany, NY 12201; 165 pp.; 1987 (210 Refs).
The neurochemi cal and neurophys i o logical effects
of chronic exposure of pigtailed macaques
(Macaca nemestrina) to 60-Hz electric and
magnetic fields were investigated under controlled conditions. The animals were exposed to
electric (E) and magnetic (B) fields at levels
ranging from 3 kV/m and 0.1 G to 30 kV/m and 0.9
G for three 21-day periods which were each
preceded and fol lowed by 21-day sham-exposure
The three exposure periods were at
periods.
levels of 3 kV/m and 0.1 G, then at 10 kV/m and
0.3 G, and the third at 30 kV/m and 0.9 G.
During each day of the data collection period,
fields were on for 18 hr, from 4 pm to 10 am.
Animals were fed, cleaned, and given supplementary water during the remaining 6 hr, during
which time the experiments were conducted. The
exposure apparatus generated a vertical E field
using two large horizontal plates 0.97 m apart.
The circularly polarized magnetic field was
produced by coils which generated vertically and
horizontally oriented B fields 90 degrees out of
phase with each other. Two monkeys sat on the
bottom plate in a loose neck-restraint apparaNo significant effect of field exposure
tus.
was observed in the physiological parameters
animal weight, blood
that were monitored:
chemistry, and peripheral hematologic indices
were a 11 s i mi 1ar in the exposed and sham-exposed
animals. Additionally, a behavioral task which
provided the monkeys with water was not affected
Pathologic examinations did not
by exposure.
rev ea 1 any abnormal it i es which could be assigned
to the E- and B-field exposure. Cerebrospinal
fluid (CSF) was withdrawn from each animal at
the end of each 21 day period, 5 hr after iv
CSF
administration of 100 mg/kg probenecid.
concentrations of both homovanillic acid (HVA)
and 5-hydroxyindoleacetic acid (5-HIAA) declined
significantly by the end of the exposure per iods. Analysis of CSF during the post-exposure
period revealed that HVA returned to pre-exposure levels and the 5-HIAA levels stayed
depressed for up to 21 days following exposure.
The authors conclude that the changes in these
estimates of dopaminergic and serotoninergic
central neuron activity indicate the E- and Bfield exposure can significantly affect nervous

THE EFFECTS OF LOW-LEVEL ELECTROMAG3638
NETIC FIELDS ON CLONING OF TWO HUMAN CANCER CELL
LINES ( COLO 205 AND COLO 320). (Eng.) Cohen,
M. M. [Div. of Human Genetics, Univ. of Maryland Sch. of Medicine, 655 West Baltimore St.,
Baltimore, MD 21201] New York State Power Lines
Project, Wadsworth Center for Laboratories and
(0
Research, Albany, NY 12201; 69 pp.; 1987
Refs).
The effects of electromagnetic fields (EMF) on
the cloning ability of transformed human cancer
cells lines in soft agar was investigated with
the objective of replicating the exposure
regimes used in previously reported work.
Culture dishes were placed in an EMF exposure
apparatus within orthogonal Helmholtz coil pairs
(radii 16.5 and 19.0 cm), phase-offset by 90
degrees, thus exposing the cells to a circularly
polarized magnetic field (B) in the plane of
The phase between the B and the
the ce 11 s.
electric (E) fields was selected to maximize the
Actual current
Lorentz forces on the ce 11 s.
densities of the electric fields were equivalent
to 30 and 300 uA/cm2 and the magnetic fields
were of 1 and 2 G. The exposure conditions were
confirmed by National Bureau of Standards
personnel at the conclusion of the research. E
and B fields were studied alone and in combination for a total of 8 exposure regimes, all of
which were for a duration of 24 hr each, and
were replicated either two or three times,
yielding 16 or 24 data points for each exposure
A time course
of control and treated cells.
study was also conducted using the Colo 320DM
ce 11 line in which the cultures were exposed to
30 uA/cm2 and 1 G for 6, 24, and 30 hr and were
subsequently analyzed for c-myc express ion, gene
rearrangements and gene copy number. In four of
the experiments, the exposed Colo 320DM ce 11 s
demonstrated higher, but statistically insignificant, cloning efficiencies than the conFour of the experiments with the Colo
trols.
205 eel ls demonstrated significantly increased
numbers of colonies, while in 8 experiments
These results
increases were insignificant.
with reversals of greater clonogenicity between
control and treated cells occurring within the
same exposure regimen on successive replications
of the experiment, reflect known variability
inherent in the clonogenicity assay. Replica-

•
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using
impedance
signal analyzer.

tions of individual experiments did not support
the significant differences observed in the Colo
In the time course study, no
205 line cells.
significant differences were observed between
exposed and control cells for any exposure
The DNA analyses did not provide
period.
evidence of altered c-myc gene expression, gene
copy number, or gene structure in the exposed
The author
ce 11 s relative to the controls.
states that, although a few of the differences
in cloning efficiency for individual experiments
were considerable, the findings were not consisThe
tent for a given exposure or treatment.
author cone l udes that the lack of reproduc ibil ity of the observed differences, in both the
present study and in previously reported work,
indicates that the EMF exposure regimens have no
obvious effects on the colony forming ability of
the cells in the soft agar cultures.

a

microcomputer-controlled

MICROWAVEOF
MECHANISMS
AFFERENT
3640
(Eng.) Lai, H.;
INDUCED BIOLOGICAL EFFECTS.
Horita, A.; Chou, C. K.; Guy, A. W. [Bioelectromagnetics Research Lab., Univ. of Washington
Sch. of Medicine, Seattle, WA 98195] Office of
Naval Research, Final Report, 12 August 1987,
Grant number N 00014-80-C-0354; 1987 ( 18 Refs).
The authors provide an overview of 7 yr of
experiments on the effects of low- level microwave irradiation on neurological functions in
the rat. Details of the experimental work have
been given in the 12 papers listed in this final
Results are summarized by three major
report.
conclusions: (1) acute exposure affects the
response of the animal to psychoactive drugs and
changes cholinergic activity in the brain; (2)
effects of microwaves are classically conditionable to environmental cues, and animals can
develop tolerance after repeated exposure; and
(3) endogenous opioids play a mediating role in
certain neurological effects of microwaves. The
authors believe that these results further an
understanding of the neurological effects of
microwave exposure and may have important
implications for certain occupational situations
in which repeated exposure to low-level microwaves is unavoidable.

. INVESTIGATION OF RESONANT AC-DC MAG3639
Durney, C. H.;
(Eng.)
NETIC FIELD EFFECTS.
Janata, J.; Peterson, A. A.; Anderson, A. A.;
[Univ. of Utah, Salt Lake
Rushforth, C. K.
Office of Naval Research,
City, UT 84112]
Annual Report, 31 July 1987, Grant number N
00014-86-K-0230; 1987 (21 Refs).
A combination of a weak DC magnetic field and an
extra-low-frequency AC magnetic field has been
reported to produce biological effects in a
number of systems, apparently in some kind of
The authors initiated an
resonance reaction.
investigation of the resonant magnetic field
effect with two objectives: (1) to identify the
basic physical mechanism underlying the resonance, and (2) to measure more specifically how
biological systems respond to the resonance
The authors have used a simple
condition.
theoretical model consisting of a single charged
particle in a viscous medium. Its response to
an external field is calculated from the Lorentz
force equation, and trajectories of the particle
calculated using standard numerical techniques.
Conditions for instabilities calculated from
eigenvalues of the system of equations predict
certain combinations of frequency and magnetic
field strength (resonant conditions) that
Calculated results
produce instabil.ities.
illustrate both the frequency window and the
amplitude window that have been observed exExperimental work has also been
perimentally.
initiated using a simple planar phospholipid
membrane formed in a 1-mm di ameter hole in a
sheet of plastic separating two compartments of
aqueous solution. Conductance of ions K+, Na+,
and Ca++ across the bi layer, and changes in Ca++
binding to the phospho lipid headgroups can be
With the incorporation of valinomonitored.
mycin, a protein that shuttles K+ across the
membrane, and protein ion channels into the
bilayer, the effect of external fields can be
measured. The authors discuss the i nstrumentat ion they are developing to regulate field
conditions, and record and analyze membrane

SCALING OF THREE MICROWAVE EXPOSURE
3641
SYSTEMS ON THE BASIS OF AVERAGED WHOLE-BODY
SPECIFIC ABSORPTION RATE. (Eng.) O'Conner, M.
E. [Psychology Dept., The Univ. of Tulsa, 600
South College Ave., Tulsa, OK 74104] Office of
Naval Research, Final Report, 6 February, 1987,
Grant number N 00014-83-K-0431; 1987 (10 Refs).
In order to determine the validity and reliability of measurements of whole-body-averaged
SAR, a comparison was made of values obtained in
three small-animal exposure systems: a plane
wave propagated in an anechoic chamber, a
circularly polarized waveguide, and a multimode
cavity. Preliminary measurements were made to
determine SAR settings using plastic bags
containing different masses of mammalian Ringer's solution, and the whole-body SAR of rat
carcasses determined in a twin-well calorimeter.
Biological endpoints were then evaluated in the
three systems using a constant who le-body
average SAR. The biological endpoints used were
temperature increments in different locations in
rat carcasses, and latency to seizure in young
mouse pups. Field uniformity was measured with
a Narda 8601 radiation monitor and an 8621
omnidirectional probe. Following an extensive
calibration phase, an average whole-body SAR of
10 W/kg was obtained in each of the three expo-
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sure systems. The effect on brain and colonic
temperature in rat carcasses was determined in
the three systems with exposure to 10 W/kg for
15 min.
Exposure in the anechoic chamber
produced the highest norma 1i zed brain and
colonic temperatures, exposure in the circularly
polarized waveguide resulted in significantly
lower temperatures at both sites, and the
multimode cavity produced temperatures not
significantly different from either.
When
young mouse pups were exposed to 90 W/kg,
seizures produced by the p 1ane wave exposure
required nearly twice the amount of time as
those in the waveguide or multimode cavity. The
authors conclude that whole-body SAR may not be
reliable as a baseline for comparison of data
obtained in different exposure systems.

under the conditions used in these experiments,
con A receptors did not show the AC fieldinduced movement predicted by the charge displacement hypothesis, and the sma 11 degree of
anisotropic receptor distribution that was
observed in AC fields may be a statistical
artifact.

3642
TESTS OF A MODEL FOR MACROMOLECULAR
MIGRATION ON MYOBLAST CELL SURFACES EXPOSED TO
ALTERNATING ELECTRIC FIELDS.
(Eng.) Lin-Liu,
S.; Sheppard, A. R.
[Dept. of Anatomy, Loma
Linda Univ., Loma Linda, CA 92354 (S.L-L.);
Dept. of Physiology, Loma Linda Univ., Loma
Linda, CA 92354 (A.R.S.)]
Office of Naval
Research, Final Report, 22 January, 1987, Grant
Number N00014-84-K-0707; 1987 (23 Refs).

In an effort to make pediatric emergency physicians more aware of potential danger to infants
and children associated with microwave oven use,
the authors report a case history involving a
deep, partial-thickness burn to the palate of a
3-mo-o ld infant who was fed with a bott 1e of
formula warmed in a microwave oven. Because of
the widespread use of microwave ovens in homes,
and the attractiveness of the controls for
toddlers and preschool children, the authors
feel there is considerable potential for pediatric injury associated with microwave oven use.
They fee 1 the most common and under-reported
type of microwave-related injury in the home is
a consequence of different i a 1 heating of various
foods and their containers, :resu 1ting in a hot
interior while the surface is sti 11 relatively
cool. The authors review several cases of burn
injury reported in the literature, along with
other cases attributed to leakage of microwave
radiation from open or leaking microwave oven
doors, and suggest precautions to avoid· possible
exposure to excessive microwave energy and
injury from hot foods.

3643
HAZARDS OF MICROWAVE OVENS.
(Eng.)
[Dept. of Paediatrics,
Siu, V.; Kissoon, N.
Div. of Emergency Medicine, Univ. of Western
Ontario, London, Ontario, Canada; Children's
Hosp. of Western Ontario, P.0. Box 5375, 800
Commissioners Rd. East, London, Ontario N6A 4G5,
Canada (RR/N.K.)] Pediatr Emerg Care 3(2):99103; 1987 (24 Refs).

In order to test the hypothesis that 1ow-frequency AC fields cause net displacement of
charged ce 11 surface· mo 1ecu 1es, spherica 1 single
cell cultures of myoblasts from Xenopus laevis
embryos were placed in an AC field and movement
of concanavalin A (con A) receptor molecules was
observed by fluorescence microscopy. Electric
current was applied at room temperature to cells
in g 1ass e 1ectrophores is chambers through agar
bridges. Single cells were exposed for 30 min
to DC fields of 2.5-9.5 V/cm or to 10 or 60 Hz
sinusoidal symmetric AC fields for 60-75 min at
a field intensity of 18-34 v/cm, peak to peak.
DC field electrophoresis provided a positive
control, and results indicated a diffusion
coefficient of 5 x 10(-9) cm2/sec for con A
receptors.
In contrast, AC field exposure
produced no obvious effect on receptor distribution, although statistical analysis indicated a
small anisotropy for exposures to 10 and 60 Hz
fields at 60 min.
The mean response had a
slightly greater magnitude and standard deviation in calcium-magnesium-free medium, which
could be attributed to a subpopulation of cells
for which the anisotropy was greater than under
other conditions.
Preincubation of cells with
neuraminidase slightly decreased the mean
asymmetry of con A receptors in a DC field, and
reversed the concentration point of receptors in
13% of the neuraminidase-treated eel ls from a
cathode-facing accumulation to an anode-facing
accumu 1at ion.
Neurami n i dase had no effect on
receptor distribution of eel ls in AC fields.
Total membrane charge per unit surface area,
assessed by binding of cationized ferritin, was
similar in myoblasts and the rat synaptosomes
studied previously. The authors conclude that,

3644
THE EFFECT OF 2450 MHZ MICROWAVE
RADIATION ON THE ULTRASTRUCTURE OF SNAIL NEURONS.
(Eng.) Arber, S. L.;
Neilly, J. P.;
Lin, J. C.; Kri ho, V. [Dept. of Bioengineering,
M/C 063, Univ. of Illinois, Chicago, IL 606804348 (RR/J.C.L., S.L.A.); Dept. of Anatomy,
Univ. of Illinois, Chicago, IL 60680 (J.P.N.,
V.K.); 4863 W. Crain, Skokie, IL 60077 (S.L.A.)]
Physiol Chem Phys Med NMR 18(4):243-249; 1987
(19 Refs).
In order to provide comparative information on
morphological changes to neural tissue which
might accompany electrophysiological responses
to microwave irradiation, subesophageal ganglia
from He 1ix aspersa sna i 1s were exposed to 2450
MHz radiation at an SAR of 12.9 mW/g for 60 min,
then immediately fixed for electron microscopy.
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ELECTROMAGNETIC
EFFICIENT
ENERGY
3646
STIMULATOR. (Eng.) Guzelsu, N.: Salk ind, A.
[Univ. of
J.; Berg, R.; Thaler, S: Shen, X.
Medicine and Dentistry of New Jersey and Rutgers
Univ., Piscataway, NJ 08854-5635 (N.G., A.J.S.,
R.B., X.S.): Geomed Inc., Middlesex, NJ 08846
Proceedings of the Thirteenth Annual
( S. T.)]
Northeast Bi oengi neer i ng Conf ere nee, March 1213, 1987, Philadelphia, PA, K. R. Foster, ed.,
1:70-73; 1987 (4 Refs).

Twelve ganglion preparations were exposed in a
waveguide exposure chamber perfused with Ringer' s solution for snails at a controlled
temperature of 21 C, and a second series was
irradiated under the same conditions at a
With exposure at 21 C,
temperature of 8 C.
neurons exhibited several mi nor but consistent
morphological changes in comparison to unexposed
control tissue: a broadening (dilation and
clearing) of one or two of the marginal cisternae of the Golgi complexes, and slight swelling
In ganglia
of the endoplasmic reticulum.
exposed to microwaves at 8 C, there was a slight
swelling of the endoplasmic reticulum and a
decrease in cytoplasmic ribosomal content. The
pigmented granules, the subject of a separate
study, showed no change in ultrastructure and
The authors conclude that
calcium content.
these changes are consistent with the hypothesis
that microwave effects are initiated by a
release of bound calcium from intracellular
stores located in the endoplasmic reticulum.

The authors developed a small, high-efficiency,
battery-powered pulsed electromagnetic field
(PEMF) stimulator for promoting fracture healing
in order to facilitate early mobility of the
patient under treatment, considered by most
physicians to be important for natural stimulation of the tissues. The Bidirectional Electromagnetic Stimulator Technology (BEST) design
utilizes a logic circuit to modify output of an
electro-core magnetic stimulator to produce a
bidirectional magnetic pulse signal with about
half the energy consumption of a monophasic
magnetic pulse. The stimulatory effect of the
PEMF signal was evaluated in primary cultures of
17-day chicken embryo toe tendon fibroblasts
cultured for up to 5 days under PEMF-exposed or
sham-exposed incubation conditions. Ce 11 s were
plated at a density of 5 x 10(5) cells/cm2, and
evaluated during the culture period for cell
number as determined by total DNA content,
eye l i c AMP production, labeled pro line i ncorporat ion into total protein, and hydroxyproline
Initial results
incorporation into collagen.
indicated increased cell numbers with bidirectional stimulation, but the result was not seen
consistently. In preconf l uent cul tu res, protein
synthesis was not affected by either magnetic
field, but confluent cultures responded to
either PEMF with increased praline and hydroxyThe pattern of the
praline incorporation.
response was consistent with observations
reported previously in the literature, but the
magnitude of the response was smaller.

SURVIVABILITY AND LONG-TERM STRESS
3645
REACTIVITY LEVELS FOLLOWING REPEATED EXPOSURE TO
NUCLEAR MAGNETIC RESONANCE IMAGING PROCEDURES IN
·RATS. (Eng.) Teskey, G. C.: Ossenkopp, K-P.:
Prato, F. S.; Sestini, E. [Dept. of Psychology,
Univ. of Western Ontario, London, Ontario, N6A
4V2, Canada (G.C.T., K-P.O.); The Res. Inst.,
St. Joseph's Hosp., Univ. of Western Ontario,
London, Ontario, N6A 4V2, Canada (F.S.P., E.S.);
Dept. of Psychology, Univ. of Western Ontario,
London, Ontario, N6A 5C2, Canada (RR/G.C.T.)]
Physiol Chem Phys Med NMR 19(1):43-49; 1987 (40
Refs).
Male Long-Evans rats were exposed to repeated
nuclear nagnetic resonance imaging (MRI) procedures in order to assess possible effects of
long-term exposure on survival and stress
reactivity levels. Two exposure conditions were
chosen to represent average clinical exposure
times: exposure to the 0.15-T operating field of
a Technicare resistive magnet (repetition time
of 1030 msec and echo time of 30 msec) for (1)
22.5 min for 5 successive days or (2) 23.3 min
for 21 successive days. Animals were followed
for 13-22 mo after NMR exposure, then blood
samples were analyzed for red and white ce 11
count, hemoglobin content, adrenocorticotropi c
hormone, and corticosterone levels. Whole body,
spleen, heart, thymus, and adrenal weights were
Parameters in MRI-exposed
also determined.
groups were compared to two groups of controls:
sham-exposed rats which were held in the MRI
machine and exposed to a tape recording of the
sound from the MRI unit, and unexposed controls.
There were no significant differences in survivability, body weights, organ weight normalized for body weight, blood parameters, or
hormone levels. The authors cone l uded that the
results of this study did not demonstrate any
risk associated with diagnostic use of MRI.

THE DESICKLING OF SICKLED ERYTHROCYTES
3647
BY MEANS OF LOW INTENSITY, LOW FREQUENCY A. C.
FIELDS: A FINITE ELEMENT ANALYSIS. I. SURFACE
FORCE DENSITY CALCULATION. (Eng.) Ashe, J. W.;
Takashima, S.; Bogen, D.: Asakura, T. [Dept. of
Bioengineering, Univ. of PA, Philadelphia, PA
19104 (J.W.A., S.T., D.B.): Div. of Hematology,
The Children's Hosp., Phila, PA 19104 (T.A.)]
Proceedings of the Thirteenth Annual Northeast
Bioengineering Conference, March 12-13, 1987,
Philadelphia, PA, K. R. Foster, ed., 1:322-325;
1987 (4 Refs).
Both pulsed and continuous low frequency AC
fields at strengths of 3-4 kV/cm can change the
shape of erythrocytes from patients with sickle
cell disease from sickled to discoid, and fields
of 2-3 kV/cm can produce rounding of normal
These changes have been attr ierythrocytes.
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buted to altered water and ion flux across the
plasma membrane due to the formation of small
pores by the external field, however measurement
of ion f 1ux made by the authors using the patchc 1amp technique failed to demonstrate formation
of discrete ionic channels (pores) after exposure to an AC fie 1d.
The authors support
their observat i ans with theoret i ca 1 ca 1cul at ions
to demonstrate that the pore theory does not
hold for low frequency AC field effects.
Induced potential calculated for a ellipsoid
cell model in an 100 V/cm external field is 60
mV, a value too sma 11 to induce membrane perforat i ans. Resultant surf ace force density for
six different geometric models were calculated
for an externally applied AC field of 140 V/cm,
1 k Hz, and it was found that forces up to 750
dynes/cm2 would be produced at some regions.
Calculations show the tangential component is
not negligible, and would contribute to the
observed rounding of sickled erythrocytes in an
AC field, while the radial component alone would
tend to produce a more elongated ce 11.
The
authors conclude that the deformation process is
initiated by a membrane effect other than the
formation of pores.

MEASUREMENTS. (Eng.) Jones, K. M.; Ryan, T.
P.; Strohbehn, J. W. [Thayer Sch. of Engineering, Dartmouth Coll., Hanover, NH 03755]
Proceedings of the Thirteenth Annual Northeast
Bioengineering Conference, March 12-13, 1987,
Philadelphia, PA, K. R. Foster, ed., 2:386-389;
1987 (2 Refs).
During heating with a 1.0-mm od interstitial
antenna, measurements of the temperature distribution in a tissue-equivalent phantom materia 1 were made using f i beropt i c thermometry probes
within a 2.2-mm od antenna catheter, in catheters perpendicular to the antenna, or directly
in the phantom materia 1 in various locations
relative to the antenna.
Relative SARs were
calculated from temperature measurements recorded at 5-sec intervals during six heating and
cooling cycles. A second series of measurements
was made using a 10-cm square horn applicator to
deliver a uniform field strength over the
geometry of concern. Based on resu 1ts of these
measurements, the authors des er i be sever a 1
sources of temperature measurement error of
potential relevance to experimental and clinical
determi nat i ans of SAR.
The probe catheters,
which had a 0.1-mm wall thickness, had only
minor effects on measured SAR values when
compared to temperature probes in bare phantom.
When temperature probes were inserted in the
catheter used for the interstitial antenna -- as
is a common practice in clinical hyperthermia-the resulting asymmetry of the antenna, lying
off the centra 1 catheter axis, produced loca 1
hot spots in sensors closest to the antenna. A
second error was related to conduct ion effects
when phantom temperature was not allowed to
reach complete equilibrium at the start of each
cycle. A third potential error was related to
the use of one-point or two-point internal
temperature calibration techniques rather than
more
time-consuming
external
calibration.
Internal calibrations were found not to be very
accurate over a wide range of temperatures,
specifically in the range where phantom tests
are performed. Since formulas to calculate SAR
use the initial slope of the temperature versus
time curve, measured during a step input of
power to the phantom, such errors in temperature
measurement may produce significant errors in
the SAR values.

3648
CHANGES IN THE INTERACTION BETWEEN
BIOMEMBRANE MOLECULES DUE TO THE EXTERNALLY
APPLIED ELECTROMAGNETIC FIELD. (Eng.) Bond, J.
D.; Wyeth, N. C. [The Bond Group, Middleburg,
VA 22117 (J.D.B.); Science Applications International Corp., Mclean, VA 22102 (N.C.W.)] Proceedings of the Thirteenth Annual Northeast
Bioengineering Conference, March 12-13, 1987,
Philadelphia, PA, K. R. Foster, ed., 1:326-327;
1987 (6 Refs).
The authors offer a theoretical explanation for
coupling of low intensity external electromagnetic fields to biological membranes.
They
assume that the membrane exists in a state close
to a thermodynamic critical point that corresponds, in experimental observations, to a
er it i ca 1 membrane phase transition temperature
(Tc).
Experimental observations are discussed
showing enhanced field effects in red blood cell
membranes around the Tc.
Coupling of biomembranes to external fields can occur at this
temperature because van der Waals forces are the
dominant interaction between hydrocarbon chains
in the lipid membrane.
The Tc is equal to
0.6068(qW)/8k, where W is a measure of the
interaction potential energy between nearest
neighbors.
Since W can be made to vary by an
external field, the critical temperature can be
shifted.
The observed anomalous sodium ion
permeab i l i ty of red b 1ood ce 11 membranes exposed
to microwaves can be explained on this basis.

3650
SAR EVALUATION OF INTERSTITIAL CLINICAL HEATING FOR BILIARY OBSTRUCTION DUE TO
CANCER. (Eng.) Ryan, T. P.; ,Coughlin, C. T.;
Strohbehn, J. W. [Thayer Sch. of Engineering,
Dartmouth Coll., Hanover, NH 03755 (T.P.R.,
J.W.S.); Dartmouth-Hitchcock Medical Center,
Hanover, NH (C.T.C.)]
Proceedings of the
Thirteenth
Annual
Northeast
Bioengineering
Conference, March 12-13, 1987, Philadelphia, PA,
K. R. Foster, ed., 2:390-393; 1987 (4 Refs).

3649
AN INVESTIGATION OF THREE POTENTIAL
ERRORS THAT CAN OCCUR IN COMMON EXPERIMENTAL SAR
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CHANGES IN THE DIELECTRIC RELAXATION
3652
OF CHONDROITIN SULFATE C INDUCED BY BACTERIAL
ENDOTOXIN. (Eng.) Vulimiri, S. R.: Beard, R.
[Biomedical Engineering and Science Inst.,
B.
Drexel Univ., Philadelphia, PA (R.B.B.); E. M.
Diagnostic Systems, Gibbstown, NJ (S.R.V.)]
Proceedings of the Thirteenth Annual Northeast
Bioengineering Conference, March 12-13, 1987,
Philadelphia, PA, K. R. Foster, ed., 2:407-409;
1987 (9 Refs).

Patients with obstruction of the bi le duct due
to cancer are normally treated with a catheter
introduced through the skin to allow biliary
The authors are developing some new
drainage.
insulated miniature microwave antenna designs
that will allow clinicians to utilize the
catheter as an access route for application of
localized ionizing radiotherapy and microwave
hyperthermia at the tumor site. SAR distribution from miniature (0.9 mm od) microwave antennas operating at 915 MHz was evaluated in
Two apmuscle-equivalent phantom material.
proaches to i nsu lat ion were employed: several
thin coats of acrylic spray on the antenna outer
sheath or a thin (0.25-mm nominal wall thickness) heat-shrink plastic tubing. SAR contours
were illustrated for antennas in an air-filled
catheter, in a saline-filled catheter, in bile,
Power deposition was usually
and in saline.
concentrated at the antenna junction, which can
be positioned at the tumor's center using fluoroscopy. Bi le fluid flows up the catheter during
hyperthermia treatment, and in the bile environment, without sufficient insulation, antenna
The heatperformance decreased dramatically.
shr ink insulated antenna performed more reliably
inside a catheter filled with conductive medium.
The authors cone l ude that temperatures can be
raised to therapeutic levels throughout the
tumor volume using this approach.

Dielectric measurements were made of the mucopolysaccharide chondroitin sulfate C in the
presence of endotoxin and zinc to see how
molecular interactions would alter the dispersion pattern. Measurements were taken over the
frequency range of 1 kHz to 100 MHz using an
Hewlett Packard impedance analyzer interfaced to
a persona 1 computer, and resu 1ts analyzed using
Cole-Cole plots. Chondroitin sulfate Chad two
dispersions centered around 4.5 MHz and 100 kHz.
The high frequency dispersion appeared to be a
Maxwell-Wagner type, while the low frequency
dispersion followed the theory of Mandel for
In the
aqueous polyelectrolyte solutions.
presence of zinc, the high frequency dispersion
of chondroitin sulfate C is relatively unchanged
while the low frequency dispersion is greatly
Endotoxin appeared to remove the
enhanced.
influence of zinc on chondroitin sulfate C.

AN AMPUTATED HUMAN LEG AS A REALISTIC
3651
(Eng.) Charny, C.
PHANTOM FOR HYPERTHERMIA.
K.; Guerquin-Kern, J-L.; Coldefy, H.; Levin, R.
L. [Biomedical Engineering and Instrumentation
Branch, Div. of Res. Services, N1H, Bethesda,
Proceedings of the Thirteenth Annual
MD]
Northeast Bioengineering Conference, March 1213, 1987, Philadelphia, PA, K. R. Foster, ed.,
2:399-402; 1987 (O Refs).

LOW LEVEL MICROWAVES AFFECT GENE
3653
EXPRESSION. (Eng.) Saffer, J. D. [The Jackson
Laboratory, Bar Harbor, ME 04609] Proceedings
of the Thirteenth Annual Northeast Bioengineering Conference, March 12-13, 1987, Philadelphia,
(15
PA, K. R. Foster, ed., 2:414-417; 1987
Refs).
The author has deve 1oped a mode 1 system in which
to assess the genetic effects of low level
microwave radiation using the E. coli plasmid
pUC8 DNA as a target for microwave frequencies
known to be absorbed by that length of DNA.
Nonthermal effects of microwaves have been
documented by following expression of a plasmid
The plasmid pUC8 is a 2716 base pair
gene.
molecule which includes a portion of the lac z
gene encoding beta-ga 1actos i dase. The enzyme is
induced by isopropylthio-beta-galactos ide, and
there is no enzyme activity in the absence of
Cultures
gene expression from the plasmid.
grown while irradiated at 2.55 GHz, 0.2 mW/g,
showed an increase in beta-galactosidase activity of over 15% when compared to sham-exposed
controls with no significant change in cell
Enzyme activity returned to contro 1
numbers.
levels 1-2 hr after removal from the irradiation
system. The same irradiation conditions had no
effect on purified beta-ga 1actos idase, suggesting that the microwave effect operates by
increasing the amount rather than the activity
of enzyme. The microwave energy levels employed
are below the amount needed to break covalent

Energy deposition patterns measured with a miniannular phased array (MAPA) applicator, were
determined and compared for homogeneous salinefilled cylindrical or leg-shaped phantoms and
ethane 1-f i xed or unfixed amputated human legs.
Energy deposition patterns were measured in
phantoms using an isotropic E-field probe
(Holaday Industries) and in legs with nonperturbing Bowman temperature probes, and compared
with theoretical model calculations produced on
Axial deposition pata VAX-11/750 computer.
The authors cone 1ude
terns are i 11 us tra ted.
that (1) magnitude and shape of the axial variation in energy deposition patterns of the MAPA
depend on location of the MAPA and the shape of
the phantom; (2) the deposition pattern of the
MAPA can be predicted based on the simple
theoret i ca 1 mode 1 which incorporates ax i a 1
variation in the cross sectiona 1 area of bone,
muscle, fat, and skin layers of the limb: and
(3) regions of maximum and minimum energy
deposition can be shifted by altering phase and
(electrical
amplitude of the MAPA dipoles
steering).
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bonds, and the author suggests a possible
mechanism to explain the effect based on increased molecular vibration, causing altered
molecular interaction between DNA and a regulatory or structural protein.

gineering, Univ. of Pennsylvania, Philadelphia,
PA 19104 (permanent address)]
Proceedings of
the Thirteenth Annual Northeast Bi oeng i neer i ng
Conference, March 12-13, 1987, Philadelphia, PA,
K. R. Foster, ed., 2:511-513; 1987 (9 Refs).
The author reviews the effects of alternating
electrical fields on particles such as cells,
especially pearl chain formation, the dielectric
force, and electrorotation. Theoretical analysis of the forces acting on cells in a field
indicate that dielectric force, threshold field
strength, and torque all have different frequency dependencies. Typically, significant movement and observable rotation requires field
strength values above 10 V/cm.
The author
summarizes available techniques to study the
dielectric properties of cells and presents
relevant equations for analysis of cell parameters and rotational behavior.
In comparing
the merits of electrorotation and dielectric
spectroscopy, the author notes that the rotation
technique requires field strength values of more
than 10 V/cm, potentially causing undesirable
effects such as heating and membrane distortion.

3654
LOCAL AND WHOLE BODY THERMAL EFFECTS
OF REGIONAL HYPERTHERMIA AS PREDICTED BY A WHOLE
BODY THERMAL MODEL OF MAN. (Eng.) Charny, C.
K.;
Levin, R. L.
[BME, Johns Hopkins Univ.
Sch. of Medicine, Baltimore, MD (C.K.C.,
R.L.L.); Biomedical Engineering and Instrumentation Branch, Div. of Res.
Services, NIH,
Bethesda, MD (C.K.C., R.L.L.)] Proceedings of
the Thirteenth Annual Northeast Bioeng i neeri ng
Conference, March 12-13, 1987, Philadelphia, PA,
K. R. Foster, ed., 2:494-498; 1987 (4 Refs).

A whole-body, thermal compartment model of man
was developed to evaluate the effect of local
thermoregulatory mechanisms during local hyperthermia to the lower leg using a mini annular
phased array (MAPA) applicator, and to the
abdomen using an annular phased array (APA).
The model subdivides the body into 16 segments
each consisting of four tissue layers plus
arterial and venous compartments.
The model
computes the temperature in each segment, the
rate of evaporation by sweating from each
segment, and the cardiac output under a set of
heating conditions:
Several modes of cooling
were modeled including application of sprayed
water to increase evaporative cooling, water
bolus circulation around the treated areas, and
variations in air temperature and velocity.
Applications of 50-1000 W for 1 hr to the lower
leg, and 1000 W for 1 hr to the abdomen were
modeled. The paper presents a series of thermal
dose profiles and time course data for physiological parameters like tissue temperature,
cardiac output, and blood flow for a number of
mode 1i ng conditions, compared in some cases with
experimental data from the literature.
The
cooling method which most effectively reduced
systemic heating was high velocity ambient air.
Results with leg heating models led to the
conclusions that no significant systemic heating
occurs at 50-300 W, local and central thermoregu latory control modify the temperature and
thermal dose profile within the treated area,
and bone temperatures may be quite high in the
treated area.
Results with abdomen heating
models indicated significant systemic heating at
higher power output which may be reduced with
proper surface cooling, and possible aberrant
energy deposition in the upper arm, neck, and
thigh regions.

3656
ELECTRO-ROTATION: EXPERIMENTAL METHODS
AND RESULTS.
(Eng.) Arnold, W. M.; Zimmermann, U. [Institut fuer Biotechnologie, Universitat Wuerzburg, F.R.G.]
Proceedings of the
Thirteenth Annua 1 Northeast Bi oeng i neeri ng Conference, March 12-13, 1987, Philadelphia, PA,
K. R. Foster, ed., 2:514-517; 1987 {13 Refs).

The authors describe a convenient and rapid
technique for the measurement of the dielectric
properties of eel ls and synthetic particles by
electric-field-induced single particle rotation.
Particles are held in suspension at the interface of two solutions of different density in a
chamber with four electrodes which are fed with
alternating or pulsed voltages with phases 90
degrees apart. Particles are observed using a
microscope with a long-working-distance objective lens, and measurement of rotation speed
determined by counting revolutions or examining
single frames of a video recording. Because it
is difficult to derive accurate values for the
induced dipole due to uncertainties in the
effective hydrodynamic resistance and in the
field strength, measurement of the frequency of
maximum rotation is more useful in determining
dielectric properties of particles. The authors
describe the use of contra-rotating fields and
phase-shifted electrodes which enable measurement of rotation peaks with a typical reproducibility of 2%.
The authors anticipate that
measurement of membrane surface properties
following pH shifts or the addition of mobile
ions will prove to be an important application
of electrorotation.

3655
ELECTRO-ROTATION: THE CONTEXT WITH
RESPECT TO OTHER PONDEROMOTIVE EFFECTS. (Eng.)
Schwan, H. P.
[Institut fuer Biotechnologie,
Universitat Wuerzburg, F.R.G.; Dept. of Bioen-
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information about the dielectric parameters can
also be obtained indirectly by monitoring the
local temperature increase produced by pulsed
microwave modulation in a controlled geometry.
If biological samples do not conform to the
geometry of waveguide chambers, or can only be
obtained in small amounts; the open probe
The open probe
technique may be preferred.
technique was used to make extensive measurements over the frequency range of 1-12 GHz using
standard dielectric fluids, different probe
geometries, and different sample volumes in
order to test the absolute accuracy in measuring
a standard liquid after calibration with a
different or the same standard liquid, measure
repeatabili ty in the same sample, and determine
Absolute accuracy was
sample volume effects.
found to be greatest when the probe was cal i brated with a liquid close in dielectric properties, both real and imaginary, to the sample
liquid. Accuracy was greater in the low microwave range, and was found to deteriorate as the
frequency increased. The open probe technique
did not introduce structural artifacts into the
measurements even when the samp 1e volume was
reduced to 60 ul. Sample measurement curves as
a function of frequency are illustrated , and
compare calibrated measurements to the theoretical predictions from the Debye equation. The
authors cone l ude that the open-probe technique
provides acceptable accuracy even to 12 GHz.

REAL TIME IMPEDANCE MEASUREMENTS OF
3657
LIVING CELLS. (Eng.) Schmukler, R.; Kaufman,
J. J.; Pilla, A. A. [Bioelectro chemistry Lab.,
Dept. of Orthopaedic s, Mount Sinai Sch. of
Medicine, New York, NY 10029] Proceedings of
the Thirteenth Annual Northeast Bioeng i neer i ng
Conference, March 12-13, 1987, Philadelphia , PA,
K. R. Foster, ed., 2:518-521; 1987 (15 Refs).
The authors developed a new method designed to
improve the low sensitivity of electrical
impedance measurements of living cells in
Cells are forced gently into the
suspension.
cylindrical pores of a thin insulating film to
produce a "pseudo-epi thelium" with properties
reflecting the eel lular membrane impedance
values. An aliquot of washed human erythrocytes
was layered on a polycarbona te film membrane
( Nuc l epore, Inc.), usually with 1. 85 um pores
and a pore density of 4.22 x 10(5) pores/cm2,
held across the center of a measuring chamber
Teflon.
and
polycarbona te
of
constructed
Hydrostatic pressure was applied from below, and
the cells moved by convection and sedimentatio n
to fill the pores with cells. Because all pores
are independent and should eventually fill with
ce 11 s, the path for current flux across the
electrolyte -filled pores becomes flux through
Additional
the cells only at equilibrium .
e 1ectrodes on either side of the membrane were
used to measure and compensate for changes in
conductivit y due to changes in temperature ,
ionic composition , and concentratio n of the
Measurements were made, over a
electrolyte .
frequency range of 100 Hz to 8 MHz, of normal
erythrocyte s and erythrocyte s in which surface
properties were altered by removing sialic acid
residues with neuraminidase or by removing
There was no
surf ace protein with trypsin.
significant difference in measured impedance
between control and proteolytic- enzyme-tre ated
erythrocyte s, supporting the hypothesis that
high frequency capacitance is overwhelmingly
related to the membrane bilayer structure.

MIGRATION OF PMN'S UNDER A MAGNETIC
3659
FIELD USING FILTER AND AGAROSE METHODS. (Eng.)
Beard, R. B.; Gould, M. R.
Margulies, N.;
[Biomedical Engineering and Science Inst.,
Drexel Univ., Philadelphi a, PA] Proceedings of
the Thirteenth Annual Northeast Bi oeng i neer i ng
Conference, March 12-13, 1987, Philadelphia , PA,
K. R. Foster, ed., 2:596-598; 1987 (8 Refs).
The influence of a uniform magnetic field on the
random migration of human polymorphonuclear
1eukocytes ( PMNs) was studied using two independent methods: a modified filter assay, in which
cells migrate toward a chemoattrac tant, formylL-methiony l-L-lenayl-L -phenylalan ine (FMLP), on
the opposite side of a micropore membrane; and
the agarose method, in which FMLP is placed in a
well in agarose, and cells move from a central
we 11 under the aga rose layer in response to a
concentratio n gradient of chemoattrac tant. The
DC magnetic field was produced by using a pair
of water-coo led Helmholtz coils on either side
of the culture chamber, set up to produce a
uniform magnetic field of 13 G. A chemotactic
index, expressed as the distance migrated by the
PMNs toward the FMLP divided by the dis ta nee
migrated by the PMNs toward a control solution
(random migration), was calculated tor cells
exposed or sham-exposed for 5 or 8 hr. Results
indicated no significant difference in the
chemotactic index in either assay with exposure
to the magnetic field. Significant differences
with both horizontal and vertical orientation of

METHODS FOR STUDYING THE MICROWAVE
3658
ABSORPTION CHARACTERISTICS OF BIOLOGICAL MATERIAL. (Eng.) Davis, C. C.; Lee, C-S. [Electrical Engineering Dept., Univ. of Maryland,
Proceedings of the
College Park, MD 20742]
Bioengineer ing
Northeast
Annual
Thirteenth
Conference, March 12-13, 1987, Philadelphia , PA,
K. R. Foster, ed., 2:522-525; 1987 (11 Refs).
The authors discuss the use of open coax ia 1
probes for measurements of dielectric properties
of biological fluids by computer-co ntrolled
The most accurate
· network analyzer methods.
measurements of dielectric properties are made
by placing a sample in a transmissio n line of
known simple geometry, and measuring the incident, reflected, and transmitted waves. Because
biological materials have a high water content
and are therefore intrinsical ly very lossy,
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the magnetic field across the culture chamber
did occur in the rate of migration, so that the
random migration and directed migration were
increased proportionally by the same magnitude.
The authors propose the hypothesis that ferromagnetic molecules in the PMN membrane may act
as magnetic dipoles, and the interaction with
the magnetic field may enhance metabolic activity of these cells.

exogenous magnetic stimuli could initiate a
variety of subtle biological effects through the
endogenous opioid systems.

3661
COMPARISON OF METHODS USED FOR MEASURING THE ELECTROSTATIC FIELD OF VIDEO DISPLAY
TERMINALS. (Eng.) Konttinen, S.; Juutilainen,
J.; Raunemaa, T.
[Dept. of Environmental
Hygiene, Univ. of Kuopio, P.O. Box 6, SF-70211
Kuopio, Finland (RR/J.J.)] Scand J Work Environ
Health 13(3):255-257; 1987 {15 Refs).

3660
MAGNETIC FIELDS AND STRESS: DAY-NIGHT
DIFFERENCES. (Eng.) Kavaliers, M.; Ossenkopp,
K-P.
[Div. of Oral Biology, Faculty of Dentistry, Univ. of Western Ontario, London,
Ontario N6A 5Cl, Canada (RR/M.K.; K-P.O.): Dept.
of Psychology, Univ. of Western Ontario, London,
Ontario, Canada (K-P .0.)] Prog Neuropsychopharmacol Biol Psychiatry 11(2/3): 279-286; 1987
(34 Refs).

Since electric field strength is perturbed by
the presence in the field of conducting objects,
the authors have evaluated techniques for
measuring electrostatic fields in front of video
display terminals (VDTs) with the objective of
obtaining a more realistic measure of operator
exposure.
Measurements of electrostatic field
strength made on the skin of VDT operators
using the Wilson plate method were compared with
measurements made using an Eltex Q 475/C field
mill alone, with the field mill sensor inserted
in the center of a 0.25 x 0.25 m flat aluminum
plate, and with the sensor at the center of a
conducting hemisphere as a :model of the human
head. Calibration of the field mill was checked
in a homogeneous electric field formed between
two 0.25 x 0.25 m metal p,lates.
The 0,,2-m
diameter hemisphere was made of steel grid, and
both the hemisphere and field mill were grounded
during measurements. The Wilson plate consists
of an insulated metal plate connected to an
electrometer which is screened by a grounded
plate. When the screen is removed, the reading
of the e 1ectrometer is proport i ona 1 to field
intensity.
Measurements were made of several
VDT models in a normal office environment where
ambient temperature varied from 10-22 C, and
relative humidity from 10-22%.
The measured
electrostatic field proved to be highly dependent on the method of measurement. At a O. 3 m
or more from the screen, the Eltex field mill
gave values of twice those of the field mill in
combination with the flat metal plate, while the
values obtained with the hemisphere were intermediate.
The relative difference between the
methods of measurement increased with increasing
distance from the screen. The Wilson plate gave
average va 1ues that were c 1osest to the fie 1d
mi 11 measurements in combination with the
hemisphere, a 1though the stronger fields were
measured at protruding facial features such as
the chin. The electrostatic field measured with
the hemisphere at 0.3 m from 10 different VDTs
(representing 8 different models from 6 different manufacturers) averaged 18.4 kV/m with a
range of 0-40 kV/m. Similar measurements at the
surface of a flat plate ranged from 0-30 kV/m.
The authors conclude that these results demonstrate the importance of considering geometry in
estimating the electrostatic field exposure of
VDT operators. While the Wilson plate is most
exact, it is sensitive to disturbances due to
imperfect operator grounding, and must be very

Activity of the endogenous opiod system is
increased following exposure to physically and
psychologically stressful
situations.
To
investigate the possible interaction between
environmental magnetic fields and the day-night
rhythm of stress-induced analgesia, CF-1 mice
were subjected to forced warm water swimming
with or without the presence of a rotating
magnetic field, then tested for stress-induced
analgesia as a function of time of day. Groups
of 5 mice were placed in polyethylene cages in
35 C water at a depth of 18 cm, and forced to
swim for a 30 min period. Cages were positioned
between the magnets of a O. 5 Hz rotating magnetic field apparatus so that mice were exposed
to field intensities ranging from 1.5 to 90 G.
In sham exposure, mice were subjected to the
noise and vibration of the motors with the
magnets replaced by lead weights of equivalent
mass.
Additional control groups of mice received no swim stress, or were dunked briefly in
water. All determinations were conducted at the
mid-light and mid-dark period.
Analgesia was
eva 1uated by the therma 1 response latency: the
time for a foot-1 ifting response to a 50 C hot
plate.
Data was evaluated by analysis of
variance. Nonstressed mice showed significantly
greater thermal response latencies at night than
during the day, but at the same time of day
there were no significant differences between
the response latencies of dry and control,
dunked mice. The therma 1 response of stressed
mice displayed significant analgesia, with
latencies that were significantly longer at
night than during the day. Both day and nighttime stress-induced analgesia could be blocked
by pretreatment with naloxone, indicating a
endogenous opioid-mediated mechanism. Exposure
to the rotating magnetic field significantly
reduced stress-induced analgesia, to a significantly greater extent at night than during
the day. The authors discuss the involvement of
the pineal gland in nocturnal opiate-induced
ana 1ges i a, and suggest that the interact ion of
natura 1 variations in the geomagnetic field with
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The probability of
at the same peak value.
thermal effects was judged to be low because of
poor coup 1i ng of the body with low frequency
Standing near the base insulator is
fields.
extremely dangerous because of the possibility
of lethal shock from contact with the tower.
Exposures at OMEGA stations were estimated to
Exposure to
reach 200 kV/m at these points.
these intense feed point fie 1ds can occur when
climbers are mounting the tower, but once inside
the tower, exposures are substantially reduced.
Magnetic field strength exceeded the maximum
capability of the instruments at a number of
locations, and were estimated to reach 800 A/m
in some localized areas very near the coils.
Magnetic field strengths exceeded EPA limits
inside the towers and around all LORAN-C feedpoints. Study recommendations suggest minimizing exposure of personnel by identifying and
restricting
areas,
high-exposure
isolating
exposure of personne 1 in those areas to the
minimum time consistent with station operation,
reducing on-tower exposure by restricting climbs
to the de-energized condition whenever possible,
and attenuating magnetic fields near the tuning
coils with steel plates rather than using
For similar reasons,
Plexiglas shielding.
exposure of the families of personnel living in
housing provided near these sites and the
general public should be minimized, and specific
recommendations are made regarding siting of
parking lots and houses, installation of fencing, and 1imiting public access to the sites. A
number of recommendations deal with minimizing
the risk of shocks from induced currents by
alerting personnel to shock hazards posed by
ungrounded guy wires and large vehicles or other
ungrounded conductors positioned near feedpoints
and towers, and maintaining periodic inspection
of ground straps on support towers. More longterm hea 1th effects are harder to assess, and
the study recommends improvements in the health
monitoring program, and continued health effect
studies since "there is currently little assurance that · exposures to the electromagneti c
fields around these stations are without consequence."

carefully operated to get reproducible results.
The authors therefore recommend the field mi 11
with the hemisphere as the most practical method
for measuring average field exposure of VDT
operators.

;,.

MODELING AND MEASUREMENT OF ELECTRO~
3662
MAGNETIC FIELDS NEAR LORAN-C AND OMEGA STATIONS.
Gailey, P. C. [The EC Corp., 575 Oak
(Eng.)
United
Ridge Turnpike, Oak Ridge, TN 37380]
States Coast Guard, Final Report, July 15, 1987,
181 pp., Contract No. DTCG-23-85-20073; 1987
(57 Refs).
This report deta i 1s survey results for 9 LORAN-C
and 2 OMEGA stations, operated by the U.S. Coast
Guard to provide radionavigatio nal signals to
The facilities
marine vessels and aircraft.
surveyed were representative of the range of
unique antenna configurations used in the U.S.,
so that field distribution could be extrapolated
to other stations based on configuration and
power output. These facilities emit relatively
intense levels of pulse modulated low-frequency
signals; the LORAN-C at 100 kHz, and the OMEGA
Low carrier frequencies
at 10.2-13.6 kHz.
require relatively long. antennas to radiate
Antenna designs commonly
energy efficiently.
consist of a 625- to 1350-foot long monopole
antenna with top radials 600-2400 feet long, and
a ground radial system of 120-180 buried elements spaced 2-3 degrees apart. Some stations
utilize extended antennas such as cables suspended over a natural valley formation. Drive
voltages are high to compensate for these
approximately
antennas;
electrically short
250,000 V for OMEGA and 25,000 V for LORAN-C
Power output ranges from 10 to 1600
systems.
kW. Electric field strength and magnetic field
strength meters suitable for these frequencies
were constructed by the Johns Hopkins University
Applied Physics Laboratory, and calibrated at
the U.S. EPA Non-ionizing Radiation Laboratory
in Las Vagus, NV. Field strength predicted by
a mathematical model was compared to measured
values. Magnetic field strength patterns showed
better agreement between measured and predicted
values than electric field strength patterns.
Local magnetic field concentrations appeared
near ground radials and any extended conductors
Local
which might carry induced currents.
electric field concentrations appeared above
ground rad ia 1 anchors and other grounded conductors. Intensity of the near field was directly
related to excitation voltage and current rather
From a safety standpoint,
than power output.
magnetic fields are the limiting factor around
LORAN-C antennas, while electric fields predominate near OMEGA antennas. Coast Guard personnel
are exposed to the highest field strengths in
two locations: near the tower base or feed point
At LORAN stations,
and near the tuning coi 1.
rms values are far below peak field strengths,
while dual-rated stations produce twice as many
pulses and therefore higher rms field strengths

DISEASES OF THE PROSTATE TREATED BY
3663
Ser(Eng.)
LOCAL MICROWAVE ~YPERTHERMIA.
vadio, C.; Leib, Z.; Lev, A. [Dept. of Urology, Beilinson Medical Center, Petah Tiqva
Israel (RR/C.S.); Sack ler Sch. of
49100,
Medicine, Tel Aviv Univ. and Dept. of Electronics, Weizmann Inst. of Science, Rehovot,
Israel] Urology 30(2):97-b9; 1987 (16 Refs).
Clinical results are reported for 14 controls
and 74 patients .treated with local microwave
hyperthermia for cancer of the prostate, benign
prostatic hyperplasia, and chronic abacterial
The equipment, developed in
pros tat it is.
cooperation with Biodan Medical Systems Ltd.,
Rehovot, Israel, consisted of a 915-MHz 100-W
generator, a rectal applicator, a cooling device
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for the rectal wa 11, several special temperature
monitors for the rectal wall and prostatic
urethra, and a computerized system for accurate
control of heating and collection of data.
Each treatment lasted 60 min, and was repeated
twice a week for 3-5 weeks. Total follow-up for
up to 24 mo monitored objective criteria (maximum prostatic cross-sectional area, urine flow,
and need for indwelling catheter) and subjective
criteria (full bladder sensation, urgency,
frequency, nocturia, local pains).
Only two
cases of complication were observed with early
treatments.
Significant improvement was noted
in all three prostate conditions. The indwelling catheter could be removed in 15/23 (65%) of
the treated cancer and benign pros tat i c hyperplasia patients with catheters, but none (0/4)
of the contra ls.
The authors cone lude that
microwave
hyperthermia
produced
"definite
objective sustained relief" of obstructive
prostatic symptoms in the majority of patients
treated.

authors report on a new
approach combining
micro-wave prostate coagulation with transurethral resection (TUR), and compare the clinical
result of treating 16 patients with the combined
approach to treatment of 19 patients by TUR
alone. The instrument employed was a Microtase
HS-15M (Ni hon Koden Co., Ltd) tissue coagulation
device operating at 2450 MHz, with a bipolar
electrode probe. The probe was positioned with
the aid of a percutaneous trocar cytoscope
placed into the bladder under epidural anesthesia in most patients (14/16), and an output
of 100 W was delivered for 30 sec. When the
estimated prostatic weight exceeded 30 g,
microwave treatment was repeated two or three
times as the probe was withdrawn. TUR was then
performed in the usual manner. The comparison
group of 19 patients was treated by conventional
TUR.
The combination procedure was performed
without difficulty and with no significant
difference between groups in serum sodium
levels, indwelling urethral catheter time,
medical or surgical complications.
The mean
resection time was significantly less with the
combined treatment as a result of improved
visibility during TUR.
Elimination of hemorrhage by microwave coagulation resulted in less
blood loss and hemoglobin change in the group
treated with the combination procedure.
Four
patients in the conventional TUR group required
transfusion, and 2 patients showed clot retention, while no transfusions were needed and no
clot retention was observed in the patients
receiving combined treatment. The authors feel
that the combination procedure should minimize
the risk of complications and postoperative
bleeding associated with conventional TUR, and
also avoid readmission for urinary problems such
as retention and obstruction caused by the
slough resulting from microwave coagulation or
cryoprostatectomy alone.

3664
MICROWAVE SURGICAL TREATMENT OF THE
PROSTATE: CLINICAL APPLICATION OF MICROWAVE
SURGERY AS A TOOL FOR IMPROVED PROSTATIC ELECTRORESECTION.
(Eng.)
Harada, T.; Tsuchida,
S.: Nishizawa, 0.; Kigure, T.; Noto, H.; Etori,
K.; Kumazaki, T.; Koh, D.; Shimada, J. [Dept.
of Urology, Akita Univ. Sch. of Medicine, 1-1-1,
Hondo, Akita 010, Japan (RR/T.H.)]
Ural Int
42(2):127-131; 1987 (6.Refs).
Treatment of bladder neck obstruction by microwave coagulation or cryoprostatectomy frequently
requires
prolonged catheterization because
nee rot i c tissue takes time to fa 11 off. The
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the joint cavity, cartilage, muscle and skin
The only significant change in
respectivel y.
the temperature was noted in the heated joint
Indeed, as the physical
cavity (p < 0.01).
mechanism of heating is based on the energy
absorption of water, bones and cartilage will be
kept cool while muscle and aljke will be heated
to a lower degree than the synovial fluid. This
new microwave device may be considered as a
therapeutic tool for joint diseases because of
its advantage of heating the target organ, eg,
synovium, while sparing the adjacent tissues.

CELL MEMBRANES, ELECTROMAGNETIC FIELDS
3665
AND CANCER PROMOTION (MEETING ABSTRACT). (Eng.)
[Research Service, VA Medical
Adey, W. R.
Center, Loma Linda, CA 92357] American Chemical
Society Meeting, April 5-10, 1987, Denver, CO.
Abs tracts of Papers of the Am Chem Soc
193(April): 153; 1987 (O Refs).
New concepts have emerged from studies of the
sequence and energetics of events that couple
humoral stimuli from surface receptors to the
Cell membranes are a primary
eel l interior.
site of interaction with low frequency electromagnetic (EM) fields and with radiofrequen cy
fields amplitude-m odulated at extremely low
These field interact ions at
frequencies .
membrane surfaces show major amplificatio n of
initial weak triggers in binding of hormones,
antibodies and neurotransm itters at their
specific receptor sites. This amplificatio n is
consistent with highly cooperative alterations
in Ca+2 binding to cell surface glycoprotei ns.
There is strong evidence for nonlinear, nonequi1ibrium processes at critical steps in transmembrane signal coupling. We hypothesize that
cancer promotion may arise in events at cell
membranes spatially and temporally separated
from initiating events that damage nuclear DNA.
Strong synerg i c interaction s at ce 11 membranes
between EM fields and powerful cancer-prom oting
substances (phorbol esters) enhance activity of
ornithine decarboxyla se, an intracellula r enzyme
essential for growth and polyamine synthesis in
normal and cancer cells. We hypothesize that
cancer promotion may involve a distorted inward
signal stream from cell membranes to the nucleus
and other organelles.

UNTITLED (CONTRACTORS REVIEW INTRODUC3667
(Eng.) Anonymous. Biological Effects
TION).
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
1-4
Contractors Review.
Transmission Lines:
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Hea 1th Studies Program, Pa lo
Alto, CA 94303; 1987 (0 Refs).
In 1979 the Dept. of Energy began an annual
review of research funded to investigate potential impacts on human hea 1th and safety from
exposure to overhead e 1ectri c transmissio n
lines. In recent years the review has included
investigato rs from the Dept. of Energy, Electric
Power Res. Inst. and the New York State Power
Lines Project. The 1987 review includes investigators not only from the United States but
also from Japan, Italy, Sweden, the United
Kingdom, Canada, France, and Taiwan. The following abstracts (BENER abstracts 3668-3738)
were provided by the investigato rs participating
in this review and present a brief description
Investigaof research during the past year.
tions generally have been summarized with
objectives and accomplishments of the past year,
as well as some indication of projected studies.
Abstracts are arranged according to major
This arrangement is for conprogram areas.
venience and recognizes that overlaps and some
"force fitting" exist. The organizers apologize
for any problems this may cause.

THE EFFECT OF HYPERTHERMIA ON NORMAL
3666
(Eng.)
RABBIT JOINTS (MEETING ABSTRACT).
Fadilah, R.; Lev, A.; Giler, S.; Pinkhas, J.;
[Beilinson Medical Center, Tel
Weinberger, A.
Aviv Univ. Medical Sch., Tel Aviv, Israel]
Arthritis Health Professions Association , 22nd
Annual Meeting, 9-13 June 1987, Washington, DC.
Arthritis Rheum 30(4 Suppl):S46; 1987 (0 Refs).
Heating the joint to high temperature level may
inhibit metabolic activity of the synovial
tissue and enable higher penetration of anti inflammatory drug into the joint cavity. In
order to achieve maximum therapeutic response it
is desirable to heat selectively the joint
structures such as capsular tissue and synovium.
This can be reached by using local hyperthermia-:
To measure the temperature distribution of local
thermo-ther apy, the hind joints of eight rabbits
were heated by a 915 MHz microwave power source,
using a special applicator with an outside
cooling system. Temperature recordings from the
heated joint of 44.0 +/- 2.8 C, 36.1 +/- 3.8 C,
39.6 +/- 2.3 C, 35.2 +/- 1.5 C were measured in

THE NBS ELECTRIC FIELDS PROJECT: 1987
3668
Misakian,
(Eng.)
UPDATE (MEETING ABSTRACT).
M.; Anderson, W. [Natl. Bureau of Standards,
Gaithersbur g, MD 20899] Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distributio n,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (O Refs).
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The objectives of the NBS Electric Fields
Project include the evaluation of ins trumentat ion and measurement techniques which are used
to characterize the el ectr i cal parameters in the
vicinity of high voltage transmission lines and
in laboratory apparatus designed to simulate the
transmission line environment. During the past
year, work has continued on developing instrumentation for measuring the mobility distribution of atmospheric ions produced by corona in
air.
The mobility K of an ion as it moves
through a gas under the influence of a weak
electric field is defined as the average ion
drift velocity divided by the elettric field
strength.
Measurement of this ion parameter
provides useful information regarding ionmolecule reactions in such areas as gaseous
electronics and plasma chromatography.
Know1edge of the ion mobility, in· the high voltage
DC
transmission line context, permits an
experimental determination of charge density,
rho, using the relation J = rho KE, where J and
E are measured values of the ion current density
and electric field strength respectively.
In
addition, an estimate of the ion mass may be
possible under certain conditions. The latter
application would be useful for characterizing
exposure conditions during bioeffects studies
with DC
electric fields and ions.
While a
complete characterization of the electrical
environment in an exposure system would include
identification of the ions, existing measurement
systems require considerable expertise and are
not normally available for routine use.
The
simpler mobility measurement, while not as
informative, could indicate changes in ion
composition. At last year's review, preliminary
measurements of ion mobilities made using AC
time of flight techniques and a prototype
parallel plate drift tube were described. Since
then two cylindrical drift tubes employing guard
rings have been fabricated and are being tested:
one drift tube functions as an AC time of flight
device and the other as a pulsed time of flight
device.
A description of the instrumentation
and examples of time of flight spectra for ions
produced by corona in air will be presented.
The mobility spectra obtained in untreated room
air show considerable structure and week to week
variation which suggests the need for some
control of air composition in exposure systems
during biological investigations. Data has also
been obtained which shows that
double-mesh
electrical shutters can act as mobility filters
and thus affect the relative numbers of ions of
different mobility observed in a time of flight
spectrum.
Other sources of measurement error
using . the two measurement approaches wi 11 be
described.
The drift tubes differ in design
from those normally employing guard rings.
Instead of generating a nearly uniform drift
electric field region with metal guard rings
stacked in a vertical configuration with insulating spacers, the guard rings consist of
coated conductive rings on the inside wall of a
cylindrical insulating tube. Efforts to fabricate a drift tube with a uniform resistive
coating on the inside wall of a cylindrical tube
have been, to date, unsuccessful.

3669
CHARACTERIZATION OF THE ELECTRICAL
ENVIRONMENT BEYOND THE CORRIDOR OF AN HVDC
TRANSMISSION LINE (MEETING ABSTRACT).
(Eng.)
Johnson, G. B.
[General Electric Co., EPRI
High Voltage Transmission Res. Center, Lenox,
MA 01240] Biological Effects From Electric and
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
Contractors Review.
1-4 November 1987, Kansas
City, MO.
U. S. Dept. of Energy, Office of
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303:
1987 (O Refs).
Research in this program is directed toward
characterizing and predicting the electrical
environment beyond the HVDC transmission corridor.
Objectives of the research are the
following:
characterize aerosols by their
charge and size, measure the vertical and
lateral profiles of the charge density downwind
of HVDC lines, and deve 1op a predictive method
to calculate the electric field and charge
density downwind of HVDC lines. An instrumentation system capable of measuring the charge and
size of an aerosol has been developed.
It
consists of a differential mobility analyzer,
optical active scattering aerosol sizer, and
microcomputer controller. This system has been
used to measure the charge and size distributions of charged aerosols in a variety of
settings.
Measurements have been made upwind
and downwind of an operating HVDC 1ine and of
HVDC test 1ines at HVTRC.
Measurements have
also been made in ambient conditions at locations in rural Western Massachusetts: Cape Cod:
the California Pacific Coast: Lo5 Angeles,
California: and Newark, New Jersey.
Measurements in all of these locations indicated that
the predominant charge state of the charged
aerosols was a single charge. Measurements in a
closed room with an ion source indicated that
the predominant charge state of the charged
aero so 1s was > 1 (six charges was the predominant charge state for the particular test setup). A workshop on charged aerosols was held in
Apri 1 1987, in Washington, DC , to discuss the
results of the charged aerosol measurements.
Experts in atmospheric physics, aerosol physics,
and aerosol respiratory physiology were present.
The general conclusion after review of the data
was that the aerosol charge levels produced by
the HVDC 1ines that were measured would not have
a significant effect on the movement, interaction, or deposition of the charged aerosols.
Measurements of the lat era 1 and vert i ca 1 profiles of the charge carried by small air ions
and charged aerosols have been made downwind of
an operating HVDC line and the test lines at
HVTRC.
As expected the charge densities drop
off quickly with distance downwind of the HVDC
lines. A mathematical model is being developed
to predict the level of electric fields, small
air ions, and charged aerosols downwind of HVDC
lines.
Equations describing the mechanisms
affecting the downwind electric field and charge
levels such as charge recombination, turbulent
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ported at the last DOE/EPRI Review, the data
collected in 1985 showed the DC fields and air
ions on the negative side of the line were, on
the average, 2-3 times higher than on the
This unbalanced
positive side of the line.
electrical environment has not been seen on
test 1ines such as the ones at The Dalles, HVTRC
or IREQ. The explanation for this unbalance on
operating 1ines as compared to test 1ines has
not found as yet. The only difference between
test lines and operating lines, besides their
lengths, is operating lines have load current
Load current prowhereas test 1i nes do not.
It also keeps the
duces a. magnetic field.
conductor warm through I2R losses which discourages the format ion of dew and frost and
dries the conductors much quicker after rain and
snow. However, the unbalanced condition occurs
in both wet and dry weather with some severe
unbalanced conditions occurring in certain foul
The
weather cond it i ans such as freezing fog.
testing was terminated on September 15, 1987.
The data will be analyzed in great detail in FY
It will be used along with the data
1988.
collected with a mobile measurement system to
calculate exposure levels for the cattle in the
agricultural study. Hopefully, the data can be
used to develop better models for predicting the
e 1ectri ca 1 environment of HVDC 1i nes, but the
cause of the unbalanced fields must be first
understood.

dispersion, ion-aerosol attachment, and field
transport to ground have been developed into a
computer program. The levels predicted by the
mathematical model are being compared to the
measured exper imenta 1 data and the results are
being used to refine the computer mode 1. Work
on this project is near completion. Measure.,.
men ts of the charge and size di stri but ions of
aerosols, and the field and charge levels
downwind of HVDC are essentially complete.
Completion of the mathematical model and the
Final Report are expected in early 1988.

.

.

PACIFIC
ENVIRONMENT OF
ELECTRICAL
3670
NW/SW +/- 500 KV INTERTIE (MEETING ABSTRACT).
[Bonneville Power
Chartier, V. L.
(Eng.)
Admin., P.O. Box 491-ER, Vancouver, WA 98666]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).
The objective of this BPA study is to characterize the electrical environment of the +/- 500
kV HVDC Intertie and to support the Joint HVDC
BPA engineers started
Agricultural Study.
building the monitoring system in 1984 and it
No
became operational in December of 1984.
effort was put forth to develop new instrumentation for the measurement of DC fields and ions.
We built on previous efforts by BPA at The
Da 11 es HVDC Test Center and the experience of
Because of
our col leagues at HVTRC and IREQ.
our efforts to build a long-term, unattended
test station, significant improvements were made
For the most
in the measurement techniques.
part we have had great success. After about one
year of experience, we have been ab 1e to keep
the IREQ field mills, HVTRC space charge cages,
DEV ion counters and Wilson plates operating in
We have now
a long-term, unattended mode.
collected about 2-1/2 years worth of data.
During this period, a one minute sampling rate
was used which means over one mi 11 ion records
Such a
per data channe 1 has been co 11 ected.
1arge data base makes it poss i b 1e to conduct
deta i 1ed analysis of the effect of wind on DC
Such
fields, air ions and charged aerosols.
detailed analysis has been conducted on the
1985 and 1986 data bases. As expected very good
correlation could be found between DC fields,
ion density and ion current and wind speed and
direction. A11 of these parameters were found
to increase with perpendicular wind speed;
however, there appears to be no sing 1e perpendicular wind speed at which the levels start to
decrease. At distances of +/- 500 and +/- 1000
ft. from the line space charge and electric
field was found to be still increasing at
As reperpendicular wind speeds > 10 m/sec.

ION IDENTIFICATION NEAR HVDC LINES
3671
Eisele, F. L.
(Eng.)
(MEETING ABSTRACT).
[Georgia Inst. of Technology, Atlanta, GA 30332]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Pa 1o A1to, CA 94303: 1987 ( 0
Refs).
A study was recently conducted to determine the
effect of HVDC transmission 1ines on the near
1ine ion environment and to compare the ions
generated under these 1i nes to those produced in
laboratory studies. A flow opposed drift tube
dual collision chamber tandem mass spectrometer
apparatus was used to identify the ions present
under a HVDC line. The measurements were made
in rea 1 time at the EPRI HVTRF in Lenox, MA with
the line in both the energized and deenergized
state. This study resulted in the mass identification of essentially all ions present at
background 1eve 1s and above. It is also providing the chemical identities of most of the major
ion species observed. These chemical identities
have not yet been confirmed by laboratory
measurements, however, and thus only tentative
The most
identities wi 11 be given presently.
abundant positive core ion typically present
under the operating 1ine was the ammonium ion
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calves were paired and randomly assigned to line
or control groups at the initiation of the
study. They are fed, bred, managed, and handled
identically in all aspects.
Cows and bulls
remain in their respecti.ve locations for the
duration of the 3-year study. The major study
concept ion rate, ca 1vi ng
parameters are:
intervals, weaning weight, and number of calves
weaned. Animal behavior, herd health, and feed
intake, factors that may influence production
and reproduction, are also measured. Four crop
strips 400 ft x 24 ft, two under each span of
the DC line between the cattle pens, and duplicated in the control area, are planted to a 12foot wide strip of alfalfa and a 12-foot wide
strip of winter wheat. This permits distance
from the line, on either the + or - side,
measurements to determine potent i a 1 effects of
the 1i ne on crop product ion. Measurements are
yield of grain and forage, seed quality, and
growth characteristics.
The study will be
completed in October of this year with respect
to agricultural data collection. Therefore, the
timing of this report prec 1udes the f i na 1 data
of this third year. Statistical analysis on all
of the data collected through 1986 indicate no
significant differences between 1ine and control
on any of the animal or crop parameters. Three
years of animal data on all parameters and two
years crop data will be included in the final
report.
The data for calf birth weights,
weaning weights, age at weaning, and conception
are shown [in a table].
Two of the three
alfalfa harvests are completed with the first
cutting yielding 1.83 and 1.92 tons per acre and
the second cutting 1.68 and 1.64 tons per acre,
respectively for line and control plots. Wheat
yields were 65.4 and 63.0 bushels per acre,
respectively, for line and control plots.
Yields of both alfalfa and wheat were lower than
the previous year and is probably due to the
These yields
very hard frost this spring.
correspond to those reported by local conmercial
growers in these two crop years.

with lesser amounts of what are believed to be a
proton plus pyridine, methylpyridine, ethylpyridine, trimethylamine, quinoline and other
compounds presently under study. With the line
deenergized, NH4 is less dominant with pyridine
and its homo l agues typically the most abundant
species. Under the energized negative line N03
and its first nitric acid cluster are nearly
always the most abundant ions present. With the
1ines deenergized, however, the first sulfuric
acid cluster of HS04 typically becomes the most
dominant negative ion during daylight hours.
Measurements were a 1so performed at the New York
Inst. for Basic Res., allowing a comparison
between laboratory and HVDC 1ine ion environThe ions studied at this site were
ments.
sampled from exposure chambers which had previously been used to study the biological effects
of ions and electric fields. The ammonium ion
along with pyridine and its homologues were
observed to be at extremely low concentrations
in the exposure chambers. Instead, the positive
ion spectra was dominated by an ion of mass 118,
which is believed to be C6H16NO+. The negative
spectra was, however, dominated by N03 and its
nitric acid cluster, which is typical of both
natura 1 and HVDC 1i ne environments. The results
of these studies suggest that HVDC transmission
lines do alter the ion species present near
them, but that they do so largely by shortening
the ion's lifetime.
Thus, if the appropriate
ion studies are conducted prior to 1ine construction, the ion species produced by the
introduction of a new HVDC line should be
predictable.

3672
JOINT HVDC AGRICULTURAL STUDY {MEETING
ABSTRACT).
(Eng.)
Raleigh, R. J.
[Eastern
Oregon Agri cu ltura 1 Res. Center, Oregon State
Univ., Corvallis, OR 97331] Biological Effects
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
Contractors Review.
1-4
Transmission Lines:
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric Power
Res. Inst., Health Studies Program, Palo Alto,
CA 94303: 1987 (0 Refs).

3673
EXPOSURE ESTIMATES AND DOSIMETRY FOR
JOINT HVDC AGRICULTURAL STUDY (MEETING ABSTRACT).
(Eng.) Bracken, T. D.; Weigel, R.
J.: Lee, J. M. [T. Dan Bracken, Inc., Portland,
OR 97202 (T .D.B): Battel le Northwest Lab.,
Richland, WA 99352 (R.J.W.): Bonneville Power
Admin., Portland OR 97208 (J.M.L.)] Biological
Effects From Electric and Magnetic Fields, Air
Ions and Ion Currents Associated with High
Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City, MO. U. S. Dept.
of Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Health Studies Program, Palo
Alto, CA 94303; 1987 {O Refs).

The +/- 400 kV DC Pacific Intertie was increased
to +/-500 kV and a capacity of 2,000 megawatts
in early 1985. BPA initiated a study in 1984 to
characterize the e 1ectr ica 1 environment of the
DC line, and a second study in 1985 to determine
the potential effects of this 1i ne on agr i cu 1tura l production.
The agr i cu 1tura 1 study is
conducted by OSU and involves beef cattle,
alfalfa, and wheat production. The study is on
and near the right-of-way of the Ce 1i lo-Sylmar
DC 1ine, 12 miles southeast of Madras, Oregon.
Four pens, about 3.2 acres in size, are located
between two tower spans directly beneath the
line.
Similar control pens are located 1,800
feet west and predominately upwind from the
power line.
Two-hundred head of cows with

The objective of these projects is quantification of the cattle and plant exposures in the
Joint HVDC Agricultural Study being conducted
under the Pacific HVDC Intertie at the Grizzly
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Ion Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 NovemU. S. Dept. of
ber 1987, Kansas City, MO.
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric Power
Res. Inst., Health Studies Program, Palo Alto,
CA 94303; 1987 (0 Refs).

Mountain Test Site in Oregon. Results from four
separate efforts wi 11 be integrated to provide
The Bonneville Power Adexposure estimates.
ministration is providing measurements of
electrical parameters at 10 fixed and one mobile
station. The mobile station has measured electric field, ion current, and space charge
density at 25 locations in the cattle pens and
crop area for 1 to 2-wk periods. The electrical measurements provide the data base for
modeling the electrical environment in the
Monthly average levels of
entire study area.
electric field, ion current density, and ion
density are estimated for locations within the
cattle pens and along the crop plantings.
Estimates of variation for the electrical
parameters are also included in the models being
developed by T. Dan Bracken, Inc. The electric
field values are assumed to follow a log-normal
distribution and the ion-related parameters
appear to be best described by exponential
distributions. Observations of cattle location
are being made by Oregon State Univ. in order to
develop estimates of time spent by the cattle at
various distances from the HVDC line. Location
data for calves has also been collected to
permit estimates of their spatial distribution.
The estimated levels for electrical parameters
are combined with the location data to yield a
monthly time-integrated exposure for the average
cow. In an effort to translate· the electrical
environment measurements to a dose-re 1ated
quantity, ion currents collected by a full-scale
model of a cow were measured in the study area
under the HVDC 1ine. Measurements were made at
several locations and were made in unshielded
and shielded situations. Measurements were also
made of current collected by a simple semisphere
Concurrent one-minute
and a human mannequin.
averages of current density and co 11 ected
current were measured to establish an effective
The
current-collecting area for the models.
effect of wind on current collection by the cow
Measurements at the
model was investigated.
Grizzly site will be related to laboratory
measurements using the simple geometric model.
The exposure mode 1 measurements and dosimetry
analyses are being performed by Battelle Pacific
Northwest Laboratories. Observations under the
HVDC line have failed to detect corona on wheat
and alfalfa plants in fields up to +15 kV/m and
Wheat plants were exposed in a
-23 kV/m.
laboratory exposure system to determine threshold values for corona onset and establish why
corona is apparently absent from p1ants under
the line.

In view of·'the recent interest in possible
biological effects resulting from power-frequency magnetic-field exposure, either alone or in
combination with electric fields, there is a
need to deve 1op equipment that can be used to
generate magnetic fields in existing electricfield exposure systems. One appropriate design,
which minimizes leakage fields, consists of two
horizontally oriented rectangular coils, one
located directly above the other. The electrica 1 currents in these two sets of coils are made
equal and opposite, so that their two fields
tend to cancel at a distance, and allow placement of sham exposure systems in the same room.
Prototype systems were built and tested to
optimize the design. Four pairs of 0.8 m x 2.7
m co i1 s, connected in series, produced a more
A four pair
uniform field than three pairs.
arrangement, with the inner two pairs connected
in parallel to halve the current in them,
provided the most uniform fields, and this
design was selected for construction. Individual coils were made from 1.3 cm x 3.8 cm and
1.3 cm x 7 .6 cm copper bus bar to minimize
thermal effects and coil vibration at high
exposure levels. This arrangement is energized
from the power grid vi a a 25 turn, iron core
transformer. Measurements indicate that a 1,000
A current yields a 1 mT (10 G) horizontal
magnetic field. Exposure fields are uniform to
within about plus or minus 5 percent of the mean
value. Leakage of the fields are minimized to
the extent that sham levels wi 11 be at least
1000 times lower than exposure levels. A 1.0 m
x 2.2 m pair of electrode plates spaced 0.3 m
apart is located horizontally within each set of
coils to provide electric field exposure.
Animal cages with water supplies are provided on
the first and third electrode plates, within the
Using
upper and lower magnetic field coils.
four such systems, four groups of 40 rats each
can be exposed to various combinations of
vertical electric fields up to 120 kV/m and
horizontal magnetic flux densities up to 10 G,
with freely adjustable electrical phase between
the two fields.

AC FIELD EXPOSURE STUDY (MEETING
3675
ABSTRACT). (Eng.) Silva, M. [Enertech, 1010
W. Fremont, Suite E, Sunnyvale, CA 94087]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.

ADDITION OF MAGNETIC-FIELD CAPABILITY
3674
TO EXISTING POWER FREQUENCY ELECTRIC-FIELD
(Eng.)
EXPOSURE SYSTEMS (MEET! NG ABSTRACT).
Miller, D. L.: Kaune, W. T.: Anderson, L. E.
[Pacific Northwest Lab., Richland, WA 99352
(D.L.M., L.E.A.): Natl. Bureau of Standards,
Boulder, CO 80303 (W.T.K.)] Biological Effects
From Electric and Magnetic Fields, Air Ions and
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the electric field exposure method available in
version 1. 1. The package has been expanded to
give the option of creating tabular output of
electri"c and magnetic field profiles, as well as
presenting equ i-f i el d contour maps of magnetic
field. The menuing system has been improved to
give the user greater flexibility in controlling
program operations and includes a special
feature that will allow future "electrical
effects" software to be developed and added to
the package without modification to the existing
software.
( Contact Enertech for the commercialization licensing for non-EPRI members).
[Contractors: Enertech (Silva, Rutter, Hooper,
Hummon): General Electric (Zaffanella, Deno)].

20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).
The AC exposure assessment work has focused on
the following areas: Digital Exposure Meter: A
new EPRI electric and magnetic field digital
exposure system has been developed for powerfrequency exposure assessment. The Electric and
Magnetic field Digital Exposure system (EMDEX)
is a self-contained, portable unit (6"x4"xl")
that weighs about 14 ounces.
The device consists of four sensor coils, a signal processing
board and on-board computer, all powered by a 9V battery. The EMDEX records 0-250 mG magnetic
field readings from three orthogonal sensor
coils (15,000 turns with. ferrite core) and an
external electric field sash. The EMDEX also
has a motion indicator sensor that is based on
movement in the geomagnetic field.
The onboard programmable computer controls device
operation.
This computer has 256 kilobytes of
CMOS memory and exposure data stored in this
memory can easily be downloaded to an IBM-PC for
analysis using the special DATACALC software
It has an
package supplied with the EMDEX.
event marker button that can be pressed to
"time-stamp" key events in the exposure record.
It also has a low battery voltage alarm. The
EMDEX can operate from several hr to several
days, depending on sampling rate, memory and
battery life.
The device is worn in a nylon
belt pouch. A User Manual and Technical Reference Manual are also provided with the EMDEX.
The hardware and software package cost was
estimated to be $2,000-3,000. It was realized
that there is a need for an inexpensive personal
dosimeter that is small, easy to use, and_ based
on a very simple measurement circuit to insure
reliability.
A device of this type would not
replace the EMDEX, but rather, would compliment
it.
Development is underway of a new, very
small single axis wrist-worn exposure device for
magnetic fields. The estimated cost for the new
dosimeter is $75-150. This device is approximately l"x2"x3/8" thick and is designed to be
worn on the wrist (or carried in a pocket). A
special 2,000 turn sensor coil is wound around a
U-shaped meta 11 ic core.
This sensor cot l is
used to drive an amplifier and generate a
current which is rectified and applied across an
electrolytic eel l, which is charged proportionally to the product of the magnetic field
component along the axis of the coil and the
time of exposure. A pair of small watch batteries (1.5-V lithium cells) provides power.
Battery life is estimated to be several wk.
The read-out is in mG-hr and the average magnetic field during the exposure period can also
be determined from length of exposure. Previous
measurements by the research team have indicated
that single axis devices can practically determine significant differences in exposure records.
Version 2. 0 of the exposure assessment
computer program, EXPOCALC, is currently under
development for release in early 1988. This new
release will include the ability to model
magnetic field exposure in a manner similar to

3676
DOMESTIC MAGNETIC FIELDS FROM THE UK
DISTRIBUTION SYSTEM (MEETING ABSTRACT). (Eng.)
Renew, D. C.;
Male, J. C.
[CEGB Central
Electricity Res. Lab., Leather head, Surrey, UK]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Hea 1th
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).
The ubiquitous three-phase 415-V distribution
sys tern is one of the main sources of domestic
power-frequency magnetic fields in the UK. In
urban and other built-up areas, it usually
consists of underground cables beneath the
footpaths on both sides of the street. In rural
areas, separate phase and neutral conductors are
supported on wooden poles.
Each delta/star
transformer which supplies the 415-V system has
its secondary neutral point solidly earthed.
Unlike the phase conductors, the neutral conductors are usually extensively interconnected and
are also multiply earthed, so that multiple
current-return paths to the transformer are
possible. The result is that both underground
cables and overhead lines of the 415-V system
may carry substantial net currents, which
generate relatively long-range magnetic fields
in nearby dwe 11 i ngs. Higher-voltage three-phase
cables (up to 66 kV) have a single earth point
and do not incorporate a neutral conductor and
hence produce negligible magnetic fields. The
strength of domestic background magnetic fields
fluctuates widely from minute to minute and also
shows daily, weekly and seasonal patterns,
reflecting both short-term and long-term load
variations on the system. Simultaneous measurements of field strengths and the amplitude and
phase of net currents in various conductors
under the street ( including water and gas pipes)
have shown that urban domestic background fields
can be calculated in detail from a knowledge of
these currents.
An aerial twin pick-up coil
system has been devised for making a rapid
assessment of the main underground currents so
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resemb 1ed the background group's exposures at
Geometric mean
work (0.08 uT, 0.0018 ppm).
weekly exposures combining work, non-work and
s 1eep periods were higher in the exposed group
over a 11 for a 11 three fie 1ds, but the difference
was more pronounced for HFTE (ratio 45. 8. p <
0.001) and H (ratio 2.9, p < 0.001) than for E
Worker accepfields (ratio 1.52, p = 0.06).
tance of wearing the dosimeter at work was good
(95%) and adequate at· home (63%). Acceptance at
home would be higher if the dosimeter was
slightly smaller and lighter.

that field strengths in nearby houses can be
derived without the need for access.

ASSESSMENT OF OCCUPATIONAL AND RESI3677
DENTIAL EXPOSURES TO 60 HZ ELECTRIC AND MAGNETIC
FIELDS USING A NEW DOSIMETER (MEETING ABSTRACT).
(Eng.) Deadman, J.E.; Camus, M.; Armstrong,
8. G.; Cyr, D.; Theriault, G.; Heroux, P.;
[Sch. of Occupational Health,
Plante, M.
McGill Univ., 1130 Pine Ave. West, Montreal,
QC, Canada H3A 1A3 (J.E.D., M.C., 8.G.A., D.C.,
G. T.); Hydro-Quebec, 75 Blvd. Dorchester West,
H2Z 1A4 Montreal, QC, Canada (P.H., M.P.)]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).

LOW-FREQUENCY ELECTROMAGNETIC FIELDS3678
-DOSIMETRY IN FIELD MEASUREMENTS (MEETING ABSTRACT). (Eng.) Lindh, T.; Andersson, L-I.;
[Natl. Board of Occupational
'Tornqvist, S.
Safety and Health, Stockholm, Sweden] Biological Effects From Electric and Magnetic Fields,
Air Ions and Ion Currents Associated with High
Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City, MO. U. S. Dept.
of Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Health Studies Program, Palo
Alto, CA 94303; 1987 (O Refs).

A new dosimeter was used to assess differences
and variability in occupational and residential
exposures to 60 Hz E, H and HFTE (high-frequency
transient electromagnetic) fields in six utility
occupations (exposed group) and in a group of
The dosimeter
office workers (background).
measured the perturbed E-field, the H-field and
the amount of time per day (expressed in parts
per million) spent in HF electromagnetic fields
(5-20 MHz) above a threshold of 200 V/m.
Participants wore a dosimeter in a shirt-pocket
or on a belt at work and at home and placed it
near their beds at night. Weekly exposures were
calculated from the geometric means of daily
time-weighted averages (TWAs) of the three
fields for work, non-work and sleep periods
separately, and for all three periods combined.
For the three fields, the weekly geometric mean
TWA at work was higher in the exposed group
overa 11 than in the background group by a factor
of about 10 for E and H fields, and by a factor
of about 200 for HFTE fields. Individually, the
six exposed occupations presented mean weekly
perturbed E-field exposures at work as follows:
181. 7 V/m for apparatus electricians; 62.5 V/m
for distribution· linemen; 418.9 V/m for transmission linemen; 6.7 V/m for splicers; 4.65 V/m
for apparatus mechanics, and; 5.02 V/m for the
H and
generating station assistant operator.
HFTE-field exposures at work for the same
1.20 uT, 0.59 uT, 0.89 uT,
occupations were:
1.06 uT. 0.41 uT, and 0.49 uT for H; and 0.862
ppm, 0.286 ppm, 3.041 ppm, 0.039 ppm, 0.044 ppm
for HFTE. Geometric mean weekly work exposures
4.9 V/m for
of the background group were:
perturbed E, 0.08 uT for H, and 0.002 ppm for
HFTE. E, H and HFTE exposures of the background
group appeared the highest during the non-work
period, probably reflecting the use of electrical appliances. Exposures to Hand HFTE fields
during sleep were similar in the background and
exposed group (0.07 uT, 0.0012-0.0018 ppm) and

In order to asses exposure to power-frequency
electric and magnetic fields for people working
with production and distribution of electricity,
a device for on worker sampling has been developed. The instrumentation which is worn on a
harness consists of three pieces, electric and
magnetic field sensors ~nd electronic circuits.
The magnetic field is measured by three 70000
turn pick up coils which are mounted orthogonally in a separate box which is shielded against
the electric field by a layer of conducting
enamel. The electric field is measured as the
current induced in an area of conducting enamel
on top of a hard hat. The transmitter signals
are fed to the logger via a signal processing
card with four separate channels where each
s i gna 1 is bandpass filtered at 50 Hz and converted to a DC- 1eve 1 by a true rms-converter
characteristics.
transfer
logarithmic
with
Every 75 sec the four channel logger store
samples of the field strength. The specifications of the device are as follows: frequency,
50 Hz; magnetic field, x, y, z direction, 0.2200 uT (2 mG-2 G); electric field, 0-30 kV/m
unperturbed field; resolution, a change of 7 LSD
+/- 10% of
linearity,
= 2.8% of reading;
reading; operating time, 8 h with four readings
After a completed measurement,
every/"15 sec.
data a.re transmitted together with background
information to a computer for further analysis.
If necessary, when making measurements away from
the laboratory data are temporarily stored in a
battery driven PC with integrated floppy disk.
The electric field enhancement factor for the
transmitter, when positioned on top of a hard
hat, is typically 8 .15 when standing erect under
a transmission 1ine. Readings of the electric
field at different working situations in a
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are well within the limits of the only standard
for 50 Hz magnetic fields (Soviet).

switchyard shows good agreement with "total body
exposure" measured as the short circuit current
to ground. The difference is typically < 30%.
The magnetic field strength could either be
evaluated in each direction separately, where
the z-axis is parallel to the body axis (vertical when standing erect) or as B = square root
of [X(2)+Y(2)+Z(2)]. [rms values of X, Y, and
Z]. In rotating fields the B measures the total
energy content which is, on average at different
locations in a switchyard or a substation,
approximately some 11% higher than the field
strength along the field ellipse semi major
axis.

THE ROLE OF CALCIUM ON THE EFFECTS OF
3680
PULSED ELECTROMAGNETIC FIELDS ON PARATHYROID
HORMONE-STIMULATED CAMP ACCUMULATION IN PRIMARY
(Eng.) C. D.
BONE CELLS (MEETING ABSTRACT).
Cain; Mai lander, M. C.: Strum, S. R.: Adey, W.
[Loma Linda Univ. and VA Medical Center,
R.
Loma Linda CA 92357] Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (2 Refs).

EXPOSURE TO ELECTROMAGNET! C FIELDS IN
3679
ARC WELDING (MEET! NG ABSTRACT). (Eng.) Stuch[Bur. of Radiation
ly, M.A.; Lecuyer, D. W.
and Medical Devices, Health and Welfare Canada,
Biological Effects
Ottawa, Ontario KlA OL2]
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
1-4
Contractors Review.
Transmission Lines:
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric Power
Res. Inst., Hea 1th Studies Program, Pa lo Alto,
CA 94303; 1987 (O Refs).

Both theory and experiment point to cell membranes as a primary site of act ion of pu l sect
electromagnetic fields (PEMFs) and other extremely low frequency (ELF) fields including
Given the
sinusoidal 60 Hz electric fields.
importance of Ca2+ in signal transduction across
the eel l membrane, it might be expected that
actions of PEMF on 45Ca2+ flux in bone and other
tissues influence a ce 11 's integrated response
We previously demonstrated the into PEMF.
hibitory effects of PEMF on parathyroid hormone
(PTH)-stimulated cAMP accumulation in bone cells
[Cain CD, Adey WR, Luben RA (1987) J Bone and
Mineral Res 2(5):437-441]. The PEMF was generated by a Bio-Osteogen unit (Electro-Biology
Inc.) that produces a pulsed magnetic field with
peak intensity of approximately 8 G and an
associated electric field of 0.6 mV/cm in the
medium. The waveform applied to the coils had a
100 usec positive pulse, fol lowed by a 2 msec
We now
negative pulse, repeating at 15 Hz.
report the role of Ca2+ on the inhibition by
PEMF of PTH-stimulated cAMP accumulation in
primary bone ce 11 s from mouse ca lvaria. Peck et
al. [Peck WA, Kohler G, Barr S (1981) Calcif.
Tissue Int. 33:409-416] reported that the cAMP
response to PTH in bone cells depended on
extracellular Ca2+. We concur with this finding, since in Ca-free medium, a 30 min incubation with the calcium chelator EGTA (ethyleneglycol-tetra-acetic acid) prior to PTM treatment
inhibited the cAMP response. In a test of the
time course of PTH action (0-10 min, 7.3
nmolar), EGTA (3.0 mM) decreased the response to
70-85% of that for cells treated with PTH alone
(ANOVA, p < 0.003). PTH alone increased cAMP
As
levels 500% over unstimulated levels.
previously reported (Cain et al. 1987), after a
30 min exposure to PEMF the cAMP response to PTH
was reduced to 70-80% of the response of unexposed cells (ANOVA, p < 0.023). Interestingly,
the combination of EGTA and PEMF increased the
levels of cAMP upon PTH treatment compared to
EGTA (ANOVA p < 0.023) or PEMF (ANOVA p <
0.003). Stated differently, PEMF had opposite
effects on the cAMP response to PTH depending on

Arc welders are used · in various industries,
machine shops, on the farm and even at home.
The objective of the project was to measure
strengths of the electric and magnetic fields to
which operators of these devices are exposed.
Twenty-one devices were surveyed ranging from
small portable units delivering 15 A, to more
powerful welders having nominal currents of 600
The stray fields for most units were
A.
strongest at 60 Hz and also contained significant energy at the second and third harmonics.
For a few units the strongest fields were at 120
Hz or 180 Hz, and two units produced highly
complex frequency spectra centered around 60 Hz.
In all cases only steady-state fields were
The magnetic fields produced were
measured.
much stronger than the electric fields. This is
not surprising in view of the design and operaThe strength of the
tion of arc welders.
magnetic field was dependent on the current used
to produce the arc. The maximum magnetic field
strength found was 800 A/m (1 mT) close to the
operator's hands and 500 A/m close to the lower
Typical values were about 100-300 A/m
torso.
(125-375 uT). The electric field strength was
for half of the devices it was
much lower:
below 1 V/m, for the remaining it was typically
20-50 V/m, but for one welder there was a
maximum of 300 V/m. The magnetic flux densities
to which users of arc welders are exposed are
relatively high. They are of the same magnitude
as flux densities found very close to some
appliances and also encountered in specialized
occupational environments characterized by high
exposures. On the other hand, these exposures
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molecules up to ca. 1000 Daltons [Fletcher, WH,
Byus CV, and Walsh DA (1987). "Receptor-mediated action without receptor occupancy: A role
for cell-cell communication in ovarian follicles." In: Mahesh VB, et al. (eds), Adv in
Exp Med and Biol, Vol. 215, Plenum Press, New
York, pp. 299-323]. Recently, we observed that
cells which unite by gap junctions are resistant
to the cytolytic action of lymphotoxin (LT) and
tumor necrosis factor (TNF), whereas cells that
lack the ability to communicate via gap junctions are sensitive to the cytokines [Fletcher
WH, Shiu WW, Ishida TA, Haviland DL, and Ware CF
When
Immunology 139:956-962].
J.
(1987)
resistant cells were treated with the tumor
promoter TPA, which eliminates cell-cell communication and gap junctions, they became
sensitive to LT and TNF. Given this background,
it was theorized that a low-level amplitude
microwave field modulated at low frequency might
sufficiently perturb gap junctions to alter the
sensitivity of exposed cells to LT or TNF. To
test this, CHOwt, CL-lD, NRK (normal rat kidney), and LA25-NRK ce 11 s were cultured as
described elsewhere (Fletcher et al 1987). The
LA25-NRK cells are infected with a proviral
insert of a temperature-sensitive mutant of
LA25 Rous sarcoma virus (Prague A strain). At
33 C these ce 11 s express the retrov i ra l pp60vsrc oncogene and lose the ability to conrnunicate
via gap junctions, while at 39 C the viral gene
is suppressed and the ce 11 s are fully cormunicat ion competent like the NRK parental ce 11 line
In:
[Atkinson MM and Sheridan JD (1985).
Bennett MVL and Spray DL (eds), Gap Junct i ans,
Cold Spring Harbor Laboratory, New York, pp.
Cells were cultured as previously
205-213].
described (Fletcher et al 1987). Exposure was
done in a Crawford ce 11 ( 450 MHz s i nuso i da 11 y
modulated at 16 Hz, modulation depth 80%,
incident energy 1-1.5 mW/cm2). After exposure,
LT or TNF (0.1-20 lytic units) was added to all
but control wells and the degree of cytotoxicity
was quantified (Fletcher et al 1987). After 2
hr continuous exposure to the field, neither
CHOwt or CL-lD cells underwent LT- or TNFmediated cytolysis greater than that caused by
If cultures
either cytokine alone (no field).
were co-treated with TPA (100 nM-1.6 uM) and LT,
cytolysis of field-exposed cultures was greater
(25-200%) than that of controls. When three 1hr exposure episodes separated by a 2-hr interval (1-2-1-2-1) were used, LA25-NRK cells
underwent 2-4 fold greater cytolysis at 33 C
then at 39 C, but NRK cells were unaffected by
If however,
LT +/- field using this regimen.
the interval between exposure ep i sades at 33 C
was reduced to 1 hr (1-1-1-1-1), LA25-NRK cells
were unaffected by the field even when exposure
In
was done in the presence of 100 nM TPA.
contrast, this regimen caused a doubling of LTinduced cytolysis of NRK cells when done in the
presence of 100 nM TPA but not in the absence of
tumor promoter. These results indicate that a
low- level microwave field may enhance the action
of TPA upon cell-cell junctions and this leads
to the increased sensitivity to LT or TNF.
However, such results appear to require special
parameters of field exposure and the mechanisms

Without EGTA, PEMF
the presence of EGTA.
inhibited the response: with EGTA, PEMF enhanced
the response. The combination of EGTA and PEMF
al so influenced the cAMP response to PTH comThe
pared to PTH alone (ANOVA p < 0.046).
initial responses (1-5 min) were similar. As is
typical, cAMP levels decreased after 7-10 min of
However the cAMP levels did
PTH stimulation.
not decrease in cells treated with the combinaCobalt ions (1.0 mM),
tion of EGTA and PEMF.
which block Ca2+ movement across the membrane,
In
greatly reduced the cAMP response to PTH.
Ca-free medium, a 30 min incubation with Co2+
inhibited the cAMP response to PTH (1-10 min)
which ranged from 20-60% of the response to PTH
alone (ANOVA, p < 0.001). The combination of
cobalt and PEMF was not different from cobalt
(ANOVA p < 0.514). Jointly, these data support
the hypothesis that PEMFs influence PTH-s t imusignal transduction in bone cells.
1ated
Furthermore, they implicate Ca2+ as a PEMFThe
affected i ntrace l lu l ar second messenger.
kinetics of the cAMP response to PTH suggest
that PEMF influences both adenylate cyclase
phosphodiesterase
and
(synthesis)
activity
activity (degradation) in cAMP metabolism. The
phosphodiesterase activity, which is also Ca2+
dependent, may be inhibited in the presence of
These
extracellular EGTA and PEMF exposure.
data may also link PEMF and other ELF field
studies on 45Ca2+ flux in numerous tissues to
physiological effects of PEMF and other ELF
fields, including sinusoidal 60 Hz electric
fields.

A MODULATED MICROWAVE FIELD AND TUMOR
3681
PROMOTERS MAY INHIBIT CELL-CELL COMMUNICATION
AND CAUSE AN INCREASED SENSITIVITY TO CYTOTOXIC
LYMPHOKINES AND TUMOR NECROSIS FACTOR (MEETING
ABSTRACT). (Eng.) Fletcher, W. H.: Shiu, W.
[Loma Linda
Adey, W. R.
W.: Ishida, T. A.:
Univ. and VA Medical Center, Loma Linda, CA
Biological Effects From Electric and
92357]
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303:
1987 (3 Refs).
Based on results in numerous reports it appears
that weak low frequency electromagnetic fields
can interact with membrane-intercalated structures and thereby induce cellular responses
similar to those caused by hormones or other
Gap
agents occupying ce 11 surface receptors.
junctions are specialized regions of cell membrane composed of a few to thousands of intramembrane proteins (connexons) aggregated
into a polygonal, sometimes hexagonal, lattice.
When in register, connexons of opposed membranes
furnish a pathway that connects adjacent cell
cytoplasms and allows the cell-cell exchange of
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tor component. These findings suggest possible
models for the specificity of electromagnetic
fields on bone tissue.

If the field
involved must be non-trivial.
effect were simply due to perturbation of gap
junctions TPA would seem unnecessary. Likewise,
LA25-NRK ce 11 s should be affected at 39 C as
well as at 33 C. Given that the pp60v-src gene
product is a tyrosine protein kinase and the TPA
is the Ca2+-phospholipid-dependent
receptor
protein kinase C, a role for protein phosphorylation mechanisms in the results obtained seems
To test this we plan to use videolikely.
intensified digital-imaging microscopy (VIDIM)
to assess the effects, if any, of modulated
microwave fields on protein kinases and Ca2+ in
individual viable cells.

THE EFFECTS OF LOW ENERGY 60 HZ EN3683
VIRONMENTAL ELECTROMAGNETIC FIELDS ON THE
GROWTH-RELATED ENZYME ORNITHINE DECARBOXYLASE:
POSSIBLE RELATION TO TUMOR PROMOTION (MEETING
Adey, W. R.
Byus, C.;
(Eng.)
ABSTRACT).
[Div. of Biomedical Sciences, Univ. of California, Riverside, CA 92521 and Jerry L. Pettis
Memorial V.A. Hosp., Loma Linda, CA 92354]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).

EFFECTS OF THERAPEUTIC ELECTROMAGNETIC
3682
FIELDS ON EXPRESSION OF PARATHYROID HORMONE
RECEPTOR-ASSOCIATED ANTIGENS IN CULTURED BONE
CELLS (MEETING ABSTRACT). (Eng.) Luben, R. A.
[Div. of Biomedical Sciences and Dept. of
Biochemistry, Univ. of California, Riverside, CA
Biological Effects From Electric and
92521]
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (0 Refs).

The enzyme ornithine decarboxylase (ODC) is
present in all nucleated cells and is the ratelimiting enzyme for synthesis of polyamines.
In turn, the polyamines are required for synthesis of DNA and for ce 11 growth. We i nvest i gated the ability of both low-energy 60 Hz
electromagnetic (EM) fields and "athermal"
amplitude-modulated microwave fields to alter
the activity of ODC in a series of cultured cell
lines. A 1-hr exposure to a 60-Hz EM field of
10 mV/cm produced a 2-5 fold increase in ODC
activity, depending upon the eel l types, which
Fields with an inpersisted for several hr.
tensity of as low as O.1 mV / cm produced a 30%
increase in the activity of ODC. In Reuber H35
hepatoma cells, we show that ODC activity is
increased by about 50% during exposure to a 1 hr
"athermal" (< 0.1 C temperature rise) (450 MHz,
1.0 mW/cm2 peak-envelope-power) microwave field
sinusoidally amplitude-modulated at 16 Hz. The
increased activity of ODC persisted for several
hr following the 1 hr exposure to the field. A
similar field amplitude-modulated at 60 and 100
Hz did not alter the hepatoma cell ODC activity.
The stimulated ODC activity in the cultured
eel ls that fol lowed treatment with a phorbol
ester tumor promoter (TPA) was further potentiated by prior exposure to the same low energy
EM field. This field did not alter either basal
In other
or TPA-stimulated DNA synthesis.
studies, we have shown that cell membranes are
the site of trans duct i ve coupling of low frequency EM fields and of rad iofrequency/microwave
Altered
fields modulated at low frequencies.
ODC activity may serve as a sensitive and
specific molecular marker of the transductive
coupling of weak pericellular EM fields to
biological systems. The data will be discussed
in relation to possible molecular mechanisms of
importance of the
interaction,
field-cell
exposure intervals altering cellular ODC activity and the potential ability of fields to
serve as a tumor promoting stimulus.

Pulsed or static electromagnetic fields which
generate currents of approximately 1 mA/cm2 in
bone tissue have been shown to promote formation
of bone and to accelerate healing of fractures
in vivo. Previous studies from this laboratory
have shown that these fields interfere with
suppression by the osteolytic hormone, parathyroid hormone (PTH), of the activities of osThe mechanism of this
teoblasts in vitro.
effect involves as yet unknown changes in the
membrane of osteoblasts, such that PTH continues
to be bound to its plasma membrane receptor but
the hormonal signal fails to be transduced to
the intracellular environment by activation of
We have produced a
membrane adenyl cyclase.
panel of monoclonal antibodies recognizing the
PTH receptor system of bone cell membranes, and
have isolated recombinant DNA clones which
express sequences coding for the putative
In the present
components of the receptor.
studies we measured the expression of individual
receptor-related determinants of bone ce 11
membranes using these monoclonal antibodies and
cDNA probes. The results indicate that treatment of bone cells with pulsing electromagnetic
fields in vitro caused no decrease in expression
of a high-affinity PTH-binding component of the
receptor (which is shared among several target
tissues for PTH); but significant decreases were
found in expression of another component of the
receptor which is primarily found in osteoblasts. The mechanism of this change in expression is unknown, but it may be due to decreased
transcription of the osteoblast-specific recep-
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restricted situations in which we found a doseresponse up to a complete inhibition of killing
If the field effect is
at minimal calcium.
mediated by changes in cellular calcium, then
placing the cytotoxicity assay in a restricted
calcium situation should magnify the field
effect. We are about to begin the study of Efield exposed lymphocytes under varying calcium
conditions.

BONE MARROW DIFFERENTIATION AND AL3684
LOGENEIC CYTOTOXICITY IN THE PRESENCE OF 60 HZ
SINUSOIDAL ELECTRIC FIELDS (MEETING ABSTRACT).
(Eng.) Lyle, D. B.; Ayotte, R. D.; Tan, H. P.;
Cain, C. D.; Sheppard, A. R.; Adey, W. R.
[Res. Service, J.L. Pettis Memorial Veterans
Hosp., Loma Linda, CA 92357] Biological Effects
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
1-4
Contractors Review.
Transmission Lines:
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric Power
Res. Inst., Health Studies Program, Palo Alto,
CA 94303; 1987 (O Refs).

ALTERATIONS IN GENETIC ACTIVITY ARE
3685
INDUCED BY ELF EM FIELDS (MEETING ABSTRACT).
[Dept .
(Eng.) Goodman, R.; Henderson, A. S.
of Pathology, Columbia Univ. Health Sciences,
New York, NY 10032 (R.G.); Biological Sciences,
NY 10021
New York,
College-CUNY,
Hunter
(A.S.H.)] Biological Effects From Electric and
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (0 Refs).

One way in which electromagnetic fields might
facilitate the process of leukemogenesis could
be by a change in the rate or the direction of
differentiation of normal bone marrow stem
We have approached this question using
cells.
soft agar cloning of non-cancerous bone marrow
from the femurs of C57B1/6 mice. Interleukin-3,
a stimulus for normal bone marrow stem cell
differentiation, was incorporated into the agar.
Experiments are conducted in horizontal Corning
T75 culture flasks with carbon rods implanted
along each side. Conditions tested were field
(10 mV/cm electric field), sham (non-energized
rods), and plastic control (no carbon rods).
Colonies composed of differentiated white blood
Peak
ce 11 types develop over a 2-wk period.
colony formation occurs at 7-10 days with a
Initial experisubsequent die-off of cells.
ments have noted a small but nonsignificant
reduction of total colony numbers assayed at day
8 and day 11. Further experiments will examine
the number and types of differentiated ce 11 s
being produced under these conditions. Another
means by which electromagnetic fields might
facilitate the cellular aspects of carcinogenesis might be inhibition of immune responses
against developing clones of cancer cells. One
way in which the immune system can recognize and
destroy cancer cells is via specific cytotoxic
T-lymphocytes. We have previously documented a
significant inhibition of allogeneic cytotoxicity (of the normal murine cytotoxic T-lymphocyte cell line CTLL-1 targeted against
chromium-51 labeled MPC cells) of up to 30%
following a 48-hr exposure of effector cells to
a 10 mV/cm 60 Hz sinusoidal electric field.
Presently we are examining the cellular mechanisms by which the electric field is exerting
this effect. An increase in the intracellular
cAMP level might account for the effect.
However, we have determined that neither basal
levels, nor direct activation of adenylate
cyclase by a 3-min exposure to forskolin, nor a
membrane receptor mediated stimulation of cAMP
concentration by prostaglandin El for 3 min are
significantly changed in cells that were exposed
to the 10 mV/cm electric field for the 48-hr
period prior to cAMP stimulation as compared to
T- lymphocyte cytotoxic i ty is
sham exposures.
strongly calcium-dependent. Using EDTA or EGTA
(as well as calcium add-back) we are now able to
perform the cytotoxicity assay under calcium-

There is strong evidence that exposure to low
frequency electromagnetic (EM) fields can alter
normal biological processes. This prompted us
Is there a general
to address the question:
mechanism driving interact ions between low
energy EM signals and cells that can be measured
Our research tests the hypowith precision?
thesis that a portion of the ce 11 u l ar response
to EM signals can be attributed to changes that
initiate at the transcriptional level, and the
Our exper iresults support this hypothesis.
ments use dipteran salivary gland cells of
Sciara and Drosophila. These cells have welldefined basic cellular processes, and the
transcriptional activity is highly increased by
the endoreplication of DNA, such that it is
possible to study transcription directly at the
chromosomal level using transcription autoradiography. It is also of importance to our experiments that the salivary gland cells are in
Studies on transsynchrony (in i nterphase).
cript ion, using transcription autoradiography
and analysis of sucrose density gradient profiles, show that enhanced transcription is
occurring fol lowing short exposures (up to 60
min) of cells to EM fields. A portion of the
The
increased trans er i pt ion occurs in mRNA.
evidence for this is based on the transcription
pattern in transcription autoradiographs, the
size of the RNA fractions, the behavior on oligo
(dT) columns, changes in the protein synthetic
patterns, and homology of the RNA fractions to
characterized cloned DNA probes. Augmented and
induced transcriptional events are expected to
be reflected in translation. Protein synthetic
patterns in eel ls exposed to several types of EM
signals have been analyzed by 2-dimensional gel
Computer assisted determinaelectrophoresis.
tions show that the polypeptide patterns in
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cells exposed to EM signals are quantitatively
and qualitatively different in cells exposed to
EM fields. There is preliminary evidence that
the type of translational response is related to
the signal characteristics.
An unexpected
finding was the presence of some of the heat
shock proteins fol lowing exposure of cells to EM
fields. The general transl at ion al response of
cells to EM signals is not, however, characteristic of patterns of polypeptide synthesis
in heat shocked cells. One significant finding
is that previously undetected polypeptides are
present following short exposure of cells to EM
fields, and some of these are signal-specific.
We cone l ude that di st i net and specific changes
in RNA synthesis and protein synthetic patterns
occur in response to short exposures of cells to
ELF EM fields.
We are now assessing whether
these signals induce changes in transcription of
specific genes using hybridization against
cloned DNA of genes known to be expressed within
a given cell type.
Dur ultimate goal is to
determine if transcripts are induced that are
specific to a given waveform characteristic.

this technique, we determined the repair kinetics for DNA under our experimental conditions.
These studies have shown that most DNA ssb
repair occurs within the first 20 min, followed
by a slower rate of repair up to after 60-90
min. The field-exposed and sham-exposed samples
show no significant difference in percent repair
at 20 min for the following fields tested: 20
V/m: 10 G: 10 G plus 20 V/m: and 0.5 G plus 0.2
V/m.
We are currently studying the repair
profiles 60-90 min.

3687
CHANGES IN CELL SURFACE CHARGES DUE TO
EXPOSURE TO 60 HZ FIELDS (MEETING ABSTRACT).
(Eng.) Greenebaum, B.: Goodman, E. M.: Marron,
M. T.
[Biomedical Res. Inst. and Div. of
Science, Univ. of Wisconsin-Parkside, Kenosha,
WI 53141 (B.G., E.M.G.) and Office of Naval
Res., Arlington, VA 22201 (M.T.M.)] Biological
Effects From Electric and Magnetic Fields, Air
Ions and Ion Currents Associated with High
Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City, MO. U. S. Dept.
of Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Hea 1th Studies Program, Palo
Alto, CA 94303; 1987 (0 Refs).

3686
ANALYSIS OF DNA DAMAGE AND REPAIR IN
HUMAN LYMPHOCYTES EXPOSED TO 60 HZ ELECTROMAGNETIC FIELDS (MEETING ABSTRACT). (Eng.) Reese,
J. A.; Jostes, R. F.; Morris, J.E.: Frazier,
M. E.
[Pacific Northwest Lab., Richland, WA
99352]
Biological Effects From Electric and
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
Contractors Review.
1-4 November 1987, Kansas
City, MO.
U. S. Dept. of Energy, Office of
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (O Refs).

We have probed the surface of amoebae of the
slime mold Physarum polycephalum by methods that
distinguish between electrostatic and other
types of binding at the surface. Cells exposed
for 24 hr to combined 60 Hz electric and magnetic fields (1 V/m, 0.1 mT rms) or to the
electric or the magnetic field alone, are
compared to sham-exposed cells. Using a liquid] iquid chromatographic technique, in which cells
are repeatedly partitioned in a two-phase system
of aqueous solutions of polyethylene glycol and
Dextran, we have shown that electric field
exposure increases negative surface charge and
that magnetic field exposure decreases noncharge-related hydrophobic-like surface interactions with the solutions.
Similar results to
those due to exposure to combined 60 Hz electric
and magnetic fields have been observed when the
amoebae are exposed to pulsed magnetic fields
and their accompanying induced electric field,
while exposing cells only to a pulsed electric
field of the strength of that induced by the
magnetic pulses produces changes similar to
those caused by the 60 Hz electric field alone.
We have repeated the pulsed field experiments
with the histocytic mammalian monocyte line U937
and have seen changes similar to those observed
with the slime mold amoebae. However, the above
technique is basically qualitative and does not
allow quantitative comparisons of differences
caused by various exposure conditions. A more
quantitative technique uses a fluorescent dye to
measure surface potential. Samples of cells are
labelled in one of several concentrations of the
dye ANS (8-anilino-1-naphthalenesul fonate). and
the fluorescence is observed as a function of
dye concentration.
A second dye without the

Considerable concern exists about the possible
association between exposure to 60 Hz electromagnetic fields (EMF) and increased incidence of
cancer.
Since most known carcinogens are
capable of directly damaging cellular DNA and
electromagnetic wavelengths in the ultraviolet
range are known to cause DNA damage we examined
the ability of 60-Hz EMF to cause DNA damage and
to alter normal DNA repair processes. Using the
alkaline elution· assay as a sensitive measure of
DNA damage we have established that isolated
human lymphocytes exposed to 60 Hz EMF of up to
20 G and 38 V/m for 1 hr at O C did not exhibit
increases in either the numbers of single-strand
breaks (ssb) or cross-] inks in their DNA when
compared to sham exposed cells. We then investigated whether these same EMF might alter the
repair of DNA damage caused by other environmental agents.
In these studies the lymphocytes
were isolated and exposed to 5 Gray 60Co radiation at O C to induce single strand breaks.
Ce 11 s are al i quoted and permitted to repair at
37 C for a predetermined time, then processed
for alkaline elution. The percent of repair is
calculated based on the control values. Using
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pooled across two field strengths within species, and using data pooled across both exposures and species. Thresho 1d growth i nh i bit ion in the root tissue regions was associated
with V(m, i) of 2.3-3.5 mV; severe growth inhibition was associated with V(m,i) of 6-8 mV.

highly-charged sulfonate group (NPN, n-phenyl-1naphthylamine) is .used to determine that noncharge-related binding is not statistically
different from contro 1s for any of the 60 Hz
The method measures both
exposure conditions.
the charge-related binding rate constants and
the relative number of binding sites on the cell
The similarities and differences in
surface.
the results for these techniques, each probing
the double layer to different depths, should be
helpful in analyzing the value of various
proposed models of field interaction mechanisms.

THE FIRING PATTERNS AND ACTIONS POTEN3689
TIALS OF SPONTANEOUSLY ACTIVE APL YSIA NEURONS
ARE INFLUENCED BY 60-HZ ELECTRIC FIELDS (MEETING
ABSTRACT). (Eng.) Sheppard, A. R.; Godwin, A.
J.; Adey, W. R. [J.L. Pettis Memorial Veterans
Administration Medical Center, Loma Linda, CA
Biological Effects From Electric and
92357]
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Hea 1th Studies Program, Pa lo Alto, CA 94303;
1987 (0 Refs).

60 Hz ELECTRIC FIELD-INDUCED GROWTH
3688
INHIBITION· IS DIRECTLY PROPORTIONAL TO INDUCED
MEMBRANE POTENTIAL MAGNITUDE IN PLANT ROOT MODEL
SYSTEMS (MEETING ABSTRACT). (Eng.) Brayman, A.
[Dept. of Biophysics, Univ.
A.; Miller, M. W.
of Rochester, Sch. of Medicine and Dentistry,
Biological Effects From
Rochester, NY 14642]
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines:· Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).

We studied the activity of 22 spontaneously
active neurons of the abdominal ganglion of the
marine snai 1 Aplysia using intracellular recording techniques and in vitro electric field (EF)
Ce 11 R15 and other bursting paceexposures.
makers fire a series of action potentials (AP)
and then fall silent for a period of about 10 to
20 sec as a result of inhibition of an inward
We analyzed firing
flux of calcium ions.
patterns, i nterburs t i nterva 1s, membrane potentials, AP durations and heights as indicators of
perturbations in membrane ion fluxes following
exposure to a 60-Hz EF. Following post-impalement recovery, we exposed the ganglion to a 60Hz constant current between a pair of electrodes
Two 20 min
in the bath (EF, 10 mV/cm rms).
exposure periods were bracketed by 1 hr control
periods. We examined the recorded signals for
prompt, field-related phenomena which might
occur soon after turning the field on (or off),
We
and for effects delayed for several min.
saw no evidence for prompt effects on membrane
potential or firing rate which could indicate a
direct electrical influence (eg, rectification).
In addition, we saw no prompt effects on burst
duration, the numbers of spikes per burst, the
i nterva 1s between act ion potent i a 1s, nor the AP
In contrast, over a time span of
waveform.
several min we saw several changes upon field
exposure. In stably firing cells sharp changes
sometimes occurred in the firing pattern shortly
after exposure. For example, firing stopped for
several min in some cells while others reverted
Because of
to a non-bursting (beating) mode.
variability from burst to burst in a cell, for
the analysis of intervals between bursts, AP
duration, AP amplitude and the membrane potential during the silent period, we averaged
groups of ten values, thereby enhancing visualization of trends occurring over several min.
Effects on the foregoing properties in nine Rl5
cells included greater changes in duration of

The mechanism by which 60 Hz electric field (60Hz EF) bi oeffects arise in nonexc i tab le eukaryot i c cells is still uncertain, although the
plasma membrane is widely believed to be the
site of initial interaction between the cell and
the applied field. Previous data have indicated
that at constant 60-Hz EF strength, the growth
inhibition produced in the roots of many different species is proport i ona 1 to the average
This suggests
root cell size in the species.
that the biological response is proportional to
the magnitude of the 60-Hz induced membrane
potential [V(m,i)]. However, the wide range of
cell sizes within roots of individual species,
as well as possible species-specif ic differences
in sensitivity to 60-Hz EF, make quantitation of
this apparent proportionalit y difficult. The
postulate that 60-Hz EF-induced growth inhibition severity is proportional to V(m, i) magnitude in the root mode 1 sys tern was quant i tat ive ly tested and supported by within and
The approach
between ind iv i dua 1 species.
exploited the facts that: (1) root elongation
growth is confined to a short interval of tissue
near the root apex, and (2) within this region,
cell dimensions vary with a definable pattern
with increasing distance from the root tip. The
growth rates of artificially-d efined subregions
within the elongation zone of roots exposed to
constant-stren gth 60-Hz EF were correlated with
the 60-Hz V(m, i) arising in the cells of those
subregions, the latter as calculated using cell
dimension data obtained from serial histological
sections. Highly significant negative correlations were obtained using data from individual
species at a single field strength, using data
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the initial spike of a burst over the 20 min
exposure period {7%, range 0.2 to 27%) than in
the prior control period (3%, range 0.1 to 8%),
although averaging over cells which varied so
greatly from each other is inappropriate.
Alterations in the AP waveform which indicated
changes in membrane ca lei um currents were
responsible for shifts in initial spike duration.
Preliminary examination suggests more
marked effects on the subsequent spikes which
carry progressively larger calcium currents.
Our results illustrate the fol lowing five
points.
1) A 60-Hz EF appears to be a weak
stimulus which may "switch" pacemaker cells
from one mode to another, but does not drive
cell activity.
2) The complex initial structural and biochemical conditions of cellular
oscillators which determine both initial conditions and neuronal plasticity vary greatly from
cell to cell.
3) Because of the diversity of
field-related changes and normally occurring
variations, averages over time and all cells
often show no significant net changes. 4) Nerve
cell responses to a weak non-specific stimulus
range from sharp deviations in trends and
activity patterns to no change at all.
5)
Tra nsmembra ne ion currents, es pee i ally ca 1c i um
currents, may be altered by exposure.

system points along the compass direction, so as
to avoid the E-W magnetic component. To date we
have concentrated on tuning to Ca2+ at 60 Hz;
this condition is achieved by adjusting the net
horizontal field to 78.4 uT.
In the present,
ongoing studies, replicate cultures containing
1-5 x 10(5) cells of either human normal fibroblasts or malignant sarcoma cells are exposed to
60 Hz magnetic fields, at or near resonance, for
30 min at 37 C. The relative synthesis of DNA,
RNA and protein 48 hr after exposure is determined by measuring incorporation of tritium
label led thymidine, uridine and various amino
acids, respectively.
Levels of synthesis
occurring in exposed cells are compared to
those in concurrently unexposed contra l ce 11 s.
Results of 9 experiments indicate that increased
and decreased levels of DNA and protein synthesis occurs in exposed normal and tumor cells
as a function of magnetostatic field intensity,
whereas RNA synthesis is the same in both
exposed and control cells.
Enhancement in
synthesis of exposed ce 11 s over unexposed
controls is found to be consistently 50% or more
at certain field intensities. The reproducible
enhancement of macromolecular synthesis observed
in these experiments suggests a role for cyclotron resonance in the regulation of protein and
perhaps, DNA synthesis. Further, these results
strongly suggest, perhaps for the first time,
that the rate of protein assembly can be indirectly modulated by ELF magnetic fields,
acting through the regulation of ion flux.

3690
MODULATION OF CELL RESPONSES BY 60 HZ
MAGNETIC FIELDS (MEETING ABSTRACT).
(Eng.)
Winters, W. D.; Liboff, A. R.; McLeod, B. R.
[Dept. of Microbiology, Univ. of Texas Health
Science Center, 7703 Floyd Curl Drive, San
Antonio, TX 78284 (W.D.W.); Dept. of Physics,
Oakland Univ., Rochester, MI (A.R.L.); Dept. of
Electrical Engineering, Montana State Univ.,
Bozeman, MT (B.R.M.)] Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).

3691
SOME MECHANISMS OF ELECTRIC AND MAGNETIC FIELD ACTION AT THE CELL MEMBRANE (MEETING
ABSTRACT). (Eng.) Polk, C. [Dept. of Electrical Engineering, Univ. of Rhode Island, Kingston, RI, 02881]
Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).

In an attempt to study the effect of low-level
60 Hz magnetic fields on macromolecular synthesis, our exposure set-up was recently modified to include a Helmholtz coil array for
cyclotron resonance (CR) exposure of eel l
cultures.
This exposure system is similar to
those used at Oakland Univ. and at Montana
State Univ. for studying calcium uptake in human
lymphocytes and diatom motility. The new Univ.
of Texas system has been cross-calibrated
against the Montana and Michigan systems using
the same fluxgate magnetometer.
Geomagnetic
field conditions at the center of the system
are, for the vertical component, Bv = 42.5 uT
and, for the horizontal component, Bh = 26.9 uT.
For all exposure the vertical component was
exactly bucked out. The axis of the exposure

In experiments dealing with the effects of time
varying magnetic fields on tissue or cells it is
often assumed that observed variations in
physiological parameters due to the applied
field should be proportional to the time rate of
change of the magnetic flux density.
This
proportionality would be expected if effects
were linearly dependent on electric fields
induced by the time varying magnetic field into
an electrically homogeneous medium.
However
biological substances are not electrically
homogeneous and charge distribution at boundaries between dissimilar media, for example at
the cell membrane, may play an important role.
We eva 1uate surface charge densities (rho) and
electric fields for spheres and cylinders which
have different electrical conductivity (sigma)
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the underlying physical mechanism is equally
important: not only wi 11 knowledge of the
mechanism help delineate the extent of the
problem but it will also be useful in providing
The most satisfactory
potential remedies.
explanation to date for ELF-induced bioeffects
is that they result from the resonant transport
of ions ·such as Ca2+, Mg2+, K+ into or out of
There is now abundant experimental
cells.
evidence indicating that a cyclotron resonance
(CR) signature accompanies the changes in the
flux of membrane ions in cells exposed to 60 Hz
This signature has been
magnetic fields.
discerned in three independently designed,
ELF magnetic fields,
predictive experiments:
when properly tuned to the CR condition have
altered timing behavior in rats, motility in
diatoms, and calcium uptake in human lymphocytes. The theoretical basis for this i nteract ion probably lies in coupling of periodic
magnetic fields to the constrained helical paths
The most
fol lowed by membrane channel ions.
remarkable aspect uncovered in studying this
interaction is the precision with which the CR
condition is fol lowed. Thus diatom motility is
maximized at exactly the predicted frequency
corresponding to the Ca2+ charge-to-mass ratio.
We also recently found that the resonant calcium
incorporation in human lymphocytes precisely
fol lows the isotopic change in charge-to-mass
ratio, shifting appropriately when comparing
40Ca to 45Ca. This CR interaction is modulated
by the amp 1i tude of the AC s i gna 1, reaching a
maximum in the. range 100-250 mG rms, and falling
Evidence for
rapidly at higher field levels.
this amplitude window has been separately found
both in our experiments with diatoms as well as
lymphocytes; in the behaviora 1 experiment the
same AC intensity corresponds not to a maximum
response but, rather, to a threshold level. One
additional observation tending to reinforce the
CR hypothesis is the appearance of a wellRecent work at
defined set of harmonics.
Professor McLeod's 1aboratory in Bozeman ind i cates that diatom moti 1ity is enhanced only at
selected odd harmonics of the Ca2+ fundamental
Given the experimental
resonance. frequency.
evidence, it may be possible to specify a set of
"allowed" values for 60 Hz power lines that
would lead to low biological effectiveness. To
do this a number of parameters are required. It
will entail knowing which ionic resonances are
(biologically) important, the resonance halfwidths ( in magnetic terms) in each case, the
extent of the amplitude window(s), the effective
harmonics, and the components of the local
geomagnetic field as a function of each element
of the power network.

and dielectric permittivity (epsilon) than the
surrounding media. The cylinders may represent,
for example, a vessel filled with saline solution and surrounded by air, within a homogeneous
magnetic field. Cylinders and spheres may also
represent cells within a fluid culture medium;
in that case the computed surface charge distribution represents an approximation to the
lateral distribution of unbalanced charge at the
cell boundary only if the Debye length at the
electrical double layer is small compared with
the cell diameter--a condition that is usually
Effects of counterion polarization
satisfied.
are taken into account by using an appropriately
If the
modified dielectric permittivity.
exterior medium is characterized by epsilonl,
and sigmal, and the interior medium by epsilon2
and sigma2, and if the angle theta is measured
from an axis which is parallel to the electric
field vector E, we obtain for a sphere: rho=
- epsilon2
[cos theta](3EO(ep silonl sigma2
sigmal)]/((2 sigmal + sigma2) + j omega (2
Furthermore, if the
eps il onl + eps il on2)].
electric field is due to a spatially homogeneous, sinusoidally time varying magnetic flux
density B, and if the radius of the spher i ca 1
cell is small compared with the distance R from
the center of magnetic field homogeneity EO =
When the exterior medium is
-j [omega BR]/2.
saline such that sigmal approximately = 1 S/m,
it is generally true for cells at frequencies
»
(epsilon2 sigmal)
below 1000 Hz that
(epsilonl sigma2}, also (2 sigmal + sigma2) »
In that
(j omega (2 epsilonl + epsilon2)].
case, the former two equations give rho approximately = (cos theta) j (3 omega BR epsilon2
sigmal]/(2(2 sigmal + sigma2)]. Since epsilon2
decreases rapidly with increasing frequency at
ELF, the resulting surface charge density can
remain constant over a wide frequency range, can
decrease, or can exhibit pseudo "resonances."
Examples for various tissue types are shown.

\
'

CYCLOTRON RESONANCE EFFECTS AT 60 HZ
3692
Liboff, A. R.
(Eng.)
(MEETING ABSTRACT).
[Dept. of Physics, Oakland Univ., Rochester, Ml
Biological Effects From Electric
48309-4401]
and Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (O Refs).

A THEORY OF ION TRANSPORT IN OSCILLAT3693
ING ELECTRIC FIELDS (MEETING ABSTRACT). (Eng.)
Blank, M. [Physiology and Cellular Biophysics,
Columbia Univ., 630 West 168 Street, New York,
NY 10032] Biological Effects From Electric and
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:

There are various approaches to the general
problem of understanding the response of biological systems to weak 60 Hz fie 1ds, not the
least of which are (1) determining the biologica 1 and bi ochemi ca 1 nature of such effects and
(2) performing epidemiologica l analyses to
estimate hazard. In our opinion the nature of
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Contractors Review.
1-4 November 1987, Kansas
City, MO.
U. S. Dept. of Energy, Office of
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Hea 1th Studies Program, Pa lo Alto, CA 94303:
1987 (O Refs).

ing magnetic field. A set of four orthogonal
exposure co i 1s obtained from C.
Durney were
used to expose a 2 ml sarnp 1e vo 1ume that was
temperature controlled by immersion in deionized, distilled water.
Preliminary results
indicate that exposure to a 0.5 G (rms), 38 Hz
fields and a static field of 0.5 G results in an
approximate two-fold increase of "cell-associated" calcium at 25 C.
When exposures were
conducted at 37 C an approximate four-fold
increase was observed.
Exposures at other
frequencies and temperatures are planned.
Importantly, additional experiments are to be
conducted using the new calcium probe FURA-2 to
monitor intracellular calcium during exposures.
This wi 11 enable us to distinguish between a
field effect involving cell-surface bound vs.
membrane-transported calcium.

Many studies have suggested that the biological
effects of externa 1 e 1ectr i c and magnetic fields
are mediated by the cell membrane. The Surface
Compartment Model ( SCM) of membrane transport,
derived from first principles, takes into
account ionic processes in the e 1ectrica 1 double
layers of membranes. A voltage gated channel is
inc 1uded as a voltage dependent permeability,
and under voltage clamp, the SCM yields the
currents shown by either sodium or potassium
channels of .squid axon. The SCM can account for
the apparent selectivity of the two channels on
the basis of the difference in the gating
currents. We have app 1i ed osc i 11 at i ng voltages
to the sodium channel mode 1 and obtained ion
concentrations changes that are frequency
dependent.
The greatest changes are in those
concentrations that normally control the activity of the ion pump, internal sodium and
external potassium, and the optimal frequency
for a fast gating (sodium) channel is 100-200
Hz. These results indicate that: (a) the ionic
currents in excitable membranes can be described
by electrodiffusion theory; (b) the selectivity
of an ionic channel is due to the kinetics of
channel opening; (c) the transient ion concentration changes tlue to low frequency oscillating electric fields can stimulate "ion pump"
enzymes.

3695
EFFECTS OF ELECTRIC FIELDS ON DEVELOPMENT OF RAT MAMMARY TUMORS INDUCED BY 7,12DIMETHYLBENZ(a)ANTHRACENE
{DMBA)-II
(MEETING
ABSTRACT). (Eng.) Leung, F. C.; Bohn, L. R.;
Stevens, R. G.; Anderson, L. E.
[Pacific
Northwest Lab., Richland, WA 99352] Biological
Effects From Electric and Magnetic Fields, Air
Ions and Ion Currents Associated with High
Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City, MO. U. S. Dept.
of Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Health Studies Program, Palo
Alto, CA 94303; 1987 (0 Refs).
A follow-up experiment was conducted in rats to
determine if chronic exposure to 60-Hz (40-kV/m)
electric fields would affect development of
mammary tumors induced by 7,12-dimethylbenz(a)anthracene (DMBA).
In our preliminary experiment (DMBA-1), there was a suggestion of difference ( p = 0 .1) in tumor frequency in rats
exposed to an electric (E) field versus those
that were sham-exposed. Moreover, serum pro lactin (PRL) concentrations were significantly
elevated in electric-field-exposed rats compared
with those in sham-exposed rats. In experiment
DMBA-I I, dams were randomly assigned into two
groups, E-field-exposed and sham-exposed. At 54
days of age, each of 72 female pups per group
were administered 10 mg of DMBA via intragastric
injection.
Rats were subsequently palpated
weekly to assess the development of mammary
tumors. At 23 wk after DMBA injection, half of
the offspring in each group were killed at 2:00
pm and the other half at 2:00 am, to determine
serum melatonin concentrations. Tumor numbers
and sizes were confirmed at necropsy, and serum
samples were collected for hormone determination.
Analysis of the experimental data revealed no significant difference in tumor
incidence and serum PRL concentrations between
E-f ie ld-exposed and sham-exposed rats.
Serum
melatonin concentrations betw,een E-field-exposed
and sham-exposed rats were not significantly
different at the 2:00 pm sampling time. How-

3694
MAGNETIC FIELD RESONANCE OF CALCIUM
IONS IN THE LYMPHOCYTE (MEETING ABSTRACT).
(Eng.) Liburdy, R. P.; Miller, R. L. [Lawrence Berkeley Lab. 74, UC Berkeley, Berkeley,
CA 94720] Biological Effects From Electric and
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
Contractors Review.
1-4 November 1987, Kansas
City, MO.
U. S. Dept. of Energy, Office of
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (O Refs).
Studies have been started to investigate whether
oscillating magnetic fields
influence the
binding vs. transport of calcium ions in the
lymphocyte.
Three key questions are being
addressed: is there a frequency(s) requirement,
is the membrane phase transition temperature
important, and does a field effect involve
cell-surface bound vs. membrane-transported
calcium. Rat spleen lymphocytes were used with
calcium-45 to measure that amount of calcium
"associated" with the cell, ie, cell-surface
bound plus intracellular calcium, during exposure to a static and a superimposed oscillat-
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ments was carried out on rats subjected to 12,
50, 100, 200, 400, and 800 uA injected through
the cannula. The injected currents al so el i cited graded hormone responses but to a lesser
degree than the footshock. Field exposure to 80
kV /m under the same paradigm as the foot shock
and injected current produced no changes in any
of the hormones. A11 of these remained below
Four hr 80 kV/m
the minimal stress level.
intermittent (ramped, 1 min rise, 5 min constant, 1 min fall) exposures repeated three
times at 48-hr intervals did not elicit any
An
response among the four hormones tested.
apparent influence of adaptation to multiple
exposures and a reactivity expressed by wider
distribution of the data among exposed animals
The significance if any and the
was noted.
implications for this divergence of the responses is not clear at this time. These studies,
utilizing highly consistent and sensitive
hormone assay systems indicate that sustained
and intermittent 80 kV/m exposure of the rat may
elicit subtle regulatory adjustments of endocrine balance but the parameters are within
the threshold for a recognized physiological
We have completed our projected
stressor.
studies on the assessment of endocrine balance
in rats subjected to 80 kV /m for several hr
Changes of clinical
once and repeatedly.
significance were not found. We feel that under
the experimental design which we used the
evidence is very strong that there is no perturbation of the endocrine system in the rats
subjected to relatively high electric fields.
It is doubtful that prolonged exposure over time
wi 11 provide any evidence of endocrine perturbation since adaptation and biological drifts will
interpose modulating influences on endocrine
balance. We had hoped to study the influence of
60 Hz magnetic fields on endocrine balance but
this has a lower priority at this time to that
of assessing the influence of electric and
magnetic fields on cancer elicitation utilizing
well established in vitro and in vivo methods
with which we have had experience in other
projects undertaken in our laboratory. Materials for hormone radioimmunoassay were partially
supplied by the Natl. Hormone and Pituitary
Program of the Natl. Inst. of Health.

ever, E-field-expose d rats killed at 2:00 am had
serum melatonin concentrations that were s ign if i cant ly lower than those that were shamexposed. In addition, melatonin concentrations
in samples taken at 2:00 am were significantly
higher than 2:00 pm samples from both E-fieldexposed and sham-exposed rats. However, there
was no significant difference in the frequency
of mammary tumors induced by DMBA in rats which
were exposed to E-fields and those that were
sham-exposed.

NEUROENDOCRINE ASPECTS OF ELF EXPOSURE
3696
(MEETING ABSTRACT). (Eng.) Michaelson, S. M.
[Radiation Biology and Biophysics, Univ. of
Rochester Medical Center, Rochester, NY 14642]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).
The purpose of these studies was to monitor
hormone balance in acclimatized (unstressed) and
non-acclimatiz ed (stressed) rats subjected to
50, 80 or 100 kV /m, sustained or interrupted,
60-Hz electric fields for various times up to 5
hr as well as daily repetition for 5 successive
days, or at 48-72 hr intervals. This work has
In this presentation an
now been completed.
attempt wi 11 be made to summarize the earlier
In
results and report on the latest data.
general, our studies indicate that a rat can
maintain endocrine balance while in a 50 to 100
kV/m sustained or interrupted electric field
even when there are neuroendocrine perturbations. There was also evidence of accol!TllOdation
or adjustment to the exposure conditions whether
the animal was sham or field exposed. During
the past year we completed a series of positive
contra l experiments using foot shock as a known
stressor to delineate the hormone response of
cannulated rats to 0.4, 0.8, and 1.6 mA from a
Coulbourn grid shocker on a variable schedule (5
sec duration, 15 sec intershock interval).
These so-ca 11 ed stress hormones, cort i costerone,
prolactin, adrenocorticot ropin and beta-endorphin responded to the footshock stimulus in a
dose responsive manner. The footshock studies
provided a "stress index" relating endocrine
responses from 60 Hz electric field exposure to
Prolactin was the most
a known "stressor."
responsive followed in decreasing order by ACTH,
beta-endorphin and corticosterone . The minimal
responsive level was 400 uA with moderate to
marked elevation between 800 and 1600 uA for the
more reactive hormones. Because of the carotid
cannula the rat experienced a 7. 7 uA inject ion
at 80 kV/m, the intensity used in our field
exposure studies. A series of hormone measure-

INFLUENCE OF 60-HZ ELECTRIC FIELDS ON
3697
THE PINEAL GLAND IN THE DEVELOPING RAT (MEETING
ABSTRACT) . (Eng.) Anderson, L. E.: Wilson, B.
[Pacific Northwest Lab.,
W.: Reiter, R. J.
Richland, WA 99352 (LE.A., B.W.W.): Univ. of
Texas, Hea 1th Science Center, San Antonio, TX
78284 (R.J.R.)] Biological Effects From Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U: S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303: 1987 (O Refs).
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Work reported previously demonstrated that in
young adult rats (55+ days of age), 3 wk of
exposure to 60-Hz electric fields is required
to produce desynchronization of pineal rhythms.
Statistically significant decreases in exposed
animals were found in the night time levels of
melatonin and serotonin N-acetyl transferase
when compared with sham-exposed controls.
Additionally, changes were observed in pineal
serotonin and N-acetyl serotonin in exposed
animals. In experiments carried out during the
past year, rats were exposed to 0, 10, 65 or 130
kV/m 60-Hz electric fields from conception to 22
days of age. Melatonin rhythms were maintained
at all levels of exposure, but significantly
reduced in amplitude when compared to sham
exposed control animals. The nocturnal peak in
pineal melatonin in all expo~ed groups showed a
phase shift delay of approximately 1 to 2 hr
when compared to contra ls. This effect appears
to be an "a 11 or none" response, and experiments
have al so been conducted at field strengths as
low as 200 V/m to determine if a threshold
exists for 60-Hz field influence on the rat
pineal.

sacrifice. These females were mated at 11 wk of
age to unexposed males sacrificed at 20 days of
gestation. Uterine contents were evaluated, and
a 11 live fetuses were weighed and examined for
external, visceral, and skeletal malformations.
Evaluations are done blind, accordingly, exposure group codes have not been broken at this
writing and therefore statistical analyses are
not complete, but will be presented at the
contractors review.

3699
TERATOLOGICAL STUDY OF RATS EXPOSED TO
MAGNETIC FIELDS (MEETING ABSTRACT).
(Eng.)
Stuchly, M. A.;
Ruddick, J.; Lecuyer, D. W.;
Robinson, K.; Tan, K.; Wong, J.
[Health and
Welfare Canada, Ottawa, Ontario KlA OL2 (M.A.S.,
J.R., D.W.L., K.T., J.W.); Bio-Res. Lab. Ltd.,
Senneville, Quebec H9X 3R3 (K.R.)] Biological
Effects From Electric and Magnetic Fields, Air
Ions and Ion Currents Associated with High
Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City, MO. U. S. Dept.
of Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Health Studies Program, Palo
Alto, CA 94303; 1987 (O Refs).

3698
REPRODUCTION AND DEVELOPMENT STUDY IN
RATS CHRONICALLY EXPOSED AT MULTIPLE FIELD
STRENGTHS TO 60-HZ ELECTRIC FIELDS (MEETING
ABSTRACT}. (Eng.) Rommere im, D. N.; Buschbom,
R. L.; Anderson, L. E.; Sikov, M. R. [Battelle,
Pacific Northwest Lab., Richland, WA 99352]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).

Motivated by the controversial results of
previous teratological
studies of animals
exposed to non-sinusoidal and specifically
sawtooth magnetic fields,
a teratological
assessment was performed on rats. Four groups
of rats were exposed 7 hr/day to magnetic fields
of an unsymmetrical sawtooth waveform of a peak
magnetic flux density of 66, 23, 5.7 and O uT,
the field rise time was approximately 12 usec
and the repetition frequency 18 kHz. Following
15 days of exposure the animals were mated and
the exposure continued throughout gestation.
On the 22nd day of gestation, the dams were
weighed and anesthetized with sodium pentobarbita l. The pups were removed by cesarean section,
and the pups and placenta were weighed.
The
following end-points were analyzed:
resorptions, number of pups per litter, average fetal
weight, average placental weight, and malformations (gross, skeletal and visceral).
Two
resorptions were found in one litter of the
highest exposure group and three in one litter
of the sham-exposed group.
No statistically
significant differences were found in the
average number of alive pups per litter or
average fetal and placental weights.
Neither
was there found any statistically significant
difference in the maternal weights (at the
pregnancy onset and termination).
Three visceral malformations were found, one in each
group except in the group exposed to 23 uT.
Overa 11, there were no significant differences
in visceral malformations between any of the
exposed groups and the contra l group as determined by Wilson's technique. Occasional mi nor
visceral findings of absent or severely reduced
renal papillae and moderate dilation of the

A further experiment was conducted to study the
potential for strong electric fields to produce
detrimental effects on reproduction and development in rats.
Multiple exposure groups and
large group sizes were used to provide meaningful statistics to detect differences among
groups with low malformation incidences.
The
highest field strength was near the maximal that
would allow rat birth and survival in the field.
Unexposed fema Jes were mated and then randomly
allotted to exposure groups of either 0, 10, 65,
or 130 kV/m; 60-Hz vertical electric field
exposure. The exposure system consisted of four
racks with one exposure group per rack and
system design was such that investigators. did
not have knowledge of rat exposure status. The
animals were exposed for 19 hr per day and were
maintained on a 14:10 light/dark schedule with
food and water ad l ibitum. Litters were born in
the electric field and pups remained with their
dams through the suckling period. At weaning,
two Fl females randomly selected per litter
continued on the same exposure regimen until
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Studies Program, Palo Alto, CA 94303; 1987
Refs).

ureters were seen in the control and/or treated
groups. The statistical analysis indicated that
total number of skeleton anomalies was not
different for the litters in all four groups.

(0

Behavioral detection of, and aversion to, 60-Hz
electric fields are among the few biological
effects of exposure identified in mammals. Our
research program addresses several questions
By systematically
related to these effects.
varying experimental parameters we shall obtain
the comprehensive characterizations required for
a better understanding of the effects. In a 11
of our studies, the subjects are adu 1t LongThe ex per i mental apparatus
Evans hooded rats.
consists of three 1-m square horizontal aluminum
plates mounted in a vertical array 0.5 m apart
with a plastic behavioral training chamber
centered on the mi dd 1e one, hi gh-'VO ltage power
supply that produces 0-105 kV/m, and a computer
Each rat is individually
control system.
exposed to the field in the training chamber
containing two response levers and a recessed
We ~ave used two procedures to
food tray.
evaluate aversiveness of high voltage electric
Using an escape procedure, a single
fields.
press of one lever turned the 90 kV/m field off
and it remained off until a single press of the
other lever turned it back on. This procedure
is logically eq'uivalent to the shuttlebox
None of 8 rats reliably kept the
procedure.
field off. On the other hand, when the procedure was changed only in that a rat could turn
on or off a 75 W lamp rather than an electric
field, each rat reliably kept the light off 90%
However, s i nee the rat
or more of the time.
rarely turned off the field under the escape
procedure, it had few opportunities to sample
the relationship between a lever press and field
The concurrent schedule procedure
offset.
ensures that the rat will turn the field off
frequently. If the field is aversive, then the
rat should learn to keep it off. This procedure
is functionally equivalent to a "foraging"
Each rat, partially deprived of
environment.
food, is trained to press the two levers to
Pressing one lever produces food
obtain food.
under one schedule of intermittent availability;
pressing the other produces food under another
such schedule that is independent of the first.
In the present experiments, both schedules
By switching
average one pellet per 2 min.
between levers, the rat can produce a pellet on
Next, with the
the average of one per min.
food presentation schedules remaining the same,
pressing one lever turned the field on (or
incandescent lamp under some conditions) and
pressing the other lever turned it off. Prior
to introducing the field, responding of each rat
switched frequently between levers with the time
spent responding on each lever being approx i When responding on a lever promately 50%.
duced either the electric field up to 100 kV/m
or illumination, only a small, if any, shift
away from that lever occurred. During the 19861987 studies it was found that when lever
pressing produced the field (or ·Light) but no
longer produced food ( CONC EXT -EXT), the rats
frequently spent more time in the absence of the
stimulus. If the procedure was changed so that

EFFECTS OF 60-HZ ELECTRIC FIELDS ON
3700
IMMUNE RESPONSE IN RATS (MEETING ABSTRACT).
(Eng.) Morris, J.E.: Frazier, M. E.: Anderson, L. E. [Battelle, Pacific Northwest Lab.,
Biological Effects From
Richland, WA 99352]
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U.S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).
In vivo and in vitro assays of immune system
components and functions have been conducted to
define possible alterations in immune parameters
following exposure of animals to 60-Hz electric
fields. Previous work has been reported on the
cell-mediated immune response of adult mice
No significant
exposed for 30 or 120 days.
differences between exposed and sham-exposed
animals were observed in either in vivo or in
In the current study, we
vitro measurements.
have investigated immune system response in rats
Rats were
exposed to 60-Hz electric fields.
exposed from conception, through early development, up to 160 days of age. In animals exposed
for 19 hr/day at 0, 10, 65, and 130 kV/m,
cellular immunity was measured with in vitro
mitogen-stimulation responses of spleen cells to
pokeweed
phytohemagglutinin,
Concanavalin-A,
mitogen and l ipopolysaccharide. In addition, in
vivo radiometric assays of delayed hypersensitivity to keyhole limpet hemocyanin were
performed, as we 11 as measurement of contact
dinitrofluorobenzene.
to
hypersensitivity
Positive control groups were also included, in
which cobalt-60 exposure was included to verify
the sensitivity of the assay systems. Evaluations are done blind, accordingly, exposure
group codes have not been broken at this writing
and therefore statistical analyses are not
complete, but will be presented at the contractors review.

BEHAVIORAL EFFECTS OF 60 HZ ELECTRIC
3701
FIELDS (MEETING ABSTRACT). (Eng.) Stern, S.;
[Univ. of Rochester Sch. of
Laties, V. G.
Medicine and Dentistry, Rochester, NY 14642]
Biol og i ca 1 Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
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raised under LO 12:12 h. The magnitude of the
phase shift was dependent on the phase angle at
which the exposure occurred.
Animals ra i sect
under LO 8:16-hr cycles were less sensitive to
electric-field exposure than animals raised
under LO 16:8-hr cycles. The acrophases (peaks)
of activity for the latter animals differed most
significantly from the acrophases of untreated
animals when the animals were exposed to the
electric field in the early-inactive to midinactive phases. Those animals that no l anger
had demonstrable circadian rhythms following
exposure showed a variety of responses including
severely dampened waveforms (dyschronism) and
torpor. Our plans for the future are to include
magnetic fields in the exposure protocols and to
prove the hypothesis that field-induced dyschronism is carcinogenic.
We conclude that,
from our results to date, all known long-term
hea 1th risk actions of high-strength electric
fields can be attributed to their action as
circadian zeitgebers.

a clock turned the stimulus back on after it had
been off for a fixed period, the rats would
allow the stimulus to remain on for longer
dura ti ans than under the CONC EXT -EXT procedure.
These and other results provide further support
for our earlier conclusion that under many
conditions a 100 kV/m field is not a very
effective aversive stimulus for the rat.

3702
THE ACTIONS OF HIGH-STRENGTH 60-Hz
ELECTRIC FIELDS ON CIRCADIAN RHYTHMS IN SMALL
RODENTS (MEETING ABSTRACT).
(Eng.) Groh, K.
R.;
Ehret, C. F.; Readey, M. A.
[Div. of
Biological and Medical Res., Argonne Natl. Lab.,
Argonne, IL 60439]
Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (O Refs).

3703
DETECTION OF 60-HZ ELECTRIC FIELDS:
DOES IT VARY AT DIFFERENT TIMES IN THE RATS
CIRCADIAN ACTIVITY CYCLE? (MEETING ABSTRACT).
(Eng.)
Stell, M.;
Adey, W.R.
[Jerry L.
Pettis Memorial Veterans Hosp., Loma Linda, CA
and Loma Linda Univ., Loma Linda, CA 92357]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (1
Ref).

We have chosen to examine the problem of the
biological actions of 60-Hz electric fields in
an entirely new way: instead of asking whether
exposure to such fields is, in classical terms,
mutagenic or carcinogenic, we ask, "is it
dyschronogenic?
Does field exposure induce
either a change or ·a loss of the normal waveforms for circadian rhythms?"
Circadian dyschronism underlies those neurobehavioral dysfunct i ans (including sleep disorders) associated
with the affective disorders (eg, psychological
depression in humans) and in and of itself
constitutes
an
unacceptable
health
risk.
Moreover, theoretical cons iderat i ans suggest
that other effects of circadian dyschronism
include, as developmental sequelae, teratogenesis and carcinogenesis.
This approach
provided the underlying premise for the Argonne
studies on the biological actions of highstrength 60-Hz electric fields, which is that
the central underlying mechanism for harmful
effects is the field-induced loss of circadianregulatory integrity in the exposed subject.
The results, in two species of rodents (Charles
River rats and Peromyscus leucopus mice). have
clearly shown that electric fields are circadian
zeitgebers (ie, they do induce the changes
predicted).
Current studies show that fieldinduced dyschronism can be maximized (as measured by statistical analyses of circadian phase
shifts, dyschronism, and torpor) by (1) field
strengths >/= to 100 kV/m, (2) exposure during
more vulnerable phases of the circadian cycle,
and ( 3) exposure during more vulnerable "seasons
of the year" (LO phase-ratio effects). In this
study, male mice were raised on LO 16:8-hr and
8:16-hr photocycles.
The LD 16:8-hr animals
showed a phase advance in the c i read i an rhythm
of activity after exposure to the electric field
(4 h, 100 kV/m) that was significantly larger
than the phase delay previously seen in animals

In this experiment we have examined the rats'
ability to detect 60-Hz electric fields as a
function of the circadian activity period. Four
Sprague-Dawley rats were trained to detect
electric fields using animal psychophysics
techniques [Sagan PM, Stell ME, Bryan GK, and
Adey WR (1987).
Bioelectromagnetics 8:303313] and were then allowed to work at the
detection task continuously (24 hr/day) for up
to 30 days. Their ability to detect the fields
was studied during periods when they were most
active, and also when least active. This study
indicate that there were no differences in
detection performance during high or low activity periods. A subject-by-subject analysis
revealed a trend towards better detection in 2
of the 4 Ss during the low activity period, but
in neither case was the difference statistically
significant.
The other two Ss showed no difference between high and low activity periods.
A subject-by-subject analysis al so revealed that
two of the Ss maintained a normal circadian
activity pattern during the test period (a
normal activity pattern is defined here as a
strong 24 to 26 hr repeating cycle of activity
in the constantly illuminated test facility).
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the Suvereto 1000 kV Experimental Plant on
chicken exposed to the electric field under
Preliminary
natural environmental conditions.
results wi 11 be presented showing the absence of
any effect on egg productivity and egg characteristics during 19 months exposure to electric
fields of up to 12 kV/m.

The other two Ss showed an unusual activity
pattern, with a major rhythm of high and low
activity repeating at 5 hr intervals. The trend
toward a difference in field detection at high
and low activity periods was not correlated with
the unusual activity patterns. Of the two Ss
with normal-appearing activity patterns, one
showed the trend and one did not (likewise, of
the two Ss with unusual activity patterns, one
showed the trend and one did not). We therefore
conclude that our data do not indicate a difference i.n the rats' ability to detect 60-Hz
electric fields at different phases of the
circadian activity cycle.

EFFECTS OF ELECTRIC FIELDS ON POSTURE
3705
AND POSITION OF NONHUMAN PRIMATES (MEETING
ABSTRACT). (Eng.) Rogers, W. R.; Smith, H. D.
[Southwest Res. Inst., San Antonio, TX, 78284]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).

ENEL'S RESEARCH ACTIVITY ON POSSIBLE
3704
BIOLOGICAL EFFECTS OF 50 Hz ELECTRIC FIELDS
(MEETING ABSTRACT). (Eng.) Conti, R.; Nicolini, P.; Cerretelli, P.; Margonato, V.;
Belleri, M.; Comande, S.; Veicsteinas, A.
[Enel, Electrical Res. Center (R.C., P.N.):
Univ. of Milan, Inst. of Physiology, Dept. of
Biomedical Sciences and Technologies (P.C.,
V.M.); Univ. of Brescia, Inst. of Physiology
Dept. of Biomedical Sciences (M.B., S.C., A.V.)]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).

While conducting 5 experiments examining the
effects of 60 Hz electric fields on behavior of
social groups of baboons (superspecies Papio
cynocephalus), we conducted regular scan observations to determine if 60 Hz field exposure
produced changes, perhaps to reduce field
enhancement or to increase shielding, in the
In both experiments I
animals' use of space.
(30 kV/m) and II (60 kV/m), the behavior of
groups of 8 young-adult male baboons was observed 4 times a day during Pre-Exposure,
Exposure, and Post-Exposure periods 6 wk in
duration. Without respect to the social nature
of the behavior or to the preceding behaviors,
the posture used by each animal was recorded
using one of 8 common, readily recognized
classes (walk, sit, lie, quadruhang, quadrustand, bipedalstand, run, or crouch) and the
location was recorded using 7 recognizable
regions of the cage (left-rear, center-rear,
right-rear, left-front, center-front, rightfront and cagebars). In addition, the frequency
of apparent contact with the cage wa 11 s was
recorded. Two groups of 8 subjects were used in
During the exposure period,
each experiment.
the experimental group was exposed for 12 hr a
day; the control group did not receive field
At the end of experiment I, the
exposure.
former control group became the experimental
At
group for a 3-wk period (experiment IA).
the end of experiment II, the experimental
group was re-exposed for 9 days (experiment
IIA); then, after a 6 day adaptation period, the
former control group became the experimental
group for 9 additional days ( experiment I IB).
The animals were observed 4 times a day in
experiments IA and 12 times a day in experiments
I IA and I 1B. Data on frequency of occurrence of
were analyzed using ch• square statistics.
Analyses completed at the time this abstract was
written indicate that the frequency of Walk and
the use of the center-rear was increased while
the use of the center-front was decreased in

Since 1974, Enel has been carrying out, in
cooperation with Italian universities and within
the framework of the international 1000 kV
project, research related to the problem of
possible biological effects of 50 Hz electric
fields. The research program was mainly focused
on laboratory and field investigations on
animals (mice, rats, rabbits, dogs and chicken)
and vegetables (wheat). As regards studies on
animals, a large body of experimental data in
various fields such as hematology, fertility and
neurophysiology,
immunology,
reproduction,
behavior, etc. has already been acquired. Only
a few minor biological effects have been occasionally observed for a few parameters (blood
picture and growth curve). These effects were
always reversible and associated with field
values (up to 100 kV/m) and exposure durations
considerably higher than those likely to be
encountered in reality. At the poster se.ss ion
of the 1986 DOE/EPRI Contractors' Review a paper
was presented that summarized the main methodological aspects and results of ENEL's research
program on the subject in question. This presentation intends to offer a progress report of
ENEL' s resear~h program. In particular, after a
short review of the materials, experimental
procedures and results concerning the investigations already performed, a detailed description
will be given of an investigation in progress at
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experiment I. In experiment II, the frequency
of lie, bipedalstand, center-front, and contact
was decreased and the frequency of quadrustand
and left-front was increased. In experiment IA,
sit, quadrustand, and right-front were increased
while lie, quadruhang, and bipedalstand were
decreased. Analysis of the data from the first
3 wk of experiment I, so as to provide a direct
comparison with experiment IA, indicated increases in the use of right-rear, and rightfront, and contact and a decrease in centerfront. Graphical presentations of data suggest
that where significant differences existed
between experimental and control groups, the
effects usually (but not always) were most
prominent initially.
In summary, baboons
exposed to electric fields do exhibit alterations in their postures and positions.
The
behavioral effects do not seem to be consistent
across experiments and appear to be temporary in
nature.

the results wi 11 be similar to those observed in
experiment I except that the period of response
suppression is 3 (or 4) days. In experiment II,
however, one baboon did not respond during the
electric field exposure.
This baboon would
respond during tests with no field.
Three
smaller experiments provided additional information: although ANOVA were not completed, graphs
of the data suggest the following. In experiment IA, a "crossover" design was used: the
former control group was exposed for 3 wk. The
response suppression appeared similar to that of
experiment I. In experiment I IA, the experimental group was re-exposed for 9 days; little
effect on behavior was observed. In experiment
I IB, a crossover design was used: the former
control group was exposed for 9 days.
In
experiment IIB, the initial response suppress
ion was like experiment II. Experiments IA and
IIB revealed an unexpected phenomenon.
In
experiments I and II the naive, with respect to
electric fields, control group was unaffected by
the introduction of the electric field at the
other end of the open, but electrically-divided,
exposure facility.
In experiments IA and IIB,
the control group, which had formerly been
exposed, showed marked response suppression on
the first day even though they were not being
exposed to the field at the time.
Initial
exposure to electric fields disrupts operant
responding, but almost all animals return to
normal performance in a few days at either 30 or
60 kV/m.

3706
EFFECTS OF 60 HZ ELECTRIC FIELDS ON
OPERANT BEHAVIOR (MEETING ABSTRACT).
(Eng.)
Orr, J. L.: Smith, H. D.: Lucas, J. H.: Moore,
G. T. Rogers, W.R.
[Southwest Res. Inst., San
Antonio, TX 78284]
Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U.S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303: 1987 (O Refs).

3707
EFFECTS OF ELECTRIC FIELDS ON SOCIAL
STRESS BEHAVIOR (MEETING ABSTRACT).
(Eng.)
Coelho, A. M., Jr.: Easley, S. P.: Taylor, L.
L.: Rogers, W. R.
[Behavioral Medicine Lab.,
Southwest Foundation for Biomedical Res. and
Dept. of Bioengineering, Southwest Res. Inst.,
San Antonio, TX 78284] Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).

Five experiments were conducted to determine the
effects of 60 Hz fields on operant responding of
· baboons ( Papi o cynocepha lus) for food rewards.
Two groups of 6 subjects were used in each
experiment. In both experiments I (30 kV/m) and
II (60 kV/m), operant behavior was tested during
pre-exposure,
exposure,
and
post-exposure
periods--each 6 wk in duration.
During the
exposure period, the experimental group was
exposed for 12 hr a day: the field was present
for 4 hr blocks separated by 30 min. Thirty
minute test sessions were conducted at the
beginning and end of each 4 hr block. A session
consisted of a 15 min component of FR30 and a
15-mi n component of DRL20 sec.
The order of
components alternated through the day. Analysis
of variance (ANOVA) of data from experiment I
did not indicate the presence of statistically
significant field by period interactions.
However, ANOVA conducted on the data for the
last wk of pre-exposure and first wk of exposure
indicated a variety of statistically significant
effects on operant responding. Graphically it
is apparent that the introduction of the field
disrupted operant behavior on the first ( and
possibly second) day, but responding was apparently normal thereafter. Although ANOVA for
experiment II were not completed when this
abstract was written, the graphs suggest that

We carried out two experiments to test the
hypothesis that exposure to a 60-Hz electric
field produces measurable stress in socially
dwelling baboons.
The first experjment was
carried out at a field intensity of 30 kV/m and
the second experiment was carried out at a field
intensity of 60 kV /m.
Stress was defined as
augmentation or depression of the performance
rates of behaviors (expressed as acts performed
per hr of focal animal sampling). · We evaluated
three major classes of behavior:· affi l iative,
agonistic and nonsocial. Affiliative behaviors
promote social bonding and provide a mechanism
for coping with and reducing aggression and
include affinitive and approach.
Agonistic

'
.~
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and ranged from 6 wk to 9 days. 4 daily observations specifying the-positions of the baboons
We analyze these data with
had been taken.
respect to proximity of the animals to each
other. A proximity index can be defined, which
has all the appropriate characteristic5 required
mathematically, but is easy to apply in pracIn addition, visual observation of the
tice.
baboons shows huddling to be a prime reaction to
Averaged over daily
the onset of exposure.
observations, proximity becomes a useful single
parameter for describing behavior of the baThe following points summarize our
boons.
analysis: 1) proximity of unexposed animals is
close to that expected for random distribution,
2) immediately after exposure starts there is a
sharp spike in the value of proximity, 3) the
amplitude of the spike is dose independent, 4)
the duration is approximately three days, 5)
after three days the proximity values return to
normal, 6) re-exposure of previously exposed
An acute effect is
animals shows no effect.
Although proximities for
clearly observed.
certain exposed groups are different from the
average, these values are sometimes higher and
There is thus no consistent
sometimes lower.
chronic effect. Generally, the proximity index
tracks operant data derived from a parallel
experiment as well as "passive affinity" established by careful observations of the same
It must be stressed that our conclugroups.
sions can only be tentative, due to the paucity
of experimental data. Naively, the results can
be summarized by assuming that inexperienced
animals react to the field as a threat by
huddling at the beginning, "learning" after some
time that there is no danger and returning to
normal.

behaviors are expressions of aggression and
hostility and include tension, threat and
Nonsocial behaviors include stereoattack.
typy, manipulate, forage and posture. We used
four age-matched social groups each containing
eight male olive baboons (Papio cynocephalus
Two groups were used in the 30 kV/m
anubis).
experiment and two different groups were used in
In each experiment,
the 60 kV/m experiment.
one group was exposed to an electric field and
the other group was exposed to a sham (control)
During the
condition with no electric field.
experiments, data were collected during preexposure, exposure and post-exposure periods,
each 6 wk in duration. Results of the 30 kV /m
experiment indicate that there were no significant (p < 0.05) differences between groups
in mean performance of criterion behaviors
during the pre-exposure and post-exposure
periods; however, during the exposure period
performance of tension, passive affinitive and
stereotypy behaviors was significantly higher in
the electric field exposed group. Within group
comparisons confirmed the effect; performance
rates of tension, passive affinitive and stereotypy behavior in the exposed group were s ignif i cant ly elevated in the exposure period as
compared to either the pre-exposure or postexposure periods. Using a crossover design, the
control group was exposed to a 30 kV/m electric
field for 3 wk and demonstrated significantly
increased passive affinitive behavior. Results
of the 60 kV/m experiment indicate that during
the exposure period performance of passive
affinitive, stereotypy, and foraging behaviors
was significantly higher in the electric field
There were no significant
exposed group.
differences between groups during the preexposure and post-exposure periods except in the
case of attack behavior, which was significantly
different in the post-exposure period. However,
unlike the other behaviors listed above, the
difference in attack was due to a decrease in
within-group variability, rather than a change
in the magnitude of attack behavior.

COMPUTED ELF ELECTRIC FIELDS AND
3709
CURRENT DENSITIES IN LABORATORY BIOEFFECTS
EXPERIMENTS (MEETING ABSTRACT). (Eng.) Lessor,
[Pacific Northwest
Mccann, R. A.
D. L.;
Biological Effects
Lab., Richland, WA 99352]
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
1-4
Contractors Review.
Transmission Lines:
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric Power
Res. Inst., Health Studies Program, Palo Alto,
CA 94303; 1987 (0 Refs).

PROXIMITY ANALYSIS OF BABOONS EXPOSED
3708
TO AC ELECTRIC FIELDS (MEETING ABSTRACT).
[U.S. Dept. of Energy]
Gyuk, I.
(Eng.)
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).

field
electric
and/or
densities
Current
strengths have been calculated for laboratory
bioeffects studies using a variety of techniques
available from a family of complementary comThe
puter codes developed in this project.
current densities and field strengths with and
without a chick brain present in the in-vitro
exposure test tube of Blackman, et al, have been
calculated. This calculation used first program
QSORS to calculate capacitively-induced oscil1at i ng surface charges, then program HYDRA-ACE

Male baboons have been exposed at Southwest Res.
Inst. to 60-Hz electric fields. Four groups of
8 baboons housed in social cages were subjected
to various protocols involving 30-kV/m and 60kV/m fields. Exposure periods were 12 hr daily
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to calculate the volumetric current distribution. The field strength in the test tube with
only physiological medium present is a fairly
uniform 2.5 x 10(-9) V/m for each V/m of 16 Hz
applied field in air.
When a chick brain is
placed in the physiological medium at the
approximate position used, the field strength at
its center increases to 5.6 x 10(-9) V/m. The
RMS current density at the chick brain specimen
center location without and with the specimen
present are 3.7 x 10(-4) and 5.6 x 10(-5)
nA/cm2, respectively, per RMS V/m applied in
air.
The 16 Hz electric field strengths and
current densities in tissues which Blackman, et
al, found to give enhanced ca lei um efflux from
chi ck brains in the presence of the earth's
magnetic field could be achieved in the brain of
a standing human with a 0.3 RMS V/m 16-Hz
vertical electric field.
The computation
actually gives the detailed current and field
patterns.
A second simulation calculated the
field strengths at the surface of a cat's paw in
a sensory stimulation threshold experiment.
This computation used only the HYDRA-ACE code
because potentials on the boundary es sent ia l ly
determine the field strength in the region of
interest.
The family of computer codes is
available to the bioelectric effects research
community.

assumed to be filled with the electrically
homogeneous tissue whose conductivity is 0.2
S/m. The height of the model is 170 cm, and the
cylinder diameter is 25 cm. In the modeling are
placed the two circular-plate electrodes (diameter, 30 m) the separation of which is 10 m.
The human model is pl aced at the center of the
lower-side grounded electrode. With the energization of the upper-side electrode at 10 kV,
the model is in an unperturbed electric field of
one kV/m.
It is found from the calculated
results that the maximum induced current dens it i es inside the brain tissue and the cerebrospinal liquid layer are approximately 7 nA/cm2,
and 33 nA/cm2, respectively, and that those
maximum current density appear at the bottom of
the head portion. In cone l us ion, the computer
modeling has quantitatively shown that the brain
tissue is shielded by the cerebrospinal liquid
layer having a high conductivity in comparison
with the brain tissue.
The maximum induced
current density in the cerebrospinal liquid
layer is about four times as large as that
calculated for the electrically homogeneous
model. On the other hand, as for the case of
the brain tissue, the ratio of the maximum
density for the inhomogeneous model to that for
the homogeneous model is approximately 87%.
Since this ratio (shield factor) depends on the
conductivity and the thickness of the cerebrospinal liquid layer, those factors should be
taken into the consideration as parameters in
the future study. (The ideas of this computer
modeling were offered by Dr. Wi 11 i am T. Kaune
with Battelle Pacific Northwest Laboratory).

3710
INDUCED CURRENTS IN HUMAN HEADS IN AC
ELECTRIC FIELDS (MrETING ABSTRACT).
(Eng.)
Isaka, K.; Yokoi, Y.; Nagata, M.; Chiba, A.
[Faculty of Engineering, Univ. of Tokushima,
Tokushima, Japan 770 (K.I., Y.Y., M.N.); Yonago
Technical College, Yonago, Japan 683 (A.C.)]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).

3711
EFFECTS ON HUMANS OF 60-Hz ELECTRIC
AND MAGNETIC FIELDS AT TWO INTENSITY LEVELS
(MEET! NG ABSTRACT). (Eng.) Graham, C.; Cohen,
H. D.; Cook, M. R.; Gerkovich, M. M.; Phelps,
J.
[Midwest Res. Inst., 425 Volker Blvd.,
Kansas City, MO 64110] Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).

The objective of this research is to make a
model analysis of the distribution of induced
currents in the head portion of human body
exposed to AC power transmission line electric
fields. The shape of the human model employed
in this analysis is an upright cylinder with the
hemisphere on its top ( round-topped cylinder).
The portion of the hemisphere, which corresponds
to the human head, is assumed to be electrically
inhomogeneous; that is, it is composed of scalp,
skull, cerebrospinal liquid layer, and brain
tissue whose conductivities are different from
one another.
The finite element method has
successfully been applied to the calculations of
induced current densities within the model. In
the computer modeling, the conductivities of
scalp, skull, cerebrospinal liquid layer, and
brain tissue are 0.2, 0.05, 1.5, and 0.2 S/m,
respectively.
The portion of the cylinder is

Findings from two daub le-blind, human exposure
experiments are reported. Study 1 attempted to
verify and extend the results of our earlier
screening study in which 12 men were exposed for
multiple 6-hr periods to sham and real fields (9
kV/m, 0.2 G). Thirty men participated in the
four exposure sessions of Study 1 under the
following conditions: (1) all sham exposure (n
= 6); (2) all real exposure (n = 6); and (3)
mixed exposure in two orders ( rea 1-sham-shamrea l and sham-real-real-sham) (n c 18). Procedures and exposure conditions followed those of
the earlier screening study, and multiple
measures were obtained before, during and after
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residential exposure to electromagnetic fields
and the development of childhood cancer.
Results were presented at the 1986 Contractor's
Meeting, but additional data have been obtained •
Eligible cases consisted of all 356 residents of
the five-county 1970 Denver Standard Metropolitan Statistical Area aged 0-14 who were
diagnosed with any form of cancer between 1976
Controls were selected by random
and 1983.
digit dialing to approximate the case distribution by age, sex, and telephone exchange area.
Exposure was characterized through in-home
electromagnetic field measurements under low and
high power use conditions and wire configuration
codes, a surrogate measure of long-term magnetic
Measured low power magnetic
field levels.
fields showed a modest association with cancer
incidence, with a cutoff score of 2.0 mG resulting in an odds ratio of 1.4 (95% C. I. = 0.6,
2.9) for total ~ancers and somewhat larger odds
ratios for leukemias (OR = 1.9). lymphomas (OR =
2.2), and soft tissue sarcomas (OR = 3.3).
Neither high power magnetic fields (OR = 1.0)
nor electric fields (OR = 0.9) were related to
Wire codes associated with
total cancers.
higher magnetic fields were more common among
The odds ratios
case than control homes.
contrasting high to low wire codes were 1.5 (95%
C.I. = 1.0, 2.3) for total cases, with consistency across cancer subgroups except for lymphomas ( OR = 0. 80) • Contrasts of the highest to
lowest exposure homes (very high current configuration versus buried wire) produced larger,
less precise odds ratios of 2.3 for total cases,
2.9 for leukemias, and 3.3 for lymphomas.
Adjusted estimates for measured fields and wire
codes did not di ff er from crude results, indicating an absence of confounding. Limitations
to the study are non-response ( es pee i ally for
field measurements), differential mobility of
cases and controls, and a presumably non-di fferent i al exposure misclassification from the
use of imperfect surrogates for long-term
magnetic field exposure history. These results
encourage further examination of the care i nogen i c potential from 60 Hz magnetic fields.

Two major physiological
each exposure period.
findings of the previous study were verified.
Real exposure again resulted in alteration of
evoked response measures of brain activity (p <
• 04), and field-related slowing of resting heart
rate (p < .01) was observed in one of the mixed
exposure groups, and in the control group always
exposed to the real field. These effects tended
to occur soon after field onset or offset,
suggesting that changes in exposure may be more
important than the duration of exposure. Subjects al so made fewer errors on the choicereaction time iask under real compared to sham
Field effects observed
exposure (p < .05).
previously for dopamine and human growth hormone
Study 2
were not replicated in this study.
evaluated whether exposure to a higher level of
field strength (12 kV/m, 0.3 G) would enhance
Twenty-eight men
previously-observe d effects.
were exposed for 6 hr to either the real field
(n = 14) or the sham field (n = 14) under
Procedures and meadouble-blind conditions.
sures replicated those of the first session of
To our surprise, no consistent,
Study 1.
significant differences were found between the
rea] -exposed and sham-exposed groups. It may be
that exposure interacts with biological systems
only in certain limited "windows" of stimulation, as suggested by recent research on magnetic field effects. Alternatively, changes in
the conditions of exposure, or associated with
differences in field onset and offset, may be
relatively more important than either the
duration or intensity of exposure to a steadyWe are currently exploring this
state field.
later possibility by evaluating the effects on
humans of different rates of intermittent
exposure to combined electric and magnetic
fields.

...

FINAL RESULTS OF CASE-CONTROL STUDY OF
3712
CHILDHOOD CANCER AND ELECTROMAGNETIC FIELD
EXPOSURE (MEETING ABSTRACT). (Eng.) Savitz, D.
A.; Wachtel, H.; Barnes, F. A.; John, E. M.;
[Dept. of Epidemiology, Sch. of
Tvrdik, J. G.
Public Health, Univ. of North Carolina, Chapel
Hill, NC 27514 (D.A.S): Dept. of Electrical and
Computer Engineering, Univ. of Colorado, Boulder, CO 80309 (H.W., F.A.B.): UNC (E.M.J.):
Biological Effects From
Denver, CO (J.G.T.)]
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).

OF · ELECTRIC
STUDY
EPIDEMIOLOGICAL
3713
POWER USE AND BREAST CANCER (MEETING ABSTRACT).
(Eng.) Stevens, R. G.: Davis, S. [Battelle
Pacific Northwest Lab., Richland, WA 99352
(R. G. S.): Fred Hutchinson Cancer Res. Center,
Biological Effects
Seattle, WA 98104 (S.D.)]
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
1-4
Contractors Review.
Transmission Lines:
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric Power
Res. Inst., Health Studies Program, Palo Alto,
CA 94303; 1987 (0 Refs).

Concern with health effects of extremely low
frequency electromagnetic fields has been raised
by epidemiologic studies of childhood cancer in
relation to proximity to electric power disThis case-control study was
tribution lines.
designed to assess the relationship between

There are large international differences in
breast cancer incidence rates that cannot be
explained by race. Incidence is highest in the
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most industrialized populations, and up to fivefold lower in the least industrialized. Breast
cancer risk has risen sharply in Iceland and
Japan as these countries have industrialized.
The major known risk factors for breast cancer
can account for only a portion of the international variation in risk, and, therefore, other
explanations must be sought. A salient feature
of industrialization is the introduction, and
Electric
increasing use of electric power.
power use leads to human exposures to nonionizing radiation including electromagnetic
fields and light-at-night. Light and electromagnetic fields can reduce the normal nocturnal
rise in pineal melatonin production, and reduced
melatonin has been shown to increase chemicallyinduced mammary cancer in rats. On this basis,
electric power may account for part of the
international variation in 'breast cancer incidence. A case-control study of the relationship of residential ELF fields and light-atnight to risk of breast cancer in women is
currently underway. Three hundred new cases of
breast cancer are being identified through the
Cancer Surveillance System in western Washington
Three hundred controls wi 11 chosen by
state.
random digit dialing. The bedroom of the study
subjects wi 11 be measured for ELF fields and
light intensity for a five day period. Current
and past residences will be mapped for wiring
Each study subject will be
configurations.
given an extensive questionnaire designed to
examine other aspects of possible exposure (eg,
electric blanket use). Data wi 11 be collected
for two years, and one year will be devoted to
analysis.

The case mothers have been identified from the
New York State Congenital Malformations RegisThe
try, a large population-based registry.
control mothers are women of the same age, race
and residence community as the case mothers, who
gave birth during the same month to a child of
Preliminary
the same sex as the case child.
findings from a pilot study of 50 mothers
indicate that between one-fourth and one-third
of the children born in the Buffa lo area in 1986
were exposed to electric blankets or heated
wa terbeds during the first trimester. The 60 Hz
magnetic flux density measured at a distance of
5 cm from 10 electric blankets and 6 heated
waterbeds was between 10 and 200 times greater
Information
than the ambient bedroom fields.
obtained in this study may be usefu 1 in the
formulation of public policy on the usage of
electric blankets during pregnancy.

ELECTRICALLY HEATED BEDS AND CONGENI3714
TAL DEFECTS, A CASE-CONTROL STUDY (MEETING
[Dept. of
Dl ugosz, L.
(Eng.)
ABSTRACT).
Social and Preventive Medicine, State Univ. of
New York at Buffalo, Buffalo, NY 14214] Biological Effects From Electric and Magnetic Fields,
Air Ions and Ion Currents Associated with High
Vo 1tage Trans mission Lines: Contractors Review.
1-4 November 1987, Kansas City, MO. U. S. Dept.
of Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Health Studies Program, Palo
Alto, CA 94303; 1987 (O Refs).

A case-control study was carried out in London
to examine leukaemia risk from residence near
sources of extremely low frequency (ELF) fields
such as overhead power-1 ines (OHL) and transCases were all
former sub-stations (TSS).
incident leukemias registered in four adjacent
S. London boroughs (pop. 930 000) in the period
1965-80. Two control series were used: cancer
controls with solid tumors (excluding lymphoma)
were matched, two per case, for age, sex, year
of diagnosis and borough of residence. Population controls (age 18+). taken from the electoral roll of a single borough, were not
Exposure was assessed as one of
matched.
various functions of (a) the distance of a
subject's residence from various sources within
100 m and (b) a measure of electrical current
load in the source. Distance was computed from
large-scale map grid-references (accurate to
within 5 m), taken "blind" as to case/control
status. Standard analytic techniques for caseA total of 771
control studies were used.
cases, 1432 cancer controls and 231 population
< 1% of the study
controls were studied:
population 1ived within 100 m of an OHL but over
40% within 100 m of a TSS. Using cancer controls, the relative risk (RR) of leukaemia for
residence within 100 m of an OHL was 1.45 (95%
CI 0.6-3.3); within 50 m the RR was 1.87, but

LEUKAEMIA AND RESIDENCE NEAR ELECTRI3715
CITY TRANSMISSION EQUIPMENT: A CASE-CONTROL
STUDY (MEETING ABSTRACT). (Eng.) Coleman, M.;
[International Agency for Res. on
Bell, J.
Cancer. 150 cours A1bert-Thomas, F 69372 Lyon.
France (M. C.); London School of Hygiene, London,
UK (J.B.)] Biological Effects From Electric and
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Hea 1th Studies Program, Pa 1o Alto. CA 94303;
1987 (O Refs).

Electric blankets are the most intense source of
60-Hz electromagnetic field exposure in the
childbearing population. The developing embryo
is sensitive to subtle changes in the environment which might result from prolonged exposure
to electromagnetic and thermal fields. The aim
of this study is to investigate whether the
usage of electric blankets during pregnancy is a
risk factor for congenital defects of the neural
tube, lip and palate. Six hundred mothers of
children with neural tube or oral cleft defects
and 600 mothers of children without defects are
being queried about the usage of electric
blankets and heated waterbeds during pregnancy.
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Half of the
however, was not in operation.
linemen performed the exposure condition first,
while the other half performed the control
condition first. The two conditions were found
to be comparable with regard to the physical
workload, which, on the bases of heart rate
measurements was estimated to be very high.
Exposure to the electric and magnetic fields was
measured using a device designed for on worker
sampling on each lineman. The mean exposure for
the working day was estimated to be 2.8 kV/m (SD
= 0.35) and 23.3 uT (SD = 4.2), respectively.
The possible effects of exposure were studied
using a · battery of four automated behav i ora 1
performance tests, EEG, a mood scale and a
questionnaire for the assessment of subjective
symptoms. A11 workers were examined immediately
before and after each working day. Furthermore,
blood samples were collected for each subject on
three different occasions during each working
day. The battery of behav i ora 1 tests compr i sect
a test of simple reaction time (SRT), a vigilance test (CWV) a test of short-term memory
(Digit Span) and a perceptual test (Symbol
The four EEG records for each worker
digit).
were judged blindly and sorted with regard to
amount and stability of alpha activity •. The
blood samples were used for an analysis of
possible changes during the working day with
thyroid
regard to the following hormones:
hormone,
luteinizing
hormone,
stimulating
follicle stimulating hormone, prolactin, corDetailed
tisol, testosterone and neopterin.
analyses of the results using both parametric
and nonparametric tests did not reveal any
statistically significant difference between the
two conditions which could be attributed to
exposure to electric and magnetic fields.

the trend of risk over four distance categories
was not significant at the 5% level. The RR for
residence within 100 m of a TSS was 0.99, and
there was no consistent pattern of risk with
increasing proximity. The risk within 25 m was
1.76 for acute lymphatic leukaemia and 0.98 for
acute myeloid leukaemia, but none of the four
main leukaemia subtypes showed a significant
Risk
trend of risk with proximity to TSS.
estimates weighted by mean winter peak load
( kVA) of TSS and summary risks including a 11 TSS
within 200 m showed no clear pattern. Matched
and unmatched analyses gave similar results.
Using population contra ls and cases from the
same borough aged 18 or over, the risk of
leukaemia within 25 m of the nearest TSS was
1.3, but the trend of risk was not significant.
Leukaemia risk in children (0-17 years) was 1.6
within 25 m of a TSS, but without a significant
Power distribution in the UK differs
trend.
greatly from that in the US. Direct assessment
of ELF field characteristic s was unavailable
for the subjects in this study. Problems with
this study include reduced statistical power(<
70%) to detect RRs as large as 2.5 from proximity to OHL (because this exposure was less
common than projected), and the difficulty in
exposure assessment for TSS. The results do not
confirm those in other studies: increased
(though not significant) RRs for OHL and for
children were nevertheless observed.

ACUTE EFFECTS OF ELF ELECTROMAGNETIC
3716
FIELD--A FIELD STUDY ON LINEMEN WORKING AT 400
kV (MEETING ABSTRACT). (Eng.) Gamberale, F.;
Olson, B. A.; Lindh, T.; Wennberg, A.; Hagman,
M.; Tornqvist, S.; Eneroth, P.; Ljungberg, H.;
Ostman, U. [Natl. Inst. of Occupational Health,
S-171 84 Solna, Sweden (F .G., B.A.0., T.L.,
A.W., M.H., S.T.); Res. Center, Huddinge Univ.
Hosp., S-141 86 Huddinge, Sweden (P.E.); Swedish
State Power Board, S-162 87 Vallingby, Sweden
(H.L.); Sydkraft Power Co., S-217 01 Malmo,
Biological Effects From ElecSweden (U.O.)]
tric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (O Refs).

MORTALITY PATTERNS AMONG EMPLOYEES OF
3717
ELECTRIC POWER COMPANY IN TAIWAN (MEETING
[Inst. of Public
ABSTRACT). (Eng.) Lin, R.
Taiwan,
Health, Natl. Taiwan Univ., Taipei,
Biological Effects From Electric and
R.O.C.]
Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (O Refs).
Recently, several epidemiologic studies have
revealed that occupational exposure to electromagnetic fields may increase the chance to
develop cancer, particularly, brain tumors and
In order to further explore the
leukemias.
association, the author collected and examined
733 death certificates of male employees, aged
25-64, of Taiwan Electric Power Company, who
A preliminary
died between 1971 and 1985.
analysis showed that besides a significant
increase of deaths from ace idents (electrocution
and fa 11 i ng), there was an increase of cancer

The aim of the study was to investigate the
possible acute effects of exposure to electric
Twenty-six experienced
and magnetic fields.
linemen, 25 to 52 years old, were studied during
two working days while performing simulated
routine inspection of insulators on steel poles
During one of the
of a 400-kV power line.
working days the inspection was performed on a
power line in operation and the linemen were
thus exposed to electric and magnetic fields.
The other day the same work procedure was
performed on an identical power line, which,
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deaths (180 observed vs. 155.9 expected, p <
0.05) among the employees as compared to the
mortality of general population in Taiwan.
Further analysis of the cancer deaths by the
type revealed that a significant increase in
number of death was observed only in liver
cancer (69 observed vs. 44.8 expected, p <
0.01), brain tumors (8 vs. 1.95, p < 0.01) and
leukemia/lymphoma (17 vs 8.48, p < 0.01). These
findings suggest that there is a possible association between electromagnetic fields exposure
and tumori genesis.
However, the effects of a
common chemical exposure in this industry such
as polychlorinated biphenyls (PCBs) in the
causation of these neoplasms can not be ruled
out in this kind of mortality study.

counted for 93% of the cancers of the nervous
system. SMR-value for chronic lymphoid leukemia
was 1.7 (1.1-2.5) in the occupational group of
electronical and electrical engineers and
technicians, for all leukemias the $MR-value was
1.3 (1.0-1.8). Miners and rockblasters showed a
raised SMR-value for acute myeloid leukemia 2.1
(1.0-1.8). For women in unspecified electrical
work a raised SMR-value was noted for tumors of
the nervous system.

3719
USE OF OCCUPATIONAL CODES FROM DEATH
CERTIFICATES AS A SURROGATE EXPOSURE PARAMETER
(MEETING ABSTRACT).
(Eng.)
Sahl, J. D.;
Kelsh, M. A.
[Environmental Res., Southern
California Edison Co., Rosemead, CA 91770]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
· Refs).

3718
CANCER INCIDENCE IN OCCUPATIONAL GROUPS
EXPOSED TO LOW FREQUENCY ELECTROMAGNETIC FIELDS
(MEETING ABSTRACT).
(Eng.)
Tornqvist, S.;
Persson, T.: Knave, B.: Ahlborn, A.
[National
Inst. of Occupational Health, S-171 84 Solna,
Sweden (S.T., T.P. B.K.):
National Inst. of
Environmental Medicine, S-104 01 Stockholm,
Sweden (A.A.)] Biological Effects From Electric
and Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
Contractors Review.
1-4 November 1987, Kansas
City, MO.
U. S. Dept. of Energy, Office of
Energy Storage and ,Distribution, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (O Refs).

Occupational job title, for both individuals and
groups of individuals, is often used as a
surrogate estimator for exposure in epidemiologic studies. A common source of occupational
job title information is the death certificate.
This is especially true of the bulk of epidemiologic research published relevant to the issue
of adult cancer among individuals exposed to
energized equipment, which presumably is a
consistent source of power-frequency electric
and magnetic field exposure.
To test the
reliability of occupations listed on death
certificates, we compared company employment
history to occupation 1isted on death certificates for personne 1 who had retired or died
while in-service.
Occupations were coded by
trained personnel using a procedure which
collapses similar jobs into summary categories.
We found that the reliability of the occupation
abstracted from the death certificate, when used
to assess agreement with company employment
records, depended on the choice and robustness
of the underlying exposure-outcome model. Three
general exposure models were examined:
last
occupation, ever/never in a specific occupation,
and usual occupation.
Reliability between
occupations from death certificates and company
emp 1oyment hi story was best when the assumed
exposure-outcome model was robust using the
"last occupation" as the surrogate exposure
parameter.
Misclassification of exposure
resulting from using unreliable occupational
information can bias epidemiologic results. The
direction of the bias depends on the degree of
misclassification and if the misclassification
is differential or non-differential.

In the past few years there has been an intensive debate about whether exposure to electromagnetic fields in the general environment or in
se 1ected occupat i ona 1 groups would cause cancer, especially leukemia. Epidemiological studies,
mostly population-based ones, report both
positive and negative findings.
Occupational
exposure to electromagnetic fields indicated by
occupational titles are most likely to have been
misclassified and no actual measurement of
exposure to electromagnetic fields has been
reported in these studies. Very little attention has been payed to other possible carcinogenic agents which also might exist in these
occupational categories. In a 19-year follow-up
study different sites of cancer, especially
leukemia and tumors in the nervous system has
been studied in 14 occupational groups, with a
presumed exposure to extremely low frequency
magnetic fields.
All together there were
147,134 persons belonging to the selected
groups. Observed number of cases for each of
the different sites has been compared to corresponding expected number based on the cumulative incidence for 2,654,369 persons according
to the 1960-Census. SMR-values were calculated
with a 95% confidence interval.
There were
altogether 325 cases of leukemia and 401 cases
of nervous system tumors.
Brain tumors ac-
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•

derivation of risk estimates for exposure to ELF
Historically and at this time, a
fields.
principal activity in this regard has been the
development of information, material and resources to facilitate epidemiologic studies of ELF
fields. Currently, this work involves development of a guidance document for occupational
We are monitoring a
exposure classification .
variety of occupations of interest (in both
electrical utilities and other industries) to
identify parameters of ELF fields that may be
useful for inferring exposure levels (eg, high,
We are also attempting to determine
low).
exposure schedules as a basis for considering
the time course of exposure. Our principal goal
is to arrive at reasonable surrogate criteria
that may be useful for constructing historical
exposure profiles for epidemiologic analyses.
(It is realized that the goal may not be possible). We are seeking to develop this scheme
in a manner that will facilitate studies across
industry groups, with a minimal requirement for
In parallel with the exactual monitoring.
posure assessment effort, we are working with
data-intensive models for estimating bounds for
risk analysis calculations. We intend to extend
this work via comparative analytic techniques to
arrive at estimates of ecologic impacts on human
Currently, our conclusions are
populations.
that the risk to human health posed by ELF
exposure is quantifiable, yet much additional
work is needed to mode 1 both exposure and hea 1th
effect attributes.

A META-ANALYSIS OF THE HEMATOLOGIC
3720
EFFECTS OF ELF ELECTRIC FIELD EXPOSURES ON SMALL
(Eng.)
LABORATORY ANIMALS (MEETING ABSTRACT).
[Univ. of
Easterly, C. E.
Kimba 11, K. T.:
Texas Sch. of Public Health, Houston, TX 77225
(K.T.K.); Oak Ridge Natl. Lab., P. 0. Box X,
Bldg. 4500S, Oak Ridge, TN 37831-6101 (C.E.E)]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).
Many of the studies which investigated hematological effects of exposure to ELF electric fields
consisted of laboratory studies on limited
numbers of experimental animals. These experiments often showed no statistically significant
effects due to exposure, or significant effects
which were small in magnitude and not reproduced
in ensuing experiments. These findings were not
unexpected because the power to detect sma 11
effects approaches zero for experiments with
small sample sizes. A method of analysis which
integrates the data to increase power and to
reveal patterns common to these experiments was
sought. Recently, we reported the results of a
meta-analysis which combined significance levels
for 40 experiments measuring hematological
effects: the results suggested spec if i c hematologic responses to electric field exposure. No
statement about the size of the effect or an
exposure-respo nse relationship was possible
since that meta-analysis was designed only to
detect the presence or absence of a response.
This meta-analysis is an extension of that
research and will calculate the size and direction of hematological effects due to strength
and duration of exposure to electric fields.
The relationships between effects of exposure
and other ex per imenta 1 conditions such as sex
and type of animal will also be examined.

RELEASE OF CATECHOLAMINES FROM RAT
3722
BRAIN SLICES EXPOSED TO 60 HZ ELECTRIC FIELDS
Vasquez, B. J.;
(Eng.)
(POSTER SESSION).
Lowery, C. I.; Adey, W. R. [Loma Linda Univ.
and J.L. Pettis Memorial Veterans Hosp., Loma
Biological Effects From
Linda, CA 92357]
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (3 Refs).

SUPPORT FOR HEALTH RISK ASSESSMENT:
3721
(Eng.)
HUMAN STUDIES (MEET! NG ABSTRACT).
[Oak Ridge
Easterly, C. E.: Aldrich, T. E.
Natl. Lab., P.O. Box X, Bldg. 4500S, Oak Ridge,
TN 37831-6101] Biological Effects From Electric
and Magnetic Fields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribution, Washington,
D.C: 20585, and Electric Power Res. Inst.,
Hea 1th Studies Program, Pa lo A1to, CA 94303:
1987 (O Refs).

Tissue slices from striatum, hippocampus and
hypothalamus were used as a model system study
effects of 60 Hz electric fields on the release
Measurement of
of endogenous catecholamines .
the amount of neurotransmit ter released from a
given area of the brain provides an indication
of basal neuronal activity as well as the
response of the tissue to neuropharmaco logical
and hormonal manipulations. We use a continuous
flow perfusion system designed in our laboraIt consists of six minichambers (8x5x15
tory.
mm) with a coiled silver-silver chloride wire
e 1ectrode mounted transversely at each end of
the wells. During operations the chambers are
covered by a Lexan plate with water-tight seal

The objective of this project is to provide
technical support for DOE in assessing the
epidemiologic data related to ELF fields and for
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and tissues are continuously perfused with
oxygenated Krebs-bicarbonate buffer dispensed by
Sage syringe pumps at a rate of 100 u1/min. The
entire chamber assembly is submerged in a water
bath at 37 C.
Minichambers are arranged in
three pairs and a 11 can be used for sham or
field exposure due to the independent electric
wiring.
Perfusates are collected in iced cold
mi crocentrifuge tubes and chemically processed
for detection of catecholamines by HPLC methods.
The results obtained showed typical curves for
release of endogenous catecholamines and levels
and rates were in agreement with previously
published values [Okuma Y and Osumi Y (1986)
Brain Res. 363:47-52]. After validation of our
technique we exposed the tissues to 100- or 200mV/cm, 60-Hz electric fields, for 2 min every 15
min. Duration of the exper·iments (90 min) was
determined by the limits 'of sensitivity in
chemical detection. These preliminary exposure
treatments were not effective in altering the
spontaneous release of catecholamines (norepinephrine and dopamine) from striatal, hippocampal or hypothalamic tissue slices. It is well
known that the Ca++/Mg++ ratio affects the
phys i o 1ogy of neurona 1 tissue.
Moreover,
alteration of the Ca++/Mg++ ratio affected low
frequency magnetic field-induced release of
norepinephrine from a clonal cell line [Dixey R
and Rein G (1982) Nature 296:253-256]. The
perfusing solution used in our studies was
chosen to allow rep 1i cations of published data
and to provide initial quality control of the
preparation. Thus, the Ca++ concentration was
2.6 mM, which is higher than normal physiological levels (1.8 mM).
It is possible that the
lack of field-related effect observed is due to
the stabilizing effect of calcium on membrane
potentials [Frankenhaeuser B and Hodgkin AL
(1957) J. Physiol. 137:218-244] which interferes
with the release of neurotransmitter. The next
experiments are planned to study effects of
electric field exposure on the release of
catecholamines when tissue slices are subjected
to different Ca++ concentrations and Ca++/Mg++
ratios.
We will also study the effects of
electric field on the release of catecholamines
evoked by neuronal depolarization with high
concentrations of potassium.
This will allow
comparisons between field effects on spontaneous
(normal K+ level) and evoked release.

Extensive studies have been conducted to measure
immune system parameters in mice exposed to 60Hz electric fields.
The experimental design
included exposure periods ranging from 30 to 120
days with the animals being approximately 60
days of age at the start of exposure. Biological endpoints have included both in vivo and in
vitro assays of humoral and cell-mediated
immunity.
In humeral studies, the levels of
serum immunoglobulins, specific antibodies and
antibody-producing cells have been measured. In
cell-mediated immunity, we have eva 1uated
contact and delayed hypersensitivity with in
vivo assays and mitogenic response with in vitro
assays.
Natura 1 immunity was assessed using
cytotoxicity assays of natural killer cells in
spleen preparations. Coupled with these in vivo
exposure studies have been in vitro exposures
(60-Hz electric and magnetic fields) and assessments of lymphocyte function based on natura 1
killer cell activity and mitogenic response. In
all of the above mentioned studies, no significant changes in any immunological parameters
have been observed when exposed animals were
compared to sham-exposed controls.

3724
EXPERIMENTAL
OBSERVATIONS
IN
RATS
EXPOSED TO 60 HZ ELECTRIC FIELD (POSTER SESSION). (Eng.) Leung, F. C.; Ronmereim, D. N.;
Miller, R. A.; Anderson, L. E. [Biology and
Chemistry Dept., Battelle, Pacific Northwest
Lab., Richland, WA 99352]
Biological Effects
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
Transmission Lines:
Contractors Review.
1-4
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Health Studies Program, Palo
Alto, CA 94303; 1987 (0 Refs).
During the course of investigating the effects
of 60 Hz electric fields on rat mammary tumor
development induced by 7 ,12-dimethylbenz(a)anthracene (DMBA), it became evident that a
significant number of rats exhibited a slight
brownish tinge at the edges of their ears. At
the conclusion of the study, the discoloration
was determined to be predominantly associated
with rats exposed to 60-Hz electric fields.
Subsequently, in another study, a similar
brownish coloring of the hair was shown to be
associated with different levels of electric
field exposure (65, and 130 kV/m).
There
appeared to be a highly significant correlation
between the hair discoloration and level of
electric field exposure. Pathological examination of a limited number heads revealed no
gross evidence of phys i ca 1 injury to the ears,
eg, no burnt hair, scabs, abrasions, or other
lesions. It appeared that the hairs were matted
together by a brown globular "sticky" material.
Histological examination of tissues gave indications that the brownish material may originate
from the harderian gland. Even though there was

3723
IMMUNOLOGICAL STUDIES AND 60-HZ ELECTRIC FIELDS:
A SUMMARY
(POSTER SESSION).
(Eng.)
Morris, J.E.;
Anderson, L. E.
[Pacific Northwest Lab., Richland, WA 99352]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health·
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).
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review of on-going studies is provided below.
Health hazards in the electrica l power production and distributi on industry the ELMILJO
study) In 1981-82 a prospecti ve, health investigation was started of 700 newly employed men
The health
in the electrica l power industry.
of the subjects are regularly monitored , and
will be so over a 10-year period at the same
time as various physical, chemical, ergonomic
and psychosoc ial exposure factors are measured
The medical examinatio n pays
and evaluated .
the
particula r attention to reproduct ion,
outcomes of pregnanci es and changes in the
The occupatio nal·
nervous system and blood.
hygiene assessmen ts concentra tes on exposure to
electrica l and magnetic fields and the occurrence of electrost atic discharges . As a complement to the ELMILJO-study a number of epidemiological studies were started (in collaborat ,i'on
with the National Inst. of Environmental Medicine) in 1983 of cancer and mortality patterns
in the electrica l power industry. These studies
employed population data obtained from, eg, the
1960 Population ad Housing Census and the Cancer
At the time, the first
Environment Registry.
reports on excess cancer risks in "electrica l"
It was then natural for
occupation s appeared.
us to expand our studies to encompass these
occupatio nal categorie s in an effort to duplicate these findings. In 1986-87 epidemiological
studies were started of selected occupatio nal
groups presumably exposed to magnetic fields.
Since no knowledge is available on the degree
and type of magnetic field exposure, measures
are now being taken to investigat e this exposure
in detail (see other abstract on studies which
have started during 1987}. As a further complement to the ELMILJO study, epidemiol ogical
studies of reproduct ion and outcome of pregnancy
(children of electrica l workers) were commenced
Data from the 1960, 1970, 1975 and
in 1986.
1980 Population and Housing Censuses and official birth notificati ons will be used in analyses of the health of these children.

a strong correlatio n between the brownish
coloration of the rat ears and exposure to
electric field, the biochemical nature of the
material and physiolog ical significan ce of this
observatio n remain to be investiga ted.

CRITICAL PHASE TRANSITIONS AND ELEC3725
TROMAGNETIC FIELD EFFECTS IN BIOMEMBRANE PROTOBond, J. D.;
(Eng.)
TYPES (POSTER SESSION).
Wyeth, N. C. Biologica l Effects From Electric
and Magnetic Fields, Air Ions and Ion Currents
Associate d with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contracto rs Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribut ion, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (O Refs).
A brief review of the possible role played by
critical phase transition s in the coupling of
biomembranes to external electroma gnetic fields
We then illustrate how such a
is presented .
membrane, even when not initially in a thermodynamic state correspon ding to such a transition, can be moved to such a state via it's
In the
interactio n with an external field.
latter case the external field alters the
interactio n potential energy among the individual lipid molecules that comprise the lipid
Specifica lly we present esbilayer matrix.
timates of the external field strength necessary
to cause measurabl e shifts in both headgroupheadgroup interactio ns and chain-cha in interactions that manifest themselve s as shifts in the
critical temperatu re, Tc.

..,

ON-GOING EPIDEMIOLOGICAL STUDIES IN
3726
SWEDEN ON OCCUPATIONAL EXPOSURE TO ELF ELECTRO(Eng.}
MAGNETIC FIELDS (POSTER SESSION}.
Tornqvist , S.; Gamberale, F.;
Knave, B.;
Hagstrom, R.: Westerholm, P. [National Inst.
of Occupatio nal Health, S-171 84 Solna, Sweden
(B.K., S.T., F.G., R.H.); Swedish Trade Union
S-105 53 Stockholm, Sweden
Confedera tion,
Biologica l Effects From Electric and
(P.W.)]
Magnetic Fields, Air Ions and Ion Currents
Associate d with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contracto rs Review.
U.S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distribut ion, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (0 Refs).

OCCUPATIONAL HYGIENE STUDY OF WORKERS
3727
EXPOSED TO LOW-FREQUENCY MAGNETIC FIELDS (POSTER
SESSION}. (Eng.) Knave, B.: Floderus-Myrhed,
B.; Tornqvist , S.; Lindh, T.; Stenlund, C.
[National Inst. of Occupatio nal Health, S-171 84
Biologica l Effects From ElecSolna, Sweden]
tric and Magnetic Fields, Air Ions and Ion
Currents Associate d with High Voltage Transmission Lines: Contracto rs Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribut ion,
Washington, D.C. 20585, and Electric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (0 Refs).

The National Inst. of Occupatio nal Health in
Sweden (formerly the Res. Dept. of the National
Board of Occupatio nal Safety and Health) is
actively engaged in epidemiol ogical studies on
possible health hazards due to occupatio nal
exposure to ELF electroma gnetic' fields. A brief

The aim of the ~resent project is to make
exposure assessmen ts of both phys ica 1 and
chemical work environment factors, with special
electroma gnetic
low-freque ncy
to
reference
The
fields, magnetic fields in particula r.
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study wi 11 encompass the same occupational
categories as those classified as "electrical"
in other epidemiologica l studies, and some other
categories we believe to have been exposed to
fields of this kind. The study will start with a
review of the coding background and the occupational classification used in Sweden's 1960
Population and Housing Census. A detailed
analysis of the distribution of occupational
categories by industries wi 11 fol low for identification of workplaces suitable for exposure
measurements. The fol lowing occupations will be
included in the study: electronic and electrical power engineers and technicians; electronic
equipment fitters and repairmen; miners and
blasters;
confectionery seamstresses;
ship
engine workers; railway and subway engine
drivers and assistants: railway conductors;
telephone operators; radio and telegraph operators: telephone and telegraph repairmen: radio
and television repairmen; furnace men, metal
converting and smelting workers; welders and
flame cutters; substation workers and linemen in
the electrical power industry; and unspecified
electrical work.

dence. We have completed 28% of the wiring maps
estimated for the completed study.
In the
child's longest residence, field measurements
will be taken with both a Deno meter and a 24hr dosimeter. Start of the field measurements
awaits delivery of the dosimeter system. The
study is scheduled to be completed at the end of
1989.

3729
ASSESSMENT OF OCCUPATIONAL EXPOSURES
TO ELECTRIC AND MAGNETIC FIELDS (POSTER SESSION).
(Eng.) Bowman, J. D.; Garabrant, D.
H.: Peters, J. M. [Div. of Occupational Health,
Dept. of Preventive Medicine, Univ. of Southern
California, 1420 San Pablo St., PMB Rm. B-306,
Los Angeles, CA 90033] Biological Effects From
Electric and Magnetic Fields, Air Ions and Ion
Currents Associated with High Voltage Transmission Lines: Contractors Review. 1-4 November
1987, Kansas City, MO. U. S. Dept. of Energy,
Office of Energy Storage and Distribution,
Washington, D.C. 20585, and·E]ectric Power Res.
Inst., Health Studies Program, Palo Alto, CA
94303; 1987 (O Refs).

3728
CASE-CONTROL STUDY OF CHILDHOOD LEUKEMIA AND RESIDENTIAL ELECTROMAGNETIC FIELDS
(POSTER SESSION).
(Eng.)
Peters, J. M.;
Bowman, J. D.: Thomas, D. C. [Div. of Occupational Health, Dept. of Preventive Medicine,
Univ. of Southern California, 1420 San Pablo
St., PMB Rm. B-306, Los Angeles, CA 90033]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac~
tors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).

Because of studies showing elevated leukemia
rates in job categories considered to be "electrical workers," an assessment of exposures to
ELF electric and magnetic fields according to
job category has been started. The objectives
of this study are to measure EM field exposures
in occupations, to catalog the workers' exposures to other possible care i no gens, and to
re-analyze the leukemia risks with this exposure
data.
The study will take place in three
regions where disease registries have shown
elevated
leukemia
risks
among
electrical
workers.
Exposure assessments wi 11 be done in
the electrical worker categories and comparison
job categories selected randomly from the
disease registry in each regfon. We anticipate
that exposure monitoring wi 11 be done in electric utilities,
aerospace firms,
aluminum
refineries, and other companies where study
subjects are identified and access to the
workplace can be obtained.
Exposure measurements will include personal dosimetry of magnetic fields , and a spectrum analysis of the
magnetic fields from electrical equipment.
Average field exposures in the various job
categories will then be estimated, and analyzed
for an association with the leukemia risk.
Finally, worker populations for more definitive
epidemiologic studies will be identified. This
study began in July 1987, and is scheduled for
completion in early 1989.

A case-contra l study of childhood leukemia and
ELF electric and magnetic fields in residences
has been started in Los Angel es County.
The
primary objective of the study is to measure
residential exposure to ELF fields of approx i mately 240 case-control pairs so that we can
test the hypothesis that cases have a higher
exposure than centre ls. Cases are children 0-10
years old diagnosed with acute leukemia between
1980-87. · Controls are matched on age, race and
sex, and are either friends of the case or
located by random digit dialing. In telephone
interviews, we are collecting complete residential histories, occupational histories of the
parents, parents' and child's medical histories,
electrical appliance usage, and exposures to
chemicals in the home and workplace.
We have
done 48% of the interviews estimated for the
final study population. Exposures to ELF fields
wi 11 be determined both by measurements inside
the house and model based. on maps of the distribution wiring in the vicinity of the resi-

3730
EPIDEMIOLOGICAL STUDY OF LEUKEMIA AND
TUMOURS IN THE NERVOUS SYSTEM IN WORKERS EXPOSED
TO LOW-FREQUENCY MAGNETIC FIELDS (POSTER SESSION). (Eng.) Knave, B.; Floderus-Myrhed, B.;
Tornqvist, S.: Wennberg, A.: Stenlund, C.:
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PREGNANCY OUTCOME IN FEMALE SPOUSES OF
3731
MEN EMPLOYED IN THE ELECTRIC POWER INDUSTRY
(Eng.)
( PRE-EMPLOYMENT) ( POSTER SESSION).
Tornqvist, S.: Floderus-Myrhed, B.: Knave, B.:
[Natl. Inst. of
Westerholm, P.: Ericson, A.
Occupational Health, S-171 84 Solna, Sweden
(S. T., B.F-M., B.K.): Swedish Trade Union
Confederati on, S-105 53 Stockholm, Sweden; Natl.
Board of Health and Welfare, S-196 30, Stockholm, Sweden] Biological Effects From Electric
and Magnetic F.ields, Air Ions and Ion Currents
Associated with High Voltage Transmission Lines:
1-4 November 1987, Kansas
Contractors Review.
U. S. Dept. of Energy, Office of
City, MO.
Energy Storage and Distributio n, Washington,
D.C. 20585, and Electric Power Res. Inst.,
Health Studies Program, Palo Alto, CA 94303;
1987 (0 Refs).

Ahlborn, A. [Natl. Inst. of Occupational Health,
S-171 84 Solna, Sweden (B.K., B.F-M., S.T.,
A.W., C.S.); Natl. Inst. of Environmental
Medicine, S-104 01 Stockholm, Sweden (A.A.)]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmissio n Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distributio n, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
Refs).

.

The aim of the study is to determine whether
leukemia and tumors of the nervous system are
ascribable to any degree to occupationa l exWe
posure to low-frequency magnetic fields.
have discussed various forms for the design of
One obvious apthis epidemiolog ical study.
proach for the initial phase would be to start
with a detailed analysis of our own aforementioned cohort study and of the incidence there
of leukemia and nervous sys tern tumors afflicting
the study's occupationa l categories in the light
of the exposure information we will be obtaining
from the occupationa l hygiene study. Thus, the
design will be based on the 1960 Population and
Housing Census. The study base will be gainfully employed people in the current occupationa l
categories {see our abstract on our first
project), followed up until 1979. The incidence
of leukemia and tumors in the nervous system can
then be calculated for the different occupational categories with differentia tion in terms of
exposure to magnetic fields, and then be compared to one another. To the greatest possible
extent, other factors which may be related to
exposure to magnetic fields and cancer diseases
and which could serve as confounders will be
Possible con founders are
taken into account.
exposure to solvents, soldering fumes and
Classificat ion will also
ionizing radiation.
here be performed on an occupationa l category
level and based on the investigatio n protocols
used in our workplace visits (in the occupational hygiene study). We have also discussed the
possibility of conducting a case-contro l study.
The design here would also be based on information in the 1960 Population and Housing Census.
Subjects will be people who reported a profession in an occupationa l category which is known
to have been or which is suspected of having
The occupabeen exposed to magnetic fields.
tional cohort formed in this manner and monitored up to 1979 wi 11 serve as our study. base
and wi 11 comprise about 400 cases of leukemia
and about 400 cases of tumors of the nervous
Individuals in the study base unafsystem.
fl icted by the cancer diseases in question will
serve as controls. We have not yet decided the
exact study design and plan to await the first
results from the occupationa l hygiene study.
Epidemiolog ical aspects on precision and efficiency will be considered when the decision is
reached. If possible, the cohort study will be
performed first, followed by the case-contra l
study in a second stage.

In an on-going prospective investigatio n of
health status of a cohort of men newly employed
in the electric power industry, a study of
pregnancy outcome in female spouses of the
cohort members has been included. The data to
be presented on a poster comprise data based on
questionnai re responses from women, thus defined, before start of the fathers' employment.
Observed and expected values (national rates) as
regards stillbirths , perinatal deaths, length of
pregnancies , significant malformations and sex
distributio n will be presented for the actual
In the prospective study the pregnancy
group.
outcome will be followed-up over a 10-year
period with 3-year intervals. The results wi 11
be analyzed testing the hypothesis of an association between electromagn etic field exposure
and pregnancy outcome.

A STUDY OF LEUKEMIA RISK IN TELEPHONE
3732
Matanosk i,
(Eng.)
LINEMEN ( POSTER SESSION).
G.: Lynberg, M. [Johns Hopkins Univ., Sch. of
Hygiene, 615 N. Wolfe St., Baltimore, MD 21205]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distributio n, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (0
·
Refs).
Johns Hopkins Univ. Sch. of Hygiene is currently
involved in an investigatio n of leukemia in
telephone linemen exposed to electromagn etic
This investigatio n is being acradiation.
complished using a two part study design including a nested case-contro l study and a historical
cohort study. A primary source of information
for this investigatio n is an existing American
Telephone and Telegraph data set consisting of
1.2 million individuals employed between 1975
Approximately 20% of these indiviand 1980.
duals are various types of telephone linemen.
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Two hundred and twenty-six cases of leukemia
occurring to white AT&T employees were obtained
from the AT&T dataset.
Controls (695) were
obtained by matching on sex, date of birth, date
of hire, and region.
Work histories were
obtained and medical records were abstracted
where available.
Differences in exposure
histories between cases and controls are being
investigated.
In the cohort portion of this
investigation all telephone linemen and a sample
of other workers are being investigated for
cause of death. Using the National Death Index,
causes of death for a subsample of the approximately 140,000 linemen will be investigated.
Few studies in the literature have been able to
adequately assess electromagnetic field exposure.
In this investigation work histories,
job descriptions, and onsite electromagnetic
field measurements are being utilized to allow
more adequate assessment of electromagnetic
field exposure.
The current investigation
incorporates this important information and will
allow for a clearer understanding of the effects
of electromagnetic field exposure.
As this
study is in the preliminary stages, no results
are available at this time.

Phases 2 and 3 of the project focused on physical measurements of and reduction of the perturbing effects of the electric field electrodes
on magnetic field magnitude and uniformity.
Magnetically induced sound and vibration were
also monitored. During these phases the prototype exposure unit was erected within coil
geometries providing both vertical and horizontal magnetic fields for the desired measurements.
The results of these measurements
indicated that the presence of the exposure
system did not perturb the horizontal field but
it did reduce the magnitude of the vertical
field by approximately 13 percent. However by
segmenting portions of individual electrodes,
thus reducing eddy current loops, this effect
was nearly eliminated. Phase 4, the final phase
of the project, requires the production of
drawings and specifications necessary to perform
the actual modification of the existing exposure
systems.

3734
BIOEFFECTS OF PULSED TRAINS OF 60 Hz
ELECTRIC FIELDS ON EUKARYOTIC CELLS (POSTER
SESSION). (Eng.) Azadniv, M.; Miller, M. W.
[Dept. of Biophysics, Univ. of Rochester, Sch.
of Medicine and Dentistry, Rochester, NY 14642)
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).

3733
EXPLORING MAGNETIC FIELD RETROFITS OF
THE EPRI SMALL ANIMAL EXPOSURE SYSTEMS (POSTER
SESSION). (Eng.) Feero, W. E.; Patterson, R.
C.
[Electric Res. and Management, Inc., P.O.
Box 165, State College, PA 16804) Biological
Effects From Electric and Magnetic Fields, Air
Ions and Ion Currents Associated with High
Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City, MO. U. S. Dept.
of Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric
Power Res. Inst., Health Studies Program, Palo
Alto, CA 94303: 1987 (0 Refs).

Sixty-Hz electric field effects have been
reproducibly demonstrated in plant roots.
Continuous-wave (CW) 60-Hz electric fields (EF)
of 200-300 V/m in the growth medium are necessary to affect root growth.
Several lines of
evidence have supported the postulate that the
growth effect is related to an induced transmembrane potential mechanism. To determine the
general app 1i cabi 1i ty of the hypothesis to other
eukaryotic cells, particularly in vitro mammalian cells, one must first mitigate against
potential thermal effects of CW-EF exposure.
Mammalian cell culture medium has a substantial
electrical conductivity (1.0 S/m), and the rate
of field-induced heating is directly proportional to electrical conductivity.
Thus, an exposure regimen is needed which minimizes thermal
effects but a 11 ows for exposure of ce 11 s at
biologically effective field strengths. The use
of pulsed trains of electric fields appears to
satisfy this criterion.
A repetitive pulsed
train exposure of 1:100 ("on:off," in sec) at
430 V/m does not result in a measurable thermal
rise in cell growth medium; 60-Hz EF of 100 V/m
produces a temperature rise of 10 C.
Thus,
pulsing the applied 60-Hz EF achieves the goal
of minimizing medium temperature rises. Before
applying this exposure regimen to mammalian

The objective of the project is to explore
various means of modifying the existing small
animal electric field exposure system to provide
simultaneous exposure to magnetic fields.
Overall, the project consists of four phases.
Phase 1 was an analytical determination of the
effectiveness of various field producing coil
geometries for providing uniform magnetic field
in the exposure area while minimizing stray
magnetic field at nearby exposure units. Five.
different coil geometries were analyzed. Four
of the geometries were designed to produce
horizontal magnetic fields with the field
running either lengthwise or across the width of
the exposure system, and with the field in
opposite directions on the upper and lower half
of the exposure system. Based on the results of
these calculations of the magnetic field and
consideration of other factors such as cost of
installation, animal handlers' convenience, and
distortion of the electric field, three geometries--two producing a horizontal field and the
one producing a vertical field were selected as
being most promising for further consideration.

.
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12:12 h, or 16:8 h. Lighting was discontinued,
and animals were exposed to a 60-Hz, 100 kV /m
electric field at a predetermined time of day.
Approximately seven days later, a second two-day
cosinor estimate was made of the acrophase of
Two methods of circular
the activity rhythm.
statistics were used to additionally analyze
The Rayleigh test of these esthese data.
timated acrophases indicated a distinct directionality ( phase entrainment) to each of the
The Watson-Wi 11 iams test indicated
data sets.
distinct differences between data sets collected
before and after exposure to the electric fields
These phase
at specific circadian phases.
shifts were strongest in the animals entrained
with the longest light exposure (LD 16:8 h).

cells it was considered important to determine
if such an exposure is biologically effective in
plant roots, which represent a test system with
well-defined sensitivity to applied EF. Roots
of garden pea (Pisum sativum L.) were exposed to
For the
pulsed trains of 60 Hz, 430 V/m EF.
pulsed regimens the "on" time was constant at
The
one sec, and the "off" duration varied.
repetitive "on:off" regimens used were: 1 :20,
1:50, 1:100, 1:130, 1:200 and 1:300. With CW or
pulsed fields of 1:20 there is an equivalent
growth response, representing a 60% depression
in root growth rate. The growth effect severity
diminished as the off-time increased: for the
1:100 regimen, the relative growth rate was
depressed about 30%. The effectiveness of the
pulsed trains in reducing root growth rates
indicates that the perturbation of the membrane
persists well beyond the duration of the "on"
pulse, and that restoration of normal functions
involves a substantial recovery time. Additionally, these data provide a basis for exposure of
in vitro mammalian cells at field strengths
known to affect similarly-sized plant cells
without concomitant thermal enhancement of the
culture medium.

LOW FREQUENCY DOSIMETRY CALCULATIONS
3736
USING A SPREAD SHEET ( POSTER SESSION). (Eng.)
[Dept. of Physics, Univ. of the
Hart, F. X.
Biological Effects
South, Sewanee, TN 37375]
From Electric and Magnetic Fields, Air Ions and
Ion Currents Associated with High Voltage
1-4
Contractors Review.
Transmission Lines:
November 1987, Kansas City, MO. U. S. Dept. of
Energy, Office of Energy Storage and Distribution, Washington, D.C. 20585, and Electric Power
Res. Inst., Health Studies Program, Palo Alto,
CA 94303; 1987 (0 Refs).

CIRCULAR
AND
DEMODULATION
COMPLEX
3735
STATISTICS CAN BE USED TO DETECT ELECTRIC-FIELDINDUCED PHASE SHIFTS IN ACTIVITY (MEETING
ABSTRACT). (Eng.) Groh, K. R.; Ehret, C. F.;
[Argonne Natl. Lab., Div. of
Readey, M. A.
Biological and Medical Res., Argonne, IL 60439]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contrac1-4 November 1987, Kansas City,
tors Review.
U. S. Dept. of Energy, Office of Energy
MO.
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303: 1987 (O
Refs).

.,

This project examines the feasibility of using a
microcomputer spread sheet program to calculate
the electric fields and current densities
produced inside irregularly shaped, inhomogeneThe
ous objects by low-frequency sources.
calculation is carried out in three stages. In
the first, the object is modeled as a perfect
conductor, and the electric fields at its
Next, the
external surface are computed.
resulting internal surf ace current densities are
found. Finally, the internal field and current
The
density distributions are determined.
spread sheet program "Excel" ( produced by
Microsoft) was used on a Macintosh microcomputer. The spread sheet provides a two- dimensional grid for a finite difference solution of
The method is readily·
Laplace's equation.
Knowledge of a
extended to three dimensions.
The
programming language is not required.
results of the first stage are presented here
and compared with analytical solutions for a
grounded, infinite cylinder and for a grounded
sphere placed in uniform external fields.
Errors are
Reasonable agreement is obtained.
introduced by the approximation of curved
surfaces by square and cubic arrays and by the
need to restrict the spatial boundaries of the
problem to the finite size of the spread sheet
Spread sheets appear to provide an
grid.
inexpensive, ,easy-to-use, versatile, but approximate method for the solution of such
boundary value problems.

Measures of activity yield a nonsinusoidal
waveform. The acrophase (location of the peak)
of this wave has traditionally been estimated by
chronobiologists using a single cosine, leastsquares (cosinor) fit. The results of the least
squares fit of a cosine to the data were compared to the estimates of the acrophase given by
another method, complex demodulation, which
gives a moving estimate of the amplitude, phase,
and mean of the estimated wave. These results
closely agreed with each other except when che
symmetry of the waveform was further distorted
by factors such as torpor or low-amplitude
"dyschronism" or when a secondary peak developed. In these cases, where the single cosin.e
fit failed, the complex demodulation was frequently able to fol low the distorted rhythm.
The acrophases were estimated by a cos i nor fit
to readings for two days of activity during
entrainment to light-dark eye les of LO 8: 16 h,
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3737
EFFECTS OF ELECTRIC FIELDS ON POSTURE
AND POSITION OF NONHUMAN PRIMATES (POSTER
SESSION). (Eng.) Rogers, W.R.; Smith, H. D.
[Southwest Res. Inst., San Antonio, TX, 78284]
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Health
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).

front. Graphical presentations of data suggest
that where significant differences existed
between experimental and control ~roups, the
differences usually (but not always) were most
prominent initially.
In summary, baboons
exposed to electric fields do exhibit alterations in their postures and positions.
The
behavioral effects do not seem to be consistent
across experiments and appear to be temporary in
nature.

3738
DIRECT AND INVERSE ASSOCIATION OF
CANCER WITH MODERATE AND HIGH MAGNETIC FIELD
EXPOSURE LEVELS--WHICH MAY LOOK LIKE A NULL
RESULT (OR "GRASS") IF NOT CONSIDERED (POSTER
SESSION). (Eng.) Wertheimer, N.; Leeper, E.
Biological Effects From Electric and Magnetic
Fields, Air Ions and Ion Currents Associated
with High Voltage Transmission Lines: Contractors Review.
1-4 November 1987, Kansas City,
MO.
U. S. Dept. of Energy, Office of Energy
Storage and Distribution, Washington, D.C.
20585, and Electric Power Res. Inst., Hea 1th
Studies Program, Palo Alto, CA 94303; 1987 (O
Refs).

While conducting 5 experiments examining the
effects of 60-Hz electric fields on behavior of
social groups of baboons (superspecies Papio
cynocephalus), we conducted regular scan observations to determine if 60-Hz field exposure
produced changes, perhaps to reduce field
enhancement or to increase shielding, in the
animals' use of space.
In both experiments I
( 30 kV /m) and II ( 60 kV /m), the behavior of
groups of 8 young-adult male baboons was observed 4 times a day during pre-exposure,
exposure, and post-exposure periods 6 wk in
duration. Without respect to the social nature
of the behavior or to the preceding behaviors,
the posture used by each animal was recorded
using one of 8 common, readily recognized
classes (walk, sit, lie, quadruhang, quadrustand, bipedalstand, run, or crouch) and the
location was recorded using 7 recognizable
regions of the cage {left-rear, center-rear,
right-rear, left-front, center-front, rightfront and cagebars). In addition, the frequency
of apparent contact with the cage wa 11 s was
recorded. Two groups of 8 subjects were used in
each experiment.
During the exposure period,
the experimental group was exposed for 12 hr a
day; the control group did not receive field
exposure.
At the end of experiment I, the
former control group became the experimental
group for a 3-wk period (experiment IA).
At
the end of experiment II, the experimental
group was re-exposed for 9 days (experiment
IIA); then, after a 6-day adaptation period, the
former control group became the experimental
group for 9 additional days (experiment IIB).
The animals were observed 4 times a day in
experiment IA and 12 times a day in experiments
IIA and I 1B. Data on frequency of occurrence
of were analyzed using chi square statistics.
Analyses completed at the time this abstract was
written indicate that the frequency of walk and
the use of the center-rear was increased while
the use of the center-front was decreased in
experiment I.
In experiment I I, the frequency
of 1ie, bipeda lstand, center-front, and contact
was decreased and the frequency of quadrustand
and left-front was increased. In experiment IA,
sit, quadrustand, and right-front were increased
while lie, quadruhang, and bipedalstand were
decreased. Analysis of the data from the first
3 wk of experiment I, so as to provide a direct
comparison with experiment IA, indicated increases in the use of right-rear, and rightfront, and contact and a decrease in center-

Moderate exposure (water bed, electric clock,
heating pad, OHCC) data: (1) high cancer rate
from prenatal exposure--manifest as cancer
before age 2; (2) moderate cancer rate from
postnatal exposure of child--manifest as cancer
after age 2.
Interpretation of moderate exposure data: strong cancer-enhancing effect on
highly sensitive fetus; less effect on older
child.
High exposure (electric blanket, electric heat, VHCC) data: (1) low cancer rate from
prenatal exposure--man if est as cancer before age
2; (2) high cancer rate from postnatal exposure
of child--manifest as cancer after age 2.
Interpretation of high exposure data:
Very
strong effect on susceptible fetus leads to
abortion and elimination of susceptibles from
study population, thus leading to low cancer
rates immediately post-birth: strong effect on
older child produces high cancer rates.

3739
STOCHASTIC MODEL FOR ELECTRIC FIELDINDUCED MEMBRANE PORES. MECHANICAL BREAKDOWN,
REVERSIBLE- AND IRREVERSIBLE ELECTROPORATION OF
STABLE AND METASTABLE MEMBRANES (MEETING ABSTRACT). (Eng.) Sugar, I. P. [Dept. of Biochemistry, Univ. of Virginia, Charlottesville,
VA, 22908; and Inst. of Biophysics, Semmelweis
Medical Univ., 1444 Budapest, Hungary] ThirtyFirst Annual Meeting of the Biophysical Society,
New Orleans, LA, February 22-26, 1987. Biophys
J 51(2 PART 2):533A: 1987 (O Refs).
Electric impulses (1-20 kv/cm, 1-5 usec) cause
transient structural changes in biologi~al
membranes and lipid bilayers, leading to rever-
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sible pore formation (electroporation) with
cross-membrane material flow and, if two membranes are in contact, to irreversible membrane
fusion (electrofusion). The stochastic process
of electroporation is treated in terms of a
general pore model. The number of lipid molecules in the pore wall is the stochastic variable of the model describing the pore size and
The exact solutions of the master
stability.
equation reveal the different types of electroporation. When the electric field is applied to
a metastable planar membrane the average pore
size is very sma 11 at subcritica l fields. After
a l anger time as a result of the pore size
fluctuations one of the pores attains a critical
size and the membrane becomes unstable (mechan1But, upon applying a superca l breakdown).
er it i cal field, the membrane becomes unstable
immediately, coherent opening of the pores takes
place, and the membrane ruptures (irreversible
If, however, the electric
electroporation).
field is switched off, before the critical pore
size is reached, the pores reseal completely
Applying the
(reversible electroporation).
electric field to thermodynamically stable
planar membranes, the pore size is very small at
subcritical fields (poreless phase). At supercritical fields the membrane remains stable, but
The average pore size may be
becomes porous.
controlled by the electric field strength. This
electric field-induced poreless to porous phase
transition is reversible.

I

r

CALCIUM-CALMODULINTHAT
EVIDENCE
3740
DEPENDENT RELEASE OF MITOGEN{S) MEDIATE ELECTRIC
FIELD (EF) STIMULATED BONE CELL PROLIFERATION IN
VITRO (MEETING ABSTRACT). (Eng.) Fitzsimmons,
R. J.; Farley, J. R.; Adey, W.R.; Baylink, D.
[Depts. of Medicine and Biochemistry, Loma
J.
Linda Univ. and Pettis VAH, Loma Linda, CA]
Annual Meeting of the American Federation For
Clinical Research (Western Section). Carmel, CA,
Clin Res 35(1}:149A; 1987
3-6 February 1987.
(O Refs).
Although it has long been known that impact
loading can increase bone formation (BF), the
mechanism of this action is not understood.
Since it has been suggested that EFs may increase BF by mimicking the actions of impact
loading on the skeleton, we have recently
developed an in vitro model to study the mechanism of EF-stimulated BF. In previous studies
we have shown that embryonic chick BF was
increased in response to a low amplitude ( 10
uV/m at 10 Hz in the culture medium) capacitively coupled EF. Because we found that increased
release of mitogenic activity preceded increases
in both eel l proliferation and BF, we hypothesized that studies were intended to determine
(a) whether EF-stimulated mitogen release
requires protein synthesis, and {b) the role of
Ca/calmodulin in mediating this response.
Embryonic chick calvarial cell proliferation was
assessed by 3H-thymidine incorporation into DNA

in serum-free DMEM, and mitogenic activity in
the media was measured by increased cell proliferation in otherwise untreated calvarial cell
cultures. We found that EF-stimulated mitogen
release {+63 +/- 24% vs controls, p < .001) was
not inhibited by addition of the protein synthesis inhibitor, cycloheximide (+71 +/- 45%
with 100 uM cycloheximide present, p < .001)
indicating that ff-stimulated mitogen(s) release
was not dependent on increased protein synWe also found that EF-stimulated
thesis.
mitogen release could be inhibited by (a) adding
10 uM trifluoroperazine (which inhibits Cacalmodulin interactions), or {b} reducing
ionized Ca [by addition of either P(i) or EDTA]
suggesting a Ca-dependent mechanism for EFstimulated mitogen release. Although the nature
of this mechanism is not understood, we have
found that EF-stimulated mitogen release from
bone cells is maximal at a frequency of 16 Hz,
since previous studies by one of us (WR Adey)
demonstrated that EF exposure caused a transient
release of Ca from isolated chick cerebral
hemispheres with a maximum effect at 16 Hz, our
data are consistent with the possibility that a
transient Ca efflux from calvarial cells may be
an early or initial event in ff-stimulated BF.
In conclusion we have demonstrated that EFstimulated mitogen release from bone cells was
(a) independent of new protein synthesis, (b)
dependent on Ca and/or Ca-calmodulin mediated
events, and (c) frequency dependent with a
maximum at 16 Hz.

RESULTS FROM CLINICAL STUDIES OF
3741
THERMAL RADIATION THERAPY METHODS IN CANCER
PATIENTS (MEETING ABSTRACT). (Rus.) Berdov, B.
[Medical Radiology Research Inst. of the
A.
USSR Acad. of Medical Sciences, Obninsk, USSR]
Second Dresden Hyperthermia Symposium, 22-24
January 1987, Dresden, East Germany, p. 9: 1987
(O Refs).
Clinical studies to develop methods for thermal
radiation therapy for cancer patients were
started in 1985. Results of thermal radiation
treatment alone or for preoperative purposes of
224 patients (pts) will be analyzed; the patients include 26 pts with laryngeal, 17 with
oral cavity, 15 with breast, 26 with uterine
cancers, 57 with osteogenic sarcoma, and 83 with
Superhigh frequency
cancer of the rectum.
devices with 2450, 915, and 460 MHz radiation,
and a special apparatus of 40.58 MHz, developed
at the Institute, were used for local heating
of the tumors ( 42-43 C for 1 hr). The tissue
and body cavity temperature was monitored by
means of temperature-sensitive devices introduced with needles or appropriate wires.
Thermal radiation therapy protocols were developed that recommend local hyperthermia sessions
followed immediately by increased radiation
fractions (4-6 Gray) once or twice weekly during
Exthe first half of the treatment period.
posure to hyperthermi a as part of the thera-
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peut i c protoco 1 enhanced tumor sensitivity to
ionizing radiation and improved the immediate
and long-term results of cancer treatment.
Thus, complete or significant tumor regression
occurred in 69 percent of the pts with rectal
cancer when treated preoperative ly with hyperthermi a, compared to a 33 percent success in pts
subjected to conventional therapy.
Complete
regression of recurrent tumors of the oral
cavity was achieved in 40 percent of patients
exposed to thermal radiation treatment. Similar
results were attained with thermal radiation
therapy in patients with other tumors. Improvement of the immediate treatment results, evidently, led to increased 3-5 yr survival rates
of patients subjected to hyperthermia treatment.
In spite of their limited numbe:r, these data
should be encouraging for future developments in
the app 1i cation of hyperthermi a in the therapy
of cancer patients.

microwave power regulating mathematics) but
also on a flexible man-machine interface that
a 11 ows the operator to have access to vita 1 data
and, if necessary, change the treatment parameters.

3743
RADIATION PROTECTION MEASUREMENT OF A
RF HEATING DEVICE (MEETING ABSTRACT).
(Eng.)
Bruggmoser, G.;
Hinkelbein, W.; Nanka, N.;
Heitz, R.
[Dept. of Radiotherapy, Univ. Hosp.,
Freiburg, FRG]
Second Dresden Hyperthermia
Symposium, 22-24 January 1987, Dresden, East
Germany, p. 12; 1987 (O Refs).

The treatment of cancer with non-~onizing
radiation such as radiofrequency or microwave
radiation has more and more been used in several
years. That is the reason why some radiation
protection rules are necessary, for exposure
should not become dangerous to the health of the
personnel.
In our department we built two
measurement devices:
an electric field and
magnetic field radiation protection unit. The
construction of the devices is being performed
by the "lnstitut fur Rundfunktechnik" in Munich,
where the devices are calibrated under standard
conditions. The components of the E-f i el d and
H-field produced by a 13.56 MHz and 27 .12 MHz
generator are evaluated. The aim of our measurements was to find out whether the limits of
electric and magnetic field for the protection
of the personne 1 are taken into account. The
results are discussed using the rules of DIN
57848 part 2 and 3 and DIN 57848.

PHYSICAL AND TECHNICAL ASPECTS OF
COMPUTER CONTROLLED HYPERTHERMIA:
RECENT
DEVELOPMENTS (MEETING ABSTRACT). (Eng.) Brinn,
U.
[Buchler GmbH, Braunschweig, W. Germany]
Second Dresden Hyperthermia Symposium, 22-24
January 1987, Dresden, East Germany, p. 11; 1987
(O Refs).
3742

Microwave hyperthermia combined with radiotherapy is presently the most commonly used
method for palliative heat treatment of surface
and near surface malignancies.
There are
several ways to improve heat patterns during
microwave hyperthermia and to simplify the
treatment procedures.
Interstitial and intracavitary thermoradiotherapy becomes more and
more popular due to its impressive results. The
penetration depth of microwaves varies depending
on frequency and is typically 3 cm in muscle
tissue at 915 MHz. Microwaves penetrate fatty
tissue better than muscle tissue and heat can be
imparted at larger depths in such tissue. For
larger tissue volumes, a multiapplicatory setup
offers advantages in respect to better temperature contro 1 and penetration. Several ways to
feed two or more applicators have been developed:
(a) incoherent excitation of appl icators, and (b) coherent excitation of applicators.
In method (b), microwaves from each
applicator are emitted at the exact same frequency and phase. This results in constructive
interference of the electromagnetic fields in
the tissue which helps to improve the heat
penetration relative to method (a).
Deeper
located tumors in some sites can be treated by
means of interstitial or intracavitary applicators.
Computer control of the hyperthermia
equipment is considered to be necessary for the
accuracy and management of the treatment. When
the number of applicators simultaneously used
increase as the result of increasing need for
improved temperature distributions, the complexity of the treatment control increases, not
only on computational requirements (for the

CLINICAL HYPERTHERMIA ALONE OR WITH
3744
RADIATION THERAPY:
RESULTS OF A PRELIMINARY
STUDY (MEETING ABSTRACT). (Eng.) Gabriele, P.:
Orecchia, R.; Fillini, C.; Melano, A.; Ozzello,
F.; Tseroni, V.
[Dept. of Radiotherapy, Univ.
of Turin, Via Genova 3, 10100, Turin, Italy]
Second Dresden Hyperthermia Symposium, 22-24
January 1987, Dresden, East Germany, p. 20; 1987
(0 Refs).
This study has been done during 20 mo from
September 1983 to August 1985. In this period,
43 patients, with a total of 57 sites, were
treated with hyperthermia alone or with a
All
combination of irradiation and heat.
patients selected had advanced or recurrent
tumors that failed to respond to previous
treatment with conventional therapy. Of the 43
patients, 20 were male and 23 female.
Ages
ranged from 21 to 92 yr ( average age:
56. 5
yr).
The histologies were squamous cell carcinoma of the head and neck (22), adenocarcinoma
of the breast-chest wa 11 cutaneous recurrences
(11), soft tissue sarcoma (7), malignant me'1anoma (5) and miscellaneous (12).
Loca 1ized
hyperthermi a was induced in patients using the
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and a maximum depth of 6-7 cm. The results of
the phantom's measurements will be presented.

SAPIC SV03 System (made by Aeritalia-Italy)
which uses the following heating frequencies:
27, 433 or 915 MHz. The control of the temperature was done with a fluoroptic thermometer by
Clinical results evaluated
invasive method.
with a fo 11 ow-up from 6 to 30 mo showed 14
(24.5%) RC, 16 (28%) RP greater than or equal to
50%, 16 (28%) less than RP 50%, 8 no response
A total of 22 sites were
and 3 progression.
treated with hyperthermia alone. Tumor complete
responses were minimal when heat alone has used
In those patients who had received
(13.5%).
combined treatment, 33% had complete disappearance of the tumor. The tumor response was
not dependent upon the histological type of
Response level showed a significant
tumor.
positive correlation with the uniformity of
A temperature increase
thermal distribution.
with acceptable homogeneity was achieved in a
the overall
good percentage of patients:
response rate was 93% (RC: 46.8%) in this group:
when the tumor target temperature was not
reached in a 11 tumor parts the response rate was
only 66.7% (no RC). Patient's tolerance was in
general satisfactory and skin reactions were
minimal. From 1985 we have begun a new study in
a prospective randomized fashion to evaluate
different fractionation schedules.

PRAGUE EXPERIENCES WITH LOCAL HYPER3746
THERMIA (MEETING ABSTRACT). (Eng.) Lapes, M.:
Vrba, J. : Soucek, J. : Vrba, J. : Pokorny, J.
[Radiotherapeutica l Inst., Na Truhlarce 100,
Praha 8, CSSR: Czech Technical Univ., K317,
Suchbatarova 2, Praha 6; Faculty of Medicine,
KUB NM, Sa lmovska 3, Praha 2; Post and Telecommunication Research Inst., Praha 4: Mathematical
and Physical Faculty, Praha 2] Second Dresden
Hyperthermia Symposium, 22-24 January 1987,
Dresden, East Germany, p. 31: 1987 (2 Refs).
Technical activity in the field of hyperthermia
began in Prague five years ago and the first
clinical applications were made during the year
1983. For this purpose, we have used apparatus
working at the frequency 2.45 GHz, which is
possible to use for the heating up to a depth of
Maximum output power was 200 W.
about 2 cm.
All applicators have been derived from circular
or rectangular waveguides and the surface area
of heated regions had di ameters between 6 and 10
cm [Vrba, et al., TESLA Electronics (2), 1984;
Vrba, et al., URS! Int Symp, Budapest, 1986].
The second apparatus is now undergoing its first
Its frequency is 434 MHz-clinical testing.
i.e., heating typically up to 3 or 5 cm.
Applicators are in this case derived from "cutFor temperature measurements
off" waveguides.
we now use a "Bailey TM 10 A" and at the present
time connection of this thermometer with computers (PMD-85 and SAPI 1) is prepared. As also
both generators can be connected with computers,
we shall soon be able to control our hypertherSeveral
mia apparatus by a id of computers.
tenths of the patients have oeen treated by the
combined method of radiotherapy and hyperthermi a. Protocol of the treatment is as fo 11 ows:
one time per wk hyperthermia (43 C for 45 min)
In
and 2 times a wk radiotherapy (4 Grays).
general we can tell now, that our clinical
results are very good and are corresponding to
the results described from other hyperthermi a
centers.

THREE NEW APPLICATORS FOR HYPERTHERMIA
3745
Gabriele, P.:
(Eng.)
(MEETING ABSTRACT).
Orecchia, R.: Melano, A.: Fillini, C.: Tseroni,
[Dept. of
V.: Audone, B.: Bolla, L.: Ogno, G.
Radiotherapy, Univ. of Turin, Via Genova 3,
10100 Turin, Italy (D.G., R.0., A.M., C.F.,
V.T.): Aeritalia, Gruppo Sistemi Avionici ed
Equipaggiamenti, Caselle Torinese, Turin, Italy
(B.A., L.B., G.D.)] Second Dresden Hyperthermia
Symposium, 22-24 January 1987, Dresden, East
Germany, p. 21: 1987 (O Refs).
The SAPIC SV03 (made by Aeritalia-Italy) has
been used in our Institute since 1984 for the
This comhyperthermi c treatment of tumors.
puterized syste~ utilizes different frequencies
within the limits of radiofrequencies or of the
microwave: some kinds of applicators (waveguide,
microstrip, interstitial) are available and they
may be chosen for each frequency to match
various operating conditions, according to tumor
We have developed
site, depth and dimension.
three new applicators: they have been extensively tested using tissue equivalent phantoms
(Aquasonic 100 and TX-150). The first one is a
concave parallel microstrips applicator at 433
MHz. This antenna is composed of six para 11 el
the heat pattern is
metallic constituents:
homogeneous until 4 cm of depth: it can be
useful for recurrent nodes in head and neck
region. The other app l i ca tor works at 27 MHz.
It is a loop with a diameter of 27 cm: it is
able to heat legs and arms. The third applicator is a pyramidal antenna that works at 27 MHz
with an homogeneous distribution (16 X 18 cm)

INDUCED HYPERGLYCEMIA AND ENHANCEMENT
3747
OF ANTITUMOR EFFECT OF THE HYPERTHERMIA (MEETING
ABSTRACT). (Eng.) Osinsky, S. P.: Gusev, A.
[R. E. Kavetsky Inst. for Oncology ProbN.
Second
lems, Acad. Sci. UkrSSR, Kiev, USSR]
Dresden Hyperthermia Symposium, 22-24 January
(5
1987, Dresden, East Germany, p. 37: 1987
Refs).
Antitumor effects of hyperthermia (HT) are known
to be the highest under such conditions as low
pH, hypoxia, deficiency of nutrients and energy,
slow blood flow, and increasing of the number
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cells in $-phase.
We have shown that under
induced hyperglycemia (IHG), the following
indices in the tumour were altered selectively:
pH was dropped (from 6.9 to 5,5): P02 was
reduced (from 35 to 5 mm Hg): the number of
tumor cells in $-phase was increased by a factor
of 2: and blood flow rate was decreased by a
factor of 2-3 (sometimes to O ml/100 g in min).
Energy charge and glucose level were not varied
significantly: 3.2 x 10(-3) M to 3.8 X 10(-3)
M) and (0.1 to 3 mM) respectively.
The proposal of M. von Ardenne (1966, 1970, 1972) to use
the IHG as a "sensitizer" of the effects of HT
was substantiated by our data. This proposal
has been disputed by some authors (Haveman,
Hahn, 1981; Dickson, 1982), but their positions
do not have valid grounds.
Our experiments
showed that the growth coefficient (GC) and time
doubling (TD) of Guerin carcinoma were:
control--23.1; 2.5 +/- 0.3 days: following local HT
(2450 MHz, 43 C, 1 hr)--18.0, and 4.0 +/- 6
days: after IHG (i.v. infusion of 20 percent
glucose solution, 80 mg/kg in min., 1.5 hr): and
immediately followed by local HT--9.6 (p < 0.01)
and 7.6 +/- 0.2 (p < 0.05). GC and TD of Pliss
lymphosarcoma were: control--18.2: 1.9 +/- 0.4
days: following HT--12.0: 4.3 +/- 8 days: after
IHG + HT--7.3 (p < 0.05), and 5.75 +/- 1 days (p
< 0.05).
Here it is discussed further combined
application of IHG and HT and it's usefulness in
cancer therapy.

devices in the surrounding environment and
problems of increasing staff safety are discussed.

3749
ANIMAL EXPERIMENTS TESTING A 27 MHZ
APPLICATOR FOR LOCAL HYPERTHERMIA IN THE AREA OF
THE UTERINE CERVIX (MEETING ABSTRACT). (Ger.)
Schorcht, J.;
Zimmermann, M.
[Dept. of
Radiation Therapy, Radiology Clinic, Carl Gustav
Carus Medical Acad., Dresden (J.S.): Manfred von
Ardenne Research Inst., Dresden (M.Z.)] Second
Dresden Hyperthermia Symposium, 22-24 January
(0
1987, Dresden, East Germany, p. 42: 1987
Refs).

.,

Local hyperthermia (42 C) was generated within
30 min in the uterine cervix, bladder, and
rectal areas of 19 adult female minipigs.
Phantoms, temperature measurements as we 11 as
the results of histological work up of the
organs of the small pelvis confirmed the basic
principles of the applicator's design.
The
device permits adaptation of the energy absorption rates to any anatomical and pathological
areas.

3750
A CONCEPT AND PRELIMINARY RE SUL TS OF
LOCAL THERMOIMMUNOTHERAPY (2450 MHZ MICROWAVE
HYPERTHERMIA + INTRATUMORAL INJECTIONS OF
PROPIONIBACTERIUM GRANULOSUM KP-45) OF ADVANCED
PROSTATE AND RECTAL NEOPLASMS (MEETING ABSTRACT).
(Eng.) Szmigielski, S.; Zielinski,
H.: Stawarz, B.; Gil, J.; Zaboklicki, S.;
Bielec, M.; Debicki, P.; Jeljaszesicz, J.;
Pulverer, G.
[Center for Radiobiology and
Radiation Safety, 128 Szaserow, 00-909 Warsaw,
Poland; Postgraduate Medical Sch. MMA, 00-909
Warsaw, Poland: Inst. of Hygiene, Univ. of
Cologne, 5 Koln 41, FRG] Second Dresden Hyperthermia Symposium, 22-24 January 1987, Dresden,
East Germany, p. 47: 1987 (1 Ref).

3748
THERMORADIOTHERAPY IN CLINICAL PRAXIS
(MEETING ABSTRACT).
(Eng.)
Patera, J.
[Research Inst. of Clinical and Experimental
Oncology, Zluty kopec 7, 656 01, Brno, Czechoslovakia] Second Dresden Hyperthermta Symposium,
22-24 January 1987, Dresden, East Germany, p.
38; 1987 (0 Refs).
We present some technical and clinical problems
of thermoradiotherapy at our instHute.
We
started with clinical research of thermoradiotherapy a few years ago. At first we experimented in vitro and on the phantom models. On
the basis of experimental experience,. we adopted
three physiotherapeutic microwave and radiowave
sources for clinical use and we developed our
own thermometry system. We have concentrated on
the improvement of an effective and safe thermometry device. In clinical praxis we now use
thin thermocouple probes inserted into a Teflon
canula at the time of heat application. Localization of this canula in the patient is controlled by CT examination and it is placed in
tissue (at 1-3 sites) during the course of
thermoradiotherapy. No objective or subjective
complications were observed.
Differences in
patients' subjective perception of heat and
possibilities of psychological preparation of
the patient are discussed.
Avoiding negative
sensation can sometimes improve patient-thermotherapist cooperation.
Problems of building
of an effective Faraday cage for avoiding
electromagnetic interference with electronic

In our earlier experiments we have demonstrated
stimulation of cell-mediated immunity following
local microwave hyperthermia ( LMWH) of transplantable tumors in mice and rats. On the other
side we have tested experimentally and clinically a potent immunomodulator (biological response
modifier), isolated cell walls from Propionibacterium granulosum strain KP~45 (P.g.). It was
found that intratumoral injections of P.g.
resu 1ts in regression of both experimental and
spontaneous tumors.
In clinical tests (breast
cancer, stomach and colorectal neoplasms), both
regression of the P. g. - injected tumors, improvement of clinical state and prolongation of
survival time were noted. Combination of LMWH
and local immunotherapy with P.g. resulted in
synergistic antineoplastic effects in mice with
transplanted Lewis Lung Cancer (Szmigielski et
al., Cancer Immunol.
Immunother. 16:151-156,
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tronics (2). 1984]. Both design procedures lead
to very similar dimensions of an applicator,
which has been successfully verified by measurements of the applicator's basic properties.
Another important criteria is surface and depth
From this point of
temperature distribution.
view the applicators derived from waveguides
are best. We have verified, by aid of infrared
camera, that such applicators have the greatest
depth of penetration (Vrba, et al., "Technical
aspects of Czechoslovak hyperthermi a systems",
URSI Int Sym, Budapest, 1986) and that heated
area is heated with good uniformity. In designing the applicator, we have to keep in mind that
aperture size is influencing not only surface
temperature distribution, but also its depth.
(Vrba, et al., 1986). If a waveguide applicator
is not acceptable (e.g. because of dimensions)
then some special types of "coaxial" or "microBut we
strip" applicators can be convenient.
must keep in mind, that the heating depth shall
be smaller than that of the waveguide applicaDuring presentation of this paper more
tor.
detailed information about our experiences with
applicators shall be given.

1984) with regression of primary tumors accompanied by lower number of metastases. In view
of these results and safety of use of both, LMWH
and P.g. in cancer-bearing patients we decided
to combine the above two methods in treatment of
patients with advanced rectal or prostate
For interstitial LMWH we use 2450
neoplasms.
MHz microwaves and have constructed original
intracavital radiators and finally an automatically-regulated hyperthermia system. Technical
details of the radiators and the system will be
presented and discussed. The scheme of therapy
includes 2 sets of 3 sessions of LMWH (43.5 +/0.5 C, 30 min) applied twice weekly with a 1mo break between the sets and intratumoral
injections of 10 mg of P.g. after each set of
LMWH with continuation of P.g. injections twice
monthly (during 6 mo). This schedule was based
on our earlier experience with use of LMWH and
P.g. as separate forms of cancer therapy.
Patients selected for thermoimmunotherapy (T3-4,
Nl-2, M0-1) were monitored clinically (5-grade
subjective scale) and biochemically) including
serum levels of tumor markers PAP, CEA, Ca-50,
USG and X-ray examination including CT and bone
sci nt i graphy were performed every 3-6 mo.
Additionally tests for evaluation of cellmediated immunity number of T- and B-lymphocytes
in peripheral blood, transformation of blood
lymphocytes by PHA and Con A, suppressor activity of T lymphocytes were performed periodically before and during therapy. The available
material contains 12 patients with prostate
The
cancer and 6 with rectal adenocarc i noma.
For 12
period of observation lasted 8-28 mo.
patients with prostate cancer, improvement of
local and general clinical state was observed in
10, CR in 2, PR in 8, and improved urination in
7: all patients are still alive. Regression of
tumors was accompanied by stimulation of eel 1mediated immunity. A longer period of observation is needed to draw final conclusions.

INTRACAVITARY LOCALIZED DEEP MICROWAVE
3752
(Eng.)
ABSTRACT).
(MEETING
HYPERTHERMIA
[Dept. of Cell Biology, WeizYerushalmi, A.
mann Inst. of Science, Rehovot 76 100, Israel]
Second Dresden Hyperthermia Symposium, 22-24
January 1987, Dresden, East Germany, p. 52: 1987
(O Refs).
Present deep seated tumor hyperthermia technology does not warrant avoidance of heating at
unwanted, non invaded, unmonitored anatomical
sites. Also, with external radiators aimed at
deep seated tumor heating, high electromagnetic
energy is needed to achieve hyperthermic intratumor temperatures and heating of normal tissues
in the applicator tumor path is unavoidable,
since high power field energies are required in
order to reach the tumor mass beneath the
noninvaded tissues. A partial solution to this
problem is to utilize entry through a natural
cavity in order to apply local hyperthermia to a
tumor in the vicinity, without surgical invasion, and with minimal discomfort to the
patient. Intracavitary hyperthermia is achievable with lower field energies than with external applicators, and the electromagnetic beam
can be better aimed at the targeted volume. The
methodology of such an approach wi 11 be demonstrated by the experience gained with a transrectal microwave applicator for the treatment
of malignant and benign prostatic tumors.

ON THE DESIGN OF HYPERTHERMIA APPLICA3751
Vrba, J.
(Eng.)
TORS (MEETING ABSTRACT).
[Czech Technical Univ., Faculty of Electrical
Engineering, Dept. of EM Field - K 317, SuchSecond
batarova 2, 166 27 Praha 6, CSSR]
Dresden Hyperthermia Symposium, 22-24 January
(2
1987, Dresden, East Germany, p. 49: 1987
Refs).
One of the greatest hyperthermia problems is to
transfer high frequency electromagnetic energy
into the patient's body. The applicator therefore is not only an "antenna" radiating energy
into biological tissue, but also a device for
impedance matching between the tissue and power
generator. There can be two basic approaches to
to
the design of an hyperthermia applicator:
see the applicator as a resonant circuit providing the mentioned impedance matching or as a
· guide, in which the impedance is transformed
LVrba, et al., "Waveguide applicators for
detection and treatment of cancer", TESLA Elec-

RADIO-FREQUENCY (RF) CAPACITIVE HYPER3753
THERMIA FOR THE TREATMENT OF DEEP SEATED TUMORS
Yerushalmi, A.:
(Eng.)
(MEETING ABSTRACT).
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Jaffe, D.; Weber, R.
[Dept. of Cell Biology,
Weizmann Inst. of Science, Rehovot, Israel
(A. Y.); Medi ca 1 Machines for Export, Petah
Tikva, Israel (D.J., R.W.)]
Second Dresden
Hyperthermi a Symposium, 22-24 January 1987,
Dresden, East Germany, p. 53; 1987 (0 Refs).

3755
SCE FREQUENCIES IN CHO CELLS EXPOSED
SIMULTANEOUSLY TO ADRIAMYCIN AND RADIOFREQUENCY
RADIATION (MEETING ABSTRACT). (Eng.) Ciaravino,
V.;
Meltz, M. L.: Erwin, D. N. [Univ. Texas
Hea 1th Science Center and USAF Sch. of Aerospace
Medicine, San Antonio, TX]
Eighteenth Annual
Meeting of the Environmental Mutagen Society,
San Francisco, CA, 8-12 April 1987.
Environ
Mutagen 9(Suppl. 8):24-25; 1987 (0 Refs).

One of the major constraints of clinical hyperthermia is the technological difficulty of heat
de 1i very at depth inside the body. Hyperthermia
by RF capacitive coup 1ed para lle 1 opposed
electrodes is effective in inducing localized
deep hyperthermia inside the body.
Heating
regions of different sizes can be achieved by
appropriate electrode design. The main drawback
of this technology is the high impedance of fat
tissues at RF frequencies, . resulting in sc fat
heating. The absence of an appropriate techno logy to overcome this obs tac le limited the use of
this technique to superficial and accessible
tumors.
Improved RF capacitive technology at
13.56 MHz enables heating at depth at therapeutic temperatures with simultaneous efficient
cooling of sc fat and underlying tissues. The
experimental and clinical results reported with
RF capacitive heating (HTM-3000, MME Israel)
demonstrates that this technique is a potential
too 1 for the treatment of deep seated tumors,
that deep heating is safely feasible and the
currently reported advanced technology has
proven its ability for deep heating with simultaneous sc fat and underlying tissues cooling.

The abi 1ity of radiofrequency radiation (RFR) to
produce SCEs in Chinese hamster ovary (CHO)
cells by itself or during Adriamycin treatment
has been studied. CHO cells were exposed for 2
hrs to 2. 45 GHz microwaves at 350 W forward
power, pulsed at 25,000 pps, with a 10 usec
pulse width and an SAR of 33.8 W/kg.
The
following regimens were used: 1) a 37 C waterba th contra l , 2) a wa terba th temperature contra l
(TC) in which medium temperature closely followed the temperature rise in RFR exposed flasks
(approximately 2 Crise) and 3) the RFR exposed
cells. For each regimen there were 6 flasks; 3
containing 8 ml of F-10 medium with Adriamycin
and 3 with only medium. Adriamycin was used at
two dose levels:
0.45 and 0.58 ug/ml. After
exposure, the flasks were rinsed with fresh
medium and BrdUrd was added for 24 hrs after
which time mitotic cells were collected and
slides were prepared.
After differential
staining, slides were coded and scored blind for
number of SC Es per ce 11 ( 50 ce 11 s/group scored).
The experiment was repeated 4 times for each
chemical dose level.
The SCE data for O. 45
ug/ml Adriamycin is as follows: 37 C control,
8.94 +/- 0.21 (S.E.M.): 37 C +/- ADR, 15.39 +/0.39; TC, 8.53 +/- 0.21; TC +/- ADR, 16.39 +/0.41; RF, 8.69 +/- 0.22: RF+/- ADR, 15.85 +/0. 39. When analyzed by a two-way AN OVA there
were no significant differences in SCE frequencies for either dose of Adriamycin when comparing 37 C + ADR to the respective TC & RFR
conditions.

3754
THERMOMETRIC AND RADIOLOGIC STUDIES OF
APPLICATORS TO BE USED FOR HYPERTHERMIA AND
RADIATION THERAPY IN THE CAVITY OF THE UTERINE
CERVIX (MEETING ABSTRACT). (Ger.) Zimmermann,
M.:
Schorcht, J.: Theil ig, 8.
[Manfred von
Ardenne Res. Inst., Dresden (M.Z.): Carl Gustav
Carus Medical Acad., Dresden (J.S., 8.T.)]
Second Dresden Hyperthermia Symposium, 22-24
January 1987, Dresden, East Germany, p. 56; 1987
(0 Refs).
A 27 MHz applicator for the treatment of cervix
neoplasms was developed in 1985 at the M.
Arderre Research Inst. in cooperation with the
Medical Academy of Dresden.
The device was
tested successfully on experimental animals.
The applicator permits extensive adaptation of
the isothermal lines to anatomical and pathological conditions. A cross-sectional phantom
was developed to study the energy absorption
profiles of homogenous model tissues.
The
thermometric studies were carried out with an
infrared camera. The combined hyperthermia and
after-loading applicator was designed to permit
combination of hyperthermia and radiation
therapy within narrow tissue intervals.
In
addition to the comparative thermometric measurements, dosimetric data required for computer-controlled after- loading device-generated
specific isodose distributions were obtained.

3756
THE EFFECT OF 2.45 GHZ RADIOFREQUENCY
RADIATION RFR ON PROFLAVIN INDUCED MUTAGENESIS
IN L5178Y CELLS (MEETING ABSTRACT). (Eng.)
Meltz, M. L.: Eagan, P.; Erwin, D. N. [Univ.
Texas Hea 1th Science Center and USAF Sch. of
Aerospace Medicine, San Antonio, TX] Eighteenth
Annual Meeting of the Environmental Mutagen
Society, San Francisco, CA, 8-12 April 1987.
Environ Mutagen 9(Suppl. 8):72-73; 1987
(0
Refs).
The ability of pulsed RFR at a frequency of 2.45
GHz to affect the extent of mutagenic action by
the DNA intercalator proflavin at the thymidine
kinase locus in L5178Y mouse leukemic cells was
investigated.
Cells were incubated in vitro
with or without proflavin at a concentration of
1 ug/ml for 4 hrs in three different situations:
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OBTAINED
DISTRIBUTIONS
TEMPERATURE
3758
WITH MICROWAVE APPLICATORS IN A PHANTOM (MEETING
ABSTRACT). (Eng.) Hough, J. K.; Shackleton, D.
[Dept. of Medical Physics, Groote Schuur Hosp.,
and Univ. Cape Town 7952, South Africa] Annual
Congress of the South African Association of
Physicists in Medicine And Biology, Pretoria,
South Africa, 18-21 March 1986. Health Phys
52(1):113; 1987 (0 Refs).

1) a 37 C waterbath control; 2) a waterbath
temperature control (TC) in which the medium
!emperatui:e closely followed the temperature
1ncrease 1n the RFR exposed flasks; and 3) RFR
The exposure conditions were 25,000
exposure.
pps, 10 usec pulse width at 600 W forward power
with an SAR of 30.0 W/kg. Two separate experiments were performed with 4 flasks per condition
in each. After exposure, the eel ls were washed
and incubated for an expression period of
approximate ly 68 hrs. The cells were cloned in
soft agar using trifluorothy midine (1 ug/ml) as
EMS was inc 1uded as a
the se 1ect ion agent.
positive control. Averaged over 8 flasks from
the two ex per i men ts, the induced mutant frequencies per 10(6) viable cells (+/- S.E.M.) were:
167.9 +/- 28.8 for proflavin at 37 C; 217.7 +/35.1 for proflavin in the TC; and 262.0 +/- 57
for RFR exposed eel ls. In these studies, with a
maximum temperature increase by RFR of approximately 2 C, these differences are not statistically significant either by treatment or experiment.

It is well known that under certain conditions
hyperthermi a considerabl y enhances the effectiveness of cancer radiotherap y. A challenge to
the physicist is to design systems which produce
a reasonably uniform elevated temperature
distributio n in the tumor volume, leaving the
surrounding tissue at a temperature not greater
A thermistor probe was used to
than 42 C.
determine the temperature field produced by
1inear and planar microwave antennae for different rates of heating in an attempt to satisfy
the above requirement s. Various techniques for
reducing the heat dissipation due to blood flow
are being investigate d, as are more complex
antenna configurati ons.

THERMAL TOLERANCE OF HIGH INTENSITY
3757
MICROWAVE FIELDS BY SQUIRREL MONKEYS (MEETING
ABSTRACT). (Eng.) Adair, E. R.; Adams, B. W.;
[John B. Pierce Foundation Lab.,
Akel, G. M.
71st Annual Meeting of
New Haven, CT 06519.J
the Federation of American Societies for Experimental Biology, Washington, DC, 29 March - 2
April 1987. Fed Proc 46(3):322; 1987 (O Refs).

•

MICROWAVE EFFECT ON GROWING SEEDS
3759
Sinigaglia, G.;
(MEETING ABSTRACT). (Eng.)
Maltoni-Gia comelli, G.; Drei, G.; Piotti, D.
[Dipartment o di Fisica dell'Univer sita, Via
Irnerio, 46-40126, Bologna, Italy] 20th Annual
Meeting of the European Society for Radiation
Biology. Int J Radiat Biol 51(5):926; 1987 (0
Refs).

Partitional calorimetri c studies determined the
maximal intensity of 2450 MHz continuous-w ave
microwaves at which thermal balance could be
maintained by squirrel monkeys at 3 ambient
During
temperature s (Ta), 20, 25, and 32 C.
microwave exposure, thermoregul ation in the
steady state obeys a modified heat balance
equation: M + Amw = (R + C) + E +/- S. Metabolic energy production (M) pl us absorbed
microwave energy (Amw) must be balanced by that
lost by radiation (R), convection (C) and
evaporation (E), else storage (S) of energy
Monkeys were equ i 1i brated to one of
occurs.
three Ta, then reequilibra ted for 90 min in the
presence of microwaves at power densities (PD)
that ranged from 10 to 60 mW/cm2 [SAR = 0.15
Oxygen consumption, RH of
(W/kg)/(mW/cm2)].
expired air, total body weight loss, foot
sweating, colonic (Teo) and four skin temperatures (Tsk) were measured continuously . Thermal
balance was maintained at PD up to 20 mW/cm2 at
Ta = 32 C, 45 mW/cm2 at Ta = 26 C, and 60 rrM/cm2
at Ta = 20 C, points that describe a curvilinear
function. At high Tsk that approach normal Teo,
the tolerable PD approaches zero because sweating is 1imited and tissue conductance is nearmaximal. At low Tsk, the limiting PD is finite,
approximati ng 3 x resting M, to protect against
hypertherma l i zat ion of the tissues by absorbed
microwaves.

Seeds of Triticum vulgare were exposed dur1ng
germination to a microwave power intensity
ranging 10-100 nW/cm2. Frequencies of 9.7 and
8.4 GHz (gamma = 3.1 and 3.6 cm) were used.
Different schedules of exposure (pulsed and
continuous irradiation ) were compared. A strong
retarding effect on the growth of shoots was
observed for continuous irradiation at low
Less retarding effect was noted at
intensity.
higher intensity but equal applied doses, with
pulsed or discontinuo us radiation. This seems
to exclude pure thermal effects. Similar tests
performed on Heliantus annus seeds gave similar
Tests performed at 30 and 300 MHz
results.
electric field indicate little or no effect even
at higher field intensity (up to 1200 V/m).

MODULATION OF SPECIFIC HUMAN LYMPHOCYTE
3760
RESPONSES BY REGULATED ELECTROMAGNETIC FIELDS
Holt, B. R.;
(MEETING ABSTRACT). (Eng.)
Darne 11, B.; Winters, W. D. [Univ. Texas Hea 1th
Sciences Center at San Antonio, San Antonio,
TX] 65th Genera 1 Session of the I nternat iona 1
Association for Dental Research and the Annual
Session of the American Association for Dental
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Research, Chicago, IL, 11-15 March 1987. J Dent
Res 66(Spec. Issue Mar.):146: 1987 (0 Refs).

than the S cells, but this level was not enhanced by PEMF exposure.
In conclusion, H
appear to produce Ap at close to a maximum level
and are unable to significantly respond to the
PEMF, while PEMF stimulates greater AP activity
in S cultures which produce the enzyme at a
lower basal level.

Previous studies have suggested that bone repair
and immune responses may be stimulated by
applied electromagnetic fields (EMF).
The
purpose of this study was to determine the
effects of a 1. 0 gauss EMF on in vitro human
peripheral blood lymphocyte blastogenesis (LB),
natural killer (NK) activity and IL-2 production. Lymphocytes were separated from the blood
of eight healthy control and EMF exposed sets,
within which subsets received no mitogen, 1 or 2
mg/ml PHA or 25 mg/ml CON A. Standard assays of
LB, NK, and IL-2 were performed. No significant
differences in NK and I L-2 between EMF exposed
in LB responses occurred, with overall significantly (p = .025) decreased LB responses in
48-hr EMF exposed sets stimulated by 1 mg/ml
PHA and CON A. The results suggest an effect of
EMF on both inducer and suppressor lymphocyte
popu 1at ions.
Studies of EMF effects on human
immune and bone cells may lead to EMF applications of therapeutic value.

3762
ELECTRIC FIELD DISTRIBUTION IN MICROWAVE HYPERTHERMIA APPLICATORS (MEETING ABSTRACT). (Eng.)
Leybovich, L.B.
[Radiation
Oncology Center, Ma 11 i nckrodt Inst. of Radio 1ogy, 510 S. Kingshighway Blvd., St. Louis, MO
63110]
29th Annual Meeting of the American
Association of Physicists in Medicine, 19-23
July 1987, Detroit, Ml.
Med Phys 14(4):709:
1987 (1 Ref).
Electric field intensity distribution at the
aperture of conventional waveguide type microwave applicators is not of TElO mode distribution due to the presence of higher modes of
propagation caused by closeness of the aperture
plane to the probe antenna plane. In order to
study the E2 distribution at different crosssectional planes for different antenna positions, a long 10 X 20 X 150 cm air filled
waveguide, coupled to a tissue equivalent
phantom, was built.
The dominant mode of
propagation for this waveguide at frequency of
915 is TElO.
To simulate an infinitely long
waveguide, turning screws, which eliminated
reflected waves from the load, were employed at
the waveguide aperture.
E2 distributions,
calculated by using method of images, wi 11 be
compared with experimentally obtained distributions. Data obtained in this study will be used
in design of hyperthermi a app 1 i ca tors with E2
distributions most favorable for clinical use.
Preliminary results indicate that different E2
distributions can be obtained by changing
antenna positioning and distance from the
antenna to aperture.

3761
EFFECTS OF A PULSED ELECTROMAGNETIC
FIELD UPON ALKALINE PHOSPHATASE IN CULTURED
CHONDROBLASTS (MEET! NG ABSTRACT). (Eng.) . Witt,
D. W.: Ravetti, L.A.: Norton, L.A. [Univ. of
Connecticut Health Center, Farmington, CT] 65th
General Session of the I nternat i ona 1 Association
for Dental Research and the Annua 1 Session of
the American Association for Dental Research,
Chicago, IL, 11-15 March 1987.
J Dent Res
66(Special Issue Mar.):221: 1987 (0 Refs).
Alkaline phosphatase (AP) often increases as
cartilage matrix calcifies. We hypothesize that
pulsed electromagnetic fields (PEMF) change
cartilage matrix toward a mature state and
effect (AP) content. Sternum chondrob lasts (S),
hypertrophic epiphyseal chondroblasts (H) and
skin fibroblasts (F) were dissected from micromass cultured at 2 X 10(4) cells/spot and grown
for 1 wk. F-12, 10 percent fetal calf serum, 1
percent antibiotics and 0.1 mg/ml ascorbic acid
served as culture medium.
Cultures were fed
every 48 hr and kept at 37. 5 C with 5 percent
CO2.
Dishes within each group were equally
divided into control (C) or experimental (E)
groups. E received PEMF of 5 msec pulse train,
199 usec+, usec-, repeated at 15 Hz at 6 hr onoff intervals. The C were in the same incubator
shielded by .022 inch Mu metal shielding. E and
C showed +/- 0.1 C temperature difference during
the 48 hr assayed for AP.
These data were
normalized to mg protein per dish using a
Coomassie Blue G method.
Statistics of E/C
ratios for each tissue were compared.
After
examining 210 cultures, the data showed that F
produced no statistically significant AP before
or after PEMF exposure.
S cu 1tu res increased
production of AP 33 percent after PEMF exposure.
H cultures show AP levels nearly ten-fold more

3763
MEDICAL APPLICATIONS OF MICROWAVES
(MEETING ABSTRACT). (Eng.) Andersen, J. B. [No
affiliation given]
17th European Microwave
Conference. Microwave J 30(7) :64; 1987 (O Refs).
This paper will present an overview of the
present activities in the microwave community
with respect to medical applications.
First,
the general background for propagation of
microwaves in the generally very lossy media of
the human body wi 11 be given including radiation
from non-invasive and invasive antennas. How do
well known factors like gain and resolution
change when app 1i ed to lossy medium, and wi 11 an
ordinary phase-array system work?
Next, a
variety of applications will be described seen
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Catheter ablation of the left-side d atrioven tricular (AV) accessor y pathways via the coronary sinus (CS) using di re ct-curre nt shock is
We
associat ed with the risk of CS rupture.
est
closed-ch
of
efficacy
and
safety
the
assessed
radiofreq uency (RF) catheter desiccat ion of the
CS in 18 dogs. RF energy (750 KHz, 30-80 V) set
at 100-300 J was de 1ivered to 3 sites in the
distal and mid CS between the distal (#1) or
proximal electrod e (#2-4) of a standard 6F
quadripo lar USCI catheter and a chest wall patch
electrod e. Addition al RF energy at 300 J was
applied near the CS ostium using the proximal
(#4) or the distal electrod e of the same catheRight atrial (RA), pulmonary arterial ,
ter.
and aortic pressure s assessed in 3 dogs did not
No signific ant
rise at the time of ablation .
changes were found in the RA, left atrial (LA),
and AV nodal refracto riness and conducti on.
Coronary artery and levophase CS angiograms
obtained immediately after ablation and prior to
sacrific e showed an intact anatomy in all dogs.
None had signific ant arrhythm ias observed during
and after ablation assessed by an ambulatory ECG
monitoring and periodic rhythm strips at followThere were no damages to the electrod e
up.
catheter s. Ten dogs were sacrifice d in 1-7 days
and the other 8 dogs in 1, 2, 3 and 4 mo (2/mo).
Discrete lesions ranged in size from 3 X 5 mm to
8 X 10 mm in the CS surface and 1-6 mm in depth
with some lesions extendin g to the LA and LV
wall. Chronic granulat ion tissue consistin g of
fibrobla st and calcific ation was found in the
lesions lasting > 1 mo. Similar lesions were
noted in the CS ost i um and the RA septum near
the ostium. Thrombus was found in the CS in 1
dog. None had injury to the coronary artery or
to the AV node. It is concluded that catheter
ablation of the CS using RF energy is safe. It
is possible to apply this techniqu e in catheter
ablation of the left-side d and septal accessor y
pathways.

in the perspect ive of fundamental l imitatio ns.
With respect to hyperthe rmia (heating of tumor
tissue without destruct ion of healthy tissue), a
number of antennas or applicat ors will be
describe d, includin g intersti tial array systems.
Non-invasive determin ation of the temperat ure
distribu tion by radiomet ry has been studied and
used at a number of instituti ons, and recent
Genera 1 imaging
progress wi 11 be reported .
means of microwaves has the objectiv e to image
permitiv ity
complex
three-dim ensional
the
distribu tion. Recent progress in this area also
Finally, some conclusi ons
will be discusse d.
for the future of microwaves in the therapeu tic
and diagnost ic applicat ions will be made .

ELECTROMAGNET! C FI ELD FOCUS ING PROBE:
3764
A NEW NEUROSURGICAL TOOL (MEETING ABSTRACT).
Woosley, R. E.; YamaPatil, A. A.;
(Eng.)
nashi, W. S. [Tulsa, OK] 39th Annual Meeting
of the Southern Neurolog ical Society, 25-28
Neurosurgery
March 1987, Kiawah Island, SC.
21(1):12 1; 1987 (O Refs).

•

When a radiofreq uency field is applied to
biologic al tissue, eddy currents are produced.
Grounding of such tissues by an e1ectrom agnetic
field focusing (EFF) probe produces sham convergence of the eddy current, resultin g in intense
localized heating. We evaluate d its usefulne ss
In 33 rats, lesions
as a neurosur gical tool.
(100-130 W) included cortical incision s and
fronta 1 l obectomi es by vaporiza tion. Evans blue
dye was injected to evaluate the blood-br ain
The temperat ure in the surround ing
barrier.
brain was recorded with continuo us exposure at
130 W for up to 10 sec. Vaporiza tion of subcutaneou s tumor was performed, and coagulat ion
of larger abdominal vessels was studied.
Cortical incision s had a width of 0.4 mm using a
probe 0.3 mm in diameter . Minimal (0.19 wide)
Coagulation of
surround ing edema was seen.
vessels was excellen t up to 2 mm in diameter at
100 W. Vaporiza tion was rapid in both brain and
Minimal
solid tumor with scant bleeding .
disruptio n of the blood-br ain barrier was seen.
With a 3-mm probe depth, heat dissipat ion was
1imited to 2 mm at a maximum of 10 sec. The EFF
probe is potent i a 1ly an exce 11 ent neurosurg i cal
tool for cutting, coagulat ion, and vaporization.
It is safer and more easily controll ed than
1aser systems because energy is drawn out of
tissue rather than impacting on it.

CHANGES IN HEATING PATTERNS DUE TO
3766
PERTURBATIONS BY METALLIC LEADS AT 915 AND 434
Chan, K. W.;
MHz (MEETING ABSTRACT). (Eng.)
[City of Hope
Chou, C. K. ; McDouga 11 , J. A.
National Medical Center, Duarte, CA 91010]
Thirty-f ifth Annual Meeting of the Radiatio n
Research Society. Seventh Annua 1 Meeting of the
North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 5; 1987 (O Refs).
Metallic leads have been known to perturb
microwave fields and generate hot spots during
hyperthe rmia. The changes in heating patterns
due to metallic thermometers were investig ated
in static phantoms at 915 and 434 MHz. Thermograms taken parallel to the plane of electromagnetic fields indicated the length of metallic
leads extendin g along the electric field can
signific antly change the heating patterns . SAR
changes as much as +15 percent and -35 percent
were observed at depths up to 2 cm in phantoms.
The changes in heating patterns depend on the

ACUTE AND CHRONIC EFFECTS OF TRANS3765
CATHETER RADIOFREQUENCY ABLATION OF THE CORONARY
SINUS (MEETING ABSTRACT). (Eng.) Huang, S. K.;
[Univ.
Graham, A. R.; Lee, M. A.; Gorman, G.
Internat ional
of Arizona, Tucson, AZ 85721]
Conference on the Management of Cardiac ArrhythPACE
mias, 2-4 September 1987, London, UK.
10(4):99 1; 1987 (0 Refs).
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length of the leads extending into the electromagnetic fields and their orientation with the
electric field. Deviations in heating patterns
can result from applicators and phantoms of
various dimensions. A few thermograms taken at
434 MHz indicated changes in heating patterns
are less severe than at 915 MHz.
Clinically,
thermistors and thermocouples should be used
with caution. As heating patterns change due to
the presence of these thermometers, hot spots
can shift towards adjacent sites which are not
measured or outside the tumor, leaving undetected cool spots and misleading temperatures at
the measured sites.

superficial arrays. Each channel is controlled
separately based on the imbedded thermometry in
the app 1i ca tor.
A manua 1 contra 1 is a 1so
possible in which the operator uses 8 slide
potentiometers . In addition, the 8 channels can
be automatically switched together to form a
single 400 watt channel for larger local applicators. The computer features the 16/32 bit
68000 microprocessor and a 16 color screen. A
mouse is used for easy and error free adjustment
of power parameters.
Test results show that
automated contra 1 of the 8 power channe 1s can
provide optimum uniformity of temperatures in
interstitial or superficial arrays.

3767
A COMPARISON OF TYPE T AND TYPE K
THERMOCOUPLES FOR CLINICAL HYPERTHERMIA (MEETING
ABSTRACT). (Eng.)
Gerig, L. H.;
Brown, D.;
Raaphorst, G. P.: Danjoux, C. E.: Hauderowicz, Z.
[Medical Physics, Ottawa Regional Cancer Centre,
501 Smyth Rd., Ottawa, Ont. Canada] Thirtyfifth Annua 1 Meeting of the Radiation Research
Society. Seventh Annual Meeting of the North
American Hyperthermia Group. 21-26 February
1987, Atlanta, GA, p. 5: 1987 (0 Refs).

3769
RADIOFREQUENCY CAPACITIVE HYPERTHERMIA
FOR DEEP-SEATED TUMORS: I. THERMOMETRY (MEETING
ABSTRACT). (Eng.)
Hiraoka, M.;
Akuta, K.;
Nishimura, Y.: Takahashi, M.; Abe, M.: Sugahara,
T.
[Kyoto Univ., Kyoto, Japan] Thirty-fifth
Annual Meeting of the Radiation Research Society. Seventh Annua 1 Meeting of the North American
Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 15; 1987 {O Refs).
The thermometry results of reg i ona 1 hyperthermia
with RF capacitive heating equipment were
analyzed for 60 deep-seated tumors in 59 patients.
Intratumor temperatures were measured
by thermocoup 1es inserted through angiocatheters
which were placed 5-12 cm in depth in the
tissues.
Thermal distributions within tumors
and surrounding normal tissues were obtained for
53 tumors by moving thermocouples. A maximum
tumor center temperature over 43 C and 42-43 C
was obtained in 38% and 23% of the 60 tumors,
while a minimum tumor temperature exceeded 42 C
in 11% of the 53 tumors. The heating efficacy,
which was assessed in terms of the maximum or
minimum tumor temperature was high in patients
with large, hypovascular tumors and with the
subcutaneous fat measuring less than 15 mm in
thickness.
Tumors in the head and neck, and
thorax could be heated well with the equipment.
The heating efficacy correlated with tumor site
rather than treatment region. The predominant
limiting factor for power elevation was pain
associated with heating. The advantages of deep
RF capacitive heating are its applicability to
various anatomical sites and negligible systemic
effects. The disadvantages are that its primary
usefulness is limited to patients with thin
subcutaneous fat and 1arge or hypovascu lar
tumors, and the difficulty in raising the whole
tumor volume temperature over 42 C.

Safe clinical hyperthermia requires accurate
thermometry at many points within and adjacent
to the target volume.
At the moment these
requirements can only be satisfied by invasive
techniques. The least expensive, and one of the
best methods of achieving accurate and spatially
dense thermometry is by multiple micro thermocouple arrays.
We have designed and built
such a probe which can be constructed of either
type Tor type K thermocouples. A single probe
can contain as many as 12 measurement points
with any desired spacing between consecutive
thermocouple junctions.
The probe has an
outside diameter of 0.81 mm and is capable of
fitting inside of a 19 Ga catheter. This paper
will describe the performance of the probe, the
effect of NW fields (at 2450 MHz and 915 MHz),
the performance in therma 1 gradients and the
effect of catheters will be analyzed for type T
and type K multiple micro thermocouple arrays.

3768
COMPUTER CONTROLLED 8 CHANNEL MICROWAVE HYPERTHERMIA SYSTEM (MEETING ABSTRACT).
(Eng.) Saxton, F. T.:
Hanka, S.; Turner, P.
[BSD Medical Corp., Salt Lake City, Utah 84108)
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 6; 1987 (0 Refs).

3770
RADIOFREQUENCY CAPACITIVE HYPERTHERMIA
FOR DEEP-SEATED TUMORS: I I. THERMORADIOTHERAPY
(MEETING ABSTRACT). (Eng.) Hiraoka, M.; Akuta,
K.; Nishimura, Y.: Takahashi, M.: Abe, M.:
Sugahara, T.
[Kyoto Univ., Kyoto, Japan]
Thirty-fifth Annual Meeting of the Radiation

A new Hyperthermia System has been developed
which features an 8 channel generator and a high
performance computer.
The 915 MHz generator
consists of 8 channels of 50 W each.
It is
primarily used for interstitial applicators or
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for group II. In addition, 7 of the 10 tumors
heated above 42 C showed a marked increase of
intratumor low density area in CT study.
Hi sto logical study proved these changes to be
There was no serious
coagulation necrosis.
hyperthermi a.
associated _with
complicatio n
in the
Thermoradio therapy seems promising
treatment of advanced colorectal cancer.

Research Society. Seventh Annual Meeting of the
North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 15; 1987 (0 Refs).
Forty patients with locally advanced deep-seated
tumors were treated by hyperthermi a combined
Employing an 8 MHz RF
with radiotherap y.
capacitive heating system (Thermotron RF 8),
hyperthermi a was administere d regionally once
or twice a wk after irradiation , 40-60 min for
Total
each session, 4-13 sessions in total.
radiation doses varied from 28 to 70 Gray. Six
of the 40 tumors showed CR, 6 PRa (80-100%
regression) , 13 PRb (50-80% regression) , and 15
NR when assessed by tumor size on CT. Neither a
maximum nor a minimum tumor temperature was
related to the tumor regress ion. Post-treatment
CT revealed remarkable low density areas in 18
of the 34 tumors that did not regress completeThe low density area was proved to be
ly.
massive coagulation necrosis by histopathol ogical examination s and no malignant cell was
observed in 2 tumors examined thoroughly. The
grade of low density areas correlated with the
Commaximum and minimum tumor temperature .
plications consisted of 4 subcutaneou s fat
necrosis, 4 local edema and 1 abdominal abscess.
RF capacitive hyperthermi a combined with radiotherapy seems to be useful for the treatment of
A new
locally advanced deep-seated tumors.
criteria for tumor response to thermoradio therapy based on tumor regression, hi stopatho1og i cal findings and low density areas in the
tumor should be established .

HYPERTHERMIA TREATMENT AT MODERATE
3772
DEPTH LABORATORY AND CLINICAL EXPERIENCE USING
{Eng.)
ABSTRACT).
{MEETING
METHODS
THREE
Bicher, H. I.; Wolfstein, R. S. [Valley Cancer
Thirty-fift h
Inst., Panorama City, CA 91402]
Annual Meeting of the Radiation Research Society. Seventh Annual Meeting of the North American
Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 15; 1987 (0 Refs).
We developed 3 ways to heat tumors deeper than 5
cm. (1) Interstitia l 915 MHz or 300 MHz antennae (HBCI Medical Group Inc. Panorama City, CA
91402) inserted in plastic carriers with aircooling for uniform heat field, before and after
192 Ir proved most effective {6/9 CR), well
tolerated. ( 2) I ntracav itary 915 MHz or 300 MHz
antenna in air-cooled, waterproof jacket ( HBC I
Medical Group Inc.), inserted in pharynx,
esophagus or rectum, combined with radiation
teletherapy was less effective (9/23 CR), often
(3) A system of 2 or 3
poorly tolerated.
standard design 300 MHz horn waveguides (HBCI
Medical Group Inc.) excited in phase has been
evaluated, placed about phantoms and living
subjects. Both depth and homogeneity of heating
profiles were greatly enhanced by positive
interferenc e of waveforms. Heat fields in vitro
were determined in tissue equivalent phantoms by
thermocoup 1es and 3 d imens i ona l photography of
liquid crystal sheets. In pigs temperature s in
therapeutic range were obtained up to 9 cm
About 900 patient treatments have been
depth.
given using 2 applicators opposed for tumors in
pelvis, abdomen, thorax and extremities , with
minimal toxicity equal to that of a single
Treatments have been uniformly
applicator.
well tolerated with surprisingl y little discomCore
Patients perspire profusely.
fort.
temperature has increased at most 2 C, when 2
fields were treated consecutive ly. Significant
palliation and tumor control was achieved in 90
percent of 42 completed, with 5/42 CR, 25/42 PR.
Details of in vitro and in vivo experiments will
be presented.

RADIOFREQUENCY HYPERTHERMIA COMBINED
3771
WITH RADIATION FOR ADVANCED COLORECTAL CANCER
Nishimura, Y.;
(MEETING ABSTRACT). (Eng.)
Hiraoka, M.; Akuta, K.; Jo, S.; Nagata, Y.;
[Kyoto Univ., Kyoto,
Takahashi, M.; Abe, M.
Thirty-fift h Annual Meeting of the
Japan]
Radiation Research Society. Seventh Annual
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 15;
1987 (O Refs).

.

The clinical efficacy of radiofreque ncy (RF)
capacitive hyperthermi a combined with radiation
for locally advanced and recurrent co lorecta l
Fourteen patients were
cancer was evaluated.
treated with radiation plus hyperthermi a (group
I), while 10 patients were treated with radiaEmploying an 8 MHz RF
tion alone (group II).
capacitive equipment, hyperthermi a was administrated once or twice weekly immediately after
irradiation for 30 to 40 min 4 to 14 sessions
Total radiation doses
in total (mean 7.2).
varied from 40 to 70 Gray. Tumor center temperature was maintained over 42 C in 71 percent
Intratumor temperature
of 14 the tumors.
gradients of over 2 C were observed in 64
percent (7/11) of the tumors. CT scan revealed
tumor regression of more than 50 percent in 43
percent (6/14) for group I and 10 percent (1/10)

HYPERTHERMIC ADJUNCT TREATMENT FOR
3773
NASOPHARNXY [sic] PANCREAS,
SPECIFIC SITES.
PRELIMINARY EXPERILIVER, CHEST, AND PELVIS.
ENCE (MEETING ABSTRACT). (Eng.) Bicher, H. I.;
Wolfstein, R. S.; Chatham, P. L. [Valley Cancer
Thirty-fift h
Inst., Panorama City, CA 91402]
Soc iResearch
Radiation
the
of
Meeting
Annual
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ety. Seventh Annual Meeting of the North American Hyperthermia Group. 21-26 February 1987,
Atlanta, GA, p. 16; 1987 (0 Refs).

value multiplied by the actual number of subsequent daily treatments received. Response was
defined as CR+PR+MR. The results show a statistically significant effect of heat alone for
tlxlO, t43, and Ct43.
Those who responded,
17/100 (17 percent), had higher doses than the
83 patients who did not respond (p=0.009 for
tlxlO; p=0.01 for t43; p=0.008 for Ct43).
Response was independent of tumor stage, location, size, prior therapy, origin or differentiation. These analyses demonstrate a thermaldose re 1at i onsh ip between hyperthermia therapy
and tumor response as a sole independent var i able, which indicates that heat therapy has
clinical anticancer activity.

Hyperthermia has been demonstrated to be an
effective adjunct for treatment of superficial
malignancies.
Technical limitations in the
ability to heat more than 5 cm deep to body
surface has precluded wide experimentatio n in
the majority of cancers in acute clinical need
of palliation, after failure of all other
modalities.
In previous publications we described 3 techniques for treatment of tumors at
moderate depth using air-cooled multiapplicato r
systems, interstitial or intracavitary microwave
antennae. Results wi 11 be presented of pre l iminary clinical experience using these techniques
to heat specific sites where tumors were accessible to heating.
Hyperthermia was combined
with radiotherapy or chemotherapy.
Patients
received 25 fractions over 5 wk. Toxicity was
minimal. Of 37 tumors 89% showed at least 9 mo
inhibition of tumor growth with corresponding
symptomatic amelioration, despite failure of all
other forms of treatment. More than· 50% reduct ion of tumors mass occurred as follows: Liver
3/6, Pancreas 3/7, Nasopharynx 6/7, Chest 6/7,
Pelvis 9/10.
The low percentage of total
responses ( 5/37) is probably a consequence of
the high degree of temperature no nun i formi ty,
but the number of non responders was al so very
low. Clearly hyperthermia is a safe and effective adjunct modality. in the treatment of tumors
at moderate depth. As such hyperthermia should
be used with appropriate knowledge of its
limitations, but without restricting its usefulness.

3775
CLINICAL APPLICATIONS OF INTRAOPERATIVE INTERSTITIAL HYPERTHERMIA AND INTRAOPERATIVE RADIATION THERAPY (MEETING ABSTRACT).
(Eng.) Merrick, H. W.; Milligan, A. J.; Ahuja,
R. K.; Greenblatt, S. H.; Kropp, K. A.; Neisler,
J. W. H.; Dobelbower, R. R., Jr. [Medical Coll.
of Ohio, Toledo, OH 43699) Thirty-fifth Annual
Meeting of the Radiation Research Society.
Seventh Annua 1 Meeting of the North American
Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 16; 1987 (0 Refs).
Four patients underwent a total of 6 treatments
with i ntraopera ti ve hyperthermi a ( IOHT) and
intraoperative radiation therapy (!ORT) for a
variety of unresectable malignancies (lung,
kidney, bladder, cervix). All tumors had failed
prior external beam radiation.
The areas
treated were vertebral column (2), bladder,
chest wall, lung and pelvis.
Interstitial
hyperthermia of 43 C was delivered for 1 hr
using multiple pairs of 17 gauge interstitial
electrodes implanted with a 1-cm spacing between
pairs.
Generally 10-15 pairs were implanted
within the tumor volume and monitored by 16
thermocouples placed at specific locations
throughout the volume. Immediately afterwards,
!ORT with electrons up to 18 meV was delivered
to a dose of 20-25 Gray.
There were no significant post-operative morbidities and no
mortalities. Follow-up radiographs and CT scans
demonstrated a response or stable disease in all
patients.
The patients are currently being
evaluated for long term effects.

3774
ANALYSIS OF THERMAL-DOSE RESPONSE TO
HEAT (MEETING ABSTRACT). (Eng.)
Storm, F.;
Roe, D.; Drury, B. [The Magnetrode Study Group,
UCLA, Los Angeles, CA 90024)
Thirty-fifth
Annual Meeting of the Radiation Research Society. Seventh Annua 1 Meeting of the North American
Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 16; 1987 (0 Refs).
We reasoned that if hyperthermi a a lone has a
clinical anti-tumor effect, response should have
a thermal dose relationship.
We analyzed 100
patients with advanced cancer treated with
magnetic induction. Three methods of determining thermal dose were used: (A) tlxlO, the
lowest temperature sustained throughout the
tumor for 30-60 min during the first of ten
daily treatments, which represents one usual
course of ten hourly sessions; (B) t43 (equivalent minutes at 43 C) which accounts for non1 inear tumor heating by combining serially
measured temperatures during the first treatment
with a mathematical description of the timetemperature relationship for thermal inactivation or damage ( Sapareto and Dewey, 1984); ( C)
Ct43 (cumulative t43), which represents the t43

3776
INTERSTITIAL IRRADIATION AND HYPERTHERMIA FOR MALIGNANT ASTROCYTOMA: TECHNIQUE
(MEETING ABSTRACT). (Eng.)
Karlsson, U. L.;
Brady, L. W.; Seegenschmiedt, H.; Black, P.;
McCormack, T.
[Hahnemann Univ., Philadelphia,
PA 19102)
Thirty-fifth Annual Meeting of the
Radiation Research Society. Seventh Annual
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 17;
1987 (O Refs).
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mi a applied through biliary drainage catheters
is technical ly feasible and clinically tolerWe believe the use of intracath eter
ated.
hyperthermia in conjunctio n with external and/or
intracath eter radiothera py in selected patients
with unresecta ble bile duct carcinomas warrants
further study.

Interstit ial irradiatio n and hypertliermia offers
the potential of contra l of l oca 1, otherwise
fatal, malignant astrocytom a. Our interdisci plinary bra in tumor research program seeks curative
Seed strands for irradiatio n,
approache s.
heating and temperatu re probes can be housed
sequentia lly in stereotac tically placed tubes
Our stereotac t i c method obinto the tumor.
vi ates tissue invasion for head fixation.
Optimal effect of both modalitie s requires
planning prior to implant. We seek to protect
normal brain, as well as, to apply 15000 centiGray to hypoxic and 5000 cent i-Gray to eye ling
MW 915 MHz hyperthermia
cells in 100 hr.
(Cl initherm) to heat tumor tissue to 42-44 C for
60-90 min is applied after irradiatio n. Three
patients with recurrent malignant astrocytoma
have so far been treated. The experienc e has
enabled us to develop combined modality requirements for use of stereotac tic CT scanning,
dosimetry simulatio n before implant, implant
procedure s, verificati on and dose modificat ion
prior to loading, side effects, planning and
Prelimina ry results indifollow-up criteria.
cate the approach to be practical ly feasible as
an irradiatio n boost technique for radical
treatment against local malignant astrocytom a.

LOCALIZED DEEP MICROWAVE HYPERTHERMIA
3778
OF PROSTATIC CARCINOMA (MEETING
TREATMENT
IN THE
ABSTRACT). (Eng.) Yerushalmi, A.; Shani, A.;
Singer. D.; Fishelovi tz, Y.; Levy, E.; Katsnel[Dept. of Cell Biol.,
son, R.; Rakowsky, E.
The Weizmann Inst. of Science (A.Y., D.S.);
Oncology Outpatien t Clinic, Kaplan Hospital,
Rehovot, Israel; (A.S., E.L., R.K.); Dept. of
Urology, Kaplan Hospital, Rehovot, Israel (D.S.,
Y.F.); Dept. of Oncology, Beilinson Medical
ThirtyCenter, Petah Tikva, Israel (E.R.)]
fifth Annual Meeting of the Radiation Research
Society. Seventh Annual Meeting of the North
American Hyperthermia Group. 21-26 February
1987, Atlanta, GA, p. 17; 1987 (O Refs).
At present there exists a wide variation in
hyperthermia (HT) systems, treatment protocols ,
tumor sites and histologi es. Most patients
treated with HT are at an advanced stage of
disease. Hence, little informatio n exists on
We evaluate
the long term efficacy of HT+RT.
HT+RT with respect to both initial response and
response duration up to 5 yrs in a patient
population homogeneous with respect to tumor
site and histology , namely prostatic carcinoma,
treated with the same HT delivery system ( intracavitar y antenna) under the same condition s.
Thirty patients were treated: 4 with HT alone;
7 underwent 2 courses of 15x2 Gray with 2 HT
sessions per wk; and 19 were treated according
to our current pro to col of 15x2 Gray in 3 wk
with 2 HT sessions following RT twice a wk, and
a rest period of 3 wk followed by another 3 wk
of 15x2 .Gray. The results of the initial and
current treatment protocols , the initial response and response duration will be discussed .

INTRACATHETER HYPERTHERMIA AND IRIDIUM
3777
192 RADIOTHERAPY IN THE TREATMENT OF BILE DUCT
A CASE REPORT (MEETING ABSTRACT):
CARCINOMA:
(Eng.) Wong, J. Y.; Vora, N. L.; Chou, C. K.;
McDouga 11, J. A.; Chan, K. W.; Findley, D. 0.;
Farell, B. W.; Luk, K. H.; Philben, V.; Beatty,
[City of Hope Natl. Medical Center,
J. D.
Duarte, CA 91010] Thirty-fi fth Annual Meeting
of the Radiation Research Society. Seventh
Annual Meeting of the North American Hyperther mia Group. 21-26 February 1987, Atlanta, GA, p.
17; 1987 (0 Refs).

"

We report a case of a patient with locally
advanced bile duct care i noma treated with 4500
centi-Gra y external beam radiothera py, followed
3 wk later by intracath eter 915 MHz microwave
hypertherm ia and radiothera py delivered through
a biliary U-tube placed at the time of surgery.
Heating was to 43 C for 1 hr followed inrnediately by intracath eter iridium-19 2 seeds to deliver
4700 centi-Gra y over a 72 hr period. Prior to
the treatment , dosimetry study on phantoms was
conducted . The same type of catheter tubing was
placed within the phantom. Orthogonal X-rays of
the region were used to reconstruc t the geometry
of the catheter_ in the phantom. Proper insert ion depth was determined thermograph ica l ly in
order to obtain maximum heating at the center of
The maximum SAR was 14 W/kg/W.
the tumor.
During the treatment , the maximum power applied
was 30 W. The patient is alive today at 3 mo
follow-up , with stable CT scan findings and
There was no obvious
decreasing bilirubin .
toxicity from both the hypertherm ia or radiotherapy. This case demonstra tes that hyperther-

PROGNOSTIC SIGNIFICANCE OF TUMOR VOLUME
3779
ON RESPONSE FOLLOWING LOCAL-REGIONAL HYPERTHERMIA (HT) AND RADIATION THERAPY (XRT) (MEETING
ABSTRACT). (Eng.) Kapp, D. S.; Samulski, T.
V.; Fessenden, P.; Bagshaw, M.A.; Lee, E. R.;
[no affiliatio n
Lohrbach, A. W.; Cox, R. S.
Thirty-fi fth Annual Meeting of the
given]
Radiation Research Society. Seventh Annual
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 17;
1987 (O Refs).
The importance of tumor volume on treatment
outcome following combined modality treatment
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with XRT-HT is complex due to the potential
differences in blood flow, tumor pH, and heating
patterns with increasing tumor size.
In an
attempt to further clarify the relationship
between tumor volume and outcome, the influence
of tumor size of superficially located metastatic lesions treated on our randomized protocols with ·XRT-HT was analyzed with respect to
monitored temperature distributions and local
control rates .. Thirty-six lesions were identified for which .pre. and post treatment tumor
dimensions were recorded and
intratumoral
temperature map(s) were obtained during HT.
Similar thermal distributions were noted in
small (under 5 cc) vs. large (over 5 cc) tumors.
Univariate analyses demonstrated an inverse
correlation between estimated tumor volume and
local contra l rates ( 81 percent for sma 11 tumors
vs. 25 percent for large tumors: p = 0. 003).
Multivariate analyses including radiation dose,
number of HT treatments, and average tumor
temperature, confirmed a statistically significant inverse correlation between increasing
tumor size and local control (p = 0.01). Our
findings substantiate the need for stratifying
patients on the basis of tumor volume in subsequent studies.

indicate
technical
feasibility,
reasonable
coupling,
favorable
junction
temperatures,
acceptable morbidity and clinical response (8
CR, 4 PR, 2 PR after initial treatment).
Special set-up and temperature data will be
presented.

3781
THE EFFECT OF RADIOFREQUENCY INDUCTION
OF INTRACELLULAR FERROMAGNETIC PARTICLES ON THE
DOUBLING TIMES OF MAMMARY TUMORS (MEETING
ABSTRACT). (Eng.) Lerch, I. A.; Pizzarello,
D. J.
[NYU Medical Center, New York, NY 10016]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
North American Hyperthermia Group.
21-26
February 1987, Atlanta, GA, p. 36; 1987
(O
Refs).
Ferromagnetic particles will concentrate in the
mammary tumors and elsewhere in female SpragueDawley rats when administered intravenously.
The pattern of deposition is dependent on the
size and nature of the mixture: FeOOH complexed
with dextran is widely distributed in tumor,
liver, spleen, and to a lesser extent in other
tissues whereas ferric oxide suspended in
dextrose is constrained largely to tumor,
spleen, lung, and myocardium.
NMR relaxation
measurements and atomic absorption spectroscopy
indicate that the particles appear in the
tissues within 24 to 72 hr.
Light microscopy
confirms the pattern of deposition.
Animals
were infused over a 3 day period with 300 mg of
ferric oxide suspended in either 70 percent
dextrose or 10 percent polyvinylpyrrolidone and
exposed to an intense RF field from an 11 cm
diameter 3-turn induction solenoid excited at 86
KHz with a current of 1500 amps peak-to-peak.
The duration of each ·exposure was 10 min. Tumor
doubling times were found to be a function of
the time between infusion and irradiation. For
controls and animals irradiated 1 day after
infusion, tumors double in volume in 23 days.
For animals exposed 3 days after infusion, the
doubling time increases to 42 days.
The doubling time is 62 days for animals irradiated 6
days after infusion.
There is no apparent
systemic damage to the irradiated animals
despite evidence of iron in some vital tissues.
We conclude that the technique should be studied
as a potential whole-body therapy.

3780
COMBINING TWO OR MORE MICROWAVE APPLICATOR FIELDS FOR THE TREATMENT OF WIDESPREAD
SUPERFICIAL CHESTWALL RECURRENCIES (MEETING
ABSTRACT). (Eng.)
Seegenschmiedt, M. H.;
Brady, L. W.; Tobin, R.; Motyka, E. [Hahnemann
Univ., Philadelphia, PA 19102]
Thirty-fifth
Annual Meeting of the Radiation Research Society. Seventh Annual Meeting of the North American
Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p. 19; 1987 (O Refs).
Uncontrolled widespread superficial chestwall
malignancies recurring after previously fulldose radiation or chemotherapy produce significant morbidity and impaired quality of life.
Combining radiation therapy and hyperthermia
allows radiation dose adjustments and increased
tumor response.
Extensive superficial tumors,
however, are far more difficult to address with
conventional external microwave hyperthermi a
applicators.·
At Hahnemann University since
January 1986, 5 of 7 pretreated chestwall
recurrencies received two or more external
microwave applicator fields for a total of 14
fields.
Fractionated mixed photon/electron
radiation therapy (1500-4500 centi-Gray/2-5x
weekly at 150-200 centi-Gray) was applied
immediately followed by fractionated superficial
915 MHz microwave hyperthermia (2x weekly/2-8
treatments of 41-44 C/45.:60 min).
Treatment
areas
encompassed
325-650
cm2
with
2-4
15x15/10x10 cm2 fields and at least one field
junction of 10 or 15 ·cm.
Special flat coupling/cooling bags combined with bolus material
and power splitting for independent controlled
fields were used.
Junction areas received
special thermometric attention.
Our results

"

3782
FREQUENCY-DEPENDENCE
OF
ELECTRICAL
PROPERTIES OF NORMAL CANINE ORGANS AND TISSUES
(MEETING ABSTRACT).
(Eng.)
Prionas, S. D.;
Taylor, M. A.; Nelsen, T. S.: Kapp, D. S.:
Samulski, T. V.; Fessenden, P.; Hahn, G. M.
[Dept. of Radiology, Stanford Univ. Sch. of
Medicine, CA 94305] Thirty-fifth Annual Meeting
of the Radiation Research Society.
Seventh
Annual Meeting of the North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p.
41; 1987 (O Refs).
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perature range of approximately 30-45 C. Normal
versus abnorma 1 ce 11 s are compared and results
are related to modelling considerations.

Power deposition associated with exposure to
electromagnetic waves depends on the conductivity of the medium and the magnitude of the
local electric field which in turn is affected
by the dielectric constant. Knowledge of the
electrical properties of biological tissues will
aid in numerical thermal modelling and in the
design and selection of clinical hyperthermia
treatment equipment. An experimental program to
obtain numeri ca 1 va 1ues for the conductivity and
relative dielectric constants of various normal
tissues and organs of clinical interest was
The electrical properties of two
undertaken.
representative normal tissues (skeletal muscle
and adipose tissue), three body fluids (whole
blood, bi le, and urine). and fourteen organs
were measured on five mongrel dogs at normal
A total of 158 independent
body temperature.
determinations of the magnitude and phase of the
comp 1ex impedance of bu 1k tissue were obtained
The
in the frequency range of 1-100 MHz.
frequency-dependence of el ectr i cal conductivity
and relative dielectric constants will be
presented. The electrical properties of canine
and porcine tissues will be compared.

THE ELECTRICAL PROPERTIES OF NORMAL
3784
AND MALIGNANT HUMAN TISSUES FROM 50 TO 900 MHz
(Eng.,) · Joines, W. T.;
(MEETING ABSTRACT)..
[Duke
Zhang, Y.; Li, C-X.; Jirtle, R. L.
Univ., Durham, N.C. 27706] Thirty-fifth Annual
Meeting of the Radiation Research Society.
Seventh Annual Meeting of the North American
21-26 February 1987.
Hyperthermia Group.
Atlanta, GA, p. 41; 1987 (0 Refs).
The electrical properties, conductivity (sigma)
and relative permittivity (epsilon/epsilon 0).
of malignant and normal human tissues were
measured at frequencies from 50 to 900 MHz. The
measurements were made at 25 C using a network
analyzer connected to a flat-ended coaxial probe
that was pressed against the freshly excised
tissue samples. The malignant tissues that were
measured include: liver, lung, kidney, spleen,
colon, muscle, and mammary. The normal tissues
liver, kidney,
that were measured include:
colon, muscle, and mammary. In general, at all
frequencies tested, both sigma and eps ilon/eps ilon 0 were greater in malignant tissue than in
For some
normal tissue of the same type.
tissues of the same type, the differences in
el ectr i ca 1 properties from normal to ma 1i gnant
were small (kidney), but for other tissues
For
(mammary) the differences were large.
hyperthermia applications, frequency-selectiv e
heating of malignant tissue surrounded by host
normal tissue is calculated from the measured
electrical properties for certain tissues.

THERMAL RESPONSE OF BIOLOGICAL TISSUES
Gow, K. K.;
(Eng.)
(MEETING ABSTRACT).
[Thermal Fluids
Liburdy, J. A.; Liburdy, R. P.
Lab., Clemson Univ., Clemson, SC 29634-0921
Lawrence Berkeley Lab.,
J.A.L.);
(K.K.G.,
Thirty-fifth
Berkeley, CA 94720 (R.P.L.)]
Annual Meeting of the Radiation Research Society. Seventh Annual Meeting of the North Ameri21-26 February 1987,
can Hyperthermia Group.
Atlanta, GA, p. 41; 1987 (0 Refs).
3783
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A -model of the thermal response of various
biological tissues is required to predict how
these tissues will respond to localized heating,
cooling, and radiation deposition. For accurate
modelling of the heat transfer processes of the
tissues, two properties, thermal conductivity
and heat capacity, are required. These properties and their variations with temperature have
been determined for human erythrocytes, normal
1ung ce 11 s, 1ung squamous ce 11 s, norma 1 and
transformed mammary epithelial cells. Similarly, properties have been obtained for normal
WAG/R i j rat and rat rhabdomyosarcoma eel ls. The
heat capacity is obtained by placing the sample
in a sma 11, th i n-wa 11 ed sphere and subjecting it
to a heated, constant temperature, constant
The time rate change of
velocity flow field.
tissue temperature is analyzed to determine the
Therma 1 conductivity measureheat capacity.
ments are made with a heat flux gage which
establishes a steady heat flux through a stanThe heat flux is
dard and the tissue sample.
determined by means of a differential temperaThe
ture measurement across the standard.
specimen thermal conductivity is found by
measuring the temperature differential across
the sample. Detailed thermal conductivity and
heat capacity data are presented over the tern-

MODELING OF ELECTRIC FIELDS WITHIN
3785
TISSUE FROM A RECTANGULAR APERTURE SOURCE
Rine, G. P.;
(Eng.)
(MEETING ABSTRACT).
[Kansas Univ., Lawrence, KS
Wallen, C. A.
66044; Bowman Gray Sch. of Medicine, WinstonSalem, NC 27103] Thirty-fifth Annual Meeting of
the Radiation Research Society. · Seventh Annual
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 42;
1987 (0 Refs).
Accurate predict ion of the temperature distribution under microwave hyperthermi a depends not
only on the modeling of thermal and physiological parameters of the tumor but also on the
accuracy with which the induced electric fields
can be characterized within the treated region.
Software for a microcomputer has been developed
which calculates the electric fields within twodimensional inhomogeneous biological bodies for
The incident
both TM and TE wave scattering.
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field arises from either a plane wave or a
nearby aperture source. The aperture radiation
pattern is calculated numerically by a Fourier
method or is simulated as a collection of point
dipole radiators.
Moments and finite element
methods are used to obtain the induced electric
fields. With the moment method the effects of
model and computational cell size on the difficulty in obtaining a solution are evaluated.
In the variational finite element technique both
global and local look-back schemes are addressed
in dealing with boundary conditions. Effects of
mesh density and order of approximation (linear
vs quadratic) have been examined to optimize
mesh characteristics.
The goal is to compare
differential (curl equations) and integral
operators (Green's functions) for accuracy, ease
of data entry, and memory storage limitations in
solving this kind of problem.

3787
ANALYSIS OF CAPACITIVE HEATING VIA
NUMERICAL MODELING (MEETING ABSTRACT).
(Eng.)
Paulsen, K. D.; Strohbehn, J. W.; Lynch, D.R.;
Jones, E. L.
[Thayer Sch. of Engineering,
Dartmouth Coll., Hanover, NH 03755]
Thirtyfifth Annual Meeting of the Radiation Research
Society.
Seventh Annual Meeting of the North
American Hyperthermia Group.
21-26 February
1987, Atlanta, GA, p. 42: 1987 (0 Refs).
One type of noninvasive, regional hyperthermi c
device that is presently under investigation is
the capacitive heating system. To mathematically formulate this problem for computer simulations, a new hybrid nu mer i cal method has been
introduced which is a combination of the finite
element and boundary element methods.
This
technique permits a formal approach to the
problem of a source which emits radiation into
an infinite medium while delivering energy to a
highly inhomogeneous body. The purpose of this
study is to use the hybrid method to examine the
theoretical effectiveness of a parallel plate
capacitive system via two-dimensional numerical
calculations of the electric field produced in
the body by such a source, and the resultant
steady-state temperature rise.
Body crosssect ions from actual cancer patients are theoretically heated using several different electrode configurations,
bolus contents, and
frequencies. A previously defined hyperthermia
equipment performance (HEP) rating is employed
to characterize the therapeutic ability of a
parallel-plate capacitive system to heat tumors
to therapeutic levels. The intent of this work
is to help clinicians better understand the
capabilities and limitations of capacitive
devices for inducing hyperthermia.

3786
A 3-DIMENSIONAL AXISYMMETRICAL FINITE
ELEMENT METHOD (FEM) OF MICROWAVE ENERGY DEPOSITION IN BIOLOGICAL MEDIUM (MEETING ABSTRACT).
(Eng.) Afuwape, S. A.; Bruley, D. F.; Bicher,
H. I.
[Valley Cancer Inst., Panorama City, CA
(S.A.A., H.I.B.); California Poly Univ. Sch. of
Engineering, San Louis Obispo, CA (D.F.B.)]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
North American Hyperthermia Group.
21-26
February 1987, Atlanta, GA, p. 42: 1987
(O
Refs).
Predictive models of electromagnetic field
excitation of biological medium are necessary
for eventual clinical hyperthermia field planning and optimal applicator design. A 3-dimensional numerical analysis of FEM is being
utilized in solving the problem. A strategic
approach of converting Maxwell's equation to
physical wave propagation equations was devised
to give the divergent of the gradient of the
electric field (EF) vector plus the product of
the propagation constant and the (EF) vector and
solve this problem in an anisotropic biological
medium. The portable and versatile FEM routine
would accept structural parameters of the medium
with the functional operating frequency and
solve for the energy deposition in an irregular
geometrical medium. The problem of absorption,
reflection and scattering can easily be handled
with this numerical simulation. The predictive
potential of this technique is extended from
field variables to the power induced and consequential temperature distribution including a
convective term.
The FEM simulation uses
clinically observed data and optimal designed
variable of the applicator to graphically
predict energy depth focusing in the medium.
The characteristic absorption in muscle, fat,
and bone phantoms are graphically presented.
This technique could be useful in controlling
local hyperthermia.

3788
CONFIGURATIONS FOR IMPROVED RADIOFREQUENCY HYPERTHERMIA (MEETING ABSTRACT). (Eng.)
Myerson, R. J.
[Washington Univ. Sch. of
Medicine, St. Louis, MO 63110]
Thirty-fifth
Annual Meeting of the Radiation Research Society. Seventh Annual Meeting of the North American Hyperthermia Group.
21-26 February 1987,
Atlanta, GA, p. 42; 1987 (0 Refs).
A computational program for determining SAR
distributions in realistic three-dimensional
phantoms with both inductive and capacitive
rad i ofrequency devices has been developed. This
has been used to optimize coil size and position
for parallel opposed magnetic multipole coils.
Configurations which permit fairly uniform
heating of anterior mediastinal and lateralized
thoracic tumors are presented. A high degree of
sparing of the central nervous system and to a
lesser extent, the great vessels, is possible.
It is also possible to use the program to
predict patient induced reactance and resistance
and, thus, help choosing optimal matcHing
circuitry. Preliminary measurements in phantoms
are in progress and will be reported.
The
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perimental and numerical studies of others has
been incorporated into this study. Experimentally obtained energy deposition patterns within
a human leg exposed to the MAPA were input into
the model and the results were compared to
APA
those based on a theoretical pattern.
exposure was calculated with· a three dimensional
block model of man. Very high bone temperatures
.(over 50 C) were calculated when the experimental MAPA absorption pattern was used. Calculations show that systemic heating during APA
exposure is reduced when evaporative spray
cooling on the patient's limb is coupled with
high velocity ambient air flow.

algorithm is adaptable for RF heating with
multiple plate capacitors as well and configurations for thoracic tumors will be presented.

•

FIELD
ELECTRIC
THREE-DIMENSIONAL
3789
DISTRIBUTIONS IN A HOMOGENEOUS MODEL OF MAN
Paulsen, K. D.:
(Eng.)
(MEETING ABSTRACT).
[Thayer Sch. of
Strohbehn, J. W.: Lynch, D. R.
Engineering , Dartmouth Coll., Hanover, NH 03755]
Thirty-fift h Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(O
February 1987, Atlanta, GA, p. 43; 1987
Refs) .

CALCULATION OF ABERRANT HEATING WITH A
3791
DEPOSIELECTROMAGNETIC
THREE-DIMENSIONAL
(Eng.)
TION/THERMAL MODEL (MEETING ABSTRACT).
Spiegel, R. J.: Fatmi, M. B. E.: Joines, W. T.
[U.S. EPA, Research Triangle Park, NC 27711
( R. J. S.); Northrop Services, Inc., Research
Triangle Park, NC 27709 (M.B.E.F.); Duke Univ.,
Durham, NC 27706 (W.T.J.)] Thirty-fift h Annual
Meeting of the Radiation Research Society.
Seventh Annual Meeting of the North American
21-26 February 1987,
Hyperthermia Group.
Atlanta, GA, p. 43; 1987 (O Refs).

A boundary element method (BEM) formulation of
the Maxwell equations is used to calculate the
e 1ectr i c fie 1d in a homogeneous, three-d imenThe nu mer i ca 1 approach
s i ona 1 mode 1 of man.
devised in this study allows for two electrical(1) the homogeneous
ly distinct regions:
patient interior, and ( 2) the background medium
containing the electromagn etic (EM) source. A
three-dimen sional boundary element grid is
constructed from cross-sectio nal drawings of the
human anatomy. By choosing the boundary element
method, the over a 11 three-d imens i ona 1 shape of
the human body is preserved and the computations
are possible on a moderate sized computer (Micro
Vax I I). Three different EM source conf igurat ions intended to simulate magnetic induction
devices, annular array applicators , and capacitive heating systems are considered. A variety
of results using different combinations of
electrical media inside and surrounding the
patient, as well as different frequencies of
source excitation, are generated with this model
and wi 11 be presented, inc 1ud i ng i nterna 1 and
external fields and energy deposited far from
the source.

A 1172 cell block model of man has been used to
calculate the rate of electromagn etic energy
deposition and the resulting thermoregul atory
response when radiofreque ncy applicators are
The
used to produce regional hyperthermi a.
model
finite-diffe rence
three-dime nsional,
simulates the flow of heat into and out of the
body; this includes internal heat generation
(metabolism and electromagn etic deposition) ,
cooling and distribution of heat by blood flow,
therma 1 conduction throughout the body, evaporative heat loss (sweating and respiration ), and
radiation and convection from the outer surface
of the body to the environment. The numer i ca 1
so 1ut ions obtained have been used to determine
the temperature distributio ns in regions of the
body that receive scattered electromagn etic
energy but are outside the treatment reg ion.
This aberrant heating phenomenon has been
studied with idealized application of electromagnetic energy deposition in the torso, thigh
and arm.

UTILIZATION OF A WHOLE BODY THERMAL
3790
MODEL OF MAN TO PREDICT SYSTEMIC AND LOCAL
EFFECTS DURING HYPERTHERMIA (MEETING ABSTRACT).
(Eng.) Charny, C. K.; Hagmann, M. J.; Levin,
[BEIB/DRS, National Inst. of Health,
R. L.
Bethesda, MD 20892 (C.K.C., M.J.H., R.L.L.):
BME, Johns Hopkins Sch. of Medicine, Baltimore,
MD 21205 (C.K.C., R.L.L.)] Thirty-fift h Annual
Meeting of the Radiation Research Society.
Seventh Annual Meeting of the North American
21-26 February 1987,
Hyperthermia Group.
Atlanta, GA, p. 43; 1987 (O Refs).

CALCULATIONS OF
DIMENSIONAL
THREE
3792
INTERSTITIAL
FOR
DISTRIBUTIONS
TEMPERATURE
HYPERTHERMIA SYSTEMS (MEETING ABSTRACT). (Eng.)
[Thayer
Strohbehn, J. W.
Meehl ing, J. A.:
Sch. of Engineering , Dartmouth Co 11., Hanover,
Thirty-fift h Annual Meeting of the
NH 03755]
Seventh Annual
Radiation Research Society.
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 43;
1987 (0 Refs).

A whole body thermal model of man has been
developed to predict the changes in regional
temperature s and blood flows during hyperthermia
treatm~nts with the mini-annula r phased array
(MAPA) and annular phased array (APA) appl icaA model of the human thermoregu 1a tory
tors.
response to reg i ona 1 heating based on the ex-
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The ability of ferromagnetic seeds and microwave
antenna arrays to heat idealized three dimensional tumors was investigated.
The bioheat
transfer equation was solved using a finite
element method. For the microwave case the SAR
was calculated ana lyt i ca lly.
Homogeneous and
nonhomogeneous blood perfusion models were
considered.
Temperature distributions were
calculated for various implant spacings in
cylindrical and ellipsoidal tumors. Examination
of isotherm plots a 11 owed the determination of
localized areas that reached therapeutic temperatures and permitted a direct comparison of the
effects of different tumor sizes, geometries and
blood perfusion models on the performance of
each of the heating modalities.
Hyperthermia
equipment performance (HEP) ratings were assigned to each case examined based on the
percentage of the tumor volume to reach 43 C or
greater. Comparisons were made between previous
two dimensional calculations and the three
dimensional calculations of this study.

Group. 21-26 February 1987, Atlanta, GA, p. 44:
1987 (O Refs).
A two-dimensional finite difference model has
been deve 1oped and app 1 i ed to the prob 1em of
treatment planning and evaluation of hyperthermia induced by inductively heated ferromagnetic
implants.
Three types of studies have been
carried out: a parametric study to characterize
the heating that results from ferromagnetic
seeds with varying properties, an analysis of
experimental heating of canine brains, and an
analysis of experimental heating of canine
kidneys with controlled perfusion. In the first
study, we conclude that a density of one seed
per cm3 is adequate in most cases. We also show
that if the Curie transition region is 10 C
wide, that the temperature regulation at intermediate points is about 1 C. For the in vivo
analyses, calculated temperatures from which the
blood flow in the tissues is inferred.

3793
MICROWAVE INTERSTITIAL PRE-TREATMENT
PLANNING SYSTEM (MEETING ABSTRACT).
(Eng.)
Stimpson, M.; Turner, P. F.: Schaefermeyer, T.
[BSD Medical Corp., Salt Lake City, UT 84108]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
North American Hyperthermia Group.
21-26
February 1987, Atlanta, GA, p. 44: 1987
(O
Refs).

3795
THE EFFECT OF PERFUSION,
SPATIAL
ARRANGEMENT AND CURIE POINT ON THE THERMAL
DISTRIBUTION FROM FERROMAGNETIC NEEDLES (MEETING
ABSTRACT). (Eng.) Paliwal, B. R.;
Su, S-L.:
Wang, G-B: Steeves, R. A.: Partington, B.:
Adams, C.
[Univ. of Wisconsin, Madison, WI
53792]
Thirty-fifth Annual Meeting of the
Radiation Research Society.
Seventh Annual
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 44:
1987 (O Refs).

A numerical method has been developed to provide
solutions of the SAR pattern for microwave
interstitial arrays. The calculations have been
performed with the BSD-500 system. The numerical method is a 3-D solution modelling each of
the applicators with an array of point source
dipoles. We assume they are all inserted into
homogeneous high water tissue.
The solution
outputs are shown as a planar color plot representing various heating contours. The effects
of blood flow and thermal conduction are not yet
part of the solution. The power and position of
each applicator can be independently selected to
simulate the clinical conditions. Results are
presented for both planar and cylindrical array
insertion grids. Central applicators of planar
grids require less power than the perimeter
applicators which improves SAR uniformity.

Thermal patterns were generated using a bioheat
equation based solution for several configurations of therma 1 seeds to study the chang·es in
the thermal distribution patterns.
Cu-Ni
ferromagnetic needles in various numbers (1, 2,
4, 6, 9, 12 and 16) and spatial configurations
and with curie points of 42, 45 and 50 were
studied. The distributions were also analyzed
for variation in perfusion. An analysis of the
data to aid in optimization of the implanting
techniques will be presented.
>

3796
LIMITATIONS IN BLOOD PERFUSION AND SAR
ESTIMATES FROM TRANSIENT ANALYSIS IN AN INHOMOGENEOUSLY PERFUSED TUMOR MODEL (MEETING
ABSTRACT). (Eng.) Wong, T. Z.; Mechling, J.
A.: Jones, E. L.
[Dartmouth Coll., Hanover, NH
03755]
Thirty-fifth Annual Meeting of the
Radiation Research Society.
Seventh Annual
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 44;
1987 (0 Refs).

3794
HYPERTHERMIA BY FERROMAGNETIC IMPLANTS:
TREATMENT PLANNING AND EVALUATION (MEETING
ABSTRACT). (Eng.) Chen, Z. P.; Haider, S. A.;
Roemer, R. B.: Cetas, T. C.
[Dept. of Aerospace and Mechanical Engineering and Dept. of
Radiation Oncology, Univ. of Arizona, Tucson, AZ
85724]
Thirty-fifth Annual Meeting of the
Radiation Research Society.
Seventh Annual
Meeting of the North American Hyperthermia

A two-dimensional finite element inhomogeneous
tumor model has been developed to evaluate the
thermal response to power~on and power-off
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TRIANGULAR LATTICE ARRAYS FOR INTER3798
STITIAL MICROWAVE HYPERTHERMIA (MEETING AB[Dept.
STRACT). (Eng.) Lin, J. C.: Wang, Y.
of Bioengineering, M/C 063, Univ. of Illinois,
Chicago, IL 60680] Thirty-fifth Annual Meeting
Seventh
of the Radiation Research Society.
Annual Meeting of the North American Hyperther21-26 February 1987, Atlanta, GA,
mia Group.
p. 61: 1987 (O Refs).

Temperatures are calculated over
transients.
time using a finite-difference time-stepping
In this simulation, four interstitial
scheme.
microwave antennas arranged in a 2 cm square
array were used to heat a 4 cm diameter tumor.
The surrounding normal tissue and three regions
within the tumor were independently assigned
blood flow values to approximate different tumor
perfusion patterns. SAR• values were estimated
throughout the treatment volume from the poweron transient, and blood flow values were estimated from thermal clearance data after power
was removed. Both of these estimated parameters
were then compared to the known blood flow and
SAR values. In general, SAR could be predicted
accurately in both homogeneous and inhomogeneous
models, irrespective of the blood flow values.
For a homogeneous model, thermal clearance was
found to give reasonably accurate blood flow
estimates at high perfusion rates and less
accurate estimates at lower perfusion rates.
However, for the' inhomogeneous tumor model the
blood perfusion estimates were generally poor,
and an average blood perfusion for the tumor was
obtained with little ability to resolve the
differences in perfusion between regions.

Implantable miniature microwave antennas operating between 300 and 2,450 MHz have been emp Joyed
to heat deep-seated tumors in hyperthermia
While the complete response
cancer therapy.
rate has been reported to be as high as 80
percent, a major limitation of this procedure is
that present antennas tend to give a low heating
zone near the tip of the device. Thus, there is
considerable interest in antennas with improved
heating at the tip of the interstitial hyperPreviously, we reported
thermia applicator.
microwave antennas for interstitial hyperthermia.
and thermocoagulation with maximal power deposition occurring near the tip of the antenna.
Experimental results obtained at phantom measurements showed that heating peaks near the tip
Indeed, power deposition was
of the antenna.
enhanced by six to ten times. In this paper, we
report the development of a novel interstitial
array configuration for use at 915 and 2450 MHz
that better conforms to accessible, deep-seated
It is based on the unique contumor volume.
The
figuraflon of an equilateral triangle.
symmetry afforded by locating three identical
interstitial antennas at the corners of the
triangle wi 11 allow the triangular array geometry to serve as a basic building block with
which to construct lattice array structures to
effect uniform heating throughout the threedimensional volume of the tumor.

DEVELOPMENT OF MICROWAVE ANTENNA USED
IN INTERSTITIAL HYPERTHERMIA (MEETING ABSTRACT).
[George Washington Univ.,
(Eng.) Neyzari, A.
Washington, DC and Cheung Lab., Inc. LanhamSeabrook, MD 20706] Thirty-fifth Annual Meeting
Seventh
of the Radiation Research Society.
Annual Meeting of the North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p.
61; 1987 (O Refs).
3797

To improve the heating fields of interstitial
microwave antennas, a set of two 915 MHz hyper-

The efthermia antenna has been developed.
ficacy of the standard microwave interstitial
antenna presently used is limited by the volume
of tissue that can be effectively heated. This
heated volume is ellipsoidal shaped and is
centered at the junction point (where the outer
conductor of the coaxial cable ends) which is
about 4 cm from tip of the antenna. The long
axis of the ellipsoidal therapeutic region,
which is along the axis of the antenna, is about
4 cm long, which leaves 2 cm of the tail of the
To eliminate
antenna clinically not useful.
this problem, which may bring some limitations
to the use of hyperthermia in cancer treatment
of some regions such as the brain, we have
developed antennas that bring the therapeutic
region close to the tip of the antenna. These
antennas are constructed from thin semirigid or
flexible coaxial cables which fit standard
The design of the
after-loading catheters.
The comparison between
antenna is discussed.
the performance of these antennas and standard
microwave antennas is demonstrated by measurement of the pattern of temperature distribution
in steady state phantom and measurement of the
SAR i~ static phantom.

I

i:'

(MEETING
SYSTEM
IMAAH
AIR-COOLED
3799
(Eng.) Trembly, B. S.; Ryan, T.
ABSTRACT).
P.; Strohbehn, J. W.; Douple, E. B.; Coughlin,
[Dartmouth Co 11., Hanover, NH 03755]
C. T.
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(0
February 1987, Atlanta, GA, p. 61: 1987
Refs).
The Dartmouth IMAAH (Interstitial Microwave
Antenna Array Hyperthermia) system heats a tumor
through absorption of microwave energy radiated
from an array of flexible antennas implanted in
The antennas are
the margins of the tumor.
inserted parallel in 2 mm OD brachytherapy
catheters, and form typically a square of 2 cm
side length. We drive the antennas at 915 or
433 MHz, and regulate power with a non-perturbing temperature sensor inside each catheter.
Each microwave antenna deposits much of its
Consepower within a few mm of its cathater.
quently, the temperature distribution within the
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tumor is not uniform. We have developed an aircooling system that reduces tissue temperature
only in the vicinity of the antennas, thus
improving temperature uniformity.
We have
measured the coefficient of convective heat
transfer of air forced through a catheter. With
this we have developed two-dimensional theoretical models for steady-state temperature.
We
present theoret i ca 1 results showing the effect
of catheter airflow rate on radial and axial
IMAAH temperature distributions.
We also
present temperature measurements in a dog kidney
and a human patient with air cooling.

To deliver effective hyperthermia treatments in
deep-seated critical tissue regions, it is
essential to accurately control the size and
location of the induced thermal field. Inter-'
stitial heating offers the best chance of both
penetration and localization of the heat field.
Of the three interstitial heating techniques,
microwave antennas· have been most widely used
because of equipment ava i 1ab i 1i ty, compatibility
with plastic catheter brachy procedures, and
power deposition characteristics at distance
from the source. We have developed an implantable spiral coil microwave antenna design which
effectively localizes the heat to a more cylindrical shaped volume than is possible with
traditional dipole or multi-junction coaxial
antennas.
By changing the turns density and
connection configuration of the spiral, it is
possible to alter the antenna heating pattern,
including shifting the 50 percent HL just past
the tip.
For the comparative dosimetry of
microwave antennas, a set of criteria is introduced which quantifies 50 percent HL, percent
squareness, dead length at tip, and location of
heat peak.
A comparative analysis of spiral
coil and dipole antenna profiles in both phantom
and in vivo brain tissue were presented.

3800
INTRACAVITARY MICROWAVE APPLICATORS
FOR HYPERTHERMIA CANCER THERAPY (MEETING ABSTRACT). (Eng.) Wang, Y.; Lin, J. C.
[Dept.
of Bioengineering, M/C 063, Univ. of Illinois,
Chicago, IL 60680] Thirty-fifth Annual Meeting
of the Radiation Research Society..
Seventh
Annual Meeting of the North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p.
61; 1987 (O Refs).
Tumors in such hollow viscera or cavities as
esophagus, cervix, and prostate are amenable to
treatment
with
intracavitary
hyperthermia
techniques. Several investigators have reported
designs of i ntracav itary hyperthermia app 1i cators that permit easy access to these deep tumor
sites. The clinical efficacy of intracavitary
hyperthermia would be enhanced if the heating
patterns of i ntracav i tary applicators reach
maximal at the tip, so that microwave energy may
be deposited in the tumor without excessive
heating of surrounding normal tissue.
However,
most of the early design efforts have yielded
intracavitary applicators with heating patterns
that are not only non-uniform, but also minimal
toward the tip of the applicator, thus limiting
its clinical usefulness.
This paper presents
coaxial transmission line slot and dipole
applicators embodying our recently advanced
design concepts that feature preferential power
deposition at the tip.
The applicators are
constructed using RG8B/u coaxial cables (OD =
10.3 mm) for operation at 915 MHz. Measurements
in muscle-equivalent phantom show not only
enhanced heating at the tip of the applicator
but also excellent matching characteristics.
The typical reflection coefficient was less than
2 percent of incident power at the design
frequency.

3802
A ROBOT CONTROLLED 915 MHZ HYPERTHERMIA SYSTEM (MEETING ABSTRACT). (Eng.) Sterzer,
F.;
Paglione, R.; Mendecki, J.; Friedenthal,
E.; Davis, L. W.
[RCA Laboratories, Princeton,
NJ (F.S., R.P.); Albert Einstein Coll. of
Medicine, Bronx, NY (J.M., E.F., L.W.D.)]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
North American Hyperthermia Group.
21-26
February 1987, Atlanta, GA, p. 62; 1987
(0
Refs).
A hyperthermia system is described that includes
a computer-driven robot which can accurately and
repeatedly scan a 915 MHz antenna over a preprogrammed treatment field on a patient.
I ntegra 1 to the antenna is a non-contracting
infrared thermometer sensor that measures the
surface temperature of the scanned tissue. The
fast response time of the infrared thermometer
assures that the control unit can adjust the
microwave power to the antenna and thereby
regulate the surface temperature. The control
unit displays the temperature measured by the
infrared thermometer and has a switch for
selection of the desired temperature.
The
control unit also modulates a high power pin
diode switch that is connected between the
microwave generator and the antenna.
The
modulation of the switch controls the amount of
power delivered to the antenna.
Computer
generated infrared thermograms of the surface
and profiles of temperatures measured at depth
in tissue equivalent material were presented
along with the temperature patterns measured in
the dog~ Clinical experiences with the 915 MHz
robot system were described.

3801
IMPLANTABLE
SPIRAL COIL
MICROWAVE
ANTENNA FOR INTERSTITIAL HYPERTHERMIA (MEETING
ABSTRACT). (Eng.) Stauffer, P.R.; Satoh, T.
[UCSF, CA 94143]
Thirty-fifth Annual Meeting
of the Radiation Research Society.
Seventh
Annual Meeting of the North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p.
62; 1987 (O Refs).
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that even in high (kidn~y) blood flows, tissue
regions up to 9 mm in depth. may be heated to
between 42-46 C while maintaining the surface
temperature be low 46 C ( dependent on cool ant
temperature), with an initial anesthetized
animal core temperature of 24 C.

EXTERNAL
EFFECTIVE
OF
TECHNIQUES
3803
HYPERTHERMIA TREATMENT OF SUPERFICIAL TUMORS OF
(Eng.)
THE TRACHEASTOMA (MEETING ABSTRACT).
Leybovich, L.B.; Straube, W. L.; Nussbaum, G.
[Edward
H.; Emami, B. N.; Sathiaseelan, V.
Mallinckrodt Inst. of Radiology, Washington
Univ. Sch. of Medicine, St. Lou.is, MO 63110]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(O
February 1987, Atlanta, GA, p. 62; 1987
Refs).

FLEXIBLE ARRAY OF RECTANGULAR MICRO3805
STRIP RADIATORS FOR CONFORMAL APPLICATION OF
(Eng.)
(MEETING ABSTRACT).
HYPERTHERMIA
Underwood, H. R.; Franke, S. J.; Magin, R. L.
[Electrical and Computer Engineering., Univ. of
I 11 i no is, 1406 W. Green St., Urbana, IL 61801]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(0
February 1987, Atlanta, GA, p. 63; 1987
Refs).

In the treatment of superficial tumors of the
tracheastoma with external microwaves, it is
clearly of critical importance that the method
of coupling of microwave power to the treatment
area permits sufficient flow of air to the
stoma. However, standard techniques of coupling
employed in this application invariably distort
the SAR patterns of conventional microwave
applicators, resulting in cold spots near the
stoma. To improve the delivery of thermotherapy
in the treatment of peritracheastomal tumors, we
have designed and tested an improved applicator
and coupling pad. The app l i cater is a foreshortened microwave device employing a loop antenna,
that is capable of producing maximum SAR around
the sarcoma and of permitting the adequate air
flow to that region. The coupling pad employs
deionized water, incorporates a channel for air
flow, and guarantees a minimum of at least 1 cm
of water between the app l i ca tor and the patient.
Details of performance characteristics of the
applicator were presented. Design and clinical
utilization of the coupling pad were also
discussed.

The design of a new flexible low-profile apPl i ca tor for contra 11 ed local hyperthermi a is
presented. The applicator consists of a hexagonal array of rectangular microstrip antenna
elements coupled into tissue through a thin
The relative dielectric constant
water bolus.
of the substrate is chosen to achieve high power
transfer into muscle while maintaining reasonabIndividual patch
ly small applicator size.
dimensions are chosen for half-wavelength
resonance in tissue at 915 MHz and low VSWR.
Inter-element array spacing is optimized to
reduce mutual element coupling wh i le enab l i ng
near field focusing for localized heating of
tumors to a depth of 3 cm in tissue. Numerical
analysis shows the ratio of normal to tangential
electric field components at positions within
the illuminated tissue region are small enough
to prevent hot spots due to excessive heating.
Power deposition patterns are calculated at
various depths in tissue with phase and amplitude contra l used to move the focal reg ion to
A flexible dielectric
specific locations.
substrate provides matching to curved or irregular surfaces and increases the gain and
efficiency of the applicator.

WATER COOLED MICROSTRIP LOOP APPLICA3804
TOR FOR INCREASED PENETRATION DEPTH HYPERTHERMIA
(Eng.) Stauffer, P. R.;
(MEETING ABSTRACT).
[Univ. of
Swift, P. S.; Christianson, M. A.
ThirtyCalifornia, San Francisco, CA 94143]
fifth Annual Meeting of the Radiation Research
Seventh Annual Meet Ing of the North
Society.
21-26 February
American Hyperthermia Group.
1987, Atlanta, GA, p. 62; 1987 (0 Refs).
A 2,450 MHz microstrip ring indicator for
producing localized hypertherm,i a of deep subcutaneous tissues has been constructed using a 1
cm diameter loop of 1 mm OD copper tubing
embedded in a bowl shaped copper "plaque" base.
Water was circulated through the loop as a
coolant to control both the ring radiator and
surface tissue temperatures and to increase the
The
effective penetration depth of heating.
plaque applicator has been used successfully to
produce localized hyperthermi a for several
tissue toxicity studies including normal rabbit
eye, Greene-strain melanoma in rabbit eye, and
normal mouse kidney. Thermal dosimetry with 3
orthoganol fiber optic probes is described for a
variety of blood flow conditions. It indicates

PREFERENTIAL HEATING OF RAISED SURFACE
3806
TUMORS WITH MICROWAVES (MW) (MEETING ABSTRACT).
(Eng.) Lee, E. R.; Fessenden, P.; Kapp, D. S.
[Dept. of Radiology, Stanford Univ., Stanford,
Thirty-fifth Annual Meeting of the
CA 94305]
Seventh Annual
Radiation Research Society.
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 63;
1987 (O Refs).
It is to be expected that the MW field within,
and adjacent to, a raised surface tumor will be
affected by the nonp lanar geometry and abrupt
changes in electrical properties at the tumor
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interface. This may result in MW focusing into
the tumor, but the mathematical solution of this
problem is complex since the near field is
involved.
To explore the possibility that MW
enhanced heating occurs clinically in raised
tumors, the temperature profiles from MW treatments of 9 raised tumors (height 0.5 to 3.9 cm
above surface) in 5 patients were analyzed.
Evidence to support an enhanced heating effect
was found with the average measured tumor
temperature, and percent of tumor temperature
over 43.5 C, increased by 0.8 C and 20 percent,
respectively, compared with values found for
flat surface tumors.
In order to further
characterize this phenomenon, measurements were
made with sever a 1 app 1i ca tors on four phantoms
simulating raised tumors of various heights (02. 2 cm).
Enhanced SAR patterns were observed
with indications of a focusing effect for an air
coupled waveguide applicator. The findings of
this investigation will aid in the subsequent
design of surface applicators.

3808
SAR DISTRIBUTIONS IN HUMAN TUMORS
HEATED BY LOCAL MICROWAVE APPLICATORS (MEETING
ABSTRACT). (Eng.) Waterman, F. M.; Matthews,
J.; Nerlinger, R. E.
[Thomas Jefferson Univ.,
Philadelphia, PA 19107]
Thirty-fifth Annual
Meeting of the Radiation Research Society.
Seventh Annual Meeting of the North American
Hyperthermia Group.
21-26 February 1987,
Atlanta, GA, p. 63; 1987 (O Refs).
Distributions of the SAR were determined in the
tumors of patients prior to their hyperthermia
treatment. The SAR at a point was determined by
turning on the microwave power for 20 sec and
measuring· the temperature at 1 sec interva 1s by
use of a Luxtron model 2000B thermometer probe.
The SAR was obtained by performing a linear
least-squares fit to these data.
Corrections
for heat transport by blood flow and conduction
were made from measurements of the rate of
change of temperature at that point immediately_
before and after the SAR determination.
SAR
profiles were obtained by indexing the thermometer probe through a catheter under computer
control. A series of consecutive SAR measurements were made in a fixed posit ion to determine
the repeatability of the method as the baseline
temperature increased: At the power levels used
(typically 100 W), the tumor temperature remained below 39 C during the mapping procedure.
Estimates of the blood flow were also determined at each point from the rate of change of
temperature recorded before and after the SAR
determination. SAR and blood flow profiles are
presented and compared to the temperature
profile obtained during the hyperthermia treatment.

3807
HEATING CAPABILITIES OF SMALL SURFACE
MICROWAVE
APPLICATORS
(MEETING
ABSTRACT).
(Eng.) Denman, D. L.; Dine, J.M.; Mehata, M.
A.; Lewis, 8.C., Jr.; Cross, M.A.; Redmond, K.
P.; Foster, A. E.; Elson, H. R.; Aron, 8. S.
[Div. of Radiation Oncology, Univ. of Cincinnati
Hosp., Cincinnati, OH 45267-0757] Thirty-fifth
Annual Meeting of the Radiation Research Society. Seventh Annual Meeting of the North American Hyperthermia Group.
21-26 February 1987,
Atlanta, GA, p. 63; 1987 (O Refs).
The heating characteristics of the Clini-Therm
single element ME-1 spiral .applicators were
compared to those of their 5 x 5 cm aperture
waveguide applicator using static muscle equivalent phantoms (Guy's mixture) and canine
thigh muscle. The distribution of power (SAR)
and heat (isotherms) were used to evaluate the
performance of these external antenna systems.
The output surface area of both systems was
similar (25 cm2), but the spiral applicator was
considerably smaller and lighter weight, making
it more flexible for use in confined anatomic
locations such as the oral cavity.
The SAR
measurements showed the two applicators to have
similar heating efficiencies; however, the
fractional thermal field size at the treatment
surface was nearly twice as large for the
waveguide and its therapeutic penetration depth
extended 40 percent further than the spiral
applicator.
The waveguide could be used in
direct contact with the treatment surface or its
effective heat distribution could be increased
by coupling it to the surface using bolus bags
containing water or mineral oil.
The spiral
applicator required a thin water bolus due to
excessive surface temperature with direct
contact, but a mineral oil bolus could not be
used because of high reflected power.

I,.

3809
METHODS FOR SHIFTING THE PATTERN OF
ENERGY DEPOSITION WITH A MAPA (MEETING ABSTRACT) • (Eng.) Guerqu in-Kern, J-L.; Hagmann,
M. J.; Levin, R. L
[BEIB/DRS, National Inst.
of Health, Bethesda, MD 20892]
Thirty-fifth
Annual Meeting of the Radiation Research Society. Seventh Annual Meeting of the North American Hyperthermia Group.
21-26 February 1987,
Atlanta, GA, p. 64; 1987 (O Refs).

,
In earlier work we have observed local heating
in bone when an amputated human leg was treated
with a MAPA. For this reason we have experimentally compared several methods for contro 11 i ng
the pattern of energy deposition. These methods
include (1) radial displacement of the phantom
relative to the MAPA, (2) adjusting phase and
magnitude of the currents in the dipole elements, and (3) the use of dielectric spacers
between the bolus and parts of the phantom.
Cylindrical homogeneous muscle-phantoms have
been used in these tests.
Both theory and
experiments show that greater displacement of
the pattern can be obtained using phase-shifting
than is possible with radial displacement of the
phantom. Dielectric spacers act as a shield by
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decoupl ing the phantom from the MAPA.
give
and
use
to
simple
are
spacers
dielect ric
results that are stable and easy to predict .

EXPERIMENTAL STUDIES OF PHASE OPTIMIZA3810
TION WITH THE BSD ANNULAR PHASED ARRAY (MEETING
ABSTRACT). '(Eng.) Sathias eelan, V.; Nussbaum,
[Edward
G. H.: Leybovich, L. B.: Straube , W.
Mallinc krodt Inst. of Radiology, Washington
Univ. Sch. of Medicine, St. Louis, MO 63110]
Thirty- fifth Annual Meeting of the Radiatio n
Research Society . Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(O
February 1987, Atlanta , GA, p. 64; 1987
Refs).

.

Theore tical studies have suggest ed that manipulation of amplitu de and phase of driving signals
will permit steerin g of local absorbed power
It
pattern s in the BSD Annular Phased Array.
has also been demons trated in clinica l applica tions of this device that increas es in measured
tumor tempera tures can be achieved by introdu cing phase delays in selecte d quadran ts of the
four-qu adrant applica tor. We have conducted an
improving
study address ed to
experim ental
localiz ation of SAR distrib utions at differe nt
points in a cylindr ical homogeneous muscle
phantom through opt imi zat ion of phase at the
Phase-measurements were
points of interes t.
performed at low power (about 5 W net power
input) using an HP 8405A vector voltmet er
referen ced to the rad i ofreque ncy power source.
Phase delays were produced by adding differe nt
lengths of coaxial cab le of the same characteri st tc impedance (50 ) in the desired excitation path. These studies confirm the existen ce
. of equal phase at respect ive quadran t apertur e
faces when the quadran ts are excited through
cables of equal length. Measurements of temperature elevatio ns at points of interes t, made at
higher .power (about 1000 W), were used to
estimat e SAR distrib utions in phantom, and were
seen to confirm the improvements suggest ed by
phase optimiz ation. The experim ental techniq ue
.employed in these studies will be discuss ed and
results obtaine d will be present ed.

In previou s publica tions we have reporte d the
development of a hybrid RF applica tor which has
recentl y been optical ly linked to a HP-3577A
Network Analyzer, to a HP-35677A S-param eter
test set, and to E and H field detecto rs in the
RF cavity to provide both a phase coheren t
signal source and a means of on-line analysis of
the magnitude and phase of applied electri c and
Using only the inductiv e and
magnetic fields.
capacit ive element s of this system operatin g at
19-20 MHz we have applied gradien t H field
and/or asymmetric E fields of known magnitude
and phase to RF phantoms. Concurrent app 1i cat ion of phased gradien t H fields and asymmetric
E fields produces varying E/I ratios inside
phantom models and has produced foca 1 heating
pattern s quite differe nt from those which would
be expecte d from either applica tion alone. Some
of these heating pattern s would appear to have
clinica l applica tions.

RADIO-FREQUENCY (RF) CAPACITIVE HYPER3812
THERMIA FOR DEEP HEATING (MEETING ABSTRACT).
(Eng.) Yerushalmi, A.; Jaffe, D.; Weber, R.
[Dept. of Cell Biology, Weizmann Inst. of
Science , Rehovot, Israel (A.Y.): Medical Machines for Export, Peta Tikva, Israel (D.J.,
Thirty- fifth Annual Meeting of the
R.W.)]
Seventh Annual
Radiati on Research Society .
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 65;
1987 (0 Refs).
Effecti ve and safe heat deliver y at depth inside
the body is stil 1 a problem in oncology. RF
capacit ive. heating is effectiv e in inducing
hyperthermic tempera tures inside the body. The
main drawback of this method is the high RF
impedance of fat tissues at RF frequen cies,
resultin g in sc fat heating . The absence of an
appropr iate RF technolo gy to overcome this
obstacl e limited the use of this techniq ue to
superfi cial and accessi ble tumors. An improved
RF capacit ive technolo gy at 13.56 MHz (HTM-3000,
MME Israel) enables heating at depth at therapeutic tempera tures, with simulta neous efficien t
cooling of sc fat and underly ing tissues . The
experim ental and clinica l results reporte d with
the HTM-3000 RF capacit ive heating system
demons trate that RF capacit ive heating is a
potenti al tool for the treatme nt of deep seated
tumors, and that deep heating is safely feasible. The current ly reporte d advanced RF capacitive technolo gy have proven its ability of deep
heating with simulta neous sc fat and underly ing
tissue cooling .

i

3811 ' PRODUCTION OF FOCAL HEATING PATTERNS
IN PHANTOM MODELS 'BY PHASED INDUCTIVE AND
CAPACITIVE APPLICATORS OPERATING AT 19-20 MHZ
Frazer, J. W;
(Eng.)
(MEETING ABSTRACT).
[Univ. of Texas System
Boddie, A. W., Jr.
Cancer Center, M.D. Anderson Hosp. and Tumor
Inst., Experimental Surgery , Houston, TX 77030]
Thirty- fifth Annual Meeting of the Radiati on
Research Society . Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(0
February 1987, Atlanta , GA, p. 64; 1987
Refs).

ANNULAR DIPOLE ARRAY FOR REGIONAL
3813
(Eng.)
ABSTRACT).
(MEETING
HYPERTHERMIA
Schaefermeyer, T.: Ma 1in, M.
Turner, P. F.:
[BSD Medical Corp., Salt Lake City, Utah 84108]
Thirty- fifth Annual Meeting of the Radiati on
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INDUCTIVE
OF
EXPERIENCE
CLINICAL
3815
APERTURE-TYPE APPLICATOR (MEETING ABSTRACT).
Furukawa, M.: Ishida, T.
Kato, H.:
(Eng.)
[Dept. of Radiology, Shimane Medical Univ.,
Izumo, 693 Japan] Thirty-fifth Annual Meeting
Seventh
of the Radiation Research Society.
Annual Meeting of the North American Hyperthermia Group. 21-26 February 1987, Atlanta, GA, p.
66: 1987 (0 Refs).

Research Society. Seventh Annua 1 Meeting of the
21-26
North American Hyperthermia Group.
(0
February 1987, Atlanta, GA, p. 65: 1987
Refs).
A new electromagnetic Annular Dipole Array (ADA)
has been developed which is used to treat deep
seated tumors of the human pelvis, abdomen, and
Testing of this new applicator indithorax.
cates equivalent heating to the Annular Phased
Array. This new applicator (ADA) improves the
The dipoles
patient comfort and ease of use.
are supported by a transparent plastic cylinder
which also constrains the single annular water
The bolus is also transparent which
bolus.
permits operator viewing of the patients body
during treatment. The novel dipole array design
was first introduced as the MAPA for human limb
treatments and a US patent has been obtained on
Testing has shown that the heat
the design.
pattern can be focussed centrally and off-set.
Test results show that remote control of dipole
amplitude and phase permits electronic pattern
steering.

We have proposed an applicator, Inductive
Aperture-Type Applicator, IATA, which consists
of a one-turn square, column-like coil for
inductive heating. The subject to be heated is
pl aced alongside one of the external sides of
the coil. Studies, using phantom, revealed that
the IATA has the following characteristics: 1)
it does not excessively heat the fat layer: 2)
deep portions can be heated effectively (the
depth of penetration is 9. 6 cm when the aperture
size of 20 x 20 cm2 is used): 3) excessive heat
generation does not occur in the area close to
the edge of the aperture: 4) it can heat the
subject without being in direct contact: 5) the
aperture can be adjusted to fit the size and
shape of the subject: 6) arbitrary frequency (1
- 100 MHz) can be used, regardless of the shape
of the aperture: 7) the size of the subject
influences the depth of penetration: and 8) the
We treated some
heating efficiency is low.
tumors locating at various sites, using flexible
In the lymphoma
applicators driven at 6 MHz.
(12 x 7 x 6 cm3) at the axilla, the temperature
at a depth of 5 cm was raised to 46.1 C, while
that at the surface remained at 38.1 C. In the
metastasis (6 x 6 x 5 cm3) at the neck, temperatures at depths of 0.5, 1.5, 2.5, 3.5 and 4.0
cm were 40.2, 43.4, 43.4, 43.0 and 41.2 C,
respectively, in which the measurement point of
4 cm in depth was only 1 cm from the carotid
artery.

CDRH TORSO HELIX: A PHYSICAL EVALUA3814
TION (MEETING ABSTRACT). (Eng.) Buechler, D.
N. : Cetas, T. C. : Gopa 1, M. K. : Ruggera, P. :
[Dept. of Radiation Oncology, Univ.
Kantor, G.
of Arizona Hea 1th Sci enc es Center, Tucson, AZ
85724 (D.N.B., T.C.C.', M.K.G.): Electromagnetics
Branch, Center for Devices and Radiological
Health, FDA, Rockville, MD 20760 (P.R., G.K.)]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(O
February 1987, Atlanta, GA, p. 65; 1987
Refs).
A resonant helical coil unit, CDRH Helix, has
been constructed and physically evaluated as a
clinical device for regional heating of tumors
in the torso. The coil structure is an elliptically shaped resonant unit (82 MHz) wound with
copper tubing for water cooling and fed from
each end. Field uniformity was improved empirically by attaching metal leaves to the coil
The supporting structure is conwindings.
structed of tefl on rods. The unit is shielded
with copper screening and is encased in polypropolene with a resulting elliptical aperture of
53 x 37 cm, 50 cm long. Measurements of SARs
have been made in a standard-phantom designed by
CDRH and now used nationally for quality assurance for region heating devices. Normalizing
the SAR at the central po int (27 W/kg/kW) as 100
percent, then two hot regions of about 125
percent exist near the feed points. The effect
is a diagonal ridge of high SAR through the
coil. The electric fields within the Helix were
mapped for three polarizations with a Narda
Finally, the scattered electric
diode probe.
fields within the treatment room were measured
both with the phantom in the aperture.

IN
UNIFORM TEMPERATURES
ACHIEVING
3816
MOUSE LEGS WITH SALINE BATH AND RF HEATING
Stone, H. B.;
(Eng.)
(MEETING ABSTRACT).
Stauffer, P. R.: Nguyen, H.: Scialanca, V.
[Univ. of California, San Francisco, CA 94143]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(O
February 1987, Atlanta, GA, p. 66: 1987
Refs).
Rad iofrequency (RF) power at 500 kHz, sa 1i ne
concentration, and bath temperature were varied
in an attempt to achieve a uniform temperature
of 43.3 +/- 0.2 C throughout a mouse leg for
Temperabiological studies of hyperthermia.
tures were measured with. 2 horizontal and 1
vertical 24 gauge triple-sensor thermocouple
needles. With water bath al one, the tell1)E!rature
variation throughout the leg increased with bath
temperature, averaging 0.4 +/- 0.1 C (s.d.; 41.5
C bath), 0. 7 +/- 0.1 C (42.5 C bath), and 0 •.9
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The mammary adenocarcinoma MT2 and spindle cell
sarcoma TEC, propagated in isogeneic XG/F mice
were treated in vivo with 1-(2-chloroeth yl )-3cyclohexyl-1-n itrosourea (CCNU) alone or in
The
combination with microwave hyperthermia.
response to the treatment was assessed by tumor
growth delay assay. When the . tumors reached a
standard size of 0.4 +/- 0.05 cm3, the tumorbearing mice were randomly assigned to the
untreated controls: drug
following groups:
alone (15 mg/kg): hyperthermia alone (42-43 C):
The treatment, addrug plus hyperthermia.
ministered at 24 hr intervals for three successive days, resulted a significant increase in
growth delay relative to that produced by the
treatment with CCNU al one in the case of MT2
But in the case of TEC tumors the
tumors.
potentiation of CCNU was not increased by
hyperthermia treatment. These results indicate
a difference in thermal sensitivity between two
types of tumors and therefore emphasize the
significance of studying each tumor type individually.

+/- 0.2 C (43.3 C bath). Sodium chloride was
added to the water bath to vary the relative
distribution of RF power through the thick and
thin parts of the leg. Concentrations of 40-60
percent physiological sa·line, RF power from 0-18
W, and saline bath temperatures from 41.1-43.3 C
were studied. Of these, the optimal combination
was 40 percent physi~logical saline (3.6 g
NaCl/1) at 42.3 C and 2 W RF power, which gave
43.3 +/- 0.2 C throughout the subcutaneous and
deep thigh muscle tissues.

...

MICROWAVE HYPERTHERMIA ENHANCEMENT OF
3817
METHOTREXATE ABSORPTION IN RAT BRAINS (MEETING
Lin, J. C.; Yuen, M. K.:
(Eng.)
ABSTRACT).
[Depts. of Bioengineering and
Jung, D. T.
Pharmacokinet ics, Univ. of Illinois, Chicago, IL
Thirty-fifth Annual Meeting of the
60680]
Seventh Annual
Radiation Research Society.
Meeting of the North American Hyperthermia
Group. 21-26 February 1987, Atlanta, GA, p. 68;
1987 (0 Refs).
We have studied enhanced absorption of methotrexate (MTX) in brains of male Wistar rats (10
wk old, 500 g) subjected to microwave hyperThe rat was anesthetized using 40
thermia.
mg/kg of sodium pentobarbital, ip, and was
placed in a stereotaxic head holder. Microwaves
energy (2450 MHz, 2.6 W/cm, CW) were applied
directly to the left side of the rat's head by a
coaxial applicator for 20 min. The body temperature was kept at 37 .8 C. The brain temperature
recorded in a similar group of animals using a
Vitek probe was about 45 C. Three different MTX
dosages, 50, 100 and 200 mg/kg, were i n'jected
intravenously immediately following microwave
irradiation into three groups of rats in 1.5, 3
MTX was allowed to
and 6 min, respectively.
circulate for 5 min before brains were removed
Standard HPLC procedures were
for analysis.
applied to samples from anterior and posterior
left hemisphere of the cerebrum, and the cerebellum. Samples from the right hemisphere were
The average absorption at
used for controls.
the posterior left hemisphere was found to be
2.4, 9.6, and 12.4 ug of MTX per gram of brain
tissue for 50, 100 and 200 mg/kg, respectively.
These results indicate that MTX absorption is
significantly increased in rat brains subjected
to microwave hyperthermia treatment.

IN VIVO RESPONSE OF MURINE TUMORS TO
3818
COMBINED TREATMENTS WITH CCNU AND MICROWAVE
(Eng.)
(MEETING ABSTRACT).
HYPERTHERMIA
Pal, P. K [Cancer and RadioGoldfeder, A.;
biological Research Lab., Dept. of Biology, New
Thirty-fifth Annual
York Univ., NY 10003]
Meeting of the Radiation Research Society.
Seventh Annual Meeting of the North American
21-26 February 1987,
Hyperthermia Group.
Atlanta, GA, p. 68; 1987 (O Refs).

THE EFFECTS OF 2.45 GHZ RADIOFREQUENCY
3819
RADIATION (RFR) ON CHEMICAL GENOTOXICITY IN
(Eng.)
MAMMALIAN CELLS (MEETING ABSTRACT).
Ciaravino, V.: Kerbacher, J.:
Meltz, M. L.:
[Univ. of Texas Health Science
Erwin, D. N.
Center, San Antonio, TX 78284: USAF Sch. of
Aerospace Medicine, San Antonio, TX 78284]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
21-26
North American Hyperthermia Group.
(0
February 1987, Atlanta, GA, p. 70: 1987
Refs).
The ability of 2.45 GHz far field RFR to interact with chemicals which can cause mutafions,
. sister chromatid exchanges (SCE), or chromosome
aberrations (CA) in mammalian cells is being
investigated. The end points studied included
mutation at the thymidine kinase locus in L5178Y
The
cells, and SCEs and CAs in CHO eel ls.
chemicals selected for different mechanisms of •
action include mitomycin C, proflavin, and
The pulsed wave radiation has a
Adriamycin.
duty factor of . 25: the net forward power of the
transmitter was 500-600 W. The SARs were in the
range of 30 W/kg. The exposure conditions led
to a maximum 3.2 C increase in the temperature
of the medium. At the SARs and power density
used, the RFR by itself did not induce mutaNo RFR interaction was
tions, SCEs, or CAs.
observed with MMC or proflavin in the mutation
The RFR pl us either MMC or ADR
ex per i men ts.
increased the chemical induced SCE over that
induced at 37 C. This was then shown to be due
to the increased temperature. For both MMC (0.1
ug/ml) and ADR (0.175 ug/ml), simultaneous
exposure with RFR appeared to increase the
frequency of complex rearrangements compared to
chemical at 37 C. While this was not explained
by an increased temperature, it was also not
seen for other types of aberrations.
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quenched inside 1 i po some ves i c 1es comprised of
lecithin and also of phospholipids with 16- and
14-carbon chain lengths. Human erythrocytes and
lymphocytes, rodent lymphocytes, rodent tumor
cells, as well as rodent macrophages were
treated with 6-CF-liposomes to promote cellsurface binding. Washed liposome-cell complexes
were subsequently exposed to 2450 MHz (60 mW/g)
microwaves or sham-treated at identical temperatures below the phase transition for the liposome system. Dye transfer was assessed visually
by microscopy as well as by spectrofluorometric
assay.
Microwaves facilitated dye transfer
compared to that for thermal control; the extent
of dye transfer varied for cell type.
The
kinetics and dependence on SAR (mW/g), as well
as the temperature dependence of this membrane
effect, are being investigated.

3820
MICROWAVES
FACILITATE
DELIVERY
OF
CARBOXYFLUOROSCEIN FROM LIPOSOMES TO TARGET
CELLS (MEET! NG ABSTRACT). (Eng.) Liburdy, R.
P.; Hendrix, D. K.; Martin, F. J.
[Lawrence
Berkeley Lab., Berkeley, CA 94720 (R.P.L.); UC
Berkeley, Berkeley, CA 94720 (D.K.H.); Liposome
Technology, Inc., Menlo Park, CA 94025 (F.J.M.)]
Thirty-fifth Annual Meeting of the Radiation
Research Society. Seventh Annual Meeting of the
North American Hyperthermia Group.
21-26
(O
February 1987, Atlanta, GA, p. 70; 1987
Refs).
Delivery of drugs from l iposomes to different
target cell populations was investigated using a
fluorescent dye marker to visualize solute
transfer. 6-carboxyfluoroscein (6-CF) was self-

...
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