
S

A Digest of Current Literature

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

A Quarterly Publication Produced for 
Office of Naval Research

BIOLOGICAL
EFFECTS
OF NONIONIZING 
ELECTROMAGNETIC
RADIATION

OCNR 11489-9
April 1989

I December 1988

| Volume XII, Number 2 

i

OFFICE OF THE CHIEF 
of naval Research 
Arlington, Virginia 22217-5000

©

■■'I
■

3
!



t

Biological Effects

of Nonionizing

Electromagnetic

Radiation

Volume XII, Number 2

December 1988

A Digest of Current Literature

INFORMATION VENTURES, INC.

A Quarterly Publication Produced for 
Office of Naval Research



Biological Effects

of Nonionizing Electromagnetic Radiation

A Digest of Current Literature

Bruce H. Kleinstein, Ph.D., J.D., Project Manager

ig 
Ni

A Quarterly Publication Produced for 
Office of Naval Research

Literature Selected and Abstracted 
by 

Information Ventures, Inc.
1500 Locust Street 

Philadelphia, Pa 19102

in this documentation are those of 
ted as necessarily representing the 

or implied, of the Office of Naval

"The views and conclusions contained I 
the author and should not be Interprets* 
officials* policies, either expressed 
Research?



Biological Effects of Nonionizing Electromagnetic Radiation

Volume XII, Number ItDecember 1988

Table of Contents

Preface v

Abbreviations and Acronyms vii

1News Items

Meetings and Conferences 5

Current Research 7

Current Literature 9

Author Index 69

Subject Index 73

iii



I

PREFACE

v

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

Dr. Bruce H. Kleinstein Information Ventures, Inc. 1500 Locust Street Philadelphia, PA 19102

This digest serves as a vehicle through which current documen
tation 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 re
search 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.

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.

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 pro
ceedings 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:
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NIEHS - National Institute of Environmental Health 
Sciences NIH - National Institutes of 

Health 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 
R - roentgen(s) rad - radiation absorbed dose(s) 
rms - root-mean-square rpm - revolutions per minute S - siemen(s), = mho SAR - specific absorption rate sc - subcutaneous sec - second(s) 
T - tesla p, - micro-USAF/SAM - U.S. Air Force School 

of Aerospace MedicineV - volt(s) 
VA - Veterans Administration W - watt(s) 
WHO - World Health Organization wk - week(s) wt - weight 
x - times yr - year(s)

A, amp - ampere(s)
AC - alternating current c - centi- 
C - centigrade cps - cycles per second 
CW - continuous wave 
dB - decibel(s) 
DC - direct current EPA - Environmental ProtectionAgency 
eV - electron volt(s) 
F - Fahrenheit, farad(s) FDA - Food and Drug 

Administration 
g - gram(s) 
G - gauss, giga- Gy - Gray(s)HHS - Department of Health and 

Human Services hr - hour(s) 
Hz - hertz id - inside diameter 
im - intramuscular ip - intraperitoneal ISM - industrial, scientific, 

medicalIU - international unit(s) 
iv - intravenous J - joule(s) k - kilo- 
1 - liter(s) m - meter(s), mi 11i- M - mega-, molar min - minute(s) mo - month(s) n - nano-
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NIH,

EMF-RELATED PUBLICATIONS FROM CCOHS

CONSENSUS PANEL REPORT ON 
MAGNETIC RESONANCE 

IMAGING AVAILABLE FROM NIH

HENHOUSE PROJECT DESCRIBED AS INDICATING 
TERATOGENIC EFFECTS OF PULSED MAGNETIC FIELDS ON 

CHICKEN EMBRYOS

EPA PHASING OUT ITS NON-IONIZING ELECTROMAGNETIC RADIATION PROGRAM

sive 11st provides citation information for over 500 
original reports and English language translations 
published over the last 40 years.

The Canadian Centre for Occupational Health and 
Safety (CCOHS) produces a number of review publications assessing issues of electromagnetic field 
exposure with regard to worker safety and health which may be of interest to the electromagnetics 
research community. Since 1983, CCOHS has produced a 
number of publications discussing health concerns and 
emission levels from video display terminals, dis
cussing testing methodology and results, and provid
ing background information for health committees and workers. Currently available documents include:
The Case for Concern about Very Low Frequency Fields from Video 

Display Terminals: The Need for Further Research ano Shielding 
of VDTs (P83-2E)

VLF - Very Low Frequency Fields Near VDTs and an Example of 
Their Removal (P83-5E)
Visual Display Terminals (VDTs): An Occupational Health and 

Safety Bibliography with Selected Annotations (B83-1E/F)
The Very Low Frequency (VLF) Emission Testing of CCOHS Video 

Display Terminals (P83-3E)
Emissions from Video Display Terminals and their Measurement. 

A Training Manual (P86-19E)

CCOHS has offices at 250 Main Street East, Hamilton, 
Ontario L8N 1H6, Canada (telephone: (416) 572-2981).

The Environmental Protection Agency will no longer 
issue federal guidelines for public exposure to radiofrequency and microwave (RF/MH) radiation. On 
September 29, Richard Guimond, director of EPA's 
Office of Radiation Programs, sent letters to members of the RF/MH interagency group notifying them that EPA would not issue exposure limits in fiscal years 
1989 and 1990. Guimond indicated that the decision was based on the need to set priorities given limited

Radiological Health Bulletin, a publication of the Center 
for Devices and Radiological Health (DRH) of the Food 
and Drug Administration, describes Project Henhouse 
in a lead article in the September 1988 issue. 
Project Henhouse was an attempt to resolve conflict
ing reports in the literature which indicate or 
negate teratological effects of low levels of low 
frequency pulsed magnetic fields on chicken embryos 
during the first two days of development. The 
project involved replicated exposures of chicken 
embryos to a well characterized and standardized 
pulsed field at six different laboratories located in 
Canada, Spain, Sweden, and the US. The six laborato
ries were supplied with identical exposure and sham
control incubators containing field coils which were 
calibrated on site by staff from the EPA. Two of the 
laboratories demonstrated a significant increase in 
the incidence of developmental abnormalities, while 
three of the remaining four laboratories had an 
increase of abnormalities relative to sham-exposed controls which was not statistically significant. In 
spite of very high variation in the abnormality rates for controls and exposed animals between laborato
ries, results for the pooled data from all laborato
ries indicated a significant effect. The article 
concludes that a teratogenic effect was demonstrated, 
although others have contested the validity of this 
interpretation of the results in view of the inabili
ty to replicate the response in all laboratories. 
Although funding for Project Henhouse terminated with 
the completion of the first experiment, the article 
indicates that preliminary protocols for additional research by the six laboratories have been drafted 
and potential sponsors of continued research are being sought. For additional information on Project 
Henhouse, contact Jack Monahan, Office of Science and Technology, (HFZ-114), CDRH, 5600 Fishers Lane, 
Rockville, MO 20857 [(301) 443-7192].

Radiological Health Bulletin 22(9) :l-2, 1988Two publications produced this year may be of special 
interest:

Possible Health Hazards for Cardiac Pacemaker Hearers from 
Exposure to Electromagnetic Fields (P88-5E)

Biological ano Health Effects of Extremely Low Frequency 
Fields, A List of Eastern European Literature (B88-1E)
P88-5E describes how various types of cardiac pacemakers work, and assesses the susceptibility of 
various designs to electromagnetic interference. The publication was prepared as a general source of 
information for health and safety comittees who may 
have to deal with the problem of electromagnetic field exposure hazards. B88-1E is a bibliographic publication compiled by Andrew Cutz and Karel Marha, 
with a publication date of March 1988. This exten-

A consensus panel report containing conclusions and 
reconmendations concerning magnetic resonance imaging 
(MRI), and comparing the efficacy of MR! with other 
imaging modalities has been released. The report 
presents the conclusions of a panel of experts 
convened for a consensus development conference at the National Institutes of Health (NIH) on October 
26-28, 1987 (see BENER Digest, Hews Items, 11(3), March 
1988). The panel found MRI generally safe when used 
in accordance with the FDA guidelines, but suggested 
caution with patients requiring life-support systems, 
and with pregnant women. Free single copies of the 
report are available from: Michael J. Bernstein, 
Office of Medical Applications of Research, 
Building I, Rm. 216, Bethesda, HD 20892.
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POTENTIAL VDT HEALTH HAZARDS

ELECTRIC BAMAGES

SWEDISH AGENCY SETS 
VDT MAGNETIC FIELD STANDARDS

BEHAVIORAL EFFECTS OF 
HIGH POWER MICROWAVE RADIATION

• 2 :

Medlec Limited Partnership in Prior Lake, MN, has initiated a small scale clinical trial of an electric 
bandage it hopes to market in the United States if it receives FDA approval. Invented in Hungary and 
already marketed in Canada, the bandage generates a microcurrent (30-50 11A) from the galvanic reaction of 
dissimilar metals such as tin and copper, or silver and zinc, in contact with tissue fluids.

Business Week, October 3, 1988

Biological Nonionizing Electromagnetic

The US Air Force School of Aerospace Medicine is 
seeking potential sources for research on the behav
ioral effects of high power microwaves. The contractor will develop and employ animal behavior para- 
digm(s) to be used at test facilities at Brooks Air Force Base, Texas, and in the contractor's facili
ties. SECRET level security clearances will be required for contractor personnel.

Ccmoce Busihess Daily, PSA-9696, October 14, 1988

EPA resources, and weak evidence of health risks 
associated with RF/MW radiation. Government and Corporate officials expressed surprise and disap
pointment with the EPA decision, and Jay Brandinger, president of the Electromagnetic Energy Policy 
Alliance, a Washington, DC, trade association, termed 
the decision "very unfortunate and a giant setback" 
for the public and those who had worked on the guidance. Without a de facto national standard 
established by a federal Guidance document, those in 
industry fear a proliferation of state and local 
rules that will prove hard to work with.Micxowve News 7(5), September/October 1988

In the Opinion column of PC-Weex. Horton Winston of 
No-Rad Corp., a company which manufactures radiation shielding for video display terminals (VDTs), dis
cussed reasons for concern over VDT health effects. He suggested that the most serious concerns to VDT 
users relate to the unknown long-term effects of 
exposure to the broad spectrum of non-ionizing 
electromagnetic radiation (EMR) emitted by VDTs which 
is not subject to the federal regulations that 
require elimination of ionizing radiation. Winston 
cited the recent Kaiser Permanente epidemiological 
study, relating VDT use to miscarriages, and a study at Johns Hopkins indicating retinal damage at low 
levels of microwave exposure, which he related to a study from the School of Optometry at the University 
of California at Berkeley that indicated a loss of capacity to focus among young VDT workers with four 
or more years of exposure to VDTs for six hours a 
day. He maintains that "the evidence is overwhelm
ing" that low-level EMR causes chromosomal defects, 
alters the rate and quality of bone growth, increases 
fetal malformation in mice, and disrupts the basic 
genetic apparatus of cells. He claims that workers 
with high levels of very-low-frequency EMR exposure and children living near electric transmission lines 
suffer substantially elevated rates of cancer. Although he acknowledges that evidence is inconplete, 
Winston maintains that "the humane, reasonable and 
legally prudent course for employers and users" is to 
minimize worker exposure to EMR from VDTs through the use of radiation-blocking devices.

PC Week, 5(41):43, October 10, 1988

The Swedish Telecoumunications Administration (STA), 
Sweden's largest purchaser and user of video display 
terminals (VDTs), has set stringent electromagnetic 
standards for all new VDTs purchased, and will 
retrofit existing VDTs in heavy use by 3,500 directory assistance operators at a cost of $500 each. The 
STA standard calls for a maximum surface potential of 
500 V, and requires a maximum time rate of change of 
the magnetic field of 25 mT/sec at a distance of 50 
cm at any point around the VDT. In most cases, this 
is equivalent to a maximum magnetic field of 50 nT 
(peak-to-peak).

Microwave News 7(5), September/October 1988
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AN OVERVIEW OF THE 1988 DOE/EPRI 
CONTRACTORS REVIEW This theme

by Robert B. Goldberg, 
Information Ventures, Inc.

I

Biological Nonionizing Electromagnetic

The 1988 Contractors Review on "Biological Effects 
from Electric and Magnetic Fields Air Ions and Ion Currents Associated with High Voltage Transmission 
Lines," sponsored by the Dept, of Energy (DOE), 
Office of Energy Storage and Distribution, and the 
Electric Power Research Institute (EPRI), was held at 
the Hyatt Regency Hotel, Phoenix, Arizona from 
October 30 to November 3, 1988. With 228 participants and an additional day of activity, this was the 
largest meeting to date, which indicates increasing interest and research in this area of bioelectromag
netics. The predominant subjects of concern at the meeting were the possible epidemiological link 
between extremely low frequency electromagnetic field exposure (ELF EMF) and cancer, and attempts to bridge 
from data on bioeffects at the cellular or organismic level to possible mechanisms of cancer promotion. 
The meeting opened on Sunday with a tutorial session, 
organized and sponsored by EPRI, on physiological 
mechanisms in carcinogenesis.

Tutorial presentations emphasized mechanisms of cancer promotion and progression rather than muta
genesis. since evidence suggests that ELF EMF is not mutagenic. The presentations considered the avail
able data on basic biology and chemical carcinogenicity and reviewed the limited information on the 
possible carcinogenic effects of ELF EMF. A presen
tation on the inrnune system by Ronald Herberman 
emphasized the role in tumor surveillance of the 
natural irrmune system of macrophages, natural killer 
cells, and granulocytes, rather than the "classic" irrmune system of T and B cells. Russel Reiter 
reviewed data on the hormonal systems interacting with pineal melatonin production, and evidence that 
depression of the nocturnal rise in melatonin levels may be associated with breast and prostate cancer. 
Several experiments with rats indicate that this 
circadian pattern can be reduced and phase-shifted by 
EMF exposure, but the relevance of a possible mecha
nism of human carcinogenesis by EMF is questionable 
since these tumor types have never been associated with EMF exposures in epidemiological studies. 
Thomas Slaga reviewed the mouse skin model of carci
nogenesis in which a distinction can be made between 
tumor initiation (mutagenesis), promotion (growth of the tumor and fixing of the transformation), and 
progression (transition from a localized neoplasia to a metastatic and invasive carcinoma) on the basis of 
chemicals that can initiate, augment, or inhibit individual steps in the carcinogenic process. In the 
afternoon. Marvin Goldman discussed the use of cellular and animal tests conducted according to the 
Good Laboratory Practices Act and the National Toxicology Program. He argued that the use of such 
standardized test systems and protocols provides an improved basis for identification and comparison of 
carcinogens. Thomas Tenforde reviewed the available literature on EMF and cancer. He indicated that it 
is possible to reanalyze the epidemiological association between residential proximity to power lines and 
increased incidence of childhood cancer (the Denver 
study by Savitz et al.) based on exposure criteria.

and to conclude that the risk ratio determined- by 
this study is not significantly elevated, presentation provoked heated response on a 
which was repeatedly raised throughout the meeting 
regarding possible ELF EMF mechanisms: some workers 
start with the assumption that electric currents 
induced by time-varying magnetic fields are essential to any bioeffects, while others postulate a direct effect operating though specific amplftude/frequency 
windows. The tutorial concluded with a review by 
William Kaune of induction and direct mechanisms, 
dosimetry, approaches to scaling experiments between 
species, and suggestions for appropriate new experi
ments to investigate the possible link between ELF EMF and cancer.

Technical sessions covered research supported by 
DOE and EPRI in the categories of In Vitro Cellular Studies, Animal Studies, High Voltage DC, Human 
Studies, Risk Assessment, Exposure Assessment, Modeling, and Epidemiology. Author abstracts of 
these presentations will be published in an upcoming issue of the BENER Digest. Research assessing the 
possible risk of cancer associated with ELF ENF exposure is proceeding from two directions: residen
tial and occupational epidemiological studies are 
being conducted with Inproved exposure measurement to 
better define the relatively small elevated risk ratio (generally less than 2.0) seen in previous 
epidemiological studies, and basic cellular and 
animal studies are being conducted to establish a 
plausible biological mechanism for ELF EMF carcinogenesis that might better define exposure parameters 
and biological responses of concern. Issues raised in the Tutorial presentations were sustained through
out the meeting. Many of the studies that were initiated in response to concern about the possible 
EMF and cancer association are barely underway, so there was discussion of experimental design and some 
preliminary results, but not much new data was available. Presentations by several investigators 
working at Loma Linda VA Medical Center raised the issue of the significance of increased levels of 
ornithine decarboxylase activity in a number of cell 
types exposed to EMF: this change seems well estab
lished and is clearly necessary before transformation can occur, but may not be indicative of a distinctly 
carcinogenic process. Similar uncertainties occur in 
the effects of EMF on calcium flux in lymphocytes and 
on the immune response of animals. The effects not 
only need to be replicated more reliably, but the 
significance of these responses in terms of the natural inrnune response inportant in tumor surveil
lance is still open to question. For people who want a solid yes or no answer to risk assessment issues, 
there is still a lot of information lacking in these basic mechanism studies. Another question raised 
repeatedly during presentations and discussion concerns the pattern of frequency/amplitude windows 
often seen in bioeffects. Signal-specific effects corresponding to cyclotron resonance conditions have 
been documented in a number of systems, and have now been confirmed by several labs. While these results 
seem to offer a shortcut to the endless repetition of experiments across a broad range of field conditions 
and provide a theoretical framework to suggest 
possible active signals to try in new studies, the reports are limited and may only initiate a series of 
negative results if cyclotron resonance conditions
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Abstracts of this meeting will be published in BENER 
issue XII(3).

Biological Effects of Nonionizing Electromagnetic 
Radiation XII(2), December 1988

gram has given highest priority to the cancer end
point at the present time. The epidemiological results driving the interest in cancer are eguivocal. 
so one can only hope that this direction of research will prove productive. Given the strong conmitment 
to cancer risk research by the funding sources in the 
field of bioelectromagnetics, there is some danger 
that funding will have a Procrustean effect on 
research design — passing over some real and signif
icant bioeffects in favor of weaker or more ambiguous effects with clearer health consequences.

are inappropriate for the biological endpoint of 
cancer. Other theoretical models introduced into the 
literature some time ago by Hartin Blank and Carl 
Blackman were raised at the meeting; such alternative theories may receive renewed attention if the cyclo
tron resonance model fails to explain some of the new data, but at present the hypothetical cyclotron 
resonance mechanism seems dominant. A number of 
papers reported more evidence of animal stress 
responses, both behavioral and physiological, in response to EHF exposures. An implicit concern for 
cancer-related effects dominated the meeting, however, and was explicitly stated by Hurray Walsh who in
dicated that the Ontario Hydro Risk Assessment Pro-
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ANSI C95.IV STANDARDS SUBCOMMITTEE MEETING

INTERNATIONAL SYMPOSIUM ON ELECTROBIOLOGY

I

DRESDEN SYMPOSIUM ON ELECTROSTIMULATION

Dr. K-J. Schulze, Medical
INTERNATIONAL SOCIETY FOR BIOELECTRICITY Fletcherstrasse 74, Dresden, 8019, G.D.R.

Patricia A. Burnett, Dept.

5
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JOINT MEETING OF THE AMERICAN SOCIETY OF CELL BIOLOGY AND THE AMERICAN SOCIETY OF BIOCHEMISTRY 
AND MOLECULAR BIOLOGY

8th INTERNATIONAL SYMPOSIUM AND TECHNICAL EXHIBITION ON ELECTROMAGNETIC COMPATIBILITY

IEEE POWER ENGINEERING SOCIETY 
WINTER MEETING

1989 INTERNATIONAL SYMPOSIUM ON CHARGE AND 
FIELD EFFECTS IN BIOSYSTEMS

37th ANNUAL «ETING OF THE
RADIATION RESEARCH SOCIETY

AND 9th ANNUAL MEETING OF THE 
NORTH AMERICAN HYPERTHERMIA GROUP

6th INTERNATIONAL CONFERENCE ON ANTENNAS AND PROPAGATION

I Divisione , Via Codi-

Date: 
Place:

0

‘I

i.

i
1

UK 
...CICIIL.C JCIVILcS, The 
. Savoy Place, London

ilJ
y

January 20-21, 1989 
US EPA, Las Vegas, 

for Information:
Date:
Place: US EPA, Las Vegas, NV
Requests for information: EPA, 4220 S. Maryland Parkway, Building C, Las Vegas, NV.

«*, ETH-Zen- 
fphone: (1)

r
of Orthopaedic Surgery, Louisiana State Univ. Medical 
Center, 1501 Kings Highway, PO Box 33932, Shreveport, 
LA 71130-3932

March 10-12, 1989
Sheraton Hotel, University of North Texas, TX

_____ All areas of bioelectricity including ther
apeutic applications of electromagnetic energy, health risks of electromagnetic pollution, physiolog
ical role of natural electrical signals, and mecha
nisms of interaction. Abstracts must be submitted by January 15, 1989.Requests for Information:

Date:
Place:
Denton, Content:

Date: May 9-12, 1989 Place: Dresden, G.D.R. 
Requests for Information:
Academy "Carl Gustav Carus,” Dept, of Orthopedics,

Date: April 4-7, 1989
Place: University of Warwick, UK
Requests for Information: Conference Services Inst, o? Electrical Engineers, Savvy nave. _ 
WC2R OBL, UK [phone: 01-240-1871, ext. 222].Date: January 29 - February 3. 1989

Place: Penta Hotel, New York, NYRequests for Information: IEEE Society Special Ser
vices, 345 East 47th St., New York, NY 10017 [phone: (212) 705-7895].

Date: June 4-9, 1989
Place: Virginia Commonwealth Univ., Richmond, VA 
Content: (A.) Electron transport in biological systems, including solid state theoretical and experi-

Date: March 18-23, 1989
Place: Westin Hotel, Seattle, WA
Content: Hyperthermia group meeting will include 
papers on the use of nonionizing radiation in induc
ing hyperthermia for cancer therapy. Topics of in
terest include engineering/physics of dosimetry, 
tissue properties, instrumentation, applicators, 
hazards, mechanisms, and clinical studies.
Requests for Information: Thomas C. Cetas, Program 
Chairman NAHG, RRS, 1101 Market St., Philadelphia, PA 
19107 [phone: (215) 574-3153],

January 29 - February 2, 1989----  San Francisco, CA
Content: Special tutorial session on electromagnetic field effects organized by Tom Rozzell and Carol 
Jordon, and sponsored by the Office of Naval Re
search. The purpose of this session is to provide 
information to cell biologists and biochemists on the 
methodology and issues in bioelectromagnetics re
search. Presentations by Carl Durney, Richard 
Frankel, Carl Blackman, and Reba Goodman.
Requests for Information: American Society for Cell Biology, 9650 Rockville Pike, Bethesda, MD 20814 
[phone: (301) 530-7153],

Date: March 7-9, 1989
Place: Zurich, Switzerland
Requests for Information: Dr. T. Dvorak 
trum-IKT, CH-8092, Zurich, Switzerland f 256-2790],

Date: April 14-15, 1989
Place: Bologna, ItalyRequests for Information: A. Gusella, 1 
Ortopedica, Institute Ortopedico Rizzoli, villa 9, 40100 Bologna, Italy.
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June 18-22. 1989 Sheraton El Conquistador Conference Center,

11th ANNUAL (FETING OF 
THE BIOELECTROHAGNETICS SOCIETY

SECOND INTERNATIONAL SCIENTIFIC CONFERENCE:
WORK WITH DISPLAY UNITS 89

INTERNATIONAL CONFERENCE ON HlOi FREQUENCY/ MICROWAVE PROCESSING AND HEATING
Date: Place: 
Content:

and electromagnetic fields on 
(D.) Photo-induced bioelectro- 

(E.) The application of bioelec- 
„ Abstracts must be submitted 1989, and should be sent to M. J. Allen, 
. VCU, Box 2006, Richmond, VA

Date:Place:  . ,    
Tucson, AZ Requests for Information: Or. W. G. Wisecup, BEHS, 
Suite 104, 120 West Church St., Frederick. M) 21701 
rPhone: (301) 663-4252].

Biological Effects Nonionizing Electromagnetic

September 26-29, 1989
KEHA Laboratories, Arnhem. The Netherlands _____ Technical aspects of heating and processing 

techniques in the frequency range of 1-3000 MHz, including equipment and system design, industrial 
applications, materials, and safety and compatibility standards. Sponsored by KEHA, International Micro
wave Power Institute, International Union for Electroheat. and International Union of Producers and 
Distributors of Electrical Energy.Requests for Information; KEMA (N. V. tot Keuring 
van Elektrotechnische Materialen), P.O. Box 9035, 6800 Et Arnhem. The Netherlands.

Date: September 11-13, 1989
Place: Montreal, Quebec, Canada
Requests for Information: General Secretary, Insti- 
tut de recherche en sante et en securite du travail 
du Quebec. 505 boul. de Maisonneuve Ouest, Montreal. PQ, H3A 3C2, Canada.

mental approaches to charge and energy transfer in 
biomacromolecular and intact cellular systems. (B.) 
Ion and electron transport properties of biological 
and artificial mertranes. (C.) Effect of electro
chemical processes and electromagnetic fields biological systems. — - -  
chemical processes, 
trochemical technology, 
by March 1, 19G9, am* 
Dept, of Chemistry. 23284.
Requests for Information: Jackie Elston, Conference Coordinator, College of Humanities & Science, Box 
2019, Virginia Commonwealth Univ., Richmond, VA 23284-2019 (phone: (804) 367-1674; FAX: (804) 367-
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All readers of this publication who are actively engaged in 
research are encouraged to complete the Notice of Research 
Project form and forward it to Information Ventures, Inc., for 
publication in future issues of Biological Effects of Nonionizing 
Electromagnetic Radiation.

The Notice of Research Project form provided at the back of this 
issue may be submitted for publication in future issues of 
Biological Effects of Nonionizing Electromagnetic Radiation to provide documen
tation of new and ongoing research before that information is 
available in the literature or in meeting abstracts. The Notice 
itemizes the sponsoring organization, contract/grant numbers, 
funding period, and annual funding, and presents a project 
summary and a list of the investigators and the performing 
organization.
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PROJECT TITLE:

Start Date:

End Date: December 31, 1989

$90,000 direct costsAnnual Funding:

8

a

Name and Address. 
Including Zip Code.

SUPPORTING ORGANIZATION:

Department of Health and Human Services,
Public Health Service 
National Cancer Institute

DEPARTMENT/'SPECIALTY. SCHOOL OR DIVISION:

Department of Radiation Oncology
Division of Radiation Research
University of Maryland, School of Medicine

Mechanism of Microwave Carcinogenesis In Vitro 
WVESTIGATOR(S):

Elizabeth K. Balcer-Kubiczek
George H. Harrison

Biological ^ects Nonionizing Electromagnetic

PERFORMING ORGANIZATION:

University of Maryland School of Medicine 
Department of Radiation Oncology

655 W. Baltimore Street 
6-015 Bressler Research Bldg. 
Baltimore, MD 21201

PERIOD FOR THIS NRP;

July 1, 1986

SUPPORTING ORGANIZATION NUMBERS(S):

Contract No:
.ndzor 3 RO1 CA42820-0151 

Control No:

PROJECT SUMMARY;
On the basis of our recent in vitro evidence for the carcinogenic action of 2.45 GHz 
microwaves (MW), we propose to assess the effect of MW, in the absence of MW heating 
(less than 0.3°C temperature rise during MW cell exposure), on in vitro oncogenic 
transformation with or without other costressors [X rays, tumor promoter, 12-0- 
tetradecanoyl-phorbol-13-acetate)]. Our experiments aim at: (a) the elucidation of 
interaction mechanisms at the cellular level leading to oncogenic effects, (b) the 
establishment of the MW dose-response relationship in terms of the specific absorption 
rate (SAR) for oncogenic effects.

We will use the C3H/10T1/2 cell line derived from mouse embryo cells in which trans
formation is quantitated by scoring piled-up foci on top of a confluent monolayer. 
Experiments will be performed at 37°C with actively growing cultures. The effect of 
MW on C3H/10T1/2 cells in culture will be measured by comparing the number of 
transformants induced by free-field microwave irradiation lasting for 24 h (SAR = 0.1 to 
10 W/kg) with or without subsequent post-treatment culture in TPA at O.ly&g/ml for up 
to 8 weeks. Parallel experiments will include the use of graded doses of X rays as a 
second initiator of transformation in conjunction with microwaves and tumor promoter 
to test hypothesis that the prolonged exposure to microwaves can enhance and elicit 
effect of other carcinogens. The importance of understanding of the cellular mechanisms 
whereby nonthermal MW fields interact with biological systems is important due to the 
pervasive presence of such fields in the environment.
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The authors conclude that it is Impossible to detect a causal relationship between self-reported history 
of exposure to environmental risk factors and unknown 
male fertility, and they doubt that a larger sample size would provide further information.

4666
HALE PATIENTS OF AN INFERTILITY CLINIC. (Eng.) Effendy, I.; Krause, W. [Dept. Andrology, Center of 
Dermatology, Phi 1ipp-Universitat, Deutschhausstrasse 9, 3550 Marburg (Lahn). FRG] Andrologia 19:262-265; 
1987 (18 Refs).

4667 INDUCTION OF CHEMILUMINESCENCE OF PERITONEAL EXUDATE MACROPHAGES AFTER EXPOSURE TO AN ELECTRIC 
FIELD. (Rus.) Annaberdyeva, E. H.; Polnikov, I. G.; Puchkova, T. V.; Sharov, V. S.; Putvinskii, A. V.; 
Vladimirov, lu. A. [Dept. Biophysics, N. I. Pirogov Second Medical Inst., Moscow, USSR] Biull Eksp Biol 
Med 103(4):452-453; 1987 (11 Refs).

An attempt was made to evaluate the effect of an 
external electrical field on macrophage function. A 
suspension of macrophages from the peritoneal exudate 
of random-bred male rats was exposed to the homoge
neous electrical field generated by a pulse generator 
(pulse duration, 1-20 jisec; intensity up to 10 kV). Functional activity of the macrophages was estimated 
by chemiluminescence (CL). Macrophage activation by 
various inducers was acconpanied by a CL burst due to 
generation of active oxygen forms. Enhanced CL was 
observed after addition of silicon dioxide to a 
suspension. Similar CL activation was recorded after irradiation of macrophage suspensions with an elec
trical field with an intensity of about 2 kV/cm. The amplitude of the CL burst depended upon the intensity 
of electrical field in the pulse: CL activation grew progressively with an increase in the intensity from 
1 to 2.2 kV/cm, then started to decrease, and was 
completely absent at intensities greater than 5 kV/ 
cm. The threshold intensity of the electrical field was estimated to be 2.5 kV/cm. The authors suggested 
that activation of CL is associated with breakdown of 
the macrophage plasma membranes.

There is evidence that certain environmental or 
occupational factors can alter testicular function, resulting in spermatogenic failure and reduced 
fertility. Ninety three consecutive patients attend
ing the authors' andrologic department for marital 
infertility were surveyed using a questionnaire for possible environmental risk factor exposures lasting 
longer than 3 mo for at least 8 hr/day. Specific 
factors examined included exposure to trauma, heat, 
noise, smoking, radiation, microwaves, pesticides, and plastics. Questionnaire results were correlated 
to the mean seminal parameters of sperm count, motility, morphology, and seminal fluid volume; 
seminal fluid fructose concentration; levels of prostatic acid phosphatase; acrosin levels in Sperma
tozoa; and serum LH, FSH, and testosterone. No 
statistically significant differences were found 
between patients being positive for a certain risk factor and those being negative. However, patients 
with lower sperm counts more frequently have a history of testicular trauma and heat influences.

The potential therapeutic effect of an ultrahigh- 
frequency (27.12 MHz) electric field (UHF EF) was studied in 114 women (average age 29.6 yr) with 
ovarian dysfunction. The duration of the disease 
ranged from 1-15 yr; 112 women were infertile. Of 
114 women, 72 had maintained a menstrual cycle (Group 
1) and 42 had various disorders of the menstrual 
cycle (Group 2). Evaluation of the functional state 
of the hypothalamo-hypophyseal-ovarian system indi
cated relative hyperestrogenemia in patients from Group 1 and impairment of the gonadotropic function 
of the pituitary gland and inhibition of ovarian 
function in patients from Group 2. Treatment included transcerebral applications of the UHF EF 
generated by the "Ultratherm-708" apparatus. After 
irradiation, the majority of the patients showed alleviation of headaches and dizziness, normalization 
of sleep, and improvement of mood. Electroencephalographic examination showed improvement (slight 
decrease in the slow activity, increase in the <z- 
rhythm, better response to photic stimulation), which 
was somewhat more pronounced in Group 2. UHF EF resulted in normalization of the estrogen-progester- 
one ratio, recovery of cyclic secretion of luteinizing hormone and follicle-stimulating hormone, and 
normalization of the length of the menstrual cycle.

Germinating onions. Allium cepa, were used as a test 
system with which to evaluate the effects of an electric field on somatic cell division. Onion seeds 
were grown on moist filter paper until the radical was approximately 5 mm long, then they were arranged 
radical downwards through holes in a sheet of cello
phane over a plastic petriplate containing moist 
cotton. A uniform electric field was generated between two metallic sheets that were fixed to the 
top and bottom dish surfaces and energized with a DC power supply to a potential of 0 (control), 100, or 
200 V. Exposure was initiated at 8:00 am and continued for 2 hr, then root tips were collected and fixed 
for acetocarmine squash preparations. The mitotic 
index was 10.8, 10.6, and 11.1 in the control, 100 V, 
and 200 V exposure groups, respectively. Cells 1n division during field exposure showed an Increased

4665 THE EFFECT OF TRANSCEREBRAL APPLICATION OF 
ULTRAHIGH-FREQUENCY ELECTRICAL FIELD ON THE FUNCTION
AL STATE OF THE HYPOTHALAMO-, HYPOPHYSEAL-OVARIAN 
SYSTEM IN PATIENTS WITH OVARIAN DYSFUNCTION. (Rus.) 
Bogoliubov, V. M.; Chumburidze, E. Sh.; larustov- skaia, 0. V.; Andreeva, I. N. [Central Res. Inst. 
Health Resorts and Physical Therapy, Moscow, USSR] 
Akush Ginekol (Mosk) (9):42-46; 1987 (5 Refs).

4668 EFFECT OF ELECTRIC FIELD ON MITOSIS IN ROOT TIPS OF ALLIUM CEPA L. (Eng.) Saxena. H.; Gupta, S. 
N. [Cytogenetics Lab., Dept. Botany, Univ. Gorakh
pur, Gorakhpur, India] Cytologia (Tokyo) 52(4):787- 
792;1987 (18 Refs).
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trial; the authors interpret this as Indicating potential back scatter or systemic effects of PEMF, perhaps an effect on normal bone physiology related to calcium metabolism. In view of the consistency and reproducibility of the surgical technique and the amount of graft bone installed, the authors conclude that PEMF did produce an increase in the rate of bone graft incorporation in ponies. They suggest that this will be a good system in which to investigate the relative effectiveness of different signal modalities, provided the problems associated with the contralateral built-in controls are resolved.

Biological Ejects of Nonionizing Electromagnetic

The biological effects of microwaves (MW) on the spike activity of cerebellar Purkinje cells (PC) were studied in 70 cats. The animals were subjected to local irradiation of the cerebellum with 460 MHz MW generated by the "Romashka" apparatus and the decimeter-band wave generator G4-37A using a contact applicator with a diameter of 40 mn. The intensity

4670 THE STATE OF THE KALLIKREIN-KININ SYSTEM ANO BLOOD ANTIPROTEINASE ACTIVITY IN RATS EXPOSED TO WEAK LOW-FREQUENCY ELECTROMAGNETIC FIELD. (Rus.) Kuby- shkin, A. V. [I. M. Sechenov Inst. Physical Methods of Treatment and Medical Climatology, Yalta, USSR] Fiziol Zh 33(2):87—89; 1987 (16 Refs).

An attempt was made to evaluate the changes in the coagulation and fibrinolytic systems induced by geomagnetic fields (GHF), and to test the hypothesis that weak alternating magnetic fields (AMF) produce biological effects similar to those of the OIF. Experiments were conducted on 72 random-bred albino rats which were exposed to a sine-modulated AMF generated by three pairs of Helmholtz coils (frequency of 0.03 Hz, maximum intensities of 0.24 and 2.38 A/m). Animals were exposed for 3 hr/day, for 5 days. Parameters of the kallikrein-kinin and proteolytic systems were determined after the first, second, and fifth irradiations. Exposure to an AMF with an intensity of 0.24 A/m produced a significant eleva- ’ the serum esterase activity after the second irradiation; but increasing the AMF intensity to 2.38 A/m resulted in a drop of serum esterase activity after the fifth irradiation. Two irradiations with an AMF with an intensity of 2.38 A/m caused a decrease in the levels of kallikrein inhibitors and an increase in the activity of a-l-antiproteinase. The authors concluded that the observed changes in the indices of kallikrein-kinin and proteolytic systems are of a compensatory nature, and it is improbable that perturbations of the GMF can induce pathologic changes in the healthy organism.

Quantitative effects on bone graft incorporation stimulated by a pulsed magnetic field (PEMF) produced with a commercial noninvasive equine stimulator (Electro Biology, UK) were evaluated in ponies. Surgical bone defects and grafts were produced in both forelimbs tn 6 ponies, and one of the graft regions was exposed from post-operative day 1 for 3 hr/day to an asymmetric pulse burst of PEMF (30 msec duration repeated at 1.5 Hz; each pulse 250 iisec positive, 2.4 mV peak, and 14 p.sec negative, -130 mV peak, repeated 155 times in each burst). Identical "dummy" stimulator devices were applied to the other forelinb in a double blind experimental design which was maintained until all examinations, including histology, were completed. An additional 2 ponies were used as unstimulated double controls in order to assess potential back scatter or systemic effects of the PEMF from the treated limb to the control limb defect. Bone graft incorporation was evaluated during healing using Faxitron radiographs, and animals were killed at 9, 31, 88, 134, 164, and 241 days after surgery to evaluate healing in histological sections. Faxitron radiographs were not found to assist positively in distinguishing between PEMF- stimulated and control grafts. In the animal killed at 9 days, histological examinations indicated avitality and no tetracycline incorporation into stimulated or unstimulated grafts, making comparison of dynamic data impossible. After 31 days, stimulated grafts showed a higher formative activity than the control side, but the differences were not statistically significant. All PEMF-stimulated grafts showed lower porosity percentages, indicating more advanced corticalization. Data obtained from the additional double control ponies indicated lower calcification rates than in controls in the primary

number of metaphase abnormalities: 52% of control, 87% of 100 V, and 90% of 200 V field-exposed roots showed disorganization of the metaphase plate. Comparing anaphase figures for exposures at 100 and 200 V. the frequency of chromosomal fragmentation was increased 4-fold, and the frequency of anaphase bridges was doubled. Telophase micronuclei were seen in 33% of telophase figures at 100 V and in 36% of telophase figures 200 V. The authors interpret this field effect as the result of disrupted spindle organization due to conflicting indigenous and exogenous cell polarities across root meristems, with consequent increases in the formation of chromatid bridges and dicentric rings from the breakage and reunion of adjacent chromatids. They emphasize that this mechanism of chromosomal damage is distinct from damage produced by chemical treatment or ionizing radiation.

THE EFFECT OF MICROWAVES ON SPIKE ACTIVITY OF PURKINJE CELLS IN THE CAT CEREBELLUM. (Rus.) Krylov, 0. A.; Grigor'ian, R. A.; Magerramov, A. A. [Central Res. Inst. Health Resorts and Physical Therapy. Moscow, USSR] Fiziol 2h SSSR 73(6):724-729; 1987 (18 Refs).

PRELIMINARY STUDY OF QUANTITATIVE ASPECTS AMD THE EFFECT OF PULSED ELECTROMAGNETIC FIELD TREATMENT ON THE INCORPORATION OF EQUINE CANCELLOUS BONE GRAFTS. (Eng.) Kold, S. E.; Hickman, J.; Meisen, F. [Equine Clinical Unit, Animal Health Trust, Snailwell Rd.. Newmarket. Suffolk CB8 7DH, UK (S.E.K., J.H.); Univ. Inst, of Pathology, Aarhus County Hospital, OK 8000 Aarhus C, Denmark (F.M.)] Equine Vet J 19(2):120-124; 1987 (31 Refs).
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The effect of microwave exposure on iimune system 
function was reflected in quantitative changes in the 
plaque-forming cells (PFCs) in the spleens of mice 
immunized with sheep red blood cells (SRBC). Female 
3-mo-old CBA mice were immunized by intraperitoneal injection of a suspension of SRBC in buffered saline, 
then 6 days later, animals were killed, and spleen 
cells were assayed for response to SRBC using an in 
vitro assay. Mice were exposed to 2450 MHz microwave radiation in a waveguide while being held individual
ly in small plastic restraining tubes oriented with the animal's long axis parallel to the electric field. Mice were irradiated for 1-9 min on day 1, 2 or 3 after iimunization. The SAR was 67 W/kg, 
determined by a calorimetric method. In unexposed animals, the maximum number of PFC in the spleen was 
found on days 4 and 5 after itmunization, and these two days were chosen as endpoints for evaluating the 
effect of microwave exposure. Maximal increase in PFC number was produced by microwave exposure on day 
1 after immunization. Irradiation on day 3 also increased the number of PFC significantly. When mice 
were irradiated for 1, 3, 5, 7, or 9 min (specific absorption of 4-36.2 kJ/kg), formation of PFC was 
stimulated by exposures of 1-5 min, while exposures of 7 and 9 min did not change the number of PFC. 
Elevated environmental temperature did not stimulate PFC number: when mice were exposed to a chamber 
heated to 42 C, rectal temperature increased by the same amount as with microwave exposure but there was 
no increase in PFC formation: PFC formation decreased significantly with heat exposure for 5 min on day 1 
after immunization. The authors conclude that the 
observed immune stimulation (increased PFC number) is 
specific to microwave irradiation rather than a thermal effect.

(Eng.) 
[Leningrad 

USSR, 188350 Gen Physiol

Possible non-thermal effects of microwave irradiation were evaluated for a number of membrane transport 
functions In two bacterial species, Escherichia coll 
and Bacillus subtilis, with Gram-negative and Grampositive cell walls, respectively. Prototrophic, 
thymidine-deficient, and tryptophan-requiring strains were used in order to monitor the effects of micro
wave radiation on thymine and thymidine uptake, potassium leakage, proton release, hydrogen ion 
release (acidification of the medium during growth), 
and transformation (uptake of DMA). Samples were 
irradiated continuously at an incident power density of 5 mH/cm2 with microwaves at wavelengths between 6

I

of MW irradiation was 80, 400, or 1200 mH/cm2 for a 
duration of 10 min. PC were identified by the simultaneous presence of simple and complex spikes, 
and by an inhibition pause following the complex 
spike. A total of 116 PC were identified. Single 
and repeated exposure to MW with an intensity of 80 mH/cm2 did not produce statistically significant 
changes in PC activity. Irradiation at an intensity 
of 400 mH/cm2 resulted in an increase in the frequen
cy of simple spikes, and a shortening of the duration 
of the inhibition pause; the frequency of complex 
spikes showed an increase only after repeated MW exposures. A single exposure to 1200 mW/cm2 MW 
irradiation reduced the latent period of spike activity and caused a shortening of the duration of 
the inhibition pause; an increase in the frequency of both simple and complex spikes was observed after 
single as well as after repeated irradiation.

4672 THE EFFECT OF MICROWAVE RADIATION ON THE 
PRIMARY IGM RESPONSE TO SHEEP RED BLOOD CELLS IN 
MICE. (Eng.) Lojek, A.; Cesnek, J.; Misustova, J. 
[Inst, of Biophysics, Czechoslovak Academy of Sci
ences, 612 65 Brno, Czechoslovakia] Folia Biologica 
33(3):200-206; 1987 (12 Refs).

4674 EFFECTS OF MICROWAVE IRRADIATION ON SOME MEMBRANE-RELATED PROCESSES IN BACTERIA. 
Kazbekov, E. N.; Vyacheslavov, L. G. 
Inst. Nuclear Physics, Acad. Sci.Gatchina, Leningrad District, USSR] 
Biophys 6(1):57-64; 1987 (15 Refs).

4673 A MAGNETIC FIELD GENERATES MORPHOLOGICAL 
CHANGES IN GUINEA PIG BONE MARROW. (Eng.) Gorc- 
zynska, E. [Dept. Biochemistry, Academy of Agricul
ture, Szczecin, Poland] Folia Morphol (Praha) 
35(l):40-45; 1987 (16 Refs).

Static magnetic field exposure has been reported to produce quantitative changes in peripheral blood cell 
composition and immune function in animals, and has been implicated in producing effects on humans in 
occupational exposure studies. In this study, the author evaluated the effect of repeated daily magnet
ic field exposure on the conposition of bone marrow 
myeloblast and myelocytes (stem cells in the granulo
cytic series) using cytophotometric methods. One- 
hundred-fifty 6-mo-old male Dutch guinea pigs were exposed for 1 hr/day, 7 days/wk for up to 7 wk to 
magnetic fields with flux densities of 0, 0.005 T, or 
0.3 T. Animals were exposed in glass containerssituated in the 22 cm gap between the poles of a 
cooled resistive electromagnet. Rectal temperature 
measured before and after field exposure was un
changed. At weekly intervals during the treatment period, bone marrow preparations were made and 
analyzed using a Morphoquant automatic image analyzer (Zeiss) for DNA content, chromatin density, homogene
ity of the perinuclear zone, ratio of nuclear surface 
area to DNA density, and homogeneity of chromatin 
structures. Results indicated significant effects of field exposure on bone marrow cell morphology indica
tive of an increase in the number of cells in the G2 
phase of the cell cycle. An increase with time was 
observed in the number of cells characterized by 
loosening of the chromatin and by heterogeneity of 
the perinuclear zone. The ratio of nuclear surface 
area to the DNA content, and the homogeneity of 
chromatin structures were unaffected by the magnetic 
field within the limits of the error of measurement. 
The author interprets these changes as indicative of 
disturbances in the mitotic activity of the stem 
cells, and maintains that they are sufficient to account for the observed changes in the white cell 
count in the peripheral blood.
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The evoked contraction of heart muscle strips from 
the frog Rana teaporaria was studied with and without exposure to microwave radiation. Heart muscle strips 
were incubated in tris-buffered glucose-saline, and optimal contraction was evoked by 15 msec pulses of 
20-30 V at a frequency of 0.3 Hz. A microwave antenna was placed in the saline directly over the 
muscle strip for 28.26 GHz microwave radiation. A pair of electrodes was used for 11 MHz radiation, one 
needle-shaped and the other plate-shaped, to produce 
a non-uniform electromagnetic field. In both cases, power was delivered at an incident power density of 5 
n*l/cm2. Constant temperature of the medium was maintained by flowing the bathing solution over the 
preparation, and temperature was monitored during 
irradiation to an accuracy of ± 0.1 C. At either frequency, tension reached a minimum (-6*) within 1-2 
min after the start of field exposure, then tension increased to a new stationary level within approxi
mately 10 min. Measurements made with almost 150 samples showed this increment was 20-504 above the 
initial tension. After the irradiation was switched off, an additional increase in tension and subsequent decrease to initial levels were observed. Repeated 
exposure of the muscle preparation to the nonuniform 
electromagnetic field resulted in identical changes for 10 or more subsequent exposures of a single 
sample. Changes in tension due to changes in the muscle temperature could explain the initial decrease in tension and the increase in tension after irradia
tion was switched off: an increase in temperature 
from 17 to 18 C was found to produce an 8-104 decrease in tension. The authors conclude that the 
major field effect they observed, an increase in tension after several min of exposure at either 
frequency, constitutes an athermal effect of nonuni- 
fonn electromagnetic fields. The response developed after the temperature regime has been stabilized and 
tension changes were inversely proportional to

Biological Effects of Nonionizing Electromagnetic

temperature changes. The authors suggest a possible 
mechanism involving localized effects on metabolism at the muscle surface, perhaps changing intracellular 
free calcium ion levels.

4677 MODELING OF THE ELECTROMAGNETIC FIELD OF 
TELEVISION STATIONS IN BIOMEDICAL EXPERIMENTS.Dumanskii, lu. 0.; Romanov, V. A.; Karachev, 

[A. N. Marzeev Res. Inst. General and Communi
ty Hygiene, Kiev. USSR] Gig Sanit (4):64-66; 1987 
(5 Refs).

The authors describe the design of a special experimental set-up used for simulating the electromagnetic 
fields (EMF) generated by TV stations in various biomedical experiments. Analysis of the structure of 
EMF in the zone immediately adjacent to TV broadcasting stations indicated that the field could be 
adequately represented by a rectangular waveguide excited by an electric oscillator at frequencies 
greater than the cutoff frequency for a given wave
guide. Planar heterogeneous electrical waves can 
propagate inside the waveguide under conditions where the transverse size of the rectangular waveguide, and 
the site and the wavelength of the oscillator are correctly selected. Using a set of equations for the transverse size of the waveguide, cutoff wavelength 
of the waveguide, observed wavelength in the wave
guide, wave resistance, geometrical length of the exciting oscillator, and field intensity in the

4675 CONTRACTION OF FROG MYOCARDIUM IN NON- 
UNIFORM ELECTRIC FIELD. (Eng.) Pozela, J.; Naruse- victus, E.; Pauza, A.; Mikalauskas, K. [’ ' 
Mokslu Akadeniijos Paslaidninkiu Fizikos 
K. Pozelos 52, Vilnius 232600, USSR] 
Biophys 6(4):321-326; 1987 (8 Refs).

EVALUATION OF THE ELECTROMAGNETIC ENVIRON
MENT CREATED BY AIRPORT RADIO COMMUNICATIONS EQUIP
MENT DURING ITS HYGIENIC REGULATION. (Rus.) * 
skii, lu. 0.; Ivanov, D. S.; Soldatchenkov, » 
Demidov, lu. H.; Evreinov, K. G.; Bitkin, S. V.
N. Marzeev Res. Inst. General and Community Hygiene, Kiev, USSR] Gig Sanit (1):47-49; 1987 (5 Refs).

Potential health hazards created by airport radio communication equipment are discussed with special 
emphasis on the development of a new method of control for generated electromagnetic fields (EHFs). 
Communication units can be considered as a source of 
EMF formed by the random overlap of the random fluxes 
of broadcasting. This means that the intensity of such EMF can not be measured either by narrow-band or 
by broad-band measuring equipment. Evaluation of 
EHFs generated by simultaneously working communica
tion units includes the following stages: 1) deter
mination of the number of radio broadcast stations 
(N) required for communication; 2) calculation of a 
probability (p) based on the average duration of 
exposure of an air traffic controller; 3) estimation 
of the number of stations (n) in the network; 4) 
selection from all stations, N, a number, n, with the maximum energy potential (product of the intensity of 
irradiation by the coefficient of the enhancement of the antenna); 5) connection of selected stations into 
a continuous regimen, and one-by-one measurement of the field intensity using a narrow-band monitor.

and 7.8 mm (approximately 38-50 GHz). Microwave 
radiation was found to have no detectable effect on thymidine or thymine uptake. Microwave exposure had 
a marked and reversible effect on potassium leakage, but a similar response was obtained by heating the 
culture 1-2 C higher, suggesting that this effect of 
irradiation was due to heating of the sample. 
Similarly, the normal acidification of the medium 
during active bacterial growth was increased 60-804 
by microwave irradiation or heating. Irradiation of 
competent cells increased the number of cells trans
formed by DNA 2-4 fold, but the kinetics and wave
length independence of the response again suggested a 
thermal effect. The authors conclude that they were unable to detect any non-thermal effects of microwave 
irradiation in these membrane-related processes: all 
the phenomena described should be considered as being 
purely thermal in origin.
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waveguide, calculations of the irradiating systems 
for two TV broadcasting channels (80 and 202 MHz) 
were carried out. The set-up was found to fulfill 
all the requirements of the biological experiments.

Two approaches to the calculation of maximum permissible levels (MPLs) of microwave (MW) radiation are 
outlined. Both approaches are based on an evaluation of the cytogenetic effects of MWs using the chromo
some aberrations test. In rodents, the number of 
hepatocytes with chromosome aberrations is correlated 
with age and with the incidence of induced tumors. The observed increase in the number of aberrant 
hepatocytes in rats exposed to MH at a power flux 
density (PED) of 500 pH/cm2 could be interpreted as 
an accelerated aging rate and a potential cancer risk of MH exposure. The first approach to calculating

The potential health hazards of exposure to electro
magnetic fields (EMF) were studied in random-bred female white rats using various behavioral reactions 
as criteria. The animals were subjected to continuous (12 hr/day) exposure to 17-cm EMF, pulse modu
lated at 416 Hz, with a power flux density (PFD) of 20, 60, or 100 pH/cm2. Duration of the experiment 
was 4 mo. Analysis of the skin galvanic response indicated a significant increase after exposure to 
EMF at all PFD levels, although exposure to a PFD of 100 pH/cm2 produced a 424 increase during the first 
mo of exposure, compared with an 184 and a 124 increase during the second mo of exposure to EMF with 
a PFD of 60 and 20 |iW/cm2, respectively. During the first mo of exposure, exploratory activity did not 
differ from that in controls, but starting from the 
second mo, the rats exposed to EMFs with PFDs of 100 
and 60 pH/cm2 showed a tendency to decrease their exploratory activity. After 2 mo of exposure, there 
was an inhibition of motor activity (by 544 at 60 pW/ 
cm2, by 454 at 100 pH/cm2, and by 314 at 20 pW/cm2). 
Exposure to an EMF with a PFD of 100 pH/cm2 resulted in an inhibition of the development of the defense- 
conditioned reflex — which the authors interpret as a weak depressing effect of this exposure on the

4679 POSSIBLE APPROACHES TO THE HYGIENIC STANDARDIZATION OF MICROWAVES BASED ON THE RESULTS OF 
CYTOGENETIC RESEARCH. (Rus.) Shandala, M. G.; Atipenko, E. N.; Koveshnikova, I. V. [A. N. Marzeev 
Res. Inst. General and Comnunity Hygiene, Kiev, USSR] 
Gig Sanit (7):19-22; 1987 (23 Refs).

4678 GENETIC AND AGE-RELATED DIFFERENCES IN BODY SENSITIVITY OF AN ORGANISM TO AN INDUSTRIAL FREQUENCY 
ELECTRIC FIELD. (Rus.) Dyshlovoi, V. D.; Piliav- 
skaia, S. M.; Koziarin, I. P.; Shvaiko, I. I.; 
Alekseeva, G. R. [Medical Inst., Kiev, USSR] Gig 
Sanit (6):29-32; 1987 (7 Refs).

Potential health hazards of industrial frequency 
electrical fields (IF EF) were studied in male BALB/c and CBA mice of different ages. The animals were 
divided into four groups: Group 1 included newborn mice, Group 2 included immature mice (5-wk-old at the 
onset of the experiment). Group 3 included mature mice (3- to 4-mo-old). and Group 4 included old (26- 
to 30-mo-old) mice. The animals were subjected to a 
daily (5 hr/day) exposure to an IF EF with an inten
sity of 10, 15, 25, or 50 kV/m; duration of the 
experiment was 5 wk for Groups 1 and 4, and 4.5 mo 
for Groups 2 and 3. Duration of exposure to an IF EF with an intensity of 50 kV/m was 2 weeks. Biological 
effects of the IF EF were found to depend upon the age and genetic strain of mice. The changes in the 
weight of internal organs after exposure to 10 kV/m were observed only in CBA mice. Exposure to 15 kV/m 
for 1 mo affected the weight of internal organs in newborn mice (Group 1) of both CBA and BALB/c strain, 
and in mature (Group 3) CBA mice. Exposure of old mice (Group 4) inhibited the normal age-dependent 
involution of internal organs: the weight of the testicular vesicles, spleen, and heart was greater 
than that in controls. A 2-wk exposure to an IF EF with an intensity of 50 kV/m produced marked changes 
in electrolyte metabolism (decrease in blood levels of sodium and potassium), although the exposed 
animals showed no other physiological or morphologi
cal changes.

HYGIENIC EVALUATION OF ELECTROMAGNETIC 
FIELDS IN THE 17-CM RANGE BASED ON RESEARCH DATA ON CTIOKS. (Rus.) Dumanskii, lu. 0.; 

[A. N. Marzeev Res. Inst. General and

the MPL for 2450 MHz MW is based on an assumption 
that man is 7 times less sensitive to MW than the rat. Taking into account the life-span for rat and 
man. the equi-effective duration of irradiation for 
man should be approximately 23 times greater than 
that for rat. The reduction in the reserve potential 
of man similar to that observed in rats after a 35- 
day exposure to 2375- or 2750-MHz MWs with a PFD of 10 pW/cm2 should occur after 2- to 3-yr irradiation 
with MWs at PFDs of 70 pW/cm2 (2375-2750 MHz), 20 pH/ 
cm2 (440 MHz), or 50 pW/cm2 (280 MHz). Taking into 
account a safety factor of 5, the corresponding MPLs 
for 2-3 yr of exposure to 2375- to 2750-MHz MWs 
should be 14, 4, and 10 pW/cm2, respectively. The 
second approach is based on the observation that the 
increase in the yield of aberrant cells after exposure to MWs at 500 pW/cm2 does not differ from that 
after a single 0.5-Gy dose of X-irradiation. Since the MPL for chronic exposure to ionizing radiation 
throughout the entire life-span is 0.0005 Gy/yr and the MPL for 2450-MHz MWs at a PFD of 500 pW/cm2 in 
rats is equivalent to 3500 pH/cm2 (500 x 7) for man, then the level of 3500 pW/cm2 is 500 times greater 
than the MPL for ionizing radiation. Therefore, the 
MPL for MWs in the case of chronic exposure through
out the entire life-span should be equal to 7 pH/cra2. 
It should be noted that the MPL for MWs based on the 
results of cytogenetic studies (7-14 pH/cm2) are close to standards adopted in the Soviet Union (15 
pW/cm2).
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G. V.; Stepanov, V. S.; Trifonov [no affiliation given] F'_ * (0 Refs).

central nervous system — while chronic exposure to an EMF at 20 pW/cm2 produced a certain activation of the central nervous system.

LOCAL MICROWAVE Nikonova. K. V.; Vanifatov, I. V.; 
lcucu', E. K.; Komarova, E. K.; [no affiliation given] Gig Tr Prof

with 10.0 in control). As 1n males, the EF with an intensity of 4 kV/m produced less marked changes in the reproductive function of female rats, and the EF with an intensity of 1 kV/m was ineffective.

The effects of low-frequency (5 kHz) electric fields (EF) at intensities of 10, 4, and 1 kV/m on reproductive function were studied in 676 mature albino rats (272 males, 404 females). The animals were exposed for 3-6 mo (3 hr/day). Hating of unexposed females with irradiated males showed a statistically significant decrease in the maber of offspring of males exposed to 10 kV/m EF; total embryonic lethality was increased to 64.0%, compared with 43.2% in controls. Similar but less pronounced changes were observed after exposure of male rats to a 4-kV/m EF. The EF with an intensity of 1 kV/m failed to induce changes in the reproductive function of male rats. Hating of unexposed males with females chronically exposed to a 10-kV/m EF resulted in a significant decrease in the luter of viable embryos per female (7.3 and 4.3 after 3-mo and 6-mo exposure, respectively; compared

4683 EVALUATION OF THE BIOLOGICAL ACTION OF UHF RADIATION ON IMMUNOLOGICAL INDICES. (Rus.) Batanov, -IfuiivV, S. I.; Levin, A. 0. Gig Sanit (10):35-37; 1987

Biological Effects of Nonionizing Electromagnetic

Working conditions during induction heating of metals used in the metallurgical Industry are reviewed with special emphasis on the exposure of workers to electromagnetic fields (EHF) and on measures of protection. Time studies indicate that steel workers are exposed to EHF for 30-80% of a work shift; the intensity of EHF in the work area (125-2400 A/m) exceeds the maximum permissible exposure level (HPEL, 25 A/m). Measures for protecting workers from potentially hazardous EMF should provide for reduction of EMF intensity to the HPEL at the work place, and, at the same time, they should not cause a decrease in productivity and should not be expensive. The most effective device for protection of workers against EHF was found to be a shield designed as two hollow cylinders 365 mm tn diameter and 240 rm long. The use of such a shield produced a reduction in intensity of EHF to 3 A/m. To provide a 6-8 x reduction of the intensity of EHF, the length of the shield should be 2-3 x greater than the length of an induction heater, and the diameter should be 1.8-2 x greater than its diameter. The shield can be made of copper or aluminum, or their alloys. To provide a 10 or 15 x reduction of EMF, the thickness of the shield should be 3 or 5 an, respectively.

4684 HYGIENIC EVALUATION OF IRRADIATION OF THE HANDS. (Rus.) Rubtsova, N. B.; Sokolova, I. P.; Samusenko, T. G.; Lebed' 
Metelitsa, L. A. [no ailinauuu Zabol (4):25-30; 1987 (10 Refs).

An attempt was made to determine maximum permissible exposure levels (HPEL) for local microwave (MW) irradiation of hands. Hygienic evaluation of working conditions during tuning and testing of ultrahigh- frequency devices indicated a wide range of power flux densities (PFD): from 0.5 to 450 pW/cm2. Physiological experiments were conducted in a group of 24 healthy volunteers (18- to 40-yr old) exposed to MW radiation with a PFD of 10 or 50 n*</cm2. MW were generated by the ■Luch-58-1' apparatus (wave length 12.6 cm). The volunteers were exposed to local MW irradiation of hands, while the rest of the body was shielded with a radioprotective fabric. Duration of exposure was 20 or 30 min. In a separate series of experiments, the volunteers were subjected to a chronic 4-week exposure to MWs with a PFD of 10

THE EFFECT OF A LOW-FREQUENCY ELECTRIC FIELD ON THE REPRODUCTIVE FUNCTION OF ANIMALS. (Rus.) Zyubanova, L. F.; Men'shikova, L. N.; Goncharova, N. N. [Res. Inst. Industrial Hygiene and Occupational Diseases. Kharkov. USSR] Gig Sanit (9):85-86; 1987 (12 Refs).

Early changes in the immune system induced by ultra- high-frequency (UHF) irradiation were studied in rats and rabbits. In the first series of experiments, rats were exposed to 9.93 GHz microwaves at a power flux density of 200 pW/cm2 for 30 min/day, for 7 days. UHF irradiation was found to cause a statistically significant increase in the lymphocyte blasttransformation reaction, an increase in the phagocytic index, and a similtaneous increase in the leukocyte count. These findings indicated that short-term exposure to UHF had a stimulating effect on cellular immunity. In the second series of experiments, rats were exposed to a 2375 MHz microwave field with a power flux density of 10, 50. or 500 p.W/cm2 for 30 days (7 hr/day). Sedimentation analysis of blood proteins showed destabilization of the structural specificity of humoral factors (appearance of a new gamma globulin fraction); these changes were most pronounced after exposure to UHF fields with a power flux density of 500 p.W/cm2. In the third series of experiments, rabbits were exposed to a 0.3 GHz UHF field at a power flux density of 1530 p.W/cm2 for 60 min. There was no change in cellular immunity as indicated by lymphocyte blast-transformation, but complement fixation tests showed a significant inhibition of humoral immunity.

PROTECTIVE MEASURES FOR WORKERS EXPOSED TO ELECTROMAGNETIC FIELDS DURING LOW-FREQUENCY INDUCTION HEATING OF METALS. (Rus.) Maksimenko, N. V.; Boiarskii, M. R. [Res. Inst. Industrial Hygiene and Occupational Diseases, Kharkov, USSR] Gig Sanit (9):15-17; 1987 (5 Refs).
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> THE RELATION BETWEEN THE BIOLOGICAL EFFECTS 
SHORT-WAVE ELECTROMAGNETIC FIELDS AND EXPOSURE 

(Rus.) Pokhodzef, L. V.

lu. G.; 
n, A. A. 
Diseases.

4686
OF !___
DURATION. (Rus.) Pokhodzei, L. V. [Inst. Industri
al Hygiene and Occupational Diseases, Moscow, USSR] 
Gig Tr Prof Zabol (9):46-48; 1987 (8 Refs).

■

Working conditions for operators at 3 typical pro
cessing plants using high-frequency (HF) 27.12-MHz facilities for welding polyvinylchloride (PVC) 
polymer materials were evaluated with special empha
sis on the potential health hazards of exposure to 
electromagnetic fields (EMFs). The HF equipment had a power of 2.5-20 kW, and exposure to EMFs was of an 
intermittent nature with an exposure to pause ratio of 1:1 to 1:10. Approximately 200 female workers of 
the same age and length of employment were examined. Duration of exposure to EMFs during a 3 hr shift 
ranged from less than 1 hr to 3 hr. Intensity of EMF exposure ranged from 270 to 350 V/m. The workers 
could be divided into four groups. Group 1 included 
workers exposed for less than 1 hr/shift to EMFs with 
an intensity lower than the maximum permissible exposure levels (MPEL); Group 2 included workers 
exposed for less than 1 hr to EMFs with an intensity exceeding the MPEL: Group 3 included workers exposed 
for less than 3 hr to EMFs with an intensity exceed
ing the MPEL; and Group 4 included workers who were 
not exposed to EMFs (controls). Analysis of air samples by gas chromatography showed that, during 
welding of PVC products, the workroom air was not polluted by vinyl chloride. Analysis of various physiological parameters indicated that exposure to 
EMFs did not have a detrimental effect on the func
tional state of the cardiovascular system. The morbidity pattern of teirporary disability in workers 
exposed to EMFs did not differ from that in controls. Work of the female operators was attributed to the 
category of light, monotonous work with medium-level 
tension.

The authors describe the design and construction of a 
cage suitable for chronic exposure of large groups of 
mice to air ions and uniform electric fields. Animals were contained in four exposure chambers 
within a 10 x 150 x 210 cm cubicle which provided 
environmental control of air temperature, purity, and lighting. Air was purified by passage through an electrostatic filter, an activated carbon filter, and 
an absolute filter, with the volume of air changed every 22 sec. Air movement was from the top of the 
cage to the bottom in order to remove noxious gases (such as ammonia) associated with animal wastes in 
the bedding pan below the wire cage floor. To reduce 
noise and vibration to 58 dB, foam rubber damping material was placed under and around the sides of 
each cage and under shelf supports. Temperature was regulated at 26 * 1 C, and the light cycle was 12 hr 
light/dark starting at 7:00 am using vita light full 
spectrum fluorescent lights. Exterior walls of the 95 x 45 x 35 cm exposure cages were constructed of 
aluminum and electrically grounded to shield against ambient 60 Hz AC electric fields. Measured ambient 
AC fields in the shielded cages were reduced 2-3 orders of magnitude to below 0.07 V/m. The exposure 
system was a parallel plate system consisting of an electrically isolated field plate mounted above the 
cages, copper tape guard wires, and a grounded cage 
floor formed of stainless steel rods. Energizing the 
plate to about 1000 V DC generated a field of about 2 
kV/m at the cage floor. Measurements Indicated a 
relatively uniform field distribution in the cage area except for side edge areas, which were therefore 
fitted with Plexiglas barriers to keep the animals from entering these areas. Air ions were produced by

4687 DESIGN AND CONSTRUCTION OF CAGE ENVIRONMENTS 
FOR AIR ION AND ELECTRIC FIELD RESEARCH. (Eng.) 
Yost, M. G.; Kellogg, E. W., 3d [Air Ion Lab., Dept, of Biomedical and Environmental Health Sciences, Earl 
Warren Hall, Univ, of California, Berkeley, CA 94720] Int J Biometeorol 31(2):109-125; 1987 (18 Refs).

mW/cm2. Both single and repeated exposure to MWs 
with PFDs of 10 mW/cm2 did not produce any signifi
cant changes in test parameters (skin temperature, 
regional blood flow, physical endurance, heart rate, 
sensorimotor reactions, bioelectrical activity of the 
heart and brain). MWs at PFDs of 50 mW/cm2 for 20 
min resulted in an increase in skin temperature, an 
increase in blood vessel tonus, and a decrease in 
blood filling. All other test parameters were within 
the normal range. Based on these results, the authors recommended adopting a PFD of 5 mW/cm2 and a 
duration of exposure of 0.5 hr (2.5 rW/cm2 x hr) as an MPEL for local MW exposure.

4685 PHYSIOLOGICAL AND HYGIENIC EVALUATION OF THE 
WORK OF OPERATORS OF EQUIPMENT FOR HIGH-FREQUENCY 
WELDING OF POLYMERS. (Rus.) Shirokov, ’ Slobodin, A. K.; Lazarenko, N. V.; Vialki 
[Inst. Industrial Hygiene and Occupational Diseases, Moscow, USSR] Gig Tr Prof Zabol (5):34-38; 1987 (6 
Refs).

To improve the adopted exposure standards (permissi
ble exposure levels) for short-wave electromagnetic 
fields (SW EHF), the role of time factors in the 
development of biological effects of SW EMF was 
studied in male Wistar rats. The animals were 
exposed to 24-MHz SW EMF with an intensity of 500 V/m 
for 4 mo (80 exposures). Duration of the single 
daily exposure was 0.25, 1, or 4 hr. Biological 
effects were estimated by changes In erythrocyte 
counts, erythrocyte catalase activity, ascorbic acid level in the adrenal glands, weight of the adrenal 
glands, blood levels of thyroid hormones, and the weight of the thyroid glands. Animals were examined 
after 20, 40, 60, or 80 exposures, and also 1 mo 
after termination of irradiation. Chronic exposure 
to SW EMF resulted in a progressive increase in the erythrocyte count, an increase in ascorbic acid 
levels in the adrenal glands, a decrease in the blood 
levels of thyroxine and triiodothyronine, and a 
decrease in blood catalase activity. These changes 
depended upon the duration of exposure, and were the 
most pronounced in animals exposed to SW EMF for 4 hr/day.

I, I
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THE EFFECT OF PULSED MICROWAVE IRRADIATION 
ELECTRICAL

4689 
ON THE 
(Rus.)Biological Physics 
SSSR | '

MUTATIONS IN DROSOPHILA . (Eng.) Levengood, W. C. 
_______________ ib., 4853 Wolf Lake Rd., PO 
dva 363, Grass Lake, HI 49240] 31(3):185-190; 1987 (13 Refs).

Current theories on the mechanism of action of constant magnetic fields (CMF) on biological systems 
are reviewed, with special emphasis on macroscopic systems which do not require the analysis of molecu
lar processes. The following macroscopic theories 
are discussed: orientation effects; liquid crystal 
effects on biological membranes; concentration effects: magneto-hydrodynamic effects; magnetic spin 
effects; and effects of CHF on equilibrium chemical reactions. Based on theoretical calculation and 
experimental data, the authors conclude that in order to have a magneto-hydrodynamic effect on a biological

Biological °f Nonionizing^Electromagnetic

4690 HECHANISH OF ACTION OF MAGNETIC-FIELDS ON 
BIOLOGICAL-SYSTEMS. (Rus.) Kuznetsov. A. N.; Vanag, V. K. [Inst. Chemical Physics. Inst. General and 
Community Hygiene. Moscow. USSR] Izv Akad Nauk SSSR [Biol] (6):814-827; 1987 (58 Refs).

development to adult stages. Exposure of female 
flies for only 3 min in the ventral abdominal region 
at a very early adult stage produced similar black 
rings in a low number of cases (about 5%), and these 
flies were sterile and did not survive for more than 
36 hr. The author hypothesizes that the magnetic field acts to disrupt morphogenic processes in 
developing germ cells, possibly by altering oxidative 
metabolism within the spermatocyte.

Biological effects of weak high-frequency electromag
netic fields (HF EMF) were studied in isolated neurons of the parietal ganglion of the snail Lymnaea 
staonalis. The neurons were irradiated with 0.9-GHz 
sine-modulated (16 and 100 Hz) HF EMF. Electrical 
activity of the neurons was recorded using glass microelectrodes immediately before irradiation, 
during a 10-min irradiation, and within 5-20 min 
after irradiation. Exposure to 16-Hz-modulated HF 
EMF with an SAR of 0.5 W/kg resulted in a decrease in 
the spike frequency in 87% of the neurons. After 
exposure to HF EMF with an SAR of 2 W/kg, 70% of the 
neurons responded with an increase in spike frequen
cy, while 30% of the neurons showed a decrease in spike activity. After termination of exposure, the 
frequency of spikes returned to initial levels. 
There were no changes in the amplitude or duration of action potentials. Exposure to 100-Hz-modulated HF 
EHF with an SAR of 0.5 W/kg had no effect on the 
frequency of spontaneous activity, while at an SAR of 2 W/kg all neurons showed an increase in spike 
frequency. It was suggested that increased spike 
frequency after exposure to HF EHF with an SAR of 2 
W/kg can be explained as a thermal effect of microwave radiation, while the nature of decreased spike 
activity at an SAR of 0.5 W/kg remains unclear.

the B emission of 50-mCurie sealed tritium foils 
mounted on an electrically isolated field plate at 
the top of the cage. These electrons penetrated the 
air up to 1.5 cm from the foil, producing a bipolar 
cloud of ionized air molecules. Placing a potential 
on the field plate produced a flux of the desired ions away from the foils into the exposure region of 
the cage. The magnitude of the ion flux at the cage bottom was adjusted by covering the B source with 
paper filters that partially blocked ionization of 
the field plate. F tored by a 
guard wires, 
floor distribution of the electric field 
floor distribution of ion flux and densities are 
illustrated with maps of measurements with 18 sectors per cage. The authors conclude that their exposure 
system provides a stable ion and electric field exposure environment suitable for long-term studies. 
The ability to produce monopolar or bipolar ion 
conditions represents an important advantage of the 
cage design since natural ion conditions are frequently bipolar, and fields around power lines vary 
considerably in ion levels and charge in time and space depending on season, weather conditions, and 
other complex factors.

Possible genetic mutations resulting from magnetic field exposure of the gonads of Drosophila melano- 
gaster were examined in simple crosses between magnetic field-exposed wild type (Ore-R) males and 
unexposed white-eyed females. Ordinarily, this cross produces white-eyed males and red-eyed females, but a 
mutation resulting in the loss of the maternal X(w) chromosome (to produce an X0 genotype) results in a 
red-eyed, sterile male phenotype. The X0 mutation occurs at a spontaneous frequency of 0.083%. Hale 
flies were exposed to a static magnetic field using a specially designed high flux density magnetic probe 
held 0.5 mm above the dorsal location of the testes for 3 min in an N-orientation. Hagnetic field flux 
density was 0. 6.3, or 17.7 kG. Mutation frequencies 
produced by these exposures were not significantly 
different from spontaneous levels when mature males (24-48 hr after emergence) were exposed, but when 
immature males were exposed before the wings unfolded (less than 15 min after emergence), mu 
mutation rate was significantly increased (p < 0.01). Mutation frequencies for exposed immature males were 
approximately 0.068% for 0 kG. 0.21% for 6.3 kG. and 0.255% for 17.7 kG. The author suggests that the 
mechanism of the magnetic field effect may involve alignment of paramagnetic molecules or magnetic domains associated with the normal X chromosome in 
the sperm. Small magnetic domains do exist in 
Drosophila pupae, which formed sharply defined 0.3 mm 
diameter black rings under the tip of the probe after exposure of the dorsal surface for 12 hr at 20 kG. Pupae displaying these black rings did not complete

ACTIVITY OF MOLLUSK NEURONS. 
) Bol’shakov, H. A.; Alekseev, S. I. [Inst, 
igical Physics. Pushchino. USSR] Izv Akad Nauk 
[Biol] (2):312-314; 1987 (7 Refs).

4688 NON-OISJUNCTION I 
EXPOSED TO HAGNETIC FIELDS. [Pinelandia Biophysical Lab 
Box 388, Grass Lake, Ml ‘‘
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system or to act through Lorentz forces, 
to have a field strength greater than 10 
tion effects associated with magnetic anisotropy of 
biological structures require a CMF with a field strength of 1-10 T, while liquid crystal effects and 
spin paramagnetic effects require CMFs with field strengths of greater than 0.1 T and 1-10 T, respec
tively. Weak magnetic fields of about 1 ml may also 
influence orientation of specific receptors if they 
contain ferromagnetic inclusions. To establish 
mechanisms of direct CMF action on biological sys
tems, the authors suggest that experiments based on liquid crystal or spin paramagnetic mechanisms should be carried out.

4692 LIVER AND SPLEEN MORPHOLOGY, CERULOPLASMIN 
ACTIVITY AND IRON CONTENT IN SERUM OF GUINEA PIGS EXPOSED TO THE MAGNETIC FIELD. (Eng.) Gorczynska, 
E. [Dept. Biochemistry, Academy of Agriculture, 71- 434 Szczecin, Poland] J Hyg Epidemiol Microbiol 
Immunol 31(4):357-363; 1987 (12 Refs).The synchronous electrical activity of neurons can generate extracellular voltage gradients of up to 

tens of volts per meter, levels which may exceed the threshold and hyperpolarize or depolarize adjacent 
neurons (ephaptic transmission). In order to charac
terize the potential of exogenous fields to affect 
the functioning of neural structures, responses of 
identified neurons to extracellular currents were 
examined in preparations of the subesophageal ganglia complex and pedal ganglia from the snail Helix 
lucorum. Isolated ganglia were pinned to the wax floor of a round chamber filled with snail saline, 
and current was passed across the chamber with a pair 
of 12 x 15 mm siIver/siIver chloride electrodes 
mounted 14 mm apart attached to a plastic chamber insert. The insert could be rotated relative to the 
fixed position of the ganglion complex to vary the direction of the extracellular field. Conventional 
glass recording micropipettes were used as intracellular recording electrodes, and as intracellular or 
extracellular reference electrodes. When neurons were placed in an electric field, potentials were 
induced that depended on the neuron's dimensions and distribution of branches, with the magnitude of the 
induced potential differing in the soma and in the processes according to the direction of the extracel
lular current. In both silent and spontaneously active neurones, depolarization and spikes were 
elicited by low-frequency (0.1 Hz) sinusoidal cur
rents. Threshold voltage gradients had a range of 1- 
10 V/m, which is less than gradients in the nervous 
tissue during synchronous activation of the neurones. 
Rotation of the field polarity indicated that the 
same neuron can generate spikes in response to 
opposite directions of polarizing currents. The threshold of the spike reaction varied with field 
direction, and the maximal value could be 10 times 
greater than the minimal one in one experiment. The 
current-induced potential did not always exhibit the same waveform as the extracellular current, but could

be distorted and show frequency-doubling. The 
authors suggest that these distortions result from the active generation of current in local depolarized 
areas with low threshold. Different threshold reactions in various regions of the membrane were 
reflected in differences in the threshold value when the external field direction was varied. Thresholds 
of spontaneously active neurones to extracellular • 
currents were significantly lower than thresholds of 
silent cells (observed minimum of 1.3 V/m). Two 
types of reaction patterns were noted: an increase in 
spontaneous activity in response to both directions 
of extracellular current, and an increase in firing 
frequency in response to extracellular current in one 
direction with a decrease in the other. Extrapola
tion from the threshold values observed in the snail 
giant neurons to the dimensions of vertebrate neurons 
suggests threshold values of about 15-30 V/m, which 
implies that ephaptic interactions are possible in the vertebrate brain.

Previous results indicated that exposure to a static 
magnetic field can affect the function and level of blood platelets, and cause changes in prothrombin 
activation mechanisms, fibrinolytic mechanisms, and plasma fibrinogen levels of animals exposed to 
magnetic fields. Groups of 15 male Dutch strain guinea pigs, 6 mo of age, were sham-exposed or 
exposed for 1 hr daily to constant magnetic fields produced by a cooled electromagnet. Animals were 
allowed to move around freely in a glass container 
located at the center of the 22 cm slit between the 
poles of the magnet, and were found to spontaneously orient their bodies along the lines of the magnetic 
field forces. Exposed animals were subjected to magnetic fields of 0.005 T or 0.3 T for periods of 1- 
7 wk, then killed for histological analysis of liver and spleen, determination of glycogen levels in the 
liver, and plasma ceruloplasmin activity and iron levels. Histological examination of the spleen 
demonstrated red pulp hyperplasia and increased swelling and irregularity of the lymphatic follicles 
in exposed animals, but the degree of response was not correlated with either intensity or duration of 
exposure. Livers of guinea pigs exposed to magnetic 
fields had increased amounts of glycogen, but again this change was not related to field strength or 
duration of exposure. Serum iron content was not 
significantly different in exposed animals. Cerulo
plasmin activity in the serum of guinea pigs exposed 
to magnetic fields gradually decreased relative to 
control animals, becoming significantly different 
after 35 days of exposure at 0.005 T and after 21 
days of exposure at 0.3 T. Decreased ceruloplasmin 
activity was directly related both to duration and to 
intensity of magnetic field exposure. The authors 
conclude that guinea pigs exposed to a static magnetic field show a disturbance in spleen histology and a

4691 FUNCTIONING OF IDENTIFIED SNAIL NEURONES IN 
ELECTRIC FIELDS. (Eng.) lerusalimsky, V. N.; Balaban, P. M. [Lab. of Molecular Biophysics, Inst, 
of Chemical Physics, USSR Academy of Sciences, Novatorov St. 7a. Moscow, 117421, USSR (V.N.I.); Lab. 
of Conditioned Reflexes, Inst, of Higher Nervous 
Activity and Neurophysiology, USSR Academy of Sciences, Butlerova 5a, Moscow, 117865, USSR (P.M.B.)] 
J Exp Biol 131:17-36; 1987 (25 Refs).
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MAGNETOTHERAPY IN THE COMBINED TREATMENT OF SUPPURATIVE-INFLAMMATORY DISEASES OF THE SOFT TISSUES 
IN NEWBORN INFANTS. (Rus.) Prokopova. L. V.; Mel‘nichenko, V. A.; Kokenski, P. Kh.; Serdiuk 
[Dept. Surgery and Orthopedics Inst., Odessa, USSR] I'T 
Refs).

Prokopova
’ Sei ijiui, v. v . 
Pirogov Medical 
:: :??? (o

The effectiveness of an electrical field (EF) com
bined with ultraviolet (UV) radiation for removal of

The therapeutic efficacy of magnetotherapy was 
evaluated in 128 newborn Infants with various suppurative-inf lanmatory diseases of the subcutaneous 
tissues (83 had mastitis, 27 had phlegmon, and 18 had onphalitis). Treatment included surgically punctur
ing the abscess, administration of antibiotics, and 
applications of a magnetic field with an intensity of 
10,400 A/m, a frequency of 150 Hz, and a flux intensity of 0-100 mT. The magnetic field was generated 
by the PDMT apparatus. Magnetotherapy was started 3- 4 hr after surgery. The patients received 7- to 12- 
min irradiations 3 x/day, for 6-10 days. Magnetotherapy resulted in a rapid disappearance of tissue 
edema and hyperemia, an improvement in regional blood flow, and an acceleration of wound healing. Treat
ment was especially effective in newborn infants with 
phlegmon. As a result of magnetotherapy, the number 
of complications was reduced, the process of healing was accelerated, and the duration of hospitalization was reduced by 3.7 days.

“ "• The ground wire was run along the "wall and'floor of the operating room. 
■’ , ’ s collected at the center of the
operating room, 0.7 m above the floor level, 
treatment of the air, the source of UV 
turned off, and the size and number of 
particles was measured for 1 hr in the absence of the 
EF. in the case of a positive EF (+12 kV), and in the 
case of a negative EF (-12 kV). Compared with the treatment with UV rays alone, the negative EF pro
vided more effective removal of aerosol particles: 
the number of 0.4-um, 1-pm, and 2-urn particles was 
decreased by 624, 504, and 364, respectively. The positive EF was less effective (a 204, 12.54, and 204 
decrease, for 0.4-|im, 1-jim, and 2-jim particles, respectively). The authors conclude that steriliza
tion of the air of an operating room should be carried out using UV rays in combination with a 
negatively-charged EF to enhance precipitation of aerosols and airborne microflora.

ON THE (Eng.) 
He, C. J.; Gong, K. H.; Xu, Q. Z.; Yu, Y. Y.; Liang, 
H. W.; Gu, F. S. [Dept, of Traditional Chinese 
Medicine, The Shanghai, China (C.J.H. 
Radiotherapy, The Shangha i, China 
Examination

4694 THE USE OF AN ELECTRIC FIELD TO REDUCE THE 
CONTAMINATION OF AIR IN AN OPERATING ROOM WITH 
AEROSOLS. (Rus.) Toskin, K. 0.; Shchetlin, A. P. 
[Dept. Surgery, Crimean Medical Inst., Simferopol', USSR] Klin Khir (l):56-57; 1987 (2 Refs).

aerosol particles from the air of operating room was 
studied. The source of high voltage was a step-up 
transformer generating an EF with an intensity of 12 
kV. A copper wire, 0.8 mm in diameter, hanging 
across the area of the operating room was used as an 
electrode for generating the EF.

4696 COMBINED EFFECTS OF MICROWAVE AND IONIZING RADIATION. (Rus.) Grigor'ev, lu. G.; Stepanov, V. 
S.; Batanov, G. V.; Beskhlebnova, L. I.; Hitiaeva, Z. la.; Paramonova, A. A.; Salimov, R. H. [no affilia
tion given] Kosm Biol Aviakosm Med 21(4):4-9; 1987 (7 Refs).

Microwave acupuncture, the application of a microwave 
antenna to the butt of an acupuncture needle for stimulation of traditional acupuncture points, 
used in the treatment of cancer to enhance immunological function of patients, 
patients (28 men, 21 women) were 
variety of tumors with radiotherapy (48 cases) or 
chemotherapy (1 case). Patients were divided into two groups and treated with a combination of leuko- 
poietic drugs (vitamin B4, NDA, leucogen, butylal
cohol, Chinese herbal medicine, interferon, transfer 
factor, or anion inhalation), or by microwave acupuncture to the Zusanli (St 36) and Sanyinjiao (Sp 6) 
points using a DBJ-1 Microwave Acupuncture Stimulator operated at 25-30 V for 20 min daily for 10 days 
[frequency not specified]. The immune system effect was assessed by cell counts, lysozyme staining, and 
tmraine globulin levels. In both groups, T cells 
showed a tendency to increase, lysozyme elevation was 
positively correlated with leukocyte elevation, and immunoglobulins were within normal range. The drug 
group showed 24 of 29 cases responding, with an average leukocyte count of 3317 prior to treatment 
and 3842 after treatment. The microwave acupuncture group showed positive responses in 18 of 20 cases, 
with average leukocytes increasing from 2650 to 3795. This Increase in leukocytes (1145 ± 717) was signifi
cant at the p < 0.001 level. The authors suggest that the positive effect of microwave acupuncture was 
in part due to the heating effect at the selected point which is similar to moxibustion (cautery using 
burning plant material). The authors conclude that microwave acupuncture has a marked positive effect on 
the leukopenia Induced by radiotherapy for cancer, and can be applied more easily than the traditional moxibustion technique.

4693 EFFECTS OF MICROWAVE ACUPUNCTURE 
IltiUNOLOGICAL FUNCTION OF CANCER PATIENTS.

. , AU, V/. L. , IU, I. I.

[Dept, of Traditional
Second Military Medical College, K.H.G., Q.Z.X.); Dept, of 

Second Military Medical College, (Y.Y.Y., H.W.L.); Dept. ' ' ’ 
cAaiiiinauion. The Second Military Medical College, 
Shanghai, China (F.S.G.)] J Tradit Chin Med 7(1):9- 
11; 1987 (4 Refs).

P. Kh.;
uupeuics, N.I. F uvyuv neu 
Klin Khir (6):51-53; 1987

V. V.
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4697 EXPERIENCE WITH THERMORADIOTHERAPY OF 
MALIGNANT TUMORS. (Rus.) Goldobenko, G. V.; Durnov, 
L. A.; Knysh, V. I.; Amiraslanov, A. T.; Kondrat'eva, 
A. P.; Matiakin, G. G.; Tkachev, S. I.; Tseitlin, G. 
la.; Ivanov, S. M.; Kozhushkov, A. I. [USSR Cancer 
Res. Center, Res. Inst. Clinical Oncology. Moscow, 
USSR] Med Radiol (Mosk) 32(l):36-38; 1987 (4 Refs).

I

conpared with 424 after gaima-therapy alone. All patients (even small children) tolerated local HT well. The frequency and Intensity of local radiation Injuries after combined treatment did not differ from that after radiotherapy alone. These findings indicate that local HT can Increase the efficacy of radiotherapy of radioresistant tumors.

4699 A SET OF DEVICES FOR ELECTROMAGNETIC HYPERTHERMIA OF MALIGNANT NEOPLASMS. (Rus.) Deviatkov, N. D.; Gel'vich, E. A; Mazokhln, V. N. [no affiliation given] Med Radiol (Mosk) 32(l):73-76; 1987 (3

Therapeutic efficacy of local electromagnetic hyperthermia (HT) in combination with radiotherapy was evaluated in 203 patients with various malignant tumors. The group included 48 patients with loco- regional rectal cancer, 65 with Stage II-III squamous cell carcinoma of the mouth mucosa and tongue, 50 with locoregional soft tissue sarcomas, and 40 children (2- to 15-yr old) with rhabdomyosarcomas. Of 203 patients, 91 received gamma irradiation alone (single dose 4-5 Gy, twice/wk, total dose of 30-70 Gy), and 112 received gamma Irradiation followed by local HT. The HT was started after the second fraction of gamma-irradiation. Local heating (41.5- 42 C) was produced by specially designed equipment generating electromagnetic fields with frequencies of 40, 450, 915, and 2450 MHz. Complete tumor regression was achieved in 49% of the patients subjected to combined treatment, compared with 31% in the patients treated with gamma irradiation alone. Following combined treatment, 10% of the patients with cancer of the mouth mucosa developed local

The author describes the design of several devices for electromagnetic hyperthermia (EM HT) of malignant tumors of different sizes and locations. In these devices, the size and shape of the hyperthermic region is determined by the applicator design. The "Iakhta-2" device for the EH HT of surface tutors

4698 METASTASIS OF LEWIS CARCINOMA AFTER LOCAL UHF HYPERTHERMIA. (Rus.) Lopatin, V. F.; Dedenkov, A. N.; Vatin, 0. E.; Kliuch, V. E. [Res. Inst. Medical Radiology, Obninsk, USSR] Med Radiol (Mosk) 32(1):64—67; 1987 (11 Refs).

An attempt was made to determine the relationship between the metastatic spread of a tumor and tenpera- ture distribution in the tumor and adjacent normal tissues during localized hyperthermia. Experiments were conducted using (CBA x C57BL/6) Fl mice with transplanted (subcutaneous or intramuscular) Lewis lung carcinoma (LLC). On days 10-15 after transplantation, animals were subjected to local ultrahigh- frequency hyperthermia (UHF HT). Three series of experiments were conducted. In the first series, tumors transplanted into the thigh were subjected to selective heating to 43-46 C for 30 min. In the second series, both the tumor and adjacent tissues were heated to the same temperature. In the third series, the hind extremity with tumor transplanted into the foot pad was amputated above the knee Joint without hyperthermia treatment. The results of treatment were estimated by the average life-span of tumor-bearing animals, the presence of lung metastases, and the weight of the lungs, spleen and timer. Selective UHF HT of the primary tumor increased the life-span (54 days, compared with 45 days in controls), reduced the number of lung metastases, and reduced the weight of lungs, spleen and tumor. In the second series, when both tumors and healthy tissues were damaged by hyperthermia, the number of metastatic lung tumors did not differ from that in controls; the lung weight and number of lung tumors were the greatest in animals with UHF HT-induced edema and necrosis of soft tissues of the thigh. Amputation of the extremity with the transplanted tumor enhanced the metastatic spread of LLC; the lung weight and number of lung tumors were 2-3 times greater than those in controls.

The response of different physiological systems to ionizing radiation as modified by nonionizing microwave frequency irradiation of nonthermal intensity was investigated, and the literature on the effects of combined exposure to microwave radiation (MW) and ionizing radiation (IR) was reviewed. Preliminary exposure of random-bred female rats to 9340-MHz MW with a flux density of 200 uW/cm2 (30 min/day, for 8 days) resulted in a 1.5 x increase in the survival rate after a single whole-body gamma irradiation when a total dose of 5.5 Gy was given the next day. In the same series of experiments, combined exposure to MW and IR caused significant Increases of the stimulation index in the mitogen (PHA-) induced lymphocyte blast-transformation reaction (10.1, compared with 3.13 after IR alone. 6.4 after MW alone, and 5.42 in untreated controls), and a decrease of the autopatch count. In another experiment, male Wistar rats were subjected to garrma irradiation at a dose of 0.34 Gy for 20 min, followed 1 day later by exposure to 10 GHz MW with a flux density of 40 pW/cm2 (duration of exposure 1 and 5 min). Combined exposure did not produce significant changes in motor activity. Specific effects of MW and IR were evaluated using imprinting in chickens. One-day-old chick embryos were exposed for 5 min either to 9340 MHz MW with a flux density of 40 pW/cm2, to gamma rays at a dose of 0.36 Gy, or to MW in combination with IR. Light flickers were used as an imprinting stimulus. MW alone did not affect imprinting ability. IR alone resulted in a significant reduction in imprinting ability. Combined exposure to MW and IR resulted in a further decrease in the imprinting ability. These findings were indicative of a possible additive effect of MW and IR.
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To improve the accuracy of tenperature measurements 
during ultrahigh frequency (UHF) hyperthermia, a 
special apparatus with a fiber-optic temperature probe was designed. The size of the device is 170 x 300 x 600 im>. The thermosensitive element of the 
probe is a 0.8 x 0.8 x 0.4-mm rectangular semicon
ductor prism attached to the end of a branched glassfiber bundle. The diameter of the probe is less than

4702
OF MALIGNANT 
Gel'vich, E. A.; natum 
[no affiliation given] 
92; 1987 (13 Refs).

The use of radiothermonetry (RT) as a method for 
noninvasive monitoring of internal body temperature 
is briefly outlined with special emphasis to its

APPLICATORS FOR ELECTROMAGNETIC HYPERTHERMIA
INTRACAVITARY NEOPLASMS. (Rus.) 

A.; Hazokhin, V. N.; Siniagovskii,V. I.
] Med Radiol (Mosk) 32(1):87-

The design of special applicators for ultrahigh- frequency (UHF) hyperthermia of advanced intracavi
tary malignant tumors is described. The applicators 
are best suited for treatment of circular endophytic 
and exophytic tumors 3-15 cm in size and up to 3 cm 
in depth, which are resistant to conventional methods 
of treatment. The working frequencies of the appli
cators are 915 and 460 (433) MHz. The most conve
nient applicators for hyperthermia of intracavitary 
tumors are flexible rod applicators, 3-7 im in 
diameter without cooling or 8-17 mn in diameter with cooling, and flexible or rigid applicators 20-25 nrn 
in diameter with cooling. The applicators have a rubber casing (the dielectric properties of rubber 
prevent its heating). The distribution of electro
magnetic fields generated by applicators was measured 
using a high-resistance probe. The distribution of heat fields was monitored using needle semiconductor 
temperature probes. Experimental prototypes of these 
applicators have advanced to clinical trial in the USSR.

4700 EXPERIMENTAL EQUIPMENT UNIT ("HYPERTHERH-1" FOR UHF HYPERTHERMIA OF MALIGNANT TUMORS. (Rus. 
Shereshevsk11, 0. V.; Lopatin, V. F.; Kliuch, V 
[USSR Res. Inst. Medical Devices, Obninsk, USSR] 
Radiol (Mosk) 32(l):76-77; 1987 (0 Refs).

Biological Ejects of^ Nonionizing Electromagnetic

application to intracavitary hyperthermia. The major 
technical difficulty in combining ultrahigh-frequency (UHF) hyperthermia and RT is associated with the need 
to protect radiometric equipment against UHF irradia
tion emitted by the J '
difficulty was solved by using a specially designed hyperthermia device, "ol nT - in th» tmatmont nf 
patients with rectal 
working frequency of

4703 THE "OPTOTERM" FIBEROPTIC SYSTEM FOR TEMPERATURE MEASUREMENT IN INTERSTITIAL (INTRACAVITARY) UHF 
HYPERTHERMIA. (Rus.) Kurpeshev, 0. K.; Menteshash- 
vili, G. Z.; Konopliannikov, A. G.; Seliutin, V. P.; Cherepanov, T. la.; Berkhin, I. M. [Res. Inst. 
Medical Radiology, Obninsk, USSR] Med Radiol (Mosk) 32(5):71-73; 1987 (4 Refs).

consists of a set of non-contact applicators located 
at a distance of 2 cm from the body surface; it heats a tissue area 3-9 cm in diameter and up to 2-3 cm in 

A set of flexible cylindrical applicators in 
a rubber casing is used for the treatment of rectal 
and esophageal tumors. The applicators are equipped 
with a built-in system of water cooling to protect 
the surface tissues. The "Iakhta-3" apparatus, 
designed for EM HT of more deeply located tumors, 
consists of a set of external contact applicators 
with a built-in system of water cooling. The appli
cators provide heating for tissues in an area 2-10 cm 
in diameter and at a depth of up to 4-5 cm. The 
"Iakhta-4" device includes a set of flexible contact applicators providing heating of tissues 5 x 15 cm to 
20 x 30 cm in size and to a depth of 7-8 cm. The use of flexible applicators permits the heating of body 
regions of conplex shape previously inaccessible for effective hyperthermia. The "IageT-2" device is 
currently under development; the device also employs 
external contact applicators which permit graded 
heating of tissues 10 x 10 to 20 x 30 cm in size and 
at virtually any depth.

4701  ...MIA. (Rus.) Pugachev, V. F.j Bazanov, V. S.; Belov, 
I. F.; Plechkov, V. M.; Rtniantsev. A. B.; Troitskii, 
R. V. [Res. Inst. Radiophysics, Gorky, USSR] Med

"PLOT,"'in the treatment' of 
cancer. Separation of the 
the generator (915 MHz) and 

receiver (3400 MHz) with a band of about 300 MHz 
provided the necessary protection for the radiometer. 
RT was carried out immediately before hyperthermia, 
20 and 40 min after the onset of hyperthermia, and 
after completion of hyperthermia. The results of RT 
measurements were compared with direct measurements 
of temperature in the rectum and vagina.

An experimental device (the "Hypertherm-1" unit) for 
ultrahigh-frequency localized hyperthermia of malignant tumors is described. The unit operates at a 
frequency of 40.68 MHz with a maximum output power of 
400 W. The unit allows application of hyperthermia in the range of 10 to 45 C by using circulating water 
in the electrodes. The set consists of 6 electrode 
pairs of different sizes and shapes, which allows selective heating of tumors in the most common 
locations. Separate systems of water circulation for each electrode maintain water tenperature at a given 
level in the 10-45 C range. The required localiza
tion of the heating zone is achieved by selecting the 
appropriate size and shape electrode, and by regulating the tenperature of the circulating water. The unit also makes it possible to measure tissue temper
ature sinxjltaneously at 5 points using needle thermo
probes. Five needle thermistor probes (60-120 im in length and 0.9-1.0 mm in diameter) provide for 
accurate measurement of tissue tenperature in the range of 35 to 55 C.
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4705 
WAVE TRANSPLANTABLE TUMORS. ( lakhontov, N. E.; Pugachev 
Kuzin, V. B.; lutanov, S. 
Inst., Gorky, USSR] 
1987 (16 Refs).

1.2 mm and the length is 50 cm. The probe is con
nected to the electronic block with 2 intermediate 
glass fiber bundles 3 irm in diameter and 150 cm in 
length. Clinical trials of the device were conducted in 22 patients with rectal or uterine cancer undergo
ing local UHF hyperthermia. The probes were inserted 
into the rectum or uterus through a special channel 
in the housing of the applicator. The results of 
trials Indicated satisfactory reliability and accura
cy of the device.

The effect of microwave hyperthermia (MW HT) in 
combination with the new antineoplastic agent prospi- 
din on immunological reactivity was studied in 
random-bred male rats with transplanted sarcoma 45. Prospidin was given daily at 100 mg/kg, ip. MW HT 
was produced using a 2450 MHz microwave field with an intensity of 20 W (for 30 rain). Prospidin alone had

The authors describe methods developed by them for 
measuring heat production in autopsy sections by 
taking pulse thermograms during local ultrahigh- 
frequency (UHF) capacitive heating of tissues. 
Experiments were conducted in three limbs amputated 
for osteogenic sarcoma. The first was heated in the 
middle third of the shin (the diameter was 9-12 cm). 
The second was also heated in the middle third of the 
shin (the diameter was 9.5-14 cm and the thickness of 
the subcutaneous fat was 1.5-2 cm). The third was heated in the middle third of the thigh (the diameter 
was 14.5-18 cm and the thickness of the subcutaneous fat was 2-3 cm). The UHF field was generated by the 
"Ekran I' apparatus (40 MHz). The generator was turned on for 1 min. Total duration of a measure
ment-heating cycle was 3 min. The cycles were repeated every 20-40 min. The tenperature was also measured by needle thermoprobes. Thermograms (iso
thermal plots) of heat distribution in limb sections 
are shown. Qualitative peculiarities of the heat 
production and distribution were determined by the 
topological structure of the tissue, by the electri
cal properties of the tissues, and by the electrical properties and geometry of the applicators as well. 
Significant heterogeneity of heat production was 
associated with the presence of subcutaneous fat and 
tubular bones.

IMMUNE STATUS AFTER COMBINED USE OF MICRO
HYPERTHERMIA AND PROSPIDIN IN ANIMALS WITH (Rus.) Davydov, V. F.; 

hev, V. F.; Monakhov, A. A.;
. S. I. [S. M. Kirov Medical Med Radiol (Mosk) 32(10):56-58;

4704 
TISSUES OF THE LOWER EXTREMITIES DURING CAPACITIVE HEATING BY A UHF FIELD.

, V. E.; Bizer, V. n.; duixu, i Medical Radiology, Obninsk, USSR]

a marked immunosuppressive effect. Iimunosuppression 
(decrease of the number of antibody-producing cells 
in the spleen, decrease of the T- and B-lynphocyte 
count in lymph nodes) was also observed after MW HT 
alone. Animals subjected to prospidin in combination 
with MW HT showed an initial decrease in the number 
of antibody-producing cells to levels that were much 
lower than after the use of only prospidin or hyperthermia, but the decrease was followed by a rapid 
recovery. Similar dynamics were observed for T- and 
B-lymphocyte numbers in the lymph nodes, and for the 
number of nucleated cells in the thymus gland, 
spleen, and lynph nodes.

(Rus.) Lopatin, V. F.; 
Kliuch, V. E.; Bizer, V. A.; Boiko, I. N. [Res. Inst. Medical Radiology, Obninsk, USSR] Med Radiol 
(Mosk) 32(10):51-56; 1987 (5 Refs).

IN THE

4706GROUND ADAPTATION IN XENOPUS LAEVIS. (Eng.) Leucht. 
T. [Zoologisches Institut (II) der Universitat, D- 8700 Wurzburg, FRG] Naturwissenschaften 74(4):192- 
194; 1987 (12 Refs).

Larvae of the aquatic toad Xenopus laevis were tested 
to determine whether there is a connection between 
photic and magnetic stimuli in the ability of the 
tadpoles to react to different background illuminations with a rapid melanophore-based color change. 
The animals normally adapt to changes in background 
color by altering the dispersion or aggregation of 
pigment granules within the melanophore cells. This alteration is governed by two pathways: the direct 
response of the melanophore to the incident light; and a mediation of the response by the pineal and 
pituitary gland via melatonin and melanophore-stimu- lating hormone (MSH) — the former causes aggregation 
and the latter causes dispersion of melanophores. 
The animals were studied under normal, disturbed, and compensated magnetic field conditions. Helmholtz 
coils (2-m diameter) were used to generate the weak 
magnetic stimuli. The normal electromagnetic field (EMF) had an inclination of 66.5° and a total inten
sity of 0.46 De. The disturbed EMF had an inclina
tion of 29°, a total intensity of 0.8 Oe, and an 
counter clockwise rotation of the N-S axis by 60“ to the west. The compensated field conditions dimin
ished EMF to < 44 of the total EMF intensity. At the 
same time each day, larvae were placed in a transpar
ent glass tank in the center of the coils. The larvae were held in the tank for 1 hr, then trans
ferred to a black reservoir for 1 hr, and a white container for another hour. Melanophore dispersion 
was determined (and quantified with a Melanophore- 
Index, MI) in each of ten experimental larvae before 
removal from each tank; a total of 80 animals were tested in each experimental group. Melanophores were 
examined in two anatomical areas: the trapezoidal 
area on the forehead cornered by the eyes and nos
trils (head region), and the ventral tail-fin region. Adaptation to the black background was decreased in 
animals under the disturbed magnetic field conditions, with the tail region showing a stronger 
response to the disturbed magnetic field (MI - 1.58 and 2.26 for disturbed and normal conditions, respec
tively; p < 0.0001) than the head region (MI - 4.45 
and 4.65 for disturbed and normal conditions, respec
tively; p < 0.002). Exposure to the compensated EMF was not associated with any alterations in the
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The therapeutic efficacy of applications of elastic 
electromagnets generating a constant magnetic field 
(CHF) with an intensity of 40 bT was evaluated in 76
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OF RAT (Rus.) 
I, L. n.; uyaviieuxu, v. n. [A. Research Institute of General Kiev, USSR] Radiobiologiia

patients (60 men, 16 women; 18- to 57-yr old) with primary pulmonary tuberculosis. Of 76 patients, 54 received magnetotherapy in combination with antitu- bercular agents, and 22 patients (controls) received chemotherapy alone. The patients received daily applications of 1 or 2 (in case of bilateral disease) magnets, 120 x 250 m in size, placed on the area of the chest with the highest skin temperature. The duration of a single application was 30-45 min and treatment was continued for 1-3 mo. During the first 15-20 min of the application, patients received aerosols of antitubercular agents (preliminary experiments indicated that the CHF is a "trap" for aerosol particles). Combined therapy accelerated the resolution of fresh tubercular infiltrates. Within 1.5 mo of the initiation of therapy, one third of the patients treated with CHF in combination with antitubercular agents showed healing of tubercular cavities (compared with one fifth of the patients treated with antitubercular agents alone). Within 1 mo of the combined treatment, Hycobacterium tuberculosis was no longer detected in the sputum of more than one half of the patients (compared with one third of control patients). Combined therapy also resulted in more rapid normalization of the erythrocyte sedimentation rate and of the tuberculin test.

irradiation, a Sn. rhythm after 4 hr of exposure, auu decrease in the 8 rhythm after 5 hr of irradiation at 35 mW/cm2 produced more pronounced changes in EEG activity, primarily in the low-frequency part of the EEG spectrum. ‘ '2values of PFD for the increase in the rectal temperature were reported to be 20 n*i/cm2 for a 1-hr irradiation and 10 n*f/cm2 for 2- to 4-hr Irradiations, the observed changes in EEG after exposure to HWs at 35 mw/cm2 are associated with thermal effects, while the changes after exposure to HWs at 0.1 and 1.0 irti/cm2 are nonthermal in nature.

4709 SPONTANEOUS ELECTRICAL ACTIVITY CEREBRAL CORTEX DURING HICROWAVE IRRADIATION. Varetsky, V. V.; Galich, L. N.; Dyachenko, V. N. N. Harzaev Scientific F.___and Communal Hygiene, Kiev, 27(1):87-91; 1987 (10 Refs).

The effect of microwave (HW) irradiation on the spontaneous bioelectrical activity of the brain was studied in random-bred and Fisher 344 male rats. The animals were subjected to continuous irradiation with 2450 HHz CW HWs at power flux densities (PFD) of 0.1, 1.0, 10.0, and 35.0 mM/cm2. Rats were irradiated in anechoic chambers. Electroencephalograms (EEGs) were recorded using glass electrodes implanted in the area of the somatosensory cortex. HWs at a PFD of 0.1 and 1 irW/cm2 produced no changes in total EEG activity; HWs at 1 irW/cm2 caused a significant increase in the p rhythm after 6 hr of irradiation, a slight increase in the a rhythm after 1 hr of irradiation, and a slight increase in the 8 rhythm after 6 hr of irradiation. Exposure to HW at 10 mW/cm2 resulted in a significant increase in total EEG activity after 3 hr of irradiation, a significant decrease in the p f exposure, and a significant 
_____________T exposure. HWUSE OF A CONSTANT MAGNETIC FIELD FOR INCREASING THE EFFECTIVENESS OF CHEMOTHERAPY IN PATIENTS WITH PULMONARY TUBERCULOSIS. (Rus.) Solov'eva, A. S.; Samtsov, V. S.; Gorbach, I. N. [Medical Inst., Vitebsk, USSR] Probl Tuberk (8):53- 56; 1987 (14 Refs).

aelanophore dispersion. The authors review literature indicating that melatonin synthesis is sensitive to magnetic field changes in both the pineal gland and the retina; activity of enzymes in the pituitary gland has not been reported to be sensitive to magnetic fields. In contrast to tail region melanophores, melanophores in the head region have been reported to be insensitive to local illumination, and thus to not display a primary response. The observation of two different types of melanophores with respect to the photic mechanism suggests that the magnetic field effect operates through a different (hormonal) mechanism.

Biological effects of alternating magnetic field (AHF) with parameters similar to those of the geomagnetic field were studied in 54 albino rats of both sexes with nonspecific inflammatory lung diseases. One mo after development of inf lamination, the rats were subjected to a 0.03 Hz sine-modulated AHF with an intensity of 0.24 or 2.38 A/m. The AHF was generated using a pair of Helmboltz coils. The animals were exposed daily for 3 hr/day for 5 days. Respiration rate, heart rate, erythrocyte count, hemoglobin level, and the rate of oxygen consumption in skeletal muscles were determined after 1, 2, and 5 exposures. AHF with an Intensity of 0.24 A/m had no effect on respiration rate, heart rate, or hemoglobin level; but after one exposure there was a short-term and reversible decrease in the erythrocyte count and oxygen tension. Exposure to an AHF with an intensity of 2.38 A/m produced significant changes in respiratory and circulatory functions. Respiration rate was elevated throughout the entire experiment; heart rate was elevated after 1 and 5 exposures. Erythrocyte count and hemoglobin level showed a decrease after 1 exposure. Oxygen consunption in the skeletal muscle did not differ from that in controls. These findings indicate that it is possible that geomagnetic storms could aggravate functional disorders in patients with nonspecific inflammatory lung diseases.

4707 THE EFFECT OF A WEAK ALTERNATING HAGNETIC FIELD ON OXYGEN TRANSPORT DURING NONSPECIFIC INFLAH- MATORY LUNG DISEASES. (Rus.) Semenov, V. L. [Lab. Experimental Physical Therapy, I. M. Sechenov Res. Inst., Physical Hethods of Treatment and Medical Climatology, Yalta, USSR] Patol Fiziol Eksp Ter (1):59-61; 1987 (9 Refs).
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STRUCTURAL AND METABOLIC ANALYSIS OF THE 
REACTION OF THE CENTRAL NERVOUS SYSTEM TO THE COM
BINED ACTION OF MICROWAVE AND IONIZING RADIATION. 
(Rus.) Tikhonchuk. V. S.; Ushakov. I. B.; Fedorov, V. P. [N. N. Burdenko State Medical Inst., Voronezh, 
USSR] Radiobiologiia 27(3):361-365; 1987 (8 Refs).

These findings were interpreted as an antagonistic 
relationship between the effects of MW and IR (when MW exposure precedes IR). On the other hand, when MW 
irradiation is given after IR, irradiation enhanced degenerative changes in neurocytes and interneuronal 
synapses — indicative of a synergistic effect.

The therapeutic efficacy of "reflex therapy* (RT) was 
evaluated in 114 patients (102 women, 13 sen; 43- to 
70-yr old) with osteoarthrosis. Duration of the disease ranged from less than 5 yr in 28 patients, to 
6-10 yr in 78, and more than 10 yr in 9. The majority of the patients had involvement of several joints. 
RT treatment consisted of irradiation of acupuncture points with a 2450-KHz ultrahigh-frequency electro
magnetic field (UHF ENF) generated by the 'Electronica MIRTA-02* apparatus. The duration of a single

Changes in the mitotic cycle following a single exposure to low-intensity microwave (MW) irradiation 
were studied in male Wistar rats. The animals were 
subjected to a single 7-hr irradiation with 2375-MHz 
MW generated by the "Luch-58" apparatus (power flux density, 500 uW/cmZ). ONA levels in bone marrow 
specimens were determined cytophotometrically 12 hr and 7 days after exposure. The total count of 
polyploid megakaryocytes after a single MW exposure 
did not differ from that in controls. The number of 
undifferentiated, blast and lymphoid cells in interphase showed an increase 12 hr after exposure, while 
the mitotic index showed a decrease; the average DNA 
level was 49.74 units, compared with 55.2 units in 
controls. Seven days after exposure, the mitotic index of undifferentiated and blast cells showed an 
increase to control values, while the number of interphase nuclei showed a decrease; the average DNA 
level was 59.05 units. The authors suggest that the 
phase changes in DNA levels and proliferative activi
ty of bone marrow cells could be associated with 
short-term adaptive-compensatory reactions of the 
hematopoietic system to MW exposure.

The neurological effects of a long-term exposure to 
microwaves (MW) were studied in cats. The animals were exposed continuously, for a total of 200 hr, to 
2375-MHz MW generated by the Luch-2 apparatus. 
Bioelectrical activity of brain structures was 
recorded using inplanted electrodes. Animals were 
sacrificed (imnediately after irradiation, 3 mo 
later, and 6 mo later) for examination of ultrastruc- 
tural changes in the brain tissue. A functional 
disorder was noted in the neuronal activity of the brain formations studied, which the authors associ
ated with a physical injury to axo-dendritic synapses involved in the promotion of the morphological 
relationship between the brain regions. Long-term 
exposure to MWs was found to cause an activation of 
the hippocampus, lateral hypothalamus, median thalamic center, and sensorimotor cortex. MW irradiation 
inproved the instrumental reflex with reward associ
ated with EEG components in the range of 12-15 and 6- 
8 osci1lations/sec. Analysis of spike activity 
indicated functional uncoupling of neurons. Elec
tron-microscope study of brain structures showed a decrease in the total number of ribosomes, aggrega
tion of synaptic vesicles, and a marked broadening of intercellular space in the lateral hypothalamus. 
These changes were most pronounced 3 mo after irradiation. Six mo after exposure, the lateral hypothala
mus contained a large number of normal axon-dendritic synapses, indicative of recovery of the synapses.

4712 NEUROEFFECTS OF PROLONGED EXPOSURE TO 
MICROWAVES: A SYSTEMIC, NEURONAL, AND ELECTRONMICROSCOPE STUDY. (Rus.) Suvorov, N. 8.; Medvedeva, 
M. V.; Vasilevskii, N. N. [Res. Inst. Experimental Medicine, Leningrad, USSR] Radiobiologiia 27(5):674- 
679; 1987 (18 Refs).

The results of comparative evaluation of the effects 
of separate and combined exposure to microwaves (MW) and gamma ionizing radiation (IR) on the central 
nervous system (CNS) of rats are presented. The 
animals were irradiated with MWs at a power flux 
density of 300 mW/cm2 for 20 sec; before or after MW irradiation, the rats were subjected to local IR of the head at a dose of 50 Gy (the interval between irradiations was 15 min). The animals were sacri
ficed 1.7 hr after IR, and various brain structures 
were subjected to histological, histochemical, and 
electron microscope examination. MW irradiation 
alone produced activation of the ultrastructure of neurocytes in the limbic and pyramidal systems 
(increase in the size of cell nucleus, increase in 
the RNA and total protein levels, and activation of oxygenase system). Local IR alone resulted in 
enlargement of the capillary network, swelling of its 
endothelium, swelling of astrocyte processes, and 
enlargement of neurocyte nuclei. The changes in the 
CNS after combined exposure depended upon the se
quence of irradiation. MW before IR resulted in 
marked activation of the protein-synthesizing and energy apparatus, and normalization of the size of 
cell nuclei and their ultrastructural organization.

4713 REFLEX THERAPY OF PATIENTS WITH OSTEOARTHROSIS USING UHF ELECTROKAQiETIC FIELDS. (Rus.) 
Galkina, M. G.; Shargorodskaia, D. V.; Roshchina, N. 
A. [Res. Group 'Joint Diseases,* I Medical Inst., 
Moscow, USSR] Revmatologiia (Moskva) (3):40-44; 1987 (9 Refs).

4710 CYTOPHOTOMETRY OF DNA IN MYELOCARYOCYTES 
AFTER A SINGLE EXPOSURE TO LOW INTENSITY SHF RADIA
TION. (Rus.) Obukhan, E. I.; Rudnev, M. I. [A. N. 
Marzeev Scientific Research Institute of General and 
Communal Hygiene, Ministry of Health of Ukrainian 
SSR, Kiev, USSR] Radiobiologiia 27(2):264-266; 1987 (8 Refs).
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. RT using the UHF EHF 
resulted in narked reduction of pain, improvement of 

and a decrease in 
 .. „ Treatment failed to

induce changes in the erythrocyte sedimentation rate 
or to cause a decrease in the joint circumference. 
All patients (even those with concomitant cardiovas
cular diseases) were free of side-effects of RT.

exposure was 15-20 min; a treatment course consisted 
of 10-12 daily exposures. The intensity of the field 
ranged from 0.1 to 10 irti/cm2.

■ —— - . 4 A * -4 z — —-J — ^—4 . . a ‘

movement in affected joints, 
duration of morning stiffness.

EFFECT OF MAGNETIC FIELD ON CONTRACTILITY 
AND GLYCOGEN CONTENT IN NEUROMUSCULAR PREPARATION. 
(Eng.) Tamaki, T.; Yoshioka. T.; Nakano, S. [Dept, 
of Physiology, Sch. of Medicine, Tokai Univ., Bohsei- dai, Isehara, Kanagawa 259-11, Japan (RR/T.T.)] 
Tokai J Exp Clin Med 12(1):55-59; 1987 (23 Refs).

The author presents a narrative description of the 
epidemiological and experimental research over the last decade which has indicated a possible cancer 
risk associated with exposure to power-line frequency (extremely low frequency, ELF) electromagnetic fields 
(ENF). Writing at a time when funding for the New York State Power Line Project had ended and various 
federal agencies had reduced their level of funding research in this area, the author points out a 
■paradox' in poor funding at a tine of increasing evidence of risk. ELF EMF research received steadily

The effect of static homogeneous magnetic field 
exposure (0-10000 Oe) on muscle contractility and glycogen content was studied in isolated gastrocnemi
us neuromuscular preparations from the American frog Rana pipiens. The left muscle from each frog was 
used for exposure and the right was used as a control. The field was generated with a 10-cm diameter 
electromagnet with 3-cm between the poles. Two muscle preparations were used: the muscle sample was 
either soaked in Ringer solution, or was suspended in air and dripped with solution (the stripped prepara
tion). Surface temperature was monitored during the 
experiment with a thermocouple (IT-23, Bai Iley 
Instruments, Inc.). Muscle bundles in the static 
magnetic field were continuously electrically stimu
lated (1 msec square pulse, frequency of 0.2 Hz or 
3.3 Hz), and the twitch tension and time taken to 
reach a fatigued state (unresponsive to electrical stimulation of the sciatic nerve) were measured. The 
mscle was then assayed for glycogen content. Twitch 
tension aaplitudes and rates of rise and fall induced 
by submaximum stimulations during 30 sec exposures to static magnetic fields of 500, 1000, 3000, 6000 and 
10000 Oe were not significantly different from controls in stripped or soaked preparations. The 
time to fatigue was significantly shorter for the stripped preparations in static magnetic fields than 
in the absence of the fields. At 10000 Oe, average time to fatigue for stripped preparations was 305 ± 
34 sec and 456 ± 67 for exposed and control, respectively (p < 0.05). Glycogen content decreased during 
stiaulation, but there were no significant differences in glycogen depletion rates associated with 
magnetic field exposure. Muscle surface temperature (25.5 * 0.3 C) did not deviate in response to stimu
lation or field exposure. The differences between the stripped and the soaked preparations may have 
been due to a slight difference in the effective 
magnetic field strength. The authors assume, based

The therapeutic efficacy of treatment with a travel
ling pulsed magnetic field (TPHF) was evaluated in 50 patients (25- to 65-yr old) with Stage IB-IIB hyper
tension. The TPHF was generated by the GIMP appara
tus (a set of solenoids with internal diameter of 105 
mm, duty factor of 10 units, pulse frequency of 300 Hz. field strength of 0.5-1 mT, pulse duration of 3.3 msec). The duration of exposure to TPHF was 20 rain. 
Magnetotherapy was effective in 80% of the patients. 
Following treatment, the patients showed a decrease in blood pressure, general improvement, alleviation 
of headaches, and normalization of sleep. The effectiveness of treatment depended upon the stage of 
hypertension: the best results were achieved in the patients with Stage IB and IIA hypertension who 
required 14 and 17 TPHF applications, respectively. In patients with prolonged Stage I1B hypertension, 
magnetotherapy alone was virtually ineffective. Effectiveness of magnetotherapy also depended upon 
the type of hemodynamics: a hypotensive effect was achieved in 72.2% of the patients with a hyperkinetic 
type of blood circulation, in 63.6% of the patients with a eukinetic type, and in 72.2% of the patients 
with a hypokinetic type.

diminishing funding in the United States between 
fiscal 1983 and 1986, even as results were reported supporting a cancer risk-ELF exposure hypothesis. 
Lawsuits were filed against utilities seeking damages 
to real estate owners and institutions for loss of 
property value and threat of cancer, based on the 
research results which reviewers described as ambigu
ous. Because industry and government refused to fund 
necessary further studies, policies for siting power 
lines remained in the hands of local juries across the country. Possible mechanisms of the effect of 
ELF fields on living organisms are reviewed; several 
studies have shown alterations of calcium homeostasis 
and cell growth regulation in vitro. The author 
advocates that research funding in this field be 
reinstated so that assessments of the risk of ELF 
exposure can be made on the basis of clearer scien
tific evidence.

EFFECT OF A PULSED MAGNETIC FIELD ON HYPER- 
 (Rus.) Orlov, L. L.; Mikhailova. S. 0.; 

Shatova, N. 0.; Alekseeva, N. P.; Arzhanenko, 0. M.; 
Galuza, G. I.; Berlin, lu. V.; F  [Second Dept. Internal Diseases, 
Medical Dental Inst; Lab. Physiology, h. i. mvyuv 
Second Medical Inst., Moscow, USSR] Sov Med (2):3-5; 
1987 (4 Refs).

POWER-LINES AND CANCER 
(Eng.) Slesin, L.

atm. Grand Central Station, new ivrx, m 
Technology Review 90(7):52-59; 1987 (0 Refs).

THE EVIDENCE [Microwave News, P0 Box . New York. NY 10163]
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on published reports, that muscle tissue intracellu
lar calcium ion concentration (Ca++) would be in
creased under magnetic field exposure conditions, and 
that this effect would potentiate twitch tension; the intracellular Ca*+ would be lower than the contrac
tile response threshold level for the first 1-3 min of the fatigue curve. Sarcoplasmic reticulum Ca++ 
pumping action has been shown to be maintained during 
muscle fatigue and it is this activity, the authors 
suggest, that would have been damaged by magnetic 
field exposure.

4718 DYNAMICS OF THE ELECTROENCEPHALOGRAPHIC 
INDICES OF PATIENTS WITH CEREBRAL CIRCULATORY DISORDERS TREATED WITH A UHF ELECTRIC FIELD. (Rus.) 
Andreeva, V. M.; Riazantsev, A. K. [Scientific Res. 
Inst, for Rehabilitation and Physical Therapy, Dept, 
of Health, Moscow, USSR] Vopr Kurortol Fizioter Lech Fiz Kult (l):34-38; 1987 (4 Refs).

The therapeutic efficacy of ultrahigh-frequency electric fields (UHF EF) was evaluated in 62 patients 
(43 men, 19 women; 50- to 71-yr old) with cerebrovascular disorders (53 had cerebral ischemia and 9 had 
cerebral atherosclerosis). Treatment consisted of transcerebral irradiation with 27.12 MHz UHF EF with

The therapeutic efficacy of combined treatment using balneotherapy, peloid-therapy, and a centimeter-band 
electromagnetic field (CMB EMF) was evaluated in 80 
patients (70 women, 10 men; 18- to 60-yr old) with 
circumscribed scleroderma. The duration of disease 
ranged from less than 5 yr in 39 to 6-10 yr in 27, 10-15 yr in 8 and more than 15 yr in 6; 49 patients 
had limited skin involvement and 31 had multifocal 
scleroderma. CMB EMF was generated by the "Luch-3" 
apparatus; applicators of various sizes and shapes were placed at the involved area with a 5-7-cm air 
gap; the field intensity was 30-70 W (producing a 
sensation of a weak or moderate heat). The duration of a single exposure was 10-20 min; the treatment 
course consisted of 10 irradiations. Of 80 patients, 
40 received combined therapy and 40 (controls) 
received conventional treatment. Of 40 patients treated with combined therapy, 17 were cured, 21 
showed significant improvement, and 2 showed improve
ment. Of 40 control patients, 10 were cured, 19 
showed significant improvement, and 11 showed improvement. Evaluation of immunological indices 
showed improvement of the immunological status 
following combined treatment (normalization of IgG, IgM, and IgA levels, increase in lymphocyte blasttransformation activity, and normalization of nonspe
cific resistance).

EFFECT OF BITEMPORAL TREATMENT WITH A UHF 
ELECTRICAL FIELD ON SPERMATOGENESIS, HORMONE METABO
LISM, AND CELLULAR IMMUNITY IN PATIENTS WITH SECOND
ARY INFERTILITY. (Rus.) Karpukhin, I. V. [Central 
Scientific Res. Inst, for Rehabilitation and Physical 
Therapy. Dept, of Health, Moscow, USSR] Vopr Kuror
tol Fizioter Lech Fiz Kult (1):43-46; 1987 (7 Refs).

To stimulate the centers of neurohumoral (hypothala- 
mo-hypophyseal system) and Immune regulation, 76 men 
(22- to 45-yr old) with secondary infertility of 
mixed etiology received irradiation of the temporal regions with an ultrahigh-frequency electric field 
(UHF EF). The frequency of UHF EF was 27.12 MHz; intensity of the field ranged from 20-30 W during the 
first 3 exposures, 40-50 W during the next 3 exposures, and 60-70 W during the remainder of the course 
(the treatment course consisted of 20-25 procedures). 
After the treatment, 39 patients (51.34) showed 
recovery of the spermatogram, 17 (22.44) showed improvement, and in 20 (26.34) the spermatogram 
remained unchanged. Following the treatment, 58 patients (76.34) showed disappearance of elevated 
agglutination of spermatozoa. Prior to the treat
ment, all patients with secondary infertility showed depression of T lymphocytes with a concomitant increase in the number of B lymphocytes and null 
lymphocytes indicative of the development of an 
autoimmune process. Treatment with UHF EF resulted 
in normalization of the T-lymphocyte to B-lynphocyte ratio and in an increase in the number of T suppres
sors capable of inhibition of B lymphocytes producing autoantibodies against spermatozoa. Bitemporal 
exposure to UHF EF produced stimulation of the glucocorticoid function of the adrenal cortex; 
increases in the blood levels of luteinizing hormone, 
prolactin, and testosterone; and decreases in the 
blood level of follicle-stimulating hormone.

the condenser plates in a frontal-parietal position; 
the duration of exposure was increased gradually from 
2-3 min to 5-15 min. The treatment course consisted 
of 18-25 irradiation sessions; the first 14 were given daily, and the remaining irradiations every 
other day. Effectiveness of the therapy was moni
tored by electroencephalography (EEG). Prior to UHF 
EF therapy, the patients had local, focal, or diffuse EEG changes. After the treatment, 704 of the pa
tients showed favorable dynamics of EEG (decreased 0- and 8-activity, increased a-rhythm, improved response 
to photic stimulation). Improvement of EEG indices

4717 THE USE OF BALNEO, PELOID- AND CENTIMETER
BAND THERAPY IN COMBINED TREATMENT OF PATIENTS WITH 
CIRCUMSCRIBED SCLERODERMA. (Rus.) Aleksaniants, G. D. [Dept. Skin Diseases, Kuban' Medical Inst., 
Krasnodar, USSR] Vestn Dermatol Venerol (6):58-60; 
1987 (14 Refs).

4720 EFFECT OF A DECIMETER WAVE ELECTROMAGNETIC 
FIELDS ON THE MOTOR FUNCTION OF THE STOMACH IN CHILDREN WITH CHRONIC GASTROOUODENITIS. (Rus.) Petrukhina, L. H.; lurchenko, L. G.; Dedikova. L. G.; 
Afanas'eva, A. A. [Central Hospital of the fourth

was correlated with clinical improvement (disappear
ance or diminishing of headache, dizziness, irritability, improvement of sleep and speech, increased 
mobility of legs and arms, and improvement of cranial 
nerve function).
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HORMONAL-METABOLIC AND SPONTANEOUS IMMUNOACTIVITY OF AN ORGANISM DURING REPEATED

4723 USE OF AN ALTERNATING MAGNETIC FIELD IN INFLAMMATORY PROCESSES OF THE LUNGS. (Rus.) Chistiakov, I. V. [I. M. Sechenov Res. Inst. Physical Methods of Treatment and Medical Climatology, Yalta, USSR] Vopr Kurortol Fizioter Lech Fiz Kult (2):11- 13; 1987 (9 Refs).

Main Div. of the Oept. of Health of the Russian Socialist Federative Soviet Republic, Moscow, USSR] Vopr Kurortol Fizioter Lech Fiz Kult (l):54-56; 1987 (6 Refs).

4721 EFFECT OF TRANSCEREBRAL EXPOSURE TO UHF ELECTRIC FIELD ON THE CLINICAL MANIFESTATIONS ANO IMMUNOLOGICAL REACTIVITY OF PATIENTS WITH GENITAL ENDOMETRIOSIS. (Rus.) Bogoltubov, V. M.; Per- ffl’eva, I. F.; Rukhadze, E. Z.; CheTtsova, N. V.; Tashlitskala, H. I. [Central Res. Inst. Health Resorts and Physical Therapy, Moscow, USSR] Vopr Kurortol Fizioter Lech Fiz Kult (2):5-8; 1987 (" Refs).

Ultrahigh-frequency electric fields (UHF EF) were used in the treatment of 40 patients (20- to 40-yr old) with genital endometriosis. Clinical manifestations Included menstruation disorders (52.54), pain syndrome (354), and infertility (604). Ovarian insufficiency was observed in 72.54 of the patients; 52.54 had premenstrual syndrome. Innunological examination showed a decrease in the number of T lymphocytes in 52.54 of the patients (one third had decrease in T-suppressor count); an Increase in the mater of 8 lymphocytes in 27.54; and an increase in IgS. IgM, and IgA levels in 654. The patients were Irradiated with a UHF EF generated by the ■Thermo- pulse-700* apparatus (27.12 MHz); condenser plates were placed at the temporal regions. The duration of

4722LOGICAL IRRADIATION OF THE PROJECTION OF THE THYROID GLAND WITH DECIMETER-BAND MICROWAVES. (Rus.) Galenchik, A. I.; Frenkel1, I. D.; Pershin, S. B.; Proskurova, G. I.; Korovkina, E. G. [Central Res. Inst. Health Resorts and Physical Therapy, Moscow. USSR] Vopr Kurortol Fizioter Lech Fiz Kult (2):8-10; 1987 (8 Refs).

The biological effects of decimeter-band microwaves (DB MW) were studied in 44 male rabbits. Animals were subjected to daily irradiation of the projection of the thyroid gland with 460 MHz MW at a power-flux density of 120 mH/cm2 for 6 min (the treatment course consisted of 10 irradiations). Animals were sacrificed after 6 irradiations (Group 1), after 10 irradiations (Group 2) or on day 10 after the last exposure. DB MW produced a stable increase in the blood level of thyroxine (72.2 and 79.8 rmol/1 in Groups 1 and 2, compared with 47.1 rmol/1 in controls), an initial decrease and subsequent increase in the blood level of 11-hydroxycorticosteroids (178 and 378 nmol/1 in Groups 1 and 2, compared with 214 nmol/1 in controls), a stable increase in the blood levels of free fatty acids (1.17 and 1.80 nmol/1 in Groups 1 and 2, compared with 0.83 nmol/1 in controls), and an increase in the blood level of triglycerides (0.71 and 0.84 nmol/1 in Groups 1 and 2. compared with 0.55 nmol/1 in controls). The period of after-effect of MW (Group 3) was characterized by an elevated thyroxine level and normalization of 11- hydroxycorticosteroids, triglycerides, and free fatty acids levels. Exposure to DB MW did not affect the spontaneous inmunological activity measured by the number of hemolysin-producing cells in the spleen, but caused a significant stimulation of proliferative processes in the lymphoid tissue, probably as a consequence of the high thyroxine level.

The therapeutic effectiveness of decimeter-band electromagnetic fields (DB EMF) was studied in 66 children (aged 4- to 15-yr old) with chronic gastro- duodenitis (25 had concomitant biliary dyskinesia). Clinical manifestations Included pain in the epigastric or pyloro-duodenal region (98.54), nausea and constipation, duodenogastric or gastroesophageal reflux (21.24), and decreased emptying of the gallbladder (31.84). The "Romashka* apparatus (a cylindrical applicator, 100 nm 1n diameter; power of 6-8 W) was used as a source of DB EHF. DB EHF was applied to the gastro-duodenal region for 6-12 min, for 5 days at 2-day intervals. The therapeutic course consisted of 8-12 applications. Before and after OB EMF therapy, the patients were evaluated with an electrogastrograph (EGG). Prior to DB EHF therapy, 70.14 of the patients had a hyperkinetic type of EGG and only 3.24 had a hypokinetic type of EGG (the rest of the patients had normal peristaltic activity). Inhibition of peristaltic activity was observed after the first OB EMF application: the mater of patients with a hyperkinetic type of EGG dropped to 46.24, while the number of children with a nonnokinetic type of EGG Increased. After the treatment, all patients showed general improvement (disappearance of pain during palpation). At the end of the therapeutic course, only 13.44 of patients had a hyperkinetic type of EGG. The results of this study indicate that DB EMF therapy improves motor function of the stomach, and alleviates pain and dyspepsia in children with chronic gastroduodenitis.

exposure was gradually increased from 5 mln to 16 min; the treatment course consisted of 20-25 exposures. Favorable therapeutic effects were observed in 804 of the patients. Clinical improvement was seen as normalization of menstrual function, alleviation of pain, and diminishing or disappearance of premenstrual syndrome. Improvement of ovarian function was observed in 934 of the patients. Clinical improvement and normalization of ovarian function was correlated with normalization of immunological parameters.
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Pulsed magnetic fields (PMF) generated by the Hag- 
net-H.80" apparatus (Bulgaria) were used in the 
treatment of 60 patients with urticaria. Duration of 
the disease ranged from less than 1 yr to more than 4 
yr. The group included 37 patients with allergic urticaria, 10 with nonallergic urticaria, 7 with 
Quincke's edema, and 6 with cholinergic urticaria. Treatment consisted of daily 15- to 20-min applica
tions of PMF (impulse duration, 0.2 sec; one impulse/ 
sec) for 5 days, followed by a 2-day Interval; 
duration of the treatment course was 30 days. Clinical improvement was observed in 47 patients; 
while treatment was ineffective in 13. A favorable clinical course was associated with an increase in 
blood lysozyme level, an Increase in blood bacteri
cidal activity, an increase in complement activity, 
an increase in the phagocytic activity of leukocytes, 
an increase in blood levels of IgA, IgG and IgM, and 
a decrease in blood levels of IgE. Following PMF therapy, the patients with urticaria showed a de
crease in their histamine level and an increase in 
heparin and ceruloplasmin levels. These findings 
indicated that therapeutic activity of PMF in pa
tients with urticaria is associated with activation 
of humoral and cellular immunity factors.

fl
II 4726 TREATMENT OF PATIENTS WITH CHRONIC PROSTATI

TIS COMPLICATED BY INFERTILITY WITH MICROWAVE (460 MHZ) IRRADIATION IN THE AREA OF THE THYROID AND 
THYMUS GLANDS. (Rus.) Bogoliubov, V. M.; Karpukhin. 
I. V.; Bobkova, A. S.; Razuvaev, A. V.; Kozhinova, E. 
V. [Central Res. Inst. Health Resorts and Physical 
Therapy, Moscow, USSR] Vopr Kurortol Fizioter Lech 
Fiz Kult (3):15-18; 1987 (9 Refs).

The therapeutic efficacy of alternating magnetic 
fields (AMFs) was evaluated in 107 Wistar rats with 
experimentally induced inflammatory changes in the 
lung. Animals were exposed to AMF regimes with 
magnetic field strengths as follows: 35 mT or 9 mT 
for 10 min daily for 10 days; 9 mT for 10 min daily 
for 20 days; 9 mT for 30 min daily for 10 days; or 
2.5 mT for 60 or 120 min 2 x daily, or for 180 min 
daily, for 10 days. Exposure was conducted during 
different periods of the inflammatory process. The 
most pronounced anti-inflammatory effect was observed 
in rats with 60-day inflammation subjected to 20 daily 60-min irradiations with a 2.5-mT AMF and in 
rats with 45-day inflammation subjected to 10 daily 
180-min irradiations with a 2.5-mT AMF. This effect 
was seen as an absence of lung abscesses, reduced 
size of bronchiectasis, decreased cellular infiltra
tion and less pronounced perifocal inflammation. The 
AMF with an induction of 9 mT diminished manifestations of bronchopneumonia and decreased the size of 
cellular infiltration in animals with 3-day inflamma
tion (these effects were more pronounced after 30-min exposure than after 10-min exposure). The use of AMF 
twice a day in rats with 35-day inflammation was 
ineffective.

4724 EFFECT OF RADON BATHS IN COMBINATION WITH 
DECIMETER WAVE THERAPY ON THE JOINT SYNDROME IN RHEUMATOID ARTHRITIS. (Rus.) Tsarfis, P. G.; 
Kop'eva, T. N.; Abdusaliiamova, L. I.; Makarova, 0. V. [Central Res. Inst. Health Resorts and Physical 
Therapy, Moscow, USSR] Vopr Kurortol Fizioter Lech Fiz Kult (2):25-29; 1987 (12 Refs).

or alleviation of pain, dysuria, neurasthenia) was 
observed in 75.54 of the patients. Examination of the prostate secretion showed a decrease in the 
leukocyte count (from 68.3 to 12.8), an Increase in the number of T lymphocytes, and a decrease in the 
number of B lymphocytes. Prior to the treatment, the 
patients with chronic prostatitis showed inhibition 
of the glucocorticoid function of the adrenal cortex. After MW irradiation, the patients showed an increase 
in the blood level of 11-hydroxycorticosteroid (from 317.9 to 418.9 nmol/1). Treatment also resulted in 
an increase in blood levels of luteinizing hormone, follicle-stimulating hormone, and prolactin. Normal
ization or improvement of the sperm count was observed in 31.54 and 28.14 of the patients, respec-

4725 EFFECT OF A PULSED MAGNETIC FIELD ON URTI
CARIA PATIENTS. (Rus.) Tsvetkova, L.; Shishkova, 
N.; Lishev, N.; Staneva, N.; Gavrilov, M. [Soffa, 
Bulgaria] Vopr Kurortol Fizioter Lech Fiz Kult 
(2):35—36; 1987 (10 Refs).

Immune-stimulating and corticotropic effects of 460- 
MHz microwaves (MW) were studied in 57 men (20- to 46-yr old) with secondary infertility caused by 
chronic prostatitis. MW generated by the “Volna-2* 
apparatus (65-cm wavelength, power 30-40 W) were 
applied to the area of the thyroid and thymus gland for 10-15 min daily; treatment consisted of 15-20 

Subjective improvement (disappearance

The therapeutic efficacy of radon baths in combina
tion with decimeter-band (DB) irradiation was studied 
in 32 patients with rheumatoid arthritis (17- to 63- 
yr old). The duration of the disease ranged from 1.5 
to 18 yr; rheumatoid factor was detected in 20 patients. Cytological examination of synovial fluid 
specimens and calculation of the Zielke index indi
cated minimal local activity of the disease in 18 
patients, and moderate or severe local activity in 14. The patients with minimal activity of rheumatoid 
arthritis received radon baths alone, while the patients with moderate and severe rheumatoid arthri
tis received DB irradiations of the involved joints and projection of the adrenal glands followed by 
radon baths. The DB field was generated by the 
"Volna-2" apparatus (45 W); each irradiation was 10 min in duration (total of 12-15 irradiations). Radon baths alone produced significant alleviation of the 
joint syndrome in the patients with minimal rheuma
toid arthritis. DB in combination with radon baths 
resulted in significant improvement in the patients with moderate and severe rheumatoid arthritis. 
Clinical improvement (reduced pain, morning stiffness, and swelling) was associated with a decrease in 
the cell count in the synovial fluid, an increase in the level of 11-hydroxysteroids both in the synovial 
fluid and in the blood, and a decrease in IgG and IgA 
levels.
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myocardial contraction and minute blood volume after 
exposure to EHF are associated with a reduced supply 
of energy to the heart muscle.

4728 EFFECT OF AN ELECTROMAGNETIC FIELD ON 
CARDIOVASCULAR FUNCTION. (Rus.) Hatiushin, I. F.; Bulanov. G. A. [S. M. Kirov Medical Inst., Gorky, 
USSR] Vopr Kurortol Fizioter Lech Fiz Kult (4):4-7;

4727 USE OF LOW-FREQUENCY MAGNETIC FIELDS IN THE TREATMENT OF PATIENTS WITH ATHEROSCLEROTIC ENCEPHA
LOPATHY. (Rus.) Gabrielian, S. S.; Aleksandrova, T. 
A.; Annaklycheva. N. A. [Res. Inst. Neurology and 
Physical Therapy, Turkmen SSR Ministry of Public Health, Ashkhabad, USSR] Vopr Kurortol Fizioter Lech 
Fiz Kult (3):36-39; 1987 (7 Refs).

4729 THE EFFECT OF LOCAL EXPOSURE TO DECIMETERBAND WAVES ON THE RESPIRATORY AND PHOSPHORYLATING 
ACTIVITY OF LIVER MITOCHONDRIA IN RABBITS WITH 
EXPERIMENTAL HEPATITIS. (Rus.) Zubkova, S. M. 
[Central Inst. Health Resorts and Physical Therapy, Moscow, USSR] Vopr Kurortol Fizioter Lech Fiz Kult 
(4):26-28: 1987 (5 Refs).

The mechanism of action of an ultrahigh-frequency electrical field (UHF EF) was studied in random-bred 
The animals were exposed to a 27.12 MHz sine-modulated UHF EF generated by the "Ultratherm 

708S" apparatus (field intensity of 1800 V/m, SAR of 
1.3 W/kg. orthogonal to the E-vector). Prior to 
exposure, rats were subjected to instrumental conditioning (IC) in the Skinner box. After development 
of a conditioned reflex (CR). the animals were exposed to the UHF EF for 60 min/day. The IC was 
tested imnediately after (Group 1) or 30 min after (Group 2) exposure to UHF EF. Animals in Group 1 
showed a significant increase in the latent period of CR only during the first day of exposure to UHF EF.

The therapeutic efficacy of low-frequency magnetic 
fields (LF HF) generated by the "Polius-1" apparatus (field intensity 25 mT) was evaluated in 120 patients 
(49 men, 71 women; 40- to 60-yr old) with various 
forms of atherosclerotic encephalopathy (AE). 
Clinical manifestations included headache, dizziness, sleep and memory disorders, and neurological symp
toms. Treatment consisted of bitemporal applications of a LF MF for 10-15 min daily (a total of 10-15 
applications). Treatment resulted in a general 
iaprovement including the alleviation of chest pain, 
headache, and vertigo. Electroencephalographic examination indicated normalization of the background 
activity, inhibition of the B-rhythm, and an improve
ment in cortical reactivity to functional stimuli. 
LF HF therapy improved the function of the vestibular 
apparatus and inproved hearing acuity. Treatment was 
more effective in patients with early stages of AE.

The potential therapeutic efficacy of decimeter-band 
waves (DBW) was evaluated in rabbits with experimen
tally-induced hepatitis. DBW generated by the 
"Volna-1" apparatus (460 MHz, power flux density 110 nW/cm2) were applied for 7 min/day (total of 12 
applications) to the region of the liver, adrenal 
glands, or thyroid gland. The biological effects of 
DBW were estimated by the changes in the rate of oxidation and phosphorylation of a-ketoglutarate, 
succinate, and succinate-glutamate in liver mitochondria. The rabbits with experimental hepatitis showed 
marked changes in oxidative-phosphorylating activity 
of liver mitochondria; the degree of these changes 
depended upon the oxidation substrate (inhibition of 
succinate oxidation and phosphorylation, and eleva
tion of a-ketoglutarate oxidation and phosphorylation). Irradiation of the thyroid gland with DBW 
resulted in normalization of the rate of a-ketogluta
rate phosphorylation and normalization of the rate of succinate oxidation, while the rate of a-ketogluta
rate oxidation remained elevated. DBW application to 
the liver resulted in normalization of the rate of a- 
ketoglutarate phosphorylation and normalization of 
oxidation of NAD-dependent substrates. Irradiation of the adrenal glands failed to produce normalization 
of any parameters of substrate oxidation or phosphor
ylation.

4730 EFFECT OF A UHF (27.12 MHZ) ELECTRICAL FIELD 
ON DYNAMIC STEREOTYPIC BEHAVIOR IN ANIMALS. (Rus.) 
lurkevich, S. 0.; Gorkin, P. N.; Perov, lu. F. [Central Res. Inst. Health Resorts and Physical 
Therapy, Moscow, USSR] Vopr Kurortol Fizioter Lech Fiz Kult (4):35-38; 1987 (3 Refs).

The cardiovascular effects of alternating and pulsed 
electromagnetic fields (EHF) were studied in 28 dogs. 
The EHF was produced by the "AMT-01 Magniter" apparatus capable of generating two kinds of current: a 
30-mT sine-modulated field and a 37-mT pulsed field. 
The apparatus was attached to the chest in the heart 
region. The duration of exposure was 1 hr/day for 10 days. Exposure to alternating EHF caused significant 
changes in central hemodynamics including a decrease 
in the minute blood volume (1.31 1/min, compared with 
1.86 1/min in controls), a decrease in the stroke 
volume (9.1 ml vs 15.7 ml), a decrease in the heart rate (86 vs 112 strokes/min), and a decrease in the systolic blood pressure (96 mn Hg vs 114 mm Hg). 
Alternating EMF also produced changes in coronary 
hemodynamics (a decrease tn myocardial contraction, 
especially in the right ventricle). Hemodynamic changes after exposure to pulsed EHF were less 
pronounced than those after exposure to alternating EMF. There was a decrease in the minute blood volume (to 1.5 1/min), a decrease in the heart rate (to 101 
strokes/min), a decrease in systolic blood pressure 
(to 92 an Hg), and a decrease in myocardial contraction. The authors suggested that the decrease in

tively. The authors concluded that the therapeutic 
effect of 460 MHz MW is associated with the suppres
sion of an autoiimune inflaimation.
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Later on, this parameter did not differ from that of 
controls. The latent period of CR in rats from Group 
2 was similar to that of controls throughout the 
entire period of the experiment.

Morphological changes in the testis following repeated exposure to industrial-frequency electromagnetic fields (IF EMF) were studied in CBA and BALB/c mice. 
The animals were divided into five groups. Group 1 
consisted of pregnant female mice exposed to IF EMF 
(intensity of IS kV/m) from the day of insemination to the parturition (male offspring of exposed females

4732 HYDROGEN SULFIDE BATHS AND DECIMETER-WAVE 
THERAPY IN THE TREATMENT OF PATIENTS WITH ARTHRITIS 
DEFORMANS. (Rus.) Ramenskaia, N. S. [Central Res. 
Inst. Health Resorts and Physical Therapy, Moscow, USSR] Vopr Kurortol Fizioter Lech Fiz Kult (4):57- 
59; 1987 (9 Refs).

showed improvement, 
r   ... r _. Combined treatment 

resulted in a more pronounced increase in the rheo- 
graphic index and in muscle blood flow than HSB alone. Combined treatment with HSB and DBW also 
produced marked stimulation of the glucocorticoid 
function of the adrenal cortex.

An attempt was made to evaluate the possible use of 
high-frequency electromagnetic fields (HF EMF) as the 
source of local hyperthermia in the treatment of 
large and deeply located tumors. Experiments were 
conducted in 196 tissue-equivalent phantoms, and In 
20 healthy dogs. The dielectric properties of the 
phantom material was similar to muscle tissue, while the shape and the size of the phantoms were similar 
to the human thigh or part of the trunk. In experiments In dogs and phantoms, distribution of the 
temperature from the surface to a depth of 0-20 cm was studied. Hyperthermia was induced by an indus
trial-type 13.56-MHz generator with power ranging 
from 10 to 1500 W. Both inductive- and capacitive- 
type applicators were used. Inductive-type applica
tors were found to provide a sufficient heating of a 
relatively large volume of tissues. A temperature of 
42-43 C was reached for 10-15 min. The use of 
inductive-type applicators equipped with a system of forced cooling inproved the homogeneity of heating in 
deeply located tissues. Capacitive-type applicators equipped with a cooling system were used for local 
heating of tissues of the extremities. Local heating 
of tissues was achieved only if the diameter of HF 
electrodes was no less than the thickness of the extremity. Based on the data obtained in these 
experiments, HF hyperthermia was used in the combined treatment of 12 patients with sarcomas of the locomo
tor apparatus. Thermometric evaluation of the heat distribution in local high-frequency heating con
firmed the experimental results.

4734 EFFECT OF AN INDUSTRIAL FREQUENCY ELECTRO
MAGNETIC FIELD ON THE TESTES OF LABORATORY MICE. (Rus.) Dyshlovoi, V. D.; Piliavskaia, S. M.; Kozi- 
arin, I. P.; Shvaiko, I. I. [Dept, of Biology, 
Medical Inst., Kiev, USSR] Vrach Delo (1):115-117; 
1987 (8 Refs).

The therapeutic efficacy of a combined treatment 
using hydrogen sulfide baths (HSB) and decimeter-band waves (DBW) was studied in 100 patients (28- to 69-yr 
old) with arthritis deformans. The group included 25 
patients with Stage I arthritis, 51 with Stage II. and 24 with Stage III; 53 patients had symptoms of secondary synovitis. Clinical manifestations in
cluded pain and limited movement in involved joints. The patients were divided into two groups: 50 in 
Group 1 received HSB alone (2 days in a row, with 1 day interval, total of 12 HSB per course), while 50 
in Group 2 received HSB followed by DBW irradiation of involved joints. The DBW were generated by the 
"Volna-2” apparatus (power of 35-45 W. duration of exposure 10-30 min, total of 15 applications per 
treatment course). Following the treatment, patients 
in both groups showed clinical improvement (allevia
tion of the pain syndrome, improved movement). Com
bined treatment was more effective than HSB alone:

The effect of decimeter-band waves (DBW) on the 
functional state of the thymus-thyroid system (ITS) 
was studied in 160 guinea pigs. The animals were 
subjected to local irradiation of the ventral surface 
of the neck or of the crus with DBW generated by the “Romashka" apparatus (power flux density of 80 n*f/ 
cm2): 10 min/day, total of 5 irradiations. The 
animals were examined after the 1st and 5th exposure, 
as well as 1 and 2 wk after completion of the treatment. Local irradiation of the TTS resulted in an 
increase in the number of rosette-forming thymocytes 
throughout the entire test period. Local irradiation 
of the bone marrow caused a temporary increase in the number of rosette-forming thymocytes, but 1 wk after 
irradiation this parameter returned to control 
values. Radioimmunoassay of thyroxin and triiodothy
ronine showed significant elevation of the blood levels of thyroid hormones after irradiation of the 
TTS and of the bone marrow. It was concluded that 
the specific effect of DBW on the TTS is associated 
with long-term inhibition of T-lymphocyte maturation.

4733 POSSIBLE USE OF HF ELECTROMAGNETIC FIELDS FOR THE SIMULATION OF LOCAL CONTROLLED HYPERTHERMIA. 
(Rus.) Kratenok, V. E.; Fradkin, S. Z.; Zhavrid, E.

[Res. Inst. Oncology and Medical Radiology, 
Ministry of Health of the Byelorussian SSR, Minsk,

4731 THE EFFECT OF LOCAL EXPOSURE TO DECIMETER
BAND WAVES ON THE SUBPOPULATION STRUCTURE OF THE 
THYMUS GLAND. (Rus.) Evstropov, V. M.; Kovaleva, G. 
V.; Melikhova, 0. N.; Modnikov, 0. P.; Lomtev, N. G. [Kirgiz Res. Inst. Health Resorts and Physical 
Therapy, Frunze] Vopr Kurortol Fizioter Lech Fiz 
Kult (4):51-53; 1987 (22 Refs).
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The effect of various regimens of low-frequency electromagnetic field (EM7) treatment on respiratory

4735 THE USE OF DECIMETER-BAND MICROWAVES AND DRUG THERAPY IN PATIENTS WITH UNSTABLE ANGINA PECTORIS. (Rus.) Pustovoit. G. D. [Dept. Cardiology and Clinical Pharmacology, Medical Inst., Ivano-Frankovsk, USSR.] Vrach Delo (9):10-13; 1987 (6 Refs).

were examined on day 35 of the postnatal period): Group 2 included males exposed (15 kV/m) from the day of birth to day 35 of the postnatal period; Group 3 included males with undeveloped accessory sex organs exposed to IF EMF (25 kV/m) for 1 mo; Group 4 included mature 4- to 6-rao-old males exposed for 1 mo (15 kV/m) or for 3 and 4 mo (10 and 15 kV/m) (in a separate series of experiments, mice were exposed to IF EMF with intensity of 15 and 25 kV/m for 30 min, 3 times a day with a 1- to 2-hr interval): and Group 5 included older (26- to 30-mo-old) males exposed for 1 mo (25 kV/m). At the end of the experiment, the animals were sacrificed and the testes were examined histologically. Chronic exposure to IF EMF at an intensity of 10-25 kV/m did not result in inhibition of spermatogenesis: the cell count in the germ epithelium, the number of spermatogonia per Sertoli cell, and the total count of Leydig cells did not differ from that in controls. It was concluded that the testis is not the target organ for IF EMF and cannot be used as a primary morphological test system for evaluation of short-term biological effects of low-frequency electromagnetic fields.

function was studied in 120 men (19- to 80-yr old) with chronic bronchitis. The patients were divided into four groups. Group 1 received local induction therapy (13.56 MHz) to the chest. Group 2 received irradiation of the right and left lung with 50 Hz EHF using two induction colls (induction of 23-36 mT per inductor). The patients in Group 3 received applications using a belt with eight inductors which generated an alternating magnetic field (AHF, 6-13 mT per inductor): the belt was placed in turn over the upper and lower regions of the chest. The patients in Group 4 received applications with a belt of eight inductors generating 50 Hz EHF (6-13 mT per inductor). Duration of a single exposure was 15-20 min; the treatment course consisted of 15 applications. Prior to the treatment, all patients showed marked inpairment of the respiratory function. Treatment resulted in improvement of respiration indices (increased vital capacity, increased maximum ventilation, decreased respiration rate, decreased respiration volume, and decreased minute respiration volume). The changes were statistically insignificant in Groups 1 and 2. The best results were recorded after application of a belt with inductors generating the 6-13 mT AHF.

The therapeutic efficacy of decimeter-band microwaves (DBMW) and drug therapy was evaluated in 40 patients with unstable angina pectoris. The patients received basic drug therapy including delayed-action nitrates, calcium-channel blockers or B-blockers. In addition to basic drug therapy, patients received DBMW; 20 at an intensity of 20 W, and 10 at an intensity of 40 W. An additional 10 control patients received placebo irradiation. Duration of DBMW exposure was 10 min. Combined treatment had marked advantages over drug therapy alone: two thirds of the patients in the control group continued to have angina attacks of 10- to 15-day duration (2 of these patients had myocardial infarction). Drug therapy in coebination with DBMW (20 W) produced rapid normalization of EKG indices. Of 20 patients treated with 20 W DBMW, 17 showed clinical improvement within the first 5 days of the treatment. DBMW at 40 W was Ineffective: of 10 patients, 1 developed ^ocardial infarction, 5 showed worsening of the chest pain, dizziness and general fatigue, and only 4 showed clinical improvement.

An attempt was made to evaluate the initial response of a body to acute microwave (MW) irradiation, using lipid metabolism as a test system. Experiments were conducted in 155 random-bred male rats subjected to daily irradiations (7 hr/day) with 2450 HHz HW (10 BH/cm2). Animals in Group 1 were subjected to longterm exposure (22 applications), animals in Group 2 were subjected to short-term exposure (2 applications), and animals in Group 3 were used as nonirradiated controls. Animals in Group 1 showed marked elevation of serum lipid levels. Low-density lipoproteins, very low density lipoproteins, and triglycerides showed two peaks: the first one on day 3 of irradiation, and the second peak on day 15-19. Total cholesterol also had two peaks: on day 11 and on day 22. Animals in Group 2 were examined inmediately after irradiation, and on days 1, 2, 5, and 8 after exposure. Innediately after exposure, the rats showed significant elevation of all serum lipids. On days 1, 2, and 5 of the after-effect, parameters of the lipid metabolism returned to control values.day 8, total lipoproteins and triglycerides were again elevated, while the total cholesterol level remained unchanged.

DEPENDENCE OF A SLEEPING PARAMETER FROM THE N-S OR E-W SLEEPING DIRECTION. (Eng.) Ruhenstroth- Bauer, G.; Ruther, E.: Reinertshofer, T. [" Planck-Institut fur Biochemie, 0-8033 Hartinsried bei

EFFECT OF HIGH- AND LOW-FREQUENCY ELECTROMAGNETIC FIELDS OR THE EXTERNAL RESPIRATORY FUNCTION OF CHRONIC BRONCHITIS PATIENTS. (Rus.) Eksareva, T. A. [Dept. Internal Medicine, Medical Inst., Odessa, USSR] Vrach Delo (9):69-70; 1987 (5 Refs).

4737 EFFECT OF MICROWAVE IRRADIATION ON SERUM LIPID LEVELS IN ANIMALS. (Rus.) Rudnev, M. I.; Morozova, D. P.; Artiukh, V. P. [Lab. Biologo- Hygienic Studies, A. N. Harzeev Res. Inst, of General and Conrnunal Hygiene, Kiev, USSR] Vrach Delo (10):118-121; 1987 (8 Refs).
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The electrophysiological effects of a constant 
magnetic field (CHF) were studied in isolated giant 
neurons of the snail Helix lucorum. A total postsyn- 
aptic potential was evoked by stimulation of the 
intestinal nerve using a standard macroelectrode (the 
nerve was stimulated at 5-min intervals). The 
synaptic response was recorded by a glass microelec
trode. The input resistance of the neuron was 
recorded using two independent microelectrodes; a 
pulse of current was passed through one of these 
electrodes, and the second electrode was used to record the drop in membrane potential. The neuron 
was exposed to a CHF with an intensity of 1200 Oe for 20 min. Exposure to the CHF resulted in a 10.2% ± 
1.1% decrease in the input resistance; the difference between the initial value of input resistance and the 
value after exposure to the CHF became statistically 
significant (p < 0.001) after 10 min of exposure, and 
reached a maximum by 20 min of exposure. Exposure to the CHF also resulted in a gradual decrease in the 
amplitude of the total postsynaptic potential (by 
17.0% ± 3.3% after the 20-min exposure; significantly 
different at p < 0.01). The dynamics and latency of 
the effect of CHF on the amplitude of the total 
postsynaptic potentials were similar to the dynamics and latency of changes in the input resistance. 
These findings indicated that the change in input 
resistance is one of the mechanisms causing a de
crease in the amplitude of the postsynaptic potential 
during exposure to CHF.

Based on their observation that Lorentz forces will 
cause an isotonic salt solution to rotate in a weak 
(5 V/cm) electric field oriented perpendicular to the direction of the geomagnetic field, the authors have 
hypothesized that the susceptibility of certain 
organisms to geomagnetism may be explained by alter
ations in the streaming of fluids through axonal 
membranes. In this study, the authors tested the hypothesis that human sleep parameters might be also 
be influenced by the geomagnetic orientation of the 
subject. Eight normal male (age 23-27 yr) paid volunteers were monitored in pairs with polysomno- 
graphic recordings for 8 consecutive nights. Telemetered data was recorded for one channel of EEG, two 
channels of EOG (electrodes placed lateral to right and left outer canthus), and one channel of submental 
EHG. Each subject of a pair slept in one of two identical adjacent rooms, one with the bed in a N-S 
direction and one with the bed in an E-H direction. 
The beds were rotated daily. The geomagnetic field 
strength in both rooms was in the range of 45 to 50 pT — this value was unaffected by bed direction. 
The length of time in each of the following stages was recorded for each subject: time in bed, stages 1 
to 4, REH stage, wake, latency 1, latency 1-2, and 
REH latency. The number of intermittent awakenings, 
stage-shifts, movement times, and sleep cycles were 
also recorded. REH latency was the only parameter 
which was significantly different between subjects sleeping in perpendicular directions. This parameter 
was 5.5 min shorter in the E-W direction (77.66 mean, 
± 13.65 standard deviation) than in the N-S direction 
(83.13 mean, ± 16.13). An adaptation to laboratory 
conditions was observed over the 8 nights in the REH 
latency: mean (± standard deviation) REH latency for the first 4 nights was 91.34 (± 20.95) min and was 
69.41 (± 11.93) min for the second 4 nights. This adaptation affect was not seen in the other sleep 
parameters. No differences were seen between sub
jects with their heads oriented to the north compared 
to those oriented to the south. First-night effects were seen in estimated sleep quality and estimated 
sleep latency, but not in REH latency which has been 
shown to react to situational influences. Parameters 
that would Indicate stress to the subjects did not reveal any transient or situational irritation in 
their sleep patterns. Because the position of the beds affected REH latency, as did the irritation of 
bed rotation, and because principally REH latency 
reacts to external parameters, the authors suggest a 
geomagnetic effect on sleep. The authors conclude 
that humans are receptive to the geomagnetic field, 
though not at a conscious level, and that the geomagnetic field influences humans differently depending 
on the relative field direction.

4739 SYNAPTIC RESPONSE OF THE COMMAND NEURON OF SNAIL DEFENSIVE BEHAVIOR DURING EXPOSURE TO A CONSTANT MAGNETIC FIELD. (Rus.) Bravarenko, N. I.;

4740 EFFECT OF A LOH-FREQUENCY ALTERNATING HAGNETIC FIELD ON THE FORMATION OF AVOIDANCE REFLEXES 
IN THE RAT. (Rus.) Norekian, T. P.; Tfshaninova, L. V.; Kholodov, lu. A. [Lab. Electromagnetic Neuro
physiology, Inst. Higher Nervous Activity and Neuro
physiology, Moscow, USSR] Zh Vyssh Nerv Deiat 
37(3):485-488; 1987 (14 Refs).

Balaban, P. H. [Inst. Chemical Physics; Inst. Higher 
Nervous Activity and Neurophysiology, Moscow, USSR] 
Zh Vyssh Nerv Deiat 37(1):177-179; 1987 (5 Refs).

Munchen, FRG (G.R-8.); Psychiatrische Klinik der 
Universitat Munchen, D-8000 Munchen, FRG (E.R., T.R.); Verlag der Zeitschrift fur Naturforschung, D- 
7400 Tubingen, FRG (RR/G.R-B.)] Z Naturforsch [C] 
42(9/10):1140-1142; 1987 (8 Refs).

The effect of an alternating magnetic field (AHF) on 
the development of an avoidance reflex (AR) was studied in male albino rats. The intensity of the 
AMF was 3 mT and it was sine-modulated at a frequency 
of 10 Hz. The rats were placed in cages with an 
electrified floor. Electric current with an intensity of 10-40 V was used as an aversive stimulus. To 
avoid the electric shock, the rat had to jump onto a 
shelf placed 15-cro above the floor. Light flickers 
10 sec in duration were used as a conditioning stimulus. The electric current was applied (for 20 
sec) immediately after the conditioning stimulus was turned off. The AR latency was measured from the 
onset of aversive or conditioning stimuli to the moment of a jump. AR training was developed over 4 
days. Exposure to the AHF was found to inhibit 
development of the AR: 25% of test animals developed 
an AR. compared with 50% of controls. The latent period of the AR was 8.0 sec, compared with 2.0 sec 
in controls. The duration of the AMF after-effect was found to be no more than 1 hr.
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4741 A METHOD OF RECORDING THE MAGNETIC FIELD OF 
THE HUMAN BRAIN. (Rus.) Gorbach. A. M. [Lab. 
Electromagnetic Neurophysiology, Inst. Higher Nervous 
Activity and Neurophysiology. Moscow, USSR] Zh Vyssh 
Nerv Deiat 37(3)-.587-590: 1987 (4 Refs).

ENVIRONMENTAL HEALTH CRITERIA 69: _______
Anonymous [WHO/IRPA Task Group on 

nayuenu riciua. World Health Organization. Geneva] 
Environmental Health Criteria 69:1-197; 1987 
Refs).

McGill Univ., ho....
. M.C., B.G.A., I 

u-vueuev, nullu cal, Quebec H2Z m-t. 
Am Ind Hyg Assoc J 49(8):409-419:

This Criteria Document provides a comprehensive 
review of data and basic background information on the effects of static and extremely low frequency 
(ELF; up to 300-Hz) time-varying magnetic field exposure on biological systems. The review empha
sizes issues related to possible human health effects. points out areas where gaps in available 
information indicate a need for further research effort, and suggests approaches to assessing risk 
associated with occupational and general population exposure to magnetic fields. Subjects reviewed 
include: physical characteristics of magneticfields; measurement techniques; applications of 
magnetic fields and sources of exposure; mechanisms of Interaction; biological effects; and guidance on 
the development of protective measures such as regulations or safe-use guidelines. Biological 
effects are attributed to three mechanisms: magnetic 
induction of electrical potentials In moving ionic charge carriers (Lorentz forces) by static or time
varying fields, or Induction of currents in tissues 
by time-varying magnetic fields (Faraday currents); magnetomechanical effects on diamagnetic, paramag
netic, or ferromagnetic molecules in living systems; and magnetic field interactions with electron spin 
intermediate states in biochemical reactions. Evaluation of the available data leads the authors to

conclude that only three magnetic field bioeffects 
reported in the literature can be considered estab
lished phenomena: induction of electrical potentials 
within the circulatory system; magnetophosphene 
induction by pulsed- and ELF-magnetic fields with 
rates of change exceeding 1.3 T/sec or sinusoidal I9
60 Hz fields with strengths of 2-10 mT (frequency 
dependent); and a range of cellular and tissue responses to time-varying fields at induced current 
densities exceeding 10 mA/m2. In vitro studies indicate possible effects in the 1-10 mA/m2 range, 
but the health significance has yet to be determined. 
Evidence involving human exposure is conflicting. 
There is no clear evidence for adverse human health effects due to exposure to static magnetic fields of 
up to 2 T. Time-varying magnetic fields produce only minor biological effects at induced currents of 1-10 
m4/m2 (induced by magnetic fields of 0.5-5 mT at 50/ 60 Hz or 10-100 mT at 3 Hz); produce bone-healing, 
visual, and nervous system effects at 10-100 mA/m2 
(5-50 mT at 50/60 Hz, 100-1000 mT at 3 Hz); stimulate 
excitable tissue and produce a health hazard at 100- 1000 mA/m2 (50-500 mT at 50/60 Hz, 1-10 T at 3 Hz); 
and cause acute health hazards (extra systoles and 
ventricular fibrillation) above 1000 mA/m2 (500 mT at 50/60 Hz, 10 T at 3 Hz). Epidemiological evidence 
for increased cancer risk associated with magnetic 
field exposure cannot be dismissed, but is considered 
very preliminary. Exposure standards are recommended 
with particular concern for individuals with cardiac 
pacemakers and metallic implants. Additional studies 
are needed on the effects of static magnetic fields 
on cardiovascular and central nervous system func
tion, especially with long-term exposure; sensitivity 
of enzyme reactions that involve radical intermediate 
states; and cellular and tissue responses to fields 
over 2 T. For time-varying magnetic fields, addi
tional information is needed on possible elevated 
cancer risk in humans, and cellular or animal models 
that might demonstrate a carcinogenic mechanism; on 
the response of developing embryonic systems to 
magnetic fields, particularly those effects that might be mediated by membrane interactions; and on 
the effects of low levels of induced currents on 
nerve tissue.

OCCUPATIONAL AND RESIDENTIAL 60-HZ ELECTROMAGNETIC FIELDS AND HIGH-FREQUENCY ELECTRIC TRAN
SIENTS: EXPOSURE ASSESSMENT USING A NEW DOSIMETER. (Eng.) Deadman. J. E.; Camus, M.; Armstrong, B. G.; 
Heroux. P.; Cyr, D.; Plante. M.; Theriault, G. [Sch. 
of Occupational Health, McGill Univ., Montreal, 
Quebec H3A 1A3, Canada (J.E.D., M.C., B.G.A., P.H., D.C., G.T.); Hydro-Quebec, Montreal, Quebec H2Z 1A4, Canada (M.P.)] I - ■ - -
1988 (28 Refs).

Field tests were conducted with groups of electrical 
utility workers and office workers to evaluate a newly-developed 60-Hz electromagnetic field (EMF) 
dosimeter for use in an upcoming epidemiological 
study of the association of extremely low frequency (ELF) EHF with cancer. Specifically, the authors 
wished to establish the magnitudes of seven-day. time- weighted average (TWA) occupational and residential

A method of measuring magnetic fields induced in the 
human brain by alternating ionic currents is de
scribed. The recording of evoked magnetic fields has 
advantages over the recording of electroencephalo
graphic (EEG) brain potentials and evoked potentials. Due to the absence of physical contact with the 
biological object, the frequency band of magneto
encephalography (MEG) can start from 0 Hz. 
magnetic transparency of tissues adjacent to brain permits unbiased recording of the MEG. 
recordings require positioning of a probe only over 
the lead point. The MEG is generated by a source 
designated as an equivalent dipole. The distribution 
of the magnetic field of the human brain was studied 
using a special magnetometer (a superconducting, quantum, interferometer type). The sensitivity of 
the device allowed the recording of the MEG a rhythm with a signal/noise ratio of 5. The magnetometer was 
placed in a 6-ltter liquid-helium Dewar flask. MEG and EEG were recorded in a frequency band of 0.5 to 

The method was tested in 4 healthy controls 
MEG was found to 

an accurate -localization of the epileptic
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In order to follow up suggestions of increased cancer 
risk with occupational or childhood residential 
exposure to extremely low frequency (ELF) magnetic fields, the authors conducted a case-control study of 
adult leukemia and residential exposure to 60-Hz 
fields in western Washington State. Cases of acute 
nonlynphocytic leukemia diagnosed in adults (aged 20- 
79 yr) between January 1, 1981 and December 31, 1984, 
were identified through the Cancer Surveillance 
System of the Fred Hutchinson Cancer Research Center. 
The control group was selected from the same three- county area as the cases using a random digit dialing 
scheme, and were matched by age and sex. All study 
subjects or their next of kin were interviewed to 
collect information on residential and occupational 
exposure, as well as information on possible con
founding variables. Three separate means of exposure 
assessment were used in this study: (1) external 
wiring configurations within 140 feet of each subject's residence was mapped and coded, replicating 
the method of Wertheimer and Leeper (Int J Epidemiol 11:345-355, 1982), (2) one-time-only magnetic field 
measurements were made at the time of the interview, 
and (3) magnetic field measurements were made over a 
24-hr period in a limited sample of the residences. All magnetic field measurements were made with a 
Model 111 Power-Frequency Field Meter (Electric Field 
Measurements, Inc., West Stockbridge, MA) which was 
recalibrated weekly. Magnetic field measurements 
(rms for 3 orthogonal directions) were made in the kitchen, the subject's bedroom, and the family 
gathering room, and were made with all appliances ' 
turned off ("low power" configuration) and with all appliances turned on ("high power* configuration). 
Of 164 eligible cases, 114 were interviewed and compared with 133 controls. Cases were well matched 
with controls for age, sex, and a variety of demo
graphic factors, but tended to be of lower socioeco
nomic status than controls as measured by family 
income and education. Also, more cases than controls 
were cigarette smokers (p - 0.04). Based on wiring configurations, coded according to Wertheimer and

4744 ACUTE NONLYMPHOCYTIC LEUKEMIA AND RESIDEN
TIAL EXPOSURE TO POWER FREQUENCY MAGNETIC FIELDS. (Eng.) Severson, R. K.; Stevens, R. G.; Kaune, W. 
T.; Thomas, D. B.; Heuser, L.; Davis, S.; Sever, L. E. [Japan-Hawaii Cancer Study, Kuakini Medical 
Center, 347 North Kuakini St., Honolulu, HI 96817 
(RR/R.K.S.): Batelle Pacific Northwest Lab., Rich
land, WA (R.G.S., W.T.K.); Fred Hutchinson Cancer Res. Center, Seattle, WA (D.B.T., L.H., S.D.); Div. 
of Birth Defects and Developmental Disabilities, 
Center for Environmental Health, Centers for Disease 
Control, Atlanta, GA (L.E.S.)] Am J Epidemiol 
128(1):10-20; 1988 (59 Refs).

very high, especially for HFTE. Similar variation 
has been reported for occupational exposure to 
airborne environmental contaminants. The authors 
conclude that the dosimeter can meet the need for 
detailed job-exposure matrices for more accurately 
defined epidemiological studies of health effects of 
ELF EMF exposure.

exposure, determine the variability of exposure data, 
identify practical difficulties in using the dosimeter, and evaluate the workers acceptance of it. The 
dosimeter is a pocket-size, battery-operated device 
that responds to electric (E) and magnetic (B) field 
intensity at 50 or 60 Hz, and to high-frequency 
transient electric fields (HFTE) in the 5-20 MHz 
range (characteristic of transient electric fields produced by switching, electrostatic shocks, power 
surges, and spark discharges). B fields are measured 
using a triaxial transducer with three orthogonal 
windings, with readings integrated into a single figure by the software. E fields are measured using 
a parallel-plate transducer. The HFTE measurement circuit is designed to detect the proportion of time 
that the E field exceeds a threshold of approximately 200 V/m in the 5-20 MHz band. For each sampling 
interval (1 min), measurements for the 3 fields were 
classified into 16 amplitude ranges (bins) and assigned the midpoint value of the bin. Lower and 
upper limits of detection are 0.31 V/m - 15,000 V/m; 
15 nT - 75 p.T; and 0.8 ppb - 335,550 ppm for the E, B, and HFTE fields, respectively. Following retriev
al of the dosimeters from the workers, stored data was downloaded to a microcomputer and displayed as a 
chronological record or as a histogram of frequencies 
in each bin. Workers were asked to log start and 
stop times for various activities in a diary to 
enable reconstruction of exposure history. The 
occupationally-exposed group consisted of 20 workers from electric utility occupations with high antici
pated exposure: 10 distribution linemen, 3 apparatus electricians. 2 transmission linemen, 2 splicers, 2 
apparatus mechanics, and 1 generating station assis
tant operator. The comparison group consisted of 16 
workers from 2 office buildings. All participants 
were asked to wear a dosimeter for a week from the 
moment they dressed until going to bed, and were 
instructed to place the dosimeter near the bed, but 
away from any appliances, while they slept. All 
participants filled out a final questionnaire after 
the week. Only 54 of the workers found the dosimeter inconvenient at work, but 374 found it "very bother
some” during domestic activities. The main technical problem was the lack of a display to indicate whether 
the dosimeter was operating. TWA exposures were calculated for the working period, the domestic 
period before and after work, and during sleep. For all 3 fields, the geometric mean of TWA exposures was 
greater for the exposed group overall, with differ
ences among the exposed occupations. High exposures 
could be associated with specific activities: _ .high E-field exposure of distribution linemen ob
served during contact work on live 12 and 25 kV 
lines. An unexpected very high ratio of exposed to 
background levels of HFTE was observed. Comparing 
work periods only, utility workers were exposed to E and B fields about 10 x background, and HFTE fields about 171 x background. B and HFTE levels were also 
higher in the utility worker group during nonwork periods, but differences during the sleep period were 
not significant. E- and B-field exposures in the 
comparison group were highest during nonworking 
hours, probably reflecting the use of hand-held electrical appliances at home. Exposure estimates 
were in the same range as reported in other studies for residential exposure, and somewhat lower for 
occupational exposure. The variation in exposures between workers, and between days within workers, was
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Leeper's scheme or variations, there was no signifi
cant difference between cases and controls. In-house magnetic field measurements made for those study subjects who had not moved after the reference date 
(56%) indicated an increased risk associated with the low power measurement, but the authors attribute this 
to chance since logistic model analysis of the data 
Indicated no increased risk. Although they point out the inherent limitations in this study in the accura
cy of estimated exposures, the authors conclude that 
their results do not provide evidence for an associa
tion between residential exposure to 60 Hz magnetic fields and acute nonlymphocytic leukemia.

usage using a Model 111 or 113 Power-Frequency Field 
Meter (Electric Field Measurements. Inc., West Stock- 
bridge. MA) in the child's and parents' bedrooms, at the front door, and in any room reported to have been occupied one or more hours per day. Homes were coded 
as buried wire code, very low wire code, code, high wire code, or very high wire code, 
cending order of presumed magnetic field level.ing was done from outside the house, arid thereiurc 
could be obtained for residences previously occupied 
by cases and controls, and eligible participants who 
could not be interviewed (refusals and untraceables). A total of 356 eligible cases were identified (103 
leukemias, 67 brain tumors, 35 lymphomas, 32 soft tissue tumors, and 119 other cancers). Of these, 252 
(71%) were interviewed, wire codes were obtained for 
319 (90V), 210 (59%) had both interviews and wire 
code determinations, and field measurements were per
formed for 128 (36%). Essentially all of those cases 
who were interviewed without field measurements had 
moved after diagnosis. Thus, wire code information 
was most complete, with questionnaire data and espe
cially field measurements data restricted to the more 
residentially stable cases. Among 278 identified potential controls, 222 (80%) were interviewed, wire 
codes were obtained for 259 (93%), and field measurements were taken at 207 homes (75%). Magnetic fields 
measured under low power conditions were weakly associated with cancer incidence (odds ratios (ORs) of 
1.0, 1.3, 1.3, and 1.5 across the four exposure in
tervals). A cutoff score of 2.0 mG resulted in an OR 
of 1.4 (95% confidence interval (CI) of 0.6-2.9) for 
total cancers and a somewhat higher ORs for leukemias 
(OR - 1.9, CI - 0.7-5.6), lynphomas (OR - 2.2, CI - 0.5-10.3), and soft tissue sarcomas (OR - 3.3, CI - 
0.9-12.1). There was no evidence of a dose-response 
gradient by duration of occupancy. Magnetic fields 
measured under high power use conditions and electric 
field measurements showed no associations with risk of total cancer. Calculation of odds ratios across 
the five levels of wire code indicated an increased 
cancer incidence at the highest level without a consistent dose-response gradient. The OR for the two 
highest wire codes to the three lowest was 1.5 (CI - 1.0-2.3) for total cases, with consistency across 
cancer subgroups except for brain cancer (OR - 2.0, CI - 1.1-3.8) and lynphomas (OR - 0.8, CI - 0.3-2.2). 
Contrasts of the single highest and lowest wire codes 
produced larger but less precise odds ratios. There 
was no evidence of confounding by the limited predictors of childhood cancer. Selection bias was consid
ered, since missing field measurement data are 
strongly associated with being a case. For 317 homes 
with both wire code and measurement data, 72% had high or very high codes. For 118 homes with wire 
codes but missing magnetic field measurement data, 
29% had very high or high codes. This suggests that sanple bias due to missing measurement data would tend to reduce the observed odds ratios. Exposure 
misclassification (with respect to long-term magnetic field exposure in the time period prior to diagnosis) 
would also tend to bias results toward the null hypothesis. The authors conclude that their results provide some indication that magnetic field exposures are higher for cancer cases compared to controls based on magnetic field measurements under low power conditions and wire code surrogate exposure estimates. Of the two, wire codes may provide a better approximation of historical field levels.

Extremely low freguency (ELF) 50 or 60 Hz electromagnetic fields (EMF) are so ubiquitous in modern soci
ety that it is difficult to find a group of completely unexposed individuals with which to evaluate the 
possible association between ELF EMF and cancer. The Denver area study by Wertheimer and Leeper (Am J Epi
demiol 109:273-284, 1979) which first suggested an association between exposure to ELF EMF and childhood cancer used differences in proximity to distribution wiring of case and control residences as a surrogate 
for exposure to high or low levels of ELF EMF. In 
the Denver area, about 20% of the population in more 
densely populated areas is exposed to relatively high EMF levels, while the population in more rural areas 
is generally exposed to lower levels. The authors conducted an epidemiological study of the population 
residing in the 1970 Denver Standard Metropolitan 
Statistical Area (5 counties), the same geographical area examined by Wertheimer and Leeper, using methodology which improved documentation of case details and exposure. Although covering the same geographical area, there was no overlap in cases with the Wer
theimer and Leeper study. All cases of childhood cancer (ages 14 yr or less) diagnosed in the area between January 1, 1976 through December 31, 1983 were sought for inclusion in the study. Controls were identified through random digit dialing, matched to cases by age (t 3 yr), sex, and telephone exchange area. Controls were restricted to those who had lived in the area at the time the case was diagnosed (up to 9 yr previously). All case and control parents who agreed to be interviewed were given a detailed questionnaire concerning possible risk factors for childhood cancer, followed by an in-home or telephone interview, with electric and magnetic field measurements at those residences which had been occupied prior to the date of diagnosis. Measurements were taken under conditions of high and low power

4745 CASE-CONTROL STUDY OF CHILDHOOD CANCER AND 
EXPOSURE TO 60-HZ MAGNETIC FIELDS. (Eng.) Savitz,
D. A.; Wachtel, H.; Barnes. F. A.; John, E. M.; 
Tvrdik, J. G. [Dept, of Epidemiology, Campus Box 
7400, Rosenau Hall, Sch. of Public Health, Univ, of 
North Carolina, Chapel Hill, NC 27599 (RR/D.A.S.,E. H.J.); Dept, of Electrical and Conputer Engineer
ing, Univ, of Colorado, Boulder, CO (H.W., F.A.B.); 
Council of Energy Resource Tribes, Denver, CO 
(J.G.T.)] Am J Epidemiol 128(1):21-38; 1988 (32
Refs).
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fusion is a result of intracellular dielectro
phoresis, and is a function of the probability of the fusion of two cells independent of the number of 
cells aligned in the dielectrophoretic cell chains.

4747 MAPPING OF THE FIELD DISTRIBUTION AROUND 
DIELECTROPHORETICALLY ALIGNED CELLS BY MEANS OF SMALL 
PARTICLES AS FIELD PROBES. (Eng.) Mehrle, W.; 
Hampp, R.; Zimmermann, U.; Schwan, H. P. [Instut fur 
Biologie der Universitat Tubingen, Auf der Morgen- 
stelle 1, D-7400 Tubingen 1, FRG (RR/W.H., R.H.); 
Lehrstuhl fur Biotechnologie de Universitat Wurzburg, 
Wurzburg, FRG (U.Z., H.P.S.)] Biochim Biophys Acta 
939(3):561-568; 1988 (20 Refs).

Field-line distortions induced by dielectrophoreti- cally aligned plant protoplasts were visualized using 
glass or polystyrene beads (showing negative dielectrophoresis) and pretreated bacteria or chloroplasts 
(showing positive dielectrophoresis) as field probes. 
Cell-wall-free mesophyll protoplasts prepared from 
leaves of Avena sativa L. were suspended in a 0.5 M isopyknic 1:1 solution of sorbitol/sucrose (conduc
tivity approximately 10 pS/cm). A greater size range of cell diameters (20-50 pm) was obtained by using 
either vacuolated (average diameter of 38 pm) or eva
cuolated (average diameter of 22 pm) protoplasts. 
Two NiCr wire electrodes (100 or 200 pm diameter) 
were mounted on a microscope slide 100-800 pm apart, 
and protoplast suspension (5 x 10(6) cells/ml) was placed between the electrodes. An electrical field 
was produced by a Zinroermann Fusion generator which 
produced a slightly nonuniform AC electric field with 
a strength of 10-600 V/cm, rms, at a frequency of 1 MHz. Pseudomonas aeruginosa bacteria (1 pm diameter) 
were inactivated by microwave irradiation or cold treatment, and chloroplasts (5 pm diameter) were ob
tained by mechanical rupture of protoplasts. A 20 V/ cm field applied to a mixture of protoplasts and the 
positively-dielectrophoretic bacteria led to alignment of the protoplasts and not the bacteria. At a 
field strength of about 70 V/cm, bacteria were at
tracted to the poles of the protoplasts facing either the opposite electrode or another protoplast aligned some distance apart. The alignment of the bacteria 
increased in the contact zone region of two adhered cells in a chain at field strengths of 70-300 V/cm, 
and above 200 V/cm, bacterial cells aligned in the external space between protoplast chains. Similar 
results were obtained with chloroplasts at slightly lower field strengths because of their larger radius 
compared to that of bacteria. These results show 
that dielectric forces arising from the distorted 
field around the contact zones of protoplasts in chains must exceed the critical value for the elec
trode arrangement. The negatively-dielectrophoretic beads formed concentric rings around the individual 
aligned protoplasts in those regions of weakest field intensity where no bacterial alignment was observed. 
Equatorial rings of beads were observed if the adja
cent cells were of comparable size, while asymmetri
cal rings formed when adjacent protoplasts differed 
considerably in radius or for terminal protoplasts. 
Significantly smaller cells in the chains produce 
larger increases in field strength and inhomogeneity

Fusion of nuclear membranes can occur under electric 
field conditions promoting electrofusion of the plas- 
malenma of dielectrophoretically aligned cells. The authors systematically investigated the influence of 
field parameters on the yield of cellular and nuclear 
membrane fusion in four cell lines: EAT-F2 (Ehrlich 
ascites tumor, attaching line), EAT-F1 (suspension line), V 79-S181 (attaching cell line), and Muntjac 
(male chromosome constitution, attaching cell line). Attaching cells were trypsinized and allowed to re
cover for 1 hr, then suspensions of two different lines were mixed at a 1:1 ratio, cooled to 4 C over 
10 min in electroconductive balanced salt solution with calcium and magnesium acetate, and placed in a 
helical electrofusion chamber with a 200 jun distance between its parallel electrodes. A 220-V/cm, 1.7-MHz 
AC alignment field was applied for 30 sec, followed by the fusion field: two trains of three 5 kV/cm 
square field pulses each, 15-jisec in duration, with 
0.7 sec between pulses, and 10 sec between the two 
trains. The AC field was applied for an additional 
200 sec with an exponentially decreasing amplitude. 
After incubation, cells were fixed, stained, and nuclear and cell fusion were assessed by light micros
copy, DNA flow cytometry, and particle volume analysis. Prior to field exposure, more than 90% of the 
nuclei in control cells were located in the center of the cell. Morphological analysis after field expo
sure indicated that complete fusion proceeds through 
four stages: cell contact with flattening of adja
cent plasmalemma and repositioning of the nuclei into the membrane contact regions, attachment of the nu
clei, enlargement of the contact region between attached nuclei, and engulfment of the smaller nucleus 
by the larger one. Complete nuclear membrane fusion took place within at least 2 hr in about 30-50% of 
field-exposed cells. A fairly narrow range of field 
strengths existed in which optimum fusion occurred, but the cell fusion index never exceeded 50-70%. The authors suggest that the breakdown voltage is cell
radius dependent. Thus, the maximum value of the fusion index should be obtained at slightly higher field strengths for Muntjac and V 79-5181 cells 
(about 5 kV/cm) compared to a value of 4 kV/cm for 
the 10-20% larger EAT-F2 cells. Cell fusion is also dependent on growth conditions: V 79-5181 cells in 
G1 phase, obtained by mitotic selection, had a fusion rate about 10% higher than exponentially growing 
cells, and cells in plateau phase showed almost no fusion. The authors attribute this effect at least 
in part to higher intracellular levels of ATP in exponentially growing cells, since the addition of 0.6 
mole/1 ATP to the incubation medium significantly 
enhanced the fusion rate of plateau-phase cells but 
not exponentially-growing cells. The absolute frequency of both plasma and nuclear membrane fusion was 
greater at an alignment field frequency of 1.7 MHz than at 5 MHz, but nuclear membrane fusion relative 
to plasma membrane fusion was greater at 5 MHz. The 
authors present a theoretical argument that nuclear

4746 NUCLEAR MEMBRANE FUSION IN ELECTROFUSED 
MAMMALIAN CELLS. (Eng.) Bertsche, U.; Mader, A.; Zimmermann, U. [Gesellschaft fur Strahlen-und Um- 
weltforschung, Frankfurt/Main, FRG (U.B.) Lehrstuhl fur Biotechnologie de Universitat Wurzburg, Rontgen- 
ring 11, 8700 Wurzburg, FRG (RR/U.Z., A.M.);] Bio
chim Biophys Acta 939(3):509-522; 1988 (27 Refs).
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The authors describe a new field-orientable medium 
for production of non-isotropically averaged but uniformly oriented model biomembranes for use in nuclear 
magnetic resonance (NMR) and similar studies of membrane constituents. A higher resolution signal and 
more definitive NMR results can be obtained when mul
tiple sites can be labelled and resolved in oriented 
rather than dispersed samples. When membranes are randomly oriented, superposition of pairs of lines 
from btlayer segments having all possible orientations in space produce an overlapping "powder pat
tern" spectrum making resolution of labelled sites more difficult. The authors provide 2H-HO (deuterium 
labelled water) NMR spectra to demonstrate field-in
duced order in a bile salt system, sodium glycochol
ate and dlmyristoylphosphatidylcholine (DMPC), at various ratios from 2:1 to 8:1. Mixtures were pre
pared. heated to 40 C. and allowed to cool to a temperature Just above the transition temperature (30 C) 
in the magnetic field of a home-built 11.5 T spectrometer operating at 75 MHz . Resulting simplified NMR spectra, are shown for micellar systems in the composition range of 60-67% water, 30-25% DMPC, and 10-5% 
bile salt/OMPC. Field-induced ordering is expected 
to result in considerable sinplification of the NMR spectra of molecules anchored in the phospholipid 
matrix such as deuterated glycolipids, important in membrane surface receptor interactions.

4748 MAGNETIC FIELD INDUCED
SALT/PHOSPHOLIPID MICELLES:
TURAL INVESTIGATIONS. (" _ .
J. H. [Chemistry Dept., Yale Univ 06511 (RR/J.H.P.)] Biochim I __
294; 1988 (22 Refs).

A case-control study of 116 cases of acute myeloge
nous leukemia (AML) and 108 cases of chronic myelogenous leukemia (CHL) was conducted to test the hypoth
esis that Increased exposure to electromagnetic fields from the use of electric blankets by adults contributes to an increased risk of leukemia. The

MYELOGENOUS LEUKEMIA AND ELECTRIC BLANKET (Eng.) Preston-Martin, S-: Peters, J. H.; Yu, 
n. v.; Garouiaiit, 0. H.; Bowman, J. D. [Dept, of Preventive Medicine, Univ, of Southern California 
Sch. of Medicine, 1420 San Pablo St., B-306, Los Angeles, CA 90033 (RR/J.M.P., S.P-H., H.C.Y, D.H.G., 
J.D.B.)] Bioelectroraagnetics 9(3):207-213; 1988 (25 Refs).

than equal-sized cells, which the authors suggest may 
account for improved fusion with differently sized 

The authors conclude that the field strengths 
and the inhomogeneity close to the contact zone of aligned protoplasts may be considerably higher than 
in the external space, and may help explain the discrepancy between the breakdown of membranes of ad
hered cells and freely suspended cells.

ORDERING OF BILE 
NEW MEDIA FOR NMR STRUC- 

(Eng.) Ram, P.; Prestegard, 
vhle Univ., New Haven, CT Biophys Acta 940(2):289-

case population was identified by the Univ, of South
ern California Cancer Surveillance Program, the population-based cancer registry for Los Angeles County; 
all cases were alive, between the ages of 20 and 69 yr, and were first diagnosed with histologically con
firmed AML or CHL between July 1979 and June 1985. 
Individually matched (sex, race, age) neighborhood 
controls were identified for each case using a sequential survey of specified neighborhood blocks, and 
information on electric blanket use was obtained for 
224 paired cases. Results of the analysis indicated 
no increased risk with electric blanket use. For 
AML, the risk associated with regular use of an elec
tric blanket was 0.9 (95% confidence interval (CI) of 0.5-1.6); for CHL, the risk was 0.8 (95% CI of 0.4- 
1.6). Cases did not differ from controls in average duration of electric blanket use, year of first regu
lar use, or years since last use. Other risk factors considered did not affect the results when the fac
tors were adjusted for. The authors estimated the 
contribution of electric blanket use to the daily 
exposure of an individual to electromagnetic fields (based on data collected by others). Assuming the 
most likely pattern of use and operating characteris
tics, electric blankets would increase the electric 
field exposure by 35% (based on a background field 
strength of 5.3 V/m, electric blanket field strength 
of 40 V/m, 120 days/yr and 8 hr/day of use, and a 
duty cycle of 0.5). The authors estimated that the 
minimum Increase in electric field exposure would be 14% (7.0 V/m background field strength. 30 V/m blan
ket field strength. 120 days/yr, 0.4 duty cycle), and that the maximum increase in electric field exposure 
would be 155% (3.0 V/m background field strength, 50 V/m blanket field strength, 180 days/yr, 0.6 duty 
cycle). Increased exposure to magnetic fields was 
estimated at 82% above background for the most likely 
pattern of use and operating characteristics (1.5 mG background, 24 mG blanket field strength, 120 days/yr 
of 8 hr/day use, 0.5 duty cycle), and was considered 
unlikely to be less than 31% (2.0 mG background, 16 mG blanket field strength, 120 days/yr use, 0.4 duty cycle) or more than 345% (1.0 mG background, 36 mG 
blanket field strength, 180 days/yr. 0.6 duty cycle), for the extreme estimates. Using the analogy of risk 
associated with ionizing radiation, the authors suggest that it would be very difficult to detect an in
creased leukemogenic risk from radiation at exposure levels double the background. The authors point out 
two limitations in their study: electric blanket use in the Los Angeles climate is limited, and the exclu
sion of dead subjects from the study eliminated cases of rapidly fatal leukemia which may have a different etiology.

4750 INFLUENCE OF ELECTROMAGNETIC FIELDS ON THE EFFLUX OF CALCIUM IONS FROM BRAIN TISSUE IN VITRO: A 
THREE-MODEL ANALYSIS CONSISTENT WITH THE FREQUENCY 
RESPONSE UP TO 510 HZ. (Eng.) Blackman, C. F.: 
Benane, S. G.: Elliot, D. J.; House, D. E.; Pollack, 
H. H. [Health Effects Lab., US EPA, Research Trian
gle Park, NC 27711 (RR/C.F.B., S.G.B., D.E.H., 
M.H.P.); Northrop Services, Inc., Research Triangle Park, NC (O.J.E.)] Bioelectromagnetics 9(3):215-227; 1988 (42 Refs).
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B.J.V.); Dept, of Pharmacology (B.J.V.) Loma Linda Univ., and Research Service, VA Hospital, Loma Linda, 
CA 92357 (C.I.L., H.R.A.); Dept, of Biology, Bioelec- 
tromagnetics Section, Batelle Northwest, Richland, WA “)] Bioelectromagnetics 9(3):229-236; 1988

4751 DIURNAL PATTERNS IN BRAIN BIOGENIC AMINES OF 
RATS EXPOSED TO 60-HZ ELECTRIC FIELDS. (Eng.) Vasguez, 8. J.; Anderson, L. E.; Lowery, C. I.; Adey, W. 
R. [Research Service (151), J.L. Pettis Memorial VA Hospital, 11201 Benton St.. Loma Linda, CA 92357 (RR/

The circadian rhythms of brain biogenic amines 
(neurotransmitters) were examined in 80 Sprague-Daw
ley male albino rats (age 56 days) exposed to high- 
strength 60-Hz electric fields. The animals were 
exposed in polycarbonate cages with stainless-steel 
screen floors to uniform vertical electric fields in a parallel-plate electrode system with horizontal 
planar 1.0 x 2.2 m electrodes spaced 40 cm apart. The field strength was 55 kV/m, unperturbed; however, 
mutual shielding by adjacent animals reduced the effective exposure for each rat to 39 kV/m. Sham-ex
posed animals were housed in a nonenergized system. 
All animals were adapted to the experimental condi
tions, including entrainment to the 12:12 light cycle, for a 3-wk period. The electric field was then 
activated for 20 hr/day for 4 wk. Animals were sacrificed on the sanpling date one at a time in groups 
of 6 animals at 4-hr intervals through the day. The 
striatum, hypothalamus, and hippocampus were dis
sected from the brain of each rat and assayed for the following biogenic amines: norepinephrine (NE), do
pamine (0A), the DA metabolites dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA), serotonin 
(5-HT), and its metabolite 5-hydroxyindolacetic acid (5-HIAA). Assays were conducted by high-performance 
liquid chromatography with electrochemical detection methods. Specific amine circadian rhythms varied 
independently in each brain area. The clear circadian patterns of hypothalamic and striatal levels of 5- 
HT were not affected by electric field exposure. Field exposure produced a statistically significant 
(p < 0.05) increase in the levels of DOPAC in the 
striatum during the dark phase of the day. A tenden
cy to similar field effects was observed in levels of 
the parent amine (DA) and another metabolite (HVA), but these changes were not statistically significant. 
NE, DA, and 5-HIAA circadian rhythms in the hypothal
amus were affected by electric field exposure: the periodicity of hypothalamic concentrations of NE, DA, 
and 5-HIAA appeared to have been advanced in phase by approximately 4 hr in the exposed group. No circadi
an patterns, and no field-effects, were observed in the biogenic amine concentrations in the hippocampus. 
The authors suggest that the rates of utilization and synthesis of DA, normally balanced by homeostatic 
mechanisms of the brain, are altered by electric field exposure. Based on the observation that the 
serotenergic system in the hypothalamus is altered by electric field exposure, the authors suggest that 60- 
Hz electric field perturbations can generate phase 
shifts in endogenous neurochemical and physiological 
rhythms, with possible health implications for humans.

Efflux of calcium ions from brain tissue can be al
tered by exposure to extremely low frequency (ELF) electromagnetic fields (EMF) or radiofrequency (RF) 
EMF which has been amplitude modulated at ELF. The authors have attempted to characterize the frequency 
dependence of this effect by systematic measurement 
of the response at 15-Hz intervals from 1-510 Hz, and 
to provide a theoretical explanation for the frequen
cy-response profile. Paired halves of cerebral hemi
spheres from newly hatched chickens were prelabeled 
for 30 min with radioactive calcium (45Ca++), then 
each half was exposed or sham exposed in a transmis
sion line chamber to 15 V(rms)/m for 20 min. Tissues 
were exposed to both an electric and a magnetic com
ponent; the later varied according to frequency from 
59 ± 1 nT at 390-435 Hz, to 69 ± 1 nT at 30-90 Hz. Magnetic density was measured for most frequencies, 
and is given in tabular form with the 45Ca+* efflux 
data. The geomagnetic field of 38 pT was inclined 

to the horizontal plane of the AC electric and magnetic components. 45Ca++ released into the medium 
by the tissue was determined by scintillation count. 
Radioactivity released by each exposed sample was 
normalized to its paired control sample, and data collected for each frequency were analyzed by two-way 
analysis of variance. Results indicated that certain 
frequencies were effective in enhancing 45Ca++ efflux 
(p < 0.05), while other frequencies were not. For further analysis, the data was transformed by consid
ering the P values of the results as a function of frequency. It was possible to assign data to three 
distinct sets: (1) responses with P values less than 
0.01 formed two groups of five responses each, ex
tending from 15-315 Hz, separated by 30 Hz, with a null response at 165 Hz dividing the two groups, (2) 
another pattern of responses with a P values less than 0.05 at 60, 90, and 180 Hz, the first odd multi
ple of 60 Hz, but not at 300 Hz, and (3) a single 
significant response (p < 0.05) at 405 Hz. Specula
tive models are given to account for these three fre- 
quency/response patterns. Each model involves a 
transduction of the EMF energy into a small physicochemical change which is then amplified into a bio
logically significant change, possibly involving a 
cooperative or phase transition mechanism, and is 
ultimately expressed through subsequent secondary reactions that include changes in calcium ion associ
ation with the sample. A magnetic resonance mechanism is proposed to explain the first group of re
sponse peaks, based primarily on the sensitivity of these responses to changes in the local geomagnetic 
field strength. The second group of responses at 60, 90, and 180 Hz is more compatible with a Lorentz- 
force mechanism. The third pattern, a single peak at 405 Hz, is close to the resonance peak for 13-C in a 
38 iiT field, and suggests a nuclear magnetic reso
nance mechanism. The authors suggest a number of 
observations and experiments that could be done to support one or more of these mechanisms in relation 
to the calcium efflux endpoint.

4752 EXPOSURE OF MAIfiALIAN CELLS TO 60-HZ MAGNET
IC OR ELECTRIC FIELDS: ANALYSIS FOR ONA SINGLESTRAND BREAKS. (Eng.) Reese, J. A.; Jostes, R. F.;
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Liposomes have been Investigated as potential devices 
for the controlled release of drugs within the human 
body tn diagnostic or therapeutic applications. In an investigation of the frequency dependence of al
terations in liposome permeability and phase transition temperatures, the effects of 100-MHz CW radiofrequency (RF) and 2.45-GHz CW microwave radiation 
(HW) were studied on the release of 3H-cytosine 
arabinofuranoside (ARA-C) from dipalmitoylphospha-

Biological Effects of Nonionizing Electromagnetic 
Radiation XII(2), December 1988

Rats were tested for the behavioral consequences of 
short-term microwave exposure on spontaneous motor 
activity and reactivity to a novel acoustic environ
mental stimulus. A total of 40 male Fischer-344 rats 
(weight 200-250 g) were preadapted for 12 days to a 
12:12 lightzdark cycle, and then exposed or sham-ex- posed two at a time in separate anechoic environmen
tal chambers, to 2.45-GHz CW microwave (MW) radiation from a Narda standard gain horn. The MW radiation 
was generated by a CW source with less than 54 ampli
tude modulation on the output. Rats were exposed 
from 0900 to 1600 (7 hr) at a power density of 10 mW/ cm2 with a variation in incident power density from 
cage to cage (with animals in the cages) of less than ± 154 and an in-cage variation of less than ± 104. 
SAR, measured with animal cadavers gave an average whole-body value of 2.7 irH/g. Spontaneous locomotor

Frazier, M. E. [Biology and Chemistry Dept., Pacific 
Northwest Lab., P0 Box 999, Richland, WA 99352 (RR/ H.E.F.)] Bioelectromagnetics 9(3):237-247; 1988 (23 Refs).

4753 EFFECTS OF 2.45-GHZ MICROWAVE AND 100-HHZ RADIOFREQUENCY RADIATION ON LIPOSOME PERMEABILITY AT 
THE PHASE TRANSITION TEMPERATURE. (Eng.) Liu, L-M.; Cleary, S. F. [Dept, of Physiology, Medical Coll, of 
Virginia, Virginia Commonwealth Univ., Richmond, VA 
23298 (RR/L-M.L.)] Bioelectromagnetics 9(3):249-257; 1988 (7 Refs).

SOME BEHAVIORAL EFFECTS OF SHORT-TERM EXPOSURE OF RATS TO 2.45 GHZ MICROWAVE RADIATION. (Eng.) 
Mitchell, C. L.; McRee, 0. I.; Peterson, N. J.; Tilson, H. A. [Lab. of Behavioral and Neurological Tox
icology, NIEHS, P0 Box 12233, Research Triangle Park, 
NC 27709 (RR/C.L.M.)] Bioelectromagnetics 9(3):259- 268; 1988 (23 Refs).

tidylcholine (DPPC) or dipalmitoylphosphatidylgly
cerol (DPPG) liposomes. The liposomes were large 
unilamellar vesicles with a mean diameter of 0.2 ion. 
Liposome suspensions were prepared in HEPES-buffered saline (pH 7.4), and were tested in that medium with 
or without the addition of 444 fetal bovine serum. 
The liposome membranes were radiolabeled with trace 
amounts of 14C-DPPC. The RF exposure system was a 
coaxial line irradiation device which permitted pre
cise control of exposure and temperature in the 37-43 C range. RF frequency was 100 MHz. and average SAR 
was 60.0 W/kg for 30 min. Liposomes were also irra
diated at 100-MHz with an SAR of 100 W/kg for 30 min at 40 C in medium containing serum. The MW exposure 
chamber consisted of a section of WR 284 waveguide 
with a pyrex sample tube positioned at the center of 
the waveguide, parallel to the E-field and immediate
ly adjacent to a quarter-wave matching dielectric block: the chamber was maintained at 38-42 C by im
mersion in a temperature-controlled water bath circu
lated with a magnetic stirrer. The average SAR was 
60 W/kg, the exposure frequency and period were 2.45 GHz and 30 min. The solutions containing serum 
showed up to a 204 increase in the release of 3H-ARA- 
C from liposomes, suggesting the presence of the type 
of liposome membrane destabilizing factors in fetal 
bovine serum that has been reported by others in rab
bit plasma. The magnetic stirring did not affect liposome membrane stability. Release of 3H-ARA-C or 
14C-DPPC from liposomes exposed to either 100 MHz, 
with or without serum, or 2.45 GHz, was not enhanced; 
nor was the 39-40.5 C phase transition temperature shifted in the absence of serum-containing medium. 
These results contradict previous reports in the literature of microwave-induced liposome permeability 
alterations, although the authors point out that they used somewhat different experimental protocols, espe
cially with respect to oxygen levels and serum characteristics.

Chinese hamster ovary (CHO) cells were exposed to 60- 
Hz electric fields (E fields) and/or magnetic fields (B fields) and assayed for DNA single-strand breaks 
(SSB). Cells were exposed to 2-mT B fields using a 
modified Helmholtz B-field coil exposure system con
sisting of two 40- x 40-cm coaxial current loops of 
copper tubing spaced 20 cm apart. The coils were 
mounted on plywood and foam to minimize sound vibrations, and placed inside an incubator, 
temperature water was circulated through the coil 
tubing in order to prevent any temperature rise with 
B-field exposure. Cells were exposed to E fields using a cylindrical glass exposure chamber. Electric 
current (38 V/m) was introduced via agar-plug-iso- lated, graphite electrodes. CHO cells from monolayer 
cultures were harvested by trypsinization, washed, 
and replated in the exposure chamber. In order to 
obtain maximum sensitivity to strand breakage by pre
venting SSB repair, the chambers were precooled on 
ice and remained on ice throughout the 1-hr exposure 
period (exposure to B fields, E fields, or X-irradia- 
tion). X-irradiated cells (1 or 2 Gy) served as an 
SSB control, while cells exposed to nitrogen mustard 
for 1 hr after 1-Gy radiation served as a control for 
the ability of the assay to detect possible masking 
of SSBs by cross-linking. SSBs were detected using an alkaline elution protocol with a fluorimetric as
say (Hoechst 33258 dye binding) for DNA. All experiments and assays were run in a blind fashion. SSBs 
were detected in cells exposed to the 1-Gy radiation 
(with a frequency of approximately 2.5 SSB per 10(10) 
daltons of DNA: however, SSBs were not observed in cells exposed to 1- or 38-V/m, 60-Hz E fields, nor to 
0.1- or 2-mT B fields, nor to a combination of 38 V/m and 2 mT. Results indicate that the assay is capable 
of reproducibly detecting dose-response relationships and is sensitive enough to detect the effects of 1 Gy 
x-radiation. Exposure levels tested were estimated to be 100 times greater than the exposure received by 
human cells in the body of a man standing under a 10- kV/m transmission line.
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Newborn Sprague-Dawley rats were exposed or sham-exposed to a static electromagnetic field with a density of 0.50 T for 15 min daily from 24 hr after parturition to 14 days. Field exposures were given as three 5-min exposures separated by 2-min rest periods in order to avoid significant heating of the electro-

4756 EXPOSURE SCHEME SEPARATES EFFECTS OF ELECTRIC SHOCK AND ELECTRIC FIELD FOR HONEY BEES, APIS MELLIFERA L. (Eng.) Bindokas, V. P.; Gauger, J. R-: Greenberg, B. [Dept, of Biological Sciences, Univ, of Illinois at Chicago (V.P.B., B.G.); IIT Research Inst., Chicago. IL (J.R.G.); BIOCONCERN. Chicago. IL (B.G.); Dept, of Entomology, Div. of Toxicology and Physiology, Univ, of California. Riverside, CA 92521 (present address and RR/V.P.B.)] Bioelectromagnetics 9(3):275-284; 1988 (7 Refs).

magnet. Rats were weaned at 21 days, <wu training began at 30 days of age. The learning task consisted of four reversals of a position habit in a single unit T-maze, with mild foot shock as the aversive stimulus. On the first day, rats were trained to choose the right arm which led to an end box with a "safe" wooden floor behind a barrier that could be pushed aside, while the other arm led to a locked barrier. On successive days, each rat was trained to choose the arm that had been Incorrect on the preceding day. Training to the correct arm was continued each day until the animal showed a correct run of responses having a probability of occurrence of less than 0.05. Animals were weighed weekly during the course of the experiment. Results failed to indicate any difference in learning ability or body weight between rats in the two groups.

Reported behavioral effects on honey bees in conventional hives under a 765-kV transmission line has been attributed to coupling of the electric (E) field to the exposed hive, with a consequent electric shock hazard for the resident bees, or a direct effect of the E field, such as perception of body currents or force-induced vibration of bee body structures. The authors report an exposure system design in which adult bees may be exposed to either electric current or E field within tunnels attached to hive entrances. Tunnels were approximately 35 cm wide, 30 cm deep, and 1.6 cm high and made of white acrylic plastic. Bees passing through the tunnel were exposed to a current generated by parallel copper plates separated by 2.2 cm which was designed to prevent corona discharge and localized field enhancements at high intensity. E-field Intensities of 10, 25, 50. 75, and 100 kV/m were used. Grounded copper tubing ’guard rings’ inserted between the tunnel and the hive kept currents below 250 nA in the hive when the tunnel was energized at 100 kV/m. Step potential tunnels were also constructed using a gridwork of 37 conducting strips separated by a nonconducting gap. Depending on bee iapedance, the final design delivered 81.5- 99.94 of step-potential-induced currents to individual bees of 25. 50. 100. 200, and 275 nA. Moisture sensor control circuits turned off E fields when dew or rain was detected inside the tunnel to eliminate possible shock if bees contacted water films. Drive cables to step-potential tunnels were protected with gas tube transient voltage arresters during the second experimental season (1984) to avoid lightning damage. Multichannel stripchart recorders continuously monitored output voltage of the power supply and operation of the protective circuits. Measurements of the E fields and step potential currents

activity of each animal was monitored in black Plexiglas boxes lined with two parallel rows of photodetectors (20 per side) for 30 min immediately after exposure or sham-exposure. Each animal was then placed inside a small Plexiglas enclosure housed in an acoustic chamber with a high frequency piezoelectric speaker suspended 36 cm above a force platform. The animals1 startle response to 20 successive presentations of an 8-kHz, 200 msec. 110-dB tone was gauged by the largest magnitude response detected with the platform during the stimulus. Immediately after startle response testing, the animals were trained in a two box system with an open-topped small box and a closed larger box, connected by a V-shaped stainless steel trough. Rats were trained to avoid the larger box by giving them a mild electric shock as a negative stimulus after they entered the larger dark box. Rats were tested for retention of their training 1 wk later by scoring the nunter of nose pokes, complete crossovers, and latency to first crossover into the larger box. A decrease in motor activity during the 30-min test period was observed after MW exposure (compared to the sham-exposed rats). A significant treatment by time interaction was also noted: activity decreased significantly in the microwave-exposed group during the second 5-min period, and in the last half of the 30-min test period. A significantly decreased startle responsiveness was also seen in exposed rats. Rats from both groups showed significant retention of training as evidenced by long latencies to cross over to the darkened chamber, and exposure had no effect on training nor on the retention of the training a week later. The authors caution that this lack of effect could be real, or could be due to the delay in testing after the end of microwave exposure. The authors suggest that the observed behavioral effects on spontaneous locomotor activity indicate that MW irradiation may facilitate the normal decline in motor activity observed during a test period due to habituation. Greater effects during the later post-exposure testing periods (when hyperthermia was presumably less) may indicate that this effect is not necessarily directly related to the transient generalized hyperthermia produced by MW heating. Because of this rapid habituation, the authors reconmend that spontaneous activity should be measured for either a relatively short period of time or in blocks of short epochs following MW irradiation.

4755 LEARNING ABILITY OF YOUNG RATS IS UNAFFECTED BY REPEATED EXPOSURE TO A STATIC MAGNETIC FIELD IN EARLY LIFE. (Eng.) Hong, C-Z.; Huestis, P.; Thompson, R.; Yu, J. [Dept, of Physical Medicine and Rehabilitation, Univ, of California Irvine Medical Cen- The City Drive, Orange, CA 92668 (RR/C- Bioelectromagnetics 9(3):269-273; 1988 (18
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used are given. Results of the biological effects obtained by exposure of bees to E fields or shock are given in a companion paper (Bioelectromagnetics 9(3):285-301, 1988).

Biological Nonionizin^^Electmmagnetic

was later increased to 400 and 600 nA, 750 and 900 nA, and 1400 and 900 nA from June to October. In the 1984 season, bees in 275 and 350 nA tunnels showed repetitive contact aversion which decreased over time. Eruptions of highly disturbed bees, stinging behavior directed to the conductors, and abnormal deposits of propolis occurred with 900 and 1400 nA levels. Mean colony weight differences were not significant. The authors conclude that E-field effects seen under transmission lines are primarily the result of electric shock from induced hive currents.

4758 SUPPRESSION OF T-LYMPHOCYTE CYTOTOXICITY FOLLOWING EXPOSURE TO 60-HZ SINUSOIDAL ELECTRIC FIELDS. (Eng.) Lyle, D. 8.; Ayotte, R. D.; Sheppard, A. R.; Adey, W. R. [Research Service, Jerry L. Pettis Memorial Veterans Hospital, Loma Linda, CA 92357 (RR/W.R.A.)] Bioelectromagnetics 9(3):303-313; 1988 (58 Refs).

A normal specifically-cytotoxic T-lymphocyte cell line, CTLL-1, was exposed to a 60-Hz sinusoidal electric field in order to determine the effect of field exposure on an in vitro allogeneic cytotoxicity reaction. CTLL-1 cells were grown to a density of 2 x 10(5) cells/ml in medium containing the growth factor interleukin-2. For field exposure, cells were subcultured into culture flasks that were joined in series by short agar bridges. The agar was contained in acrylic tubes sealed to the flasks with dental wax and silicone rubber, and carbon electrodes were placed in two end flasks containing only medium. Measurements with a bipolar field probe indicated the electric field of 10 mV/cm (res) was uniform to within 154 over the middle 804 of the culture surface, but reached extreme values of 20 mV/cm close to the agar electrodes. Therefore, in some experiments, cells were confined to the central area of the flask, where the field strength varied no more than 54, using containers fabricated from folded 0.45 pjn Millipore filters in order to test the response under uniform field conditions. In addition to field-ex- posed flasks, controls consisted of sham-exposed control cells, and cells exposed to the plastic tubing without agar bridges. Cytotoxicity was assayed as counts released from chromium-51-labeled MPC-11 target cells at a 4:1 effector cell ratio. Cytotoxicity assays were performed with the field present only during the 4-hr assay, or using CTLL-1 cells exposed to field conditions for 48 hr prior to the assay. Cell counts indicated that there was no significant field effect on cell metiers with either optimal or sub-optimal concentrations of interleukin-2. Cell viability was 994 or better for all experiments. With exposure to electric field conditions for 48 hr prior to the assay, there was a significant 254 inhibition of cytotoxicity (p < 0.005). A 1.0 sN/cn field produced a significant 194 inhibition (p < 0.0005), while at 0.1 M/cm, the inhibition of 74 was not statistically significant. Results were not very different when cells were restricted to the central area of the flask. Only a nonsignificant 54 decrease was seen when cells were exposed for the 4-hr assay period. The authors point out that this inhibitory effect of 60-Hz field exposure is similar to that

4757 MECHANISM OF BIOLOGICAL EFFECTS OBSERVED IN HONEY BEES (APIS MELLIFERA, L.) HIVED UNDER EXTRA- HIGH-VOLTAGE TRANSMISSION LINES: IMPLICATIONS DERIVED FROM BEE EXPOSURE TO SIMULATED INTENSE ELECTRIC FIELDS AND SHOCKS. (Eng.) Bindokas, V. P.; Gauger, J. R.; Greenberg, B. [Dept, of Biological Sciences. Univ, of Illinois at Chicago (V.P.B., B.G.); IIT Research Inst., Chicago. IL (J.R.G.); BIOCONCERN. Chicago. IL (B.G.); Dept, of Entomology. Div. of Toxicology and Physiology, Univ, of California, Riverside, CA 92521 (present address and RR/V.P.B.)] Bioelectromagnetics 9(3):285-301; 1988 (8 Refs).

During a two-yr period, bees were exposed to various electric (E) field intensities and step-potential- induced currents in order to assess the effect of these factors in producing the adverse biological effects seen when hives were sited under a 765-kV transmission line. Adverse effects, which included colony failure, were attributed to the E field rather than the magnetic field of the line because the effects were eliminated when the hive was shielded in a grounded Faraday cage. Hives were fitted with plastic tunnels in which bees were exposed to E fields under controlled conditions. Hardware and field conditions are described in detail in a companion paper (Bioelectromagnetics 9(3):275-284, 1988). A total of 54 colonies were split into 5 treatment groups (10. 25, 50, 75, 100 kV/m) plus controls. Bee behavior in tunnels was observed at least twice a week; propolis deposit weight was determined on days 22, 47. and 68; colony net weight was determined weekly; and queen loss and queen cell production was surveyed biweekly. In the 1983 E-field exposure study, daily exposure averaged 7 hr/day, and total exposure over 108 days was equivalent to continuous exposure of 27.5 days. In the 1984 season, exposure was equivalent to 36.8 days of continuous exposure for the 10 and 50 kV/m groups, and 30.5 days for the 100 kV/m group due to a malfunction in the drive cable. No detectable disruption of behavior or effect on colony weight gain was observed in either yr with E fields up to 100 kV/ m in dry tunnels. There was no propolization of hive entrances when moisture was controlled. When conditions were changed to continuous exposure in September and October of 1984 by bypassing moisture sensors, propolis deposition was significantly greater in exposed groups (p - 0.0001). with a dose-related response for 50 and 100 kV/m groups. Queen cell production was sporadic and not related to treatment. Step-potential experiments were conducted with 36 hives in the 1983 season. Groups were initially exposed to 25 , 50, and 100 nA, and exposure of the lower two groups was increased to 275 and 200 nA, respectively, about 1 mo later in order to reach threshold disturbance. No effects of treatment were detected in 1983 until lightning-induced potentials caused severe mortality and colony failure in most treatment groups. In the 1984 season, hives were exposed to nominal levels of 275 and 350 nA. which
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high VDT use did not show an elevated 0/E ratio. 
Although a causal relation cannot be dismissed, the 
authors feel that the depressed 0/E ratio In non-us- 
ers and Increased ratio in users is compatible with 
overreporting of VDT use after abortion and underre
porting after term pregnancies.
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seen in the same cytotoxicity assay system with expo
sure to a 450-MHz, 1.5 nW/cm2 microwave field sinusoidally amplitude modulated at 60 Hz, although the 
microwave effect occurred within the 4-hr assay peri
od. They conclude that these results suggest a pos
sible role of 60-Hz electric field components in con
tributing to Increased cancer incidence with exposure 
to power line frequency electromagnetic fields.

4760 EFFECTS OF RADIATION ON RABBIT KIDNEY: 
MORPHOLOGICAL AND IMMUNOLOGICAL STUDY. (Eng.) 
cinni, L.; De Martino, C.; Mariutti, G. [Inst, of 
Experimental Medicine, National Research Council 
(CNR), Viale Marx 15, 00156 Rome, Italy (RR/L.A.); 
Regina Elena Inst, for Cancer Res., Viale Regina 
Elena 291, 00161 Rome, Italy (C.D.); Physics Lab., Istituto Superiore di Sanita, and INFN-Sanita, Viale 
Regina Elena 299, 00161 Rome, Italy (G.M.)J Exp Mol 
Pathol 49(l):22-37; 1988 (36 Refs).

The histopathology of the acute and chronic kidney 
reaction to multiple exposures of radiofrequency ra
diation was evaluated in New Zealand white rabbits. 
Hale, 1-yr-old rabbits were exposed to 27.12 MHz radiation from a standard clinical diathermy apparatus 
(Siemens Ultratherm Model 608) using electrodes placed 2 cm from the lateral walls of the cage in 
positions corresponding to the renal area of the ani
mals. Field intensities, measured with field probes 
in an empty cage, were 3 ± 1.5 A/m for the magnetic 
field, and 1100 ± 800 V/m for the electric field. 
Animals were immobilized during exposure in a vented 
Plexiglas cage, and the environment was controlled to 
20-22 C. Rectal temperature was measured before and 
soon after exposure; the temperature increase was 
approximately 2-3 C and never exceeded 41 C. The animals were exposed for 3 wk, 5 consecutive days/wk. 
to diathermy of increasing duration (10 min on day 1, 15 min on day 2, and 20 min days 3-5). Seven exposed 
and 2 sham-exposed rabbits were killed at the end of treatment to evaluate acute renal changes, while re
maining animals were killed 5 mo after the last exposure to study the long-term effects of the irradia
tion. At sacrifice, both kidneys were rapidly removed and bisected, and each half kidney was prepared 
for light or electron microscopy. At the end of treatment, the kidneys showed focal tubular necrosis, 
and focal and segmental glomerular sclerosis which In 
a few months evolved into a membranous nephropathy. 
Nephropathy was characterized by a diffuse, granular localization of rabbit ganma-globulin and complement 
in most glomeruli, and by electron-dense deposits in the subepithelial zone of the glomerular capillary 
walls, suggesting that the glomerular changes were induced by the localization of antibody-antigen com
plexes. Under the particular experimental conditions enployed, tubular damage in the acute phase returned 
to normal at 5 mo. probably as a result of active regenerative processes, whereas glomerular lesions 
persisted and evolved toward membranous changes In
dicative of induced autoimune glomerulonephritis. 
The authors conclude that these data provide strong evidence for the potential of radiofrequency radia
tion to produce nephrotoxicity by eliciting autoimmune phenomena.

As part of a study of occupational factors in preg
nancy, interviews were carried out over a two-yr pe
riod (May 1982-May 1984) in 11 maternity units in 
Montreal with a total of 51885 women who had just 
delivered and 4127 women treated for spontaneous a- bortion. The women were questioned on occupational, 
personal, and social factors in their current and previous pregnancies; a total of 104649 pregnancies. 
Four main adverse outcomes (spontaneous abortion, stillbirth, congenital defects, and low birth weight) 
were correlated with 60 occupational groupings in 6 
main occupational sectors. The relationship between 
use of video display units (VDTs) was studied in 
those occupations in which at least 5k of the women 
reported using a VDT for 15 hr/wk or more. Pregnan
cies of women who were employed for 30 or more hr/wk 
at the start of pregnancy were analyzed for abortion and prematurity, and women employed for at least 2 wk 
at any time during pregnancy were analyzed for still
birth. Risk of adverse outcome was calculated rela
tive to that in other working women. In previous 
pregnancies, after correction for yr of conception, 
the observed to expected (0/E) ratio varied little and showed no relationship to VDT use in any sector. 
Analysis of current pregnancies showed 0/E ratios increased significantly with VDT use: overall 0/E 
ratio of 1.19, 90k confidence interval (CI) of 1.09- 
1.30. The 0/E ratio increased with VDT use: 0.96 in non-users (90k CI of 0.92-1.00), 1.14 for use up to 
15 hr/wk (90k CI of 1.00-1.23), and 1.23 for use 15 or more hr/wk (90k CI of 1.09-1.29). This trend was 
statistically significant after accounting for possi
ble confounding factors by sector. Classification of 
the results by occupations indicated no significant 
trends: the 5 occupations with highest percentage of VDT use showed no increased risk over other occupa
tional groups. No significant effects in the 0/E ratios were seen for stillbirths, prematurity, or 
congenital defects although several VDT use categories showed insignificant trends toward elevated ra
tios, particularly for increased risk of renal urinary defects. The authors point out that the design 
of the study made results subject to recall bias and possible error in exposure estimates, especially 
since work at the beginning of pregnancy would be less well remembered. The authors suspect that the 
elevated risk ratio for spontaneous abortions was due to recall bias, especially since occupations with

WORK WITH VISUAL DISPLAY UNITS IN PREGNANCY.
McDonald, A. 0.; McDonald, J. C.; Armstrong, 

d., uuciry, N.; Nolin, A. D.; Robert, D. [Institut 
de Recherche en-Sante et en Securite du Travail du 
Quebec, Montreal, Quebec H3A 3C2, Canada] Br J Ind 
Med 45(8):509-515; 1988 (25 Refs).
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The measurement of tetrapolar bioelectrical resistive inpedance to assess body composition, recently validated in adult populations, was extended to a pediatric population using total body potassium and hydrostatic weighing as reference techniques. Thirty health children (16 girls, 14 boys), 9-14 yr of age, were measured twice with an hour interval between measurements using an inpedance plethysmograph (RJL Systems, Detroit, MI). Residual lung volumes, height, weight, and hydrostatic weight were measured and percent fat was calculated from body density. Fat free mass (FFM) was calculated from total body potassium measurements made at Colorado State University's whole body counter. Except for age, no significant differences were found between mean measurements for boys and girls. A linear regression to predict FFM from height squared over resistive inpedance (ht2/R) was calculated from the data: FFM(kg) - 6.86 + 0.81 x (ht2/R). This regression equation more accurately describes the body cooposition parameters of children than the prediction equation developed for an adult population, reflecting the finding that the FFM in children contains lesser concentrations of total minerals and a greater concentration of total body water than in adults. The results of this study show that the bioelectrical inpedance method can be a reliable and valid predictor of FFM in children, but the authors caution that additional cross validation studies nust be completed before using this equation on other, developmentally different pediatric populations.

The 3-dimensional (3-D) inpedance method for modeling the response of biological bodies exposed to timevarying electromagnetic fields was applied to three cases: a lossy dielectric sphere irradiated by a plane electromagnetic wave, a man exposed to a 30-MHz linearly polarized magnetic field of constant intensity and direction (e.g., a plane magnetic wave), and a man exposed to either a linearly or a circularly polarized 63-MHz magnetic field that is constant over some portion of his body and tapers to zero outside of this portion (e.g., an NMR imaging field). The inpedance method requires a quasi-static assunption: the phase of the Incident electric and magnetic fields is assumed to not vary across the body being modeled, thus limiting the method to low frequencies. A 3-0 network of limped-parameter inpedances and a

Currents causing potential neuromuscular stimulation may be produced during electrosurgical transurethral resection (TUR). In order to assess the potential risk of obturator spasm during surgery, the thresholds for simulation of rat nerve and muscle, previously determined in vivo, were compared to the radiofrequency spectra produced by two different comer - cial electrosurgical units (ESUs). a Valleylab Model SSE2K and a Davol Model 2000 BP, during simulated TUR using ex vivo tissue samples. Tissues were placed on a copper plate and imaersed in a bath of 1.54 glycine. The rorrial ESUs were connected with the

ground dispersive lead to the copper plate and the active lead attached to a typical TUR surgical cutting loop electrode mounted on a Plexiglas rod. A Tektronix A6302 active current probe was attached to the active lead and output sent to an amplifier and spectrum analyzer to record maximal current amplitudes at each frequency. Each ESU was studied between 100 Hz and 1 MHz while cutting bovine muscle, porcine, fowl, and conmerclally mixed tissues (bologna). When the ESUs were connected to a 400-W light bulb load, a relatively pure and undistorted 500-kHz sine wave was observed for the Valleylab unit and a peak of 600 kHz with a decaying spectrum up to 720 kHz was obtained with the Davol unit. The current waveform became distorted during actual cutting in the bovine muscle: the Valleylab unit generated two side lobes of considerable amplitude at 250 and 750 kHz with significant energy throughout the 20 kHz - 1 MHz range; the Davol unit generated a spectrum with an almost identical shape to the light bulb control spectrum. Although the amplitude varied somewhat, neither spectrum changed shape significantly in different tissues, indicating that the spectrum observed is characteristic of generator/tissue interaction rather than the specific biological material being cut. The authors suggest that the side lobes in the Valleylab unit's spectrum indicate that the unit's spark is being made and broken approximately every 4 jisec, producing an envelope with a frequency of about 250 kHz. Superimposition of the bovine spectrum plots with the average stimulation curves for rat muscle and nerve tissue Indicated that muscular stimulation from the Valleylab ESU is possible below 100 kHz and at 500 kHz, that neural stimulation is possible along the entire spectrum, and that both neural and muscular stimulation are possible along the entire spectrum of the Davol unit. The authors suggest that a spectral shift up to 2 or 3 MHz for the Davol unit might reduce the chance of stimulation, but caution that moving the operating frequency may also introduce other detrimental effects.

4761 BODY COMPOSITION DETERMINATION IN CHILDREN USING BIOELECTRICAL IMPEDANCE. (Eng.) Cordain, L.; Whicker. R. E.; Johnson, J. E. [Dept, of Exercise and Sport Science, Colorado State Univ., Fort Collins, CO 80523 (L.C., R.E.W.); Dept, of Radiology and Radiation Biology, Colorado State Univ., Fort Collins, CO 80523 (J.E.J.)] Growth, Development & Aging 52(l):37-40; 1988 (20 Refs).

A 3-D IMPEDANCE METHOD TO CALCULATE POWER DEPOSITION IN BIOLOGICAL BODIES SUBJECTED TO TIME VARYING MAGNETIC FIELDS. (Eng.) Orcutt, H.; Gandhi, 0. P. [Dept, of Electrical Engineering, Univ, of Utah. Salt Lake City, UT 84112] IEEE Trans Biomed Eng 35(8):577-583; 1988 (10 Refs).

4762 SPECTRAL ANALYSIS INTERPRETATION OF ELECTROSURGICAL GENERATOR NERVE AND MUSCLE STIMULATION. (Eng.) LaCourse, J. R.; Vogt. M. C.; Miller, W. T., 3rd; Selikowitz, S. M. [Dept, of Electrical and Computer Engineering, Univ, of New Haapshire, Durham, NH 03824 (J.R.L., H.C.V., W.T.M.); Dept, of Surgery and Medical Res. Service, Veterans Admin. Medical and Regional Office Center, White River Junction, VT 05- 001 (S.M.S.)] IEEE Trans Biomed Eng 35(7):505-509; 1988 (13 Refs).
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parameters for biological effectiveness have not been 
established. Based on indications that seizures in 
humans are positively correlated with 28 kHz pulsed 
signals and negatively correlated with 10 kHz signals (Ruhenstroth-Bauer et al., Int J Bfometeorol 28:333- 
340, 1984), both of these frequencies were tested. 
Each pulse consisted of a damped sinusoidal signal 
(10 or 28 kHz) with a damping factor of %, electric 
field strength of 0.5 V/m, magnetic field strength of 
1.3 x 10(-3) A/m. Additional experiments were per
formed with a sinusoidally oscillating continuous 
magnetic field of 1 A/m (rms) at a frequency of 100 Hz, field conditions which have been shown previously 
to affect the development of chickens. In these experiments, the 380-ohm resistor was replaced by a 
wire between the plates so that the voltage potential (electric field) was effectively eliminated. For 
each field, 2 groups of 16 rats each were tested in
dividually, then the group was sham-exposed or ex
posed to the fields for 1 hr and tested immediately after for AGS. Experiments were repeated after a 
resting period of 6 days by reversing the exposed and sham-exposed groups. Results of the basic experi
ments indicated considerable individual variation in seizure latency (12-57 sec) and length of convulsion 
(14-25 sec). Therefore, in evaluating the effects of 
electromagnetic field exposure, a paired comparison 
was used for seizure latency with each rat serving as 
its own control. No significant differences were 
found with exposure to the 10 kHz or 28 kHz atmo
spheric signals, but the 100 Hz magnetic field sig
nificantly increased seizure latency by about 13% (p 
< 0.02). The authors conclude that these results do 
not support the hypothesis that natural atmospheric electromagnetic signals affect the onset of epileptic 
seizures, but they suggest that AGS-susceptible rats 
may be a useful model for studies of the effects of 
man-made electromagnetic fields on the nervous sys
tem.

4765
TION. icily.> oapuzniK, n.
M.; Egger, M. J.; Fessenden,

system of equations for the loop currents within the 
body are generated and the equation system solved to 
calculate the fields, current densities, and power 
depositions in the biological bodies. For the case 
of the lossy dielectric sphere in a 13.56-MHz plane 
wave (with dielectric properties approximately that 
of muscle tissue at that frequency), the electric 
field component of the plane wave is assumed to have 
a magnitude of 1 V/m and is polarized in the x direc
tion; the magnetic field component has a magnitude of 
1/377 A/m and is polarized in the y direction. Inci
dent electric and magnetic fields are in phase. When compared to analytical analysis, the impedance method 
is quite accurate at frequencies where the quasistatic approximation is valid. The induced currents 
and corresponding SARs in a human body were calculated for a 1-A/m, 30-MHz magnetic field, polarized 
from front to back. Using the same human model, SARs for two 63-MHz magnetic fields used in NMR imaging 
were calculated: (1) an x.y-plane circularly-polarized magnetic field constant with x and y and varying 
with z, with a constant magnitude of 1 A/m between 42 
and 72 cm below the head, tapering linearly to zero 
at 17 and 97 cm below the head; and (2) a linearly 
polarized (from front to back of the body) magnetic 
field with a constant magnitude of 1 A/m to a dis
tance of 5.1 cm on either side of the plane of the 
eyes, tapering to zero after that distance. A wholebody-averaged SAR of 0.01 W/kg and peak SAR of 0.69 
W/kg in the neck region were determined. The impedance method appears to be accurate for plane electro
magnetic waves up to about 40 MHz for a human-sized 
body and to be accurate up to much higher frequencies 
when the phase of the incident fields is uniform a- cross the body.

(Eng.) Juuti- [Dept. of Environ- 
P0 Box SF-70211, Int J Biometeorol INTRODUCTION TO HYPERTHERMIA DEVICE EVALUA- (Eng.) Sapozink, M. Cetas. T.; Corry, P.

' , P. [Univ, of Utah Medical Center, Div. of Radiation Oncology, 50 N. Medical 
Dr., Salt Lake City, UT 84132 (M.D.S., M.J.E.); Univ, of Arizona Health Sciences Center, Dept, of Radiation 
Oncology, Tucson, AZ 85724 (T.C.); Univ, of Texas 
System Cancer Center, M. D. Anderson Hospital and 
Tumor Inst., Houston, TX (P.M.C.); Stanford Univ. Medical Center, Div. of Radiation Therapy, 300 Pas
teur Dr., Stanford, CA 91305 (P.F.); Div of Radiation Oncology, Kenneth Norris Jr. Cancer Hospital, JSC 
Sch. of Medicine, 1441 Eastlake Ave, Rm. 34, Los Angeles. CA 90033 (present address, RR/M.D.S.)] Int J 
Hyperthermia 4(1):1-15; 1988 (44 Refs).

Audiogenic seizure (AGS)-susceptible rats were used 
as an animal model to test the hypothesis that natu
ral electromagnetic signals (atmospherics) induce 
epileptic seizures. Thirty-two female AGS-susceptible KM rats, about 1 yr old, were exposed or sham- 
exposed for 1-1.5 hr to electromagnetic fields pro
duced between two aluminum plates operated as a 380- 
ohm balanced transmission line. Groups of 4 rats were exposed in plastic cages under conditions of 
controlled temperature, humidity, and light cycle in 
a steel and concrete building below ground level, which should have provided shielding against natural atmospherics. Seizure induction was carried out in
side a Plexiglas globe using a 10 kHz third-octave 
band of white noise with stepwise increases from 70- 
100 dB. Time from the initiation of sound stimulus to the beginning of the running phase (seizure laten
cy), ultimate convulsive endpoint, and the length of convulsion were measured and used to compute an au
diogenic response score. Simulation of natural atmospherics was problematical because critical field

From October 1981 to January 1987, the National Can
cer Institute of the U.S. Department of Public Health Services contracted with four institutions to evalu
ate hyperthermia technology to be applied in the treatment of human malignancy. The specific objec
tive was to evaluate the ability of the devices to produce hyperthermia, not to evaluate the effective
ness of hyperthermia as a treatment for human timers. During the five yr period 1981-1986. data were col-

EPILEPSY AND ELECTROMAGNETIC FIELDS: EF
FECTS OF SIMULATED ATMOSPHERICS AND 100-HZ MAGNETIC FIELDS ON AUDIOGENIC SEIZURE IN RATS, 
lainen, J.; Bjork, E.; Saali, K. 

"yyieue, Univ. of Kuopii 
Kuopio, Finland (RR/J.J.)] 
32(l):17-20; 1988 (15 Refs).
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4767 (Eng-) . .bieh, A. Y.; Paliwal, B. R. [Allegheny Singer Res. Inst., Pittsburgh, PA 15212 (P.N.S., T.K.S., A.Y.M.); Univ, of Wisconsin, Human Oncology Dept., Madison, HI 53792 (8.R.P.)] Int J Hyperthermia 4(l):25-37; 1988 (10 Refs).

lected which now reside in a consensus database representing treatments of 792 separate sites or fields in a total of 573 patients. These patients were treated with one or more of 49 devices at the four institutions. Sixteen ultrasound devices were evaluated in 195 sites, 9 magnetic induction devices (13.56 MHz) were evaluated in 208 sites, 20 radiative electromagnetic devices (operating in various frequency ranges from 60 MHz to 2450 MHz) were evaluated in 488 sites, and 4 interstitial devices (0.5 and 3 MHz) were evaluated in 37 sites. Many sites were treated with multiple hyperthermia modalities. The thermometry parameters used for comparison were T(min), the minimum intratumor temperature recorded during steady state or treatment period; T(max), the maximum intraturaor tenperature during this period; and T(av), the mean of all intratumor temperatures recorded at all tumor loci during this period. This first in a series of 13 reports describes the general objectives of the Contractors' Group, basic methods of device evaluation and brief details of the large variety of devices tested.

The National Cancer Institute sponsored clinical evaluations of regional hyperthermia systems at four clinical Institutions. To support this project, the Center for Devices and Radiological Health (CORH) developed test instruments and a phantom with which to evaluate the magnitude and repeatability of the Induced heating by radiofrequency (RF) systems used at three of these institutions. The RF phantom consists of a cylindrical fat-equivalent shell. 1 cm thick with an elliptical cross section, which is filled with uscle-equivalent low viscosity gel. Seven Teflon catheters extend through the length of the phantom from holes in the end plates. Measurements were made with four RF non-perturbing temperature probes (Narda Model 8011B), rodified by CDRH engineers to measure temperature with a precision of * 0.001 C. The phantom was placed in the hyperthermia device in the position that would be occupied by a patient, surrounded with three filled bolus bags, and all quadrants were excited with equal amplitude and phase. Temperature measurements were made 10 cm beyond the center of the phantom after 100 W of RF power had been applied for 1 min. Data from three institutions using the same model hyperthermia system have been analyzed. After heating, the average temperature from measurements taken at several points in the test phantom at each institution agree within ± 0.002 C. These differences are about equal to the measurement uncertainty. Thus, this technique can be used for preclintcal evaluation and quality control of the total system operation. After one of the institutions relocated its hyperthermia system and

HYPERTHERMIA QUALITY ASSURANCE RESULTS. Shrivastava, P. N.; Saylor, T. K.; Matlou- [Allegheny Singer Res.i.S., T.K.S., A.Y.M.);

The Hyperthermia Physics Center was established by the National Cancer Institute in 1983 to develop a quality assurance (QA) program and to conduct periodic reviews at participating/cooperating facilities. QA measurements were made at the five Hyperthermia Equipment Evaluation Centers involved in evaluating the clinical efficacy of a variety of devices for delivering heat treatments to deep-seated human tumors. A suimary of the QA protocol, results, testing procedures, standards, criteria, conclusions and recommendations are presented in this paper. Portable thermometers, power sensors, and other instruments were used to check the accuracy of thermometry systems, the safe operation of the power generators, accuracy of power indicators and power loss in cables, heating patterns in phantoms, and electromagnetic leakage. The QA review measurements indicate that: (1) 81.54 of temperatures surveyed were within the 0.2 C HPC criterion (914 were within 0.4 C), (2) only 664 of power indications were within the 104 criterion. (3) the heat patterns in a phantom produced by the BSD Annular Phased Array had significant variability, (4) each treatment facility had at least a few potentially occupiable locations where the maxinum permissible American National Standards Institute standards of electromagnetic leakage were exceeded, and (5) these levels of accuracy and safety were achieved only after stringent inhouse QA efforts. From the combined data, the authors concluded that the temperature accuracy in this cooperative trial was sufficient to justify a comnon analysis of clinical data as presented in this series. Also, stringent quality control of every parameter must continue to be stressed in all future hyperthermia trials.

changed the fluid in the antenna coupling chambers from water to ethylene glycol, a subsequent set of data showed inconsistencies: heating in the phantom increased 444 compared to their earlier data. Investigation traced the bulk of this increase to cable loss and power meter interference. Data from one institution showed deviations of less than 0.001 C, which was attributed to careful attention to all details when using the phantom test system. From the analysis of the data from the three institutions, the authors conclude that the utility of the CORH RF phantom for hyperthermia systems evaluation is demonstrated.

4766 CDRH RF PHANTOM FOR HYPERTHERMIA SYSTEMS EVALUATIONS. (Eng.) Allen, S.; Kantor, G.; Bassen, H.; Ruggera. P. [Food and Drug Administration, Center for Devices and Radiological Health, Rockville, MD 20857; Engineering Consultant. 110 Brethauer Ave., Pittsburgh, PA 15214 (present address/S.A.); Halter Reed Army Inst, of Res., Dept, of Microwave Res., Washington, DC 20307-5100 (present address/H.B.)] Int J Hyperthermia 4(l):17-23; 1988 (5 Refs).
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4770 STANFORD UNIVERSITY INSTITUTIONAL REPORT. 
PHASE I EVALUATION OF EQUIPMENT FOR HYPERTHERMIA TREATMENT OF CANCER. (Eng.) Kapp. D. S.; Fessenden. 
P.; Sanulski. T. V.; Bagshaw, N. A.; Cox. R. S.; Lee, 
E. R.; Lohrbach, A. W.; Meyer, J. L.; Prlonas. S. D.

Royal Oak, MI 48072 (present address/P.H.C., 
'] Int J Hyperthermia 4(l):53-74;Rd., kuyai uox, nJ 

E.P.A.; RR/P.M.C.)] 1988 (13 Refs).

Biological Effects of Nonionizing Electromagnetic
Radiation XII(2), December 1988

The authors evaluated the performance (tumor tecpera- 
ture elevation and associated acute toxicity) of 
several clinical hyperthermia devices developed at 
the University of Texas System Cancer Center. Treat
ments used ultrasound (US), high frequency magnetic induction (MI) using solenoidal and coaxial pair 
magnetic applicators, and ohmic heating using interstitial needle inplants (HI). Thermometry used a 
variety of cocinerc tally available devices 1n many configurations, with up to 10-15 intratumoral temper
ature points per tumor using chronically implantable 
linear arrays. A total of 413 device evaluations 
were performed on 251 different tumors located in 6 major anatomic regions in 189 patients. Consent of 
the patients was obtained, and patients were assigned 
nonrandomly to the hyperthermia modality judged most 
appropriate for the tumor. Multiple devices and treatments were evaluated in the same tumor in the 
same patient whenever possible. The average tumor volume for the study (553 cm3) is indicative of 
generally advanced disease status for the overall patient population. US was generally used for the 
treatment of smaller tumors (202 cm3), MI for tumors averaging 741 cm3, and NI for tumors averaging 1337 
cm3 ( 9438 cm3 in the abdomen and 208 cm3 in other areas). This bias in the treatment of large advanced 
lesions must be considered in multiple-device evaluations. Temperature distributions (average maximum, 
average minimum, spatial average, and percent of intratumor measurement points above index tempera
ture) were better for US than for other methods, but 
these tumors also tended to be snaller and more 
superficial. Tumors meeting the criteria of success
ful hyperthermia (42 C tumor tesperature in 75% of 
the index points) showed a much better the overall 
tesperature distribution than unsuccessful tumors, 
suggesting a cohort of tumors that were difficult to heat. Cooparisons of treatments based on sequential 
evaluation of different heating devices in the same 
tumor indicated that US were approximately twice as 
effective as Ml. Device performance, especially with MI, often iiproved with time into a multiple-session 
treatment course. Only a small number of tumors were treated with NI (5). The number of effectively 
heated tumors using the optimal method for each tumor type, approached 60% for first treatments and 78% for 
the best session which averaged 5.8 days after the first. The main limiting factor in the use of US was 
the small treatment area (about 50 cm3) and limited 
depth of heating (8-19 cm). MI was more effective in 
heating larger tumors, with less normal tissue toxicity (and pain), and improved intratumor temperature 
distributions.

4769 EVALUATION OF EQUIPMENT FOR HYPERTHERMIC 
TREATMENT OF CANCER. (Eng.) Corry, P. M.; Jabboury, 
K.; Kong, J. S.; Armour, E. P.; McCraw, F. [Dept, of Physics, The Univ, of Texas System Cancer Center, M. 
D. Anderson Hospital and Tumor Inst., 6723 Bertner 
St., Houston, TX 77030 (P.M.C., E.P.A., F.J.M.. T.L.); Oept. of Medical Oncology, The Univ, of Texas 
System Cancer Center, M. D. Anderson Hospital and Tumor Inst., 6723 Bertner St.. Houston, TX 77030 
(K.J.); Dept, of Clinical Radiology, The Univ, of Texas System Cancer Center, M. D. Anderson Hospital 
and Tumor Inst., 6723 Bertner St., Houston, TX 77030 (J.S.K.); William Beaumont Hospital, 3601 W. 13 Mile

Shinin, D. S.; Cetas, T. C.; Oleson, 
[Arizona Cancer 

Univ, of 
•e, Tucson, AZ 85724 (RR/ J.R.C., D.A.S.); Dept, of 

‘ iy, Univ, of Arizo- Int J Hyperthermia

As part of the National Cancer Institute Hyperthermia 
Equipment Evaluation Contract, data was collected 
from hyperthermia treatments of 215 independent sites 
in 203 patients at the University of Arizona from 
October 1981 through March 1986. This paper reports 
the effectiveness of hyperthermia in meeting thermal standards at various anatomical locations, toxicity, 
and treatment intolerance: clinical results (treat
ment effectiveness) are reported elsewhere. The heating techniques evaluated included air-coupled and 
water-coupled microwave applicators, radiofrequency 
(RF) coils. Interstitial RF applicators, the BSD annular phased array system (AA), and ultrasound. In 
the head and neck, a site dominated by superficial 
tumors, air-coupled and water-coupled microwave 
applicators yielded significantly higher tenperatures 
than RF coils, but air-coupled microwave applicators 
produced more variable temperatures than water- 
coupled microwave or ultrasound hyperthermia. Simi
larly in the thorax, also dominated by superficial 
tumors, water-coupled microwave applicators were 
best. In the abdomen and pelvis, sites dominated by deep tumors, only interstitial RF heating, an inva
sive technique useful only in selected cases, was 
capable of consistently producing therapeutic teoper- 
atures. Although performance of the AA was superior to the RF coils, the authors were not reliably able 
to obtain clinically useful temperatures in the 
abdomen or pelvis using the AA. Toxicity appeared to 
be site-related, and treatment discomfort was especially common in abdominal and pelvic sites. In 
conclusion, while superficial sites were readily heated using propagative electromagnetic devices, 
these devices were ineffective and poorly tolerated at deeper sites. Effective deep hyperthermia was 
best produced with interstitial techniques, and further development of these techniques using RF 
electrodes, implantable microwave antennas and thermoregulating ferromagnetic seeds, as well as scanned, focussed-ultrasound techniques, holds promise for effective heating of deep visceral sites.

(Eng.)
J. R.; Cassady, J. R.; Sim, D. A.
Center and Dept, of Radiation Oncology, Arizona Coll, of Medicine
D.S.S., T.C.C., J.R.O., u.k.u., u 
Electrical and Computer Engineering 
na, Tucson. AZ 85724 (T.C.C.)] I 
4(1):39-51; 1988 (15 Refs).
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heating the type of deep abdominal constituted the core of the referral large multifocal diffuse disease.

PHASE I EVALUATION OF HYPERTHERMIA EQUIHENT —-Zr“ ~ — • (En0-5*771 1 — UNIVERSITY OF UTAH INSTITUTIONAL REPORT. ’ (Eng.) Sapozii*. H. 0.: Gibbs. F. A. Jr.; Gibbs. P.; Stew-

[Oiv. of Radiation Therapy, Dept, of Therapeutic Radiology, Stanford Univ. Sch. of Medicine. Stanford, CA 94305] Int J Hyperthermia 4(1):75-115; 1988 (44 Refs).

Using a radiofrequency system with Inproved applicator design, a pair of ring-shaped capacitor plates, it is possible to generate an electromagnetic field within a cylindrical body with the electric field aligned parallel to the body axis. The calculated relative energy distribution was compared to thermal dosimetry data obtained in muscle phantom material

From September 16, total of 21 radiati'

[Div. of Radiation Oncology. Dept, of " ■ ' Medical Center, Salt Lake Hyperthermia 4(1):117-132;

Biological Effects of Nonionizing Electromagnetic 
Radiation xn(2), December 1988

art, J. R. [viv. na Radiology, Univ, of Utah City. UT 84109] Int J

The authors discuss the  search program at the University of Utah Medical Center and its subcontracting Institution, LDS Hospital, under the National Cancer Institute Hyperthermia Equipment Evaluation Contract. The major objectives of the program have been to develop a reliable thermometry system for collecting temperature information as a function of space as well as time; to evaluate and compare a number of hyperthermia devices, particularly with respect to deep-heating devices; and to develop methodology for analyzing hyperthermia data which could be used for device comparison. In the period from October 1981 to January 1986, a total of 137 patients were treated with one or more of 10 devices, specifically the BSD annular phased array system (AA) and its various configurations, and the Magnetrode. for a total of 199 device evaluations. Of these, 132 device evaluations involved deep-seated tumors. The AA was found to be feasible for deep pelvic regional hyperthermia, although the frequency of reversible acute toxicity was high (664), and achievement of desired temperatures was frequently limited by one of several factors. The treatment- related complication rate ranged from 04 in the extremities to 104 in the pelvis. The radiative electromagnetic wave applicators which were evaluated for treatment of superficial tumors were found to be mostly feasible for tumors of the thoracic and extremities regions, although the heating patterns were frequently too shallow or too small in area, when compared with the size of the lesion. Treatment in the head and neck region was technically difficult because of the variety of surface curvatures which are involved, and the limited surface area over which to position the bulky applicators. None of the devices evaluated was particularly effective in tumors which base, i.e.,

1981. through April 4. 1986, a ive electromagnetic (microwave and radiofrequency), ultrasound and interstitial radiofrequency hyperthermia applicators and three types of thermometry systems underwent extensive phantom and clinical testing at Stanford University as part of the National Cancer Institute Hyperthermia Equipment " ' / “ A total of 996 treatment sessions involving 268 separate treatment fields (defined as the area, sometimes containing more than one tumor, that could be heated by a single applicator) in 131 patients was performed. Thermal profiles were obtained in 847 of these treatment sessions by multipoint and/or mapping techniques involving mechanical translation. Applicators tested included coomercial devices, prototypes for preclinical evaluation, and a series of Archimedean-spiral design microstrip applicators designed at Stanford. The ability of these devices to heat superficial, eccentrically located, and deep-seated tumors at the major anatomical locations was evaluated and the temperature distributions, acute and subacute toxicities, and chronic cowpl(cations compared. Treatment objectives were to elevate intratumoral temperature to a minimum of 43 C for 45 min while maintaining normal tissue temperatures at or below 43 C. Average measured tumor temperatures between 42 C and 43 C were obtained in an average time of 5.9 min with many of the devices used for superficial heating; average timer tenpera- tures of 39.6-42.1 C were achieved in 14.3 min with the three deep-heating devices. When compared to the goal of obtaining minimum timer temperatures of 43.0 C, all devices performed poorly. Only 144 (118/847) of treatments with measured thermal profiles achieved minimum intratumoral temperatures of 41 C. Treatment-associated acute toxicity occurred in 564 of all treatments and 144 of all treatments necessitated power reduction resulting in maximum steady-state temperatures of less than 42.5 C. Direct comparisons between two or more devices utilized to treat the same field were made In 67 Instances, including 19 treatment fields in which two or more devices were compared at the same treatment session. The analyses from direct comparisons consistently showed that the static spiral and larger area scanning spiral applicators resulted in more favorable temperature distributions. Three fiberoptic thermometry systems (Lux- tron single channel, four channel, and eight channel multiple [four] probe array), the BSD Bowman thermistor system and a thermocouple system were evaluated with respect to accuracy, stability and artifacts. The clinical reliability, durability, and patient tolerance of the thermometry systems were investigated. The BSD Bowman and third generation Luxtron systems were found clinically useful, with the former meeting all criteria.

4772 EVALUATION OF RING CAPACITOR PLATES FOR REGIONAL DEEP HEATING. (Eng.) van Rhoon, G. C.; Visser, A. G.; van den Berg, P. H.; Reinhold, H. S. [Dept, of Hyperthermia, and Dept, of Physics. Rotterdam Radiotherapeutic Inst., Groene Hilledijk 301, 3075 EA Rotterdam, The Netherlands (G.C.v.R., A.G.V.); Dept, of Electrical Engineering, Delft Univ, of Technology. Delft, The Netherlands (P.M.v.d.B.); Radiobiological Inst. TNO, Rijswijk and Erasmus Univ., Rotterdam, The Netherlands (H.S.R.)] Int J Hyperthermia 4(2):133-142; 1988 (23 Refs).
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Regional hyperthermia treatments of 44 patients using the BSD-1000 Annular Phased Array between April 1983 
and December 1986 were evaluated as part of the 
National Cancer Institute Hyperthermia Equipment Evaluation Contract. Thermometry was performed using 
a Thermometric S-10 thermistor thermometer read through the BSD-1000 instrumentation. Thermistors 
were placed in Teflon catheters, and multipoint thermometry was achieved by measuring temperature at 
1 cm intervals along the catheters. Treatment objectives were an intratumor temperature of 42 C for 30 
min: higher temperatures were used if the patient was comfortable, and treatment was only continued for 
60 min if the temperature never reached 42 C. There 
were 32 pelvic, 9 abdominal, 2 extremity, and 1 thoracic sites treated. Mean tumor volume was 646 ± 1137 cc. Thirty-nine patients had concurrent radia
tion therapy, receiving a mean dose of 38 Gy. Mean average temperature was 41.0 * 1.4 C. Most patients 
experienced local or systemic toxicity, requiring temporary treatment interruption in 33 patients, and

A case history Is presented of a patient who experi
enced severe myonecrosis of the Inferior anterior abdominal wall as a complication of hyperthermia 
treatment for a recurrent pelvic tumor using the BSD 
annular phased array (AA) deep heating device. The 
patient, a 35 yr old woman, was one of 107 patients 
similarly treated in 368 hyperthermia sessions. Surface fields, and thermal mapping at 5-10 min 
intervals along blind-ended catheters Inserted into 
the rectal, bladder, and vaginal cavities were performed during her 3 hyperthermia sessions. The range 
of steady-state temperatures recorded varied between 40.9 and 43.2 C, and the maximum systemic teaperature 
during treatment was 40.3 C. Treatments were limited by elevations in systemic temperature and pulse rate, 
but the patient reported only transient discomfort. A CT scan performed 2 days later to assess the ef
fects of treatment showed symnetrlc bilateral lucen- 
cies in the anterior inferior abdominal wall muscula
ture. Serological tests indicated tissue damage: significantly elevated creatine phosphokinase (CPK), 
followed by high-normal levels of serum aldolase, lactate dehydrogenase, and alkaline phosphatase in 
the following days. Damage was attributed to local rather than systemic heating since this level of 
systemic tenperature elevation has frequently been observed in other patients without myonecrosis. 
Modeling of the power deposition pattern was performed retrospectively using CT Information and 
treatment data, and high electric field density was evident in the regions of documented injury. The 
authors suggest that routine use of thermal modeling 
techniques for simulation of excessive heating, and

using prototype capacitive systems operating at 
frequencies of 13.56 or 27.12 MHz. The prototype 
consisted of two copper or aluminum capacitive plates 
which were placed directly on the phantom's plastic 
shell. Three sizes of cylindrical phantom (7.7, 13.5, and 24 cm in diameter) were used. For thermal 
dosimetry, the cylindrical phantoms were split along 
an axial separation plane formed by a thin polyethyl
ene mylar film, and the surfaces of the separated 
halves were photographed with an AGA-680 infrared 
camera interfaced to a personal computer ("split 
phantom” technique). Relative SAR distributions are given as 50, 75, and 904 isocurves with respect to 
maximum measured SAR for different diameter phantoms, frequencies, and separation distances between rings 
(10-25 cm). For the 7.7 and 13.5 cm diameter phantoms, homogeneous heating (SAR 70-100% of maximum) 
was obtained over the tissue volume between the inner edges of the two rings. When the phantom diameter 
was increased to 22.5 cm, the SAR values at the 
center varied from 30-404 of the maximum SAR value, 
which was located near the inner edge of the rings. 
In this case, a 1 cm gap between the rings and the 
phantom shell was used to reduce the intensity of the hot spots. The authors conclude that initial results 
indicate the feasibility of this type of applicator 
for regional deep heating and for hyperthermic treat
ment of tumors in arms or legs, although more experi
mental work is needed if the applicator is to be used 
to heat tissue bodies with a diameter larger than 13.5 cm.

4773 REGIONAL HYPERTHERMIA FOR DEEP-SEATED MALIGNANCIES USING THE BSD ANNULAR ARRAY. (Eng.) Shim, 
D. S.; Cetas, T. C.; Oleson, J. R.; Gross, E. R.; Buechler, D. N.; Fletcher, A. M.; Dean, S. E. [Ari
zona Cancer Center and Dept, of Radiation Oncology, 
Univ, of Arizona Coll, of Medicine, Tucson, AZ 85724 
(D.S.S., T.C.C., J.R.O., E.R.G., D.N.B., A.M.F., 
S.E.D.); Electrical and Computer Engineering, Univ, of Arizona. Tucson, AZ 85724 (T.C.C., E.R.G., 
D.N.B.)] Int J Hyperthermia 4(2):159-170; 1988 (27 
Refs).

termination of treatment in 8. Chronic complications 
were seen in 4, but these were in patients receiving 
high total radiation doses as well. There were 6 
complete and 5 partial responses. Among the 32 patients with pelvic tumors, mean tumor volume was 
317 ± 315 cc, mean radiation dose was 42 Gy, and mean average temperature was 41.3 ± 1.2 C. There were 5 
complete and 4 partial responses. The authors con
clude that achieving tumor temperatures at or above 
42 C with the annular array is difficult, due to both 
systemic and local toxicity. To improve clinical 
hyperthermia for thoracic, abdominal, and pelvic 
tumors, new technologies such as steerable phased 
array microwave systems; scanned, focused ultrasound; 
and permanently implantable thermoregulating ferro
magnetic seeds, or new approaches such as using drugs 
to alter blood flow, or confining hyperthermia with 
antineoplastic drugs or biological agents, will be 
necessary.

4774 MYONECROSIS FOLLOWING DEEP PELVIC HYPERTHERMIA. (Eng.) Sapozlnk, M. 0.; Gibbs, P.; Gibbs, F. 
A., Jr.; Jolies, C. [Div. of Radiation Oncology, Dept, of Radiology, Univ, of Utah Medical Center, 
Salt Lake City, UT 84132 (M.D.S., P.G., F.A.G.); Div. 
of Gynecologic Oncology, Dept, of Obstetrics and 
Gynecology, Univ, of Utah Medical Center, Salt Lake 
City, UT 84132 (C.J.); Div. of Radiation Oncology, 
Kenneth Norris Jr. Cancer Hospital, Los Angeles, CA 
(present address, RR/M.O.S.)] Int J Hyperthermia 
4(3):251-258; 1988 (16 Refs).



Current Literature

I

the literature

is

48

mic ti 
basis

113
J 
fl

Biological Effects of Nonionizin^^Electromagnetic

4776FOR LOCALIZED HYPERTHERMIA: 
(Eng.) Ocheltree, K. B.; Frizzell. L. A. [IBM 
Corp.. T. J. Watson Research Center, Yorktown

serial serum CPK determinations over the course of 
treatment should be used to prevent the type of 
myonecrosis seen in this case. They point out that 
the potential sequelae of myonecrosis can be far more 
serious than in the case reported here.

DETERMINATION OF POWER DEPOSITION PATTERNS 
~ A TRANSIENT ANALYSIS.Ocheltree, K. B.; Frizzell, L. A. [IBM corp., f. J. liatsvii Research Center, Yorktown Heights. NY 10598 (K.B.O.); Bioacoustics Research

1
‘fl I

Lab., buiv. ui iii 
IL 61801 (L.A.F.)J 1988 (9 Refs).

Fifty-one spontaneous tumors in pet dogs referred to 
the University of Cambridge Department of Clinical 
Veterinary Medicine or the Animal Health Trust, 
Newmarket, were treated with local microwave hyper
thermia and ionizing radiation. Hyperthermia was 
given on one or two occasions using a microprocessor- controlled hyperthermia system with microstrip radia
tive applicators operating at 915 and 433 MHz. Heating area and frequency were chosen as appropriate 
for the area and depth of the tumor. A circulating deionized water-filled bolus was used for tissue 
coupling and surface cooling. Temperature was mea
sured throughout treatment using single and multi
junction constantan-manganin thermocouples inserted into the tumor and normal tissues in 20 gauge plastic 
cannulae. Temperature measurements made every 30 sec during a 5 sec power-off cycle were used to calculate 
an effective thermal dose (TD) in minutes equivalent heating at 43 C (min eq 43) in real time for every point measured. Ionizing radiation (20-50 Gy) was 
delivered using a linear accelerator as X-rays (8 or 16 MeV) or electron beams (5-20 MeV) depending on 
tumor depth. A total of 87 hyperthermia treatments 
were performed, and the hyperthermia system produced 
the target temperature of 44 C in 954 of the treat
ments. Temperature elevation in the tumors was not uniform and thermal gradients between measurement 
points of 3-5 C were frequently measured. In 634 of 
treatments, the temperature gradient across the tumor 
was in excess of 60 min eq 43, and only 94 of treatments achieved a minimum TD greater than 20 min eq 
43. While smaller tumors generally heated in a more 
homogeneous manner and showed significantly smaller 
thermal gradients than larger tumors, neither tumor volume or bone involvement had a significant correla
tion with minimum, maximum, or mean TD. Thirty-one tumors (60.74) showed a complete response to treat-

4777 MICROWAVE HYPERTHERMIA IN THE TREATMENT OF 
SPONTANEOUS CANINE TUMORS: AN ANALYSIS OF TREATMENT PARAMETERS AND TUMOR RESPONSE. (Eng.) Thompson, J. 
M.; Dhoodhat, Y. A.; Bleehen, N. M.; Gorman, N. T. 
[Univ. Dept, and MRC Unit of Clinical Oncology and 
Radiotherapy, Hills Rd., Cambridge, UK (J.M.T., 
Y.A.O., N.H.8., N.T.G.); Dept, of Clinical Veterinary 
Medicine, Univ, of Cambridge, Hadingley Rd., Cambridge, UK (J.M.T.)] Int J Hyperthermia 4(4):383- 
399; 1988 (26 Refs).

The authors report clinical results from treatment of 27 patients (31 tumor sites) with locally recurrent 
or persistent tumors using a combination of interstitial microwave hyperthermia and 192-iridium inplants. 
Hyperthermia was given using a BSD-300 or a BSD-1000 system (BSD Medical Corp., Salt Lake City, UT) oper
ating at 915 and 630 MHz, respectively. Each system provides output for up to 4 interstitial antennae and 
up to 8 thermometry channels. Therapeutic tenpera- ture was defined as 42.5 C, and the number of minutes 
that a Bowman thermistor probe located in a catheter near the center of the tumor registered 42.5 C was 
defined as the thermal dose (TD) for that treatment. 
Catheters were placed according to criteria for 
radiotherapy, but in some cases additional catheters were used for thermal mapping. The treatment plan Involved two hyperthermia sessions of 45-60 min each, 
one prior to insertion of 192-Ir, and the second 
following removal of the radioactive sources. However, the second hyperthermia treatment was not per
formed with 4 of the 31 sites due to technical difficulties. Measured TD ranged from less than 60 min to 
over 90 min (for 2 sessions). Of the 31 sites, 19 (614) had complete response with no recurrence in the 
volume treated, 11 sites (364) showed a partial response (over 504 regression in tumor mass), and one 
showed minimal response. Treatment response was not correlated with site, was negatively correlated with timer volume over 150 cm3, was positively correlated with ionizing radiation dose (30, 40, or more than 40 
Gy), and was not correlated with TD. Treatment 
response is consistent with other clinical reports in 
the literature, and the authors conclude that these 
results demonstrate the effectiveness of thermoradiotherapy, although the reason for the lack of increased response rate with Increasing TD is not clear.

The authors present a three-dimensional numerical 
method, based on the bioheat transfer equation, that 
allows calculation of the power deposition patterns 
required to produce and maintain a uniform hyperther- 

erature in a tumor mass. The theoretical the model is discussed, and the consequences 
of various physiological parameters used for the tumor model illustrated with time/power deposition 
curves. The method is applied to a spherical tumor 
model, and the resulting temperature contour plots 
are given.

Univ, of Illinois, 1406 West Green St., Urbana, 1 Int J Hyperthermia 4(3):281-296;

4775 INTERSTITIAL THERMORADIOTHERAPY FOR RECUR
RENT OR PERSISTENT TUMOURS. (Eng.) Lam, K.; Astra- 
han, M.; Lanmgholtz, B.; Jepson, J.; Cohen, D.; 
Luxton, G.; Petrovich, Z. [Dept, of Radiation Oncology. Univ, of Southern California Sch. of Medicine, 
1441 Eastlake Ave., Los Angeles, CA 90033 (K.L., 
M.A., J.J..D.C., G.L., Z.P.); Dept, of Preventive 
Medicine, Univ, of Southern California Sch. of Medi
cine, 1441 Eastlake Ave., Los Angeles, CA 90033 (B.L.)J Int J Hyperthermia 4(3):259-266; 1988 (17 
Refs).
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In order to illustrate the importance of tissue layer 
effects in the use of microwave signals for thermonits, the authors developed an effi- 

predicting radiometric data captured

Biological Effects of Nonionizing Electromagnetic 
Radiation XII(2), December 1988

graphic measurements 
ci ent method for [ by a contacting aperture antenna on the surface 
overlying a multi-layered tissue. The propagation of microwaves In lossy media was analyzed using a spec
tral diffraction approach, extended via a cascade transmission line model. By invoking the reciprocity 
principle, the receiving pattern of the contacting antenna is considered identical to the radiation 
pattern when used as an active radiator. The influ
ence of intervening fat layers on the temperature measured by the radiometer was assessed in simulations and by experimental studies. The experimental 
procedure modeled radiometric scanning of a temperature hot spot using tubes containing higher tenpera- 
ture water (10 C or 30 C hotter) in a 28 C water 
bath, alone or under a layer of solid resin fat
equivalent material. Measured and calculated temperature profiles were compared with and without the fat 
layer. Results suggest that dielectric layering in the tissue strongly Influences the radiometric pat
tern. When two parallel 9 mrrn diameter tubes of heated water located 3 mm apart were scanned in water 
they were resolved clearly, but the resolution was substantially reduced when a 9-rirn resin layer was 
interposed. The absolute value of measured tempera
ture was also influenced by overlying fat layers: 
calculated and measured apparent temperature distributions were broader and higher as the overlying

Artifacts in temperature measurements made with 
thermocouple thermometers in microwave fields due to 
self-heating of thermocouple wires are discussed. At 
higher frequencies, self-heating is mainly the result of direct absorption of electromagnetic energy, while 
at lower frequencies, with inadequate filtering and 
isolation, currents flowing to ground can produce similar effects. Heating of the probe in the field 
produces an elevated temperature artifact resulting 
from a higher temperature at the sensor than in adjacent tissue (probe heating), but also as the 
result of heating of adjacent tissue as the thermometer no longer functions as a passive device but 
itself becomes a heat source due to its own excess temperature (tissue heating). In a clinical setting, 
a correction factor may be applied to temperature data based on measurements of the artifact in a test 
system or under actual treatment conditions, the 
field may be briefly interrupted during temperature 
measurements to avoid the artifact, or the probe may be designed to minimize the magnitude of the two 
self-heating artifacts. The relative success of each approach is discussed based on the authors' previous
ly published quantitative results. Under almost all conditions, both the probe and tissue heating arti
facts exceed the generally accepted level of accuracy of 0.1 C. At a depth of 2 mm, electric field 
strength and consequent artifacts are so high that 
use of thermocouple thermometers is effectively 
precluded. At greater depths, correction by calculation can correct systematic errors, but random errors 
are injected. In vivo determinations of artifact magnitude yields accurate values for the probe heating artifact, but is not accurate for the tissue heating artifacts, which are highly dependent on 
local blood flow. Measurements of temperature during brief interruptions of heating is a viable technique 
provided sufficient time elapses between the cessation of heating and reading. The probe time constant 
may be determined to determine the length of the power interruption needed to avoid the probe heating

ment (CR), and an additional 14 (27*) showed a par
tial response. Twenty-two tumors (43*) recurred 
locally at intervals of 11-76 weeks (mean of 27 weeks 
from start of treatment). Smaller lesions and tumors 
that received two heat treatments showed significant
ly higher CR rates, but minimal tumor temperature was not correlated with treatment success. Conversely, 
large tumor volume was correlated with a lower CR rate and higher recurrence rate. Acute toxicity was 
observed in 70* of the cases, but resolved spontane
ously within 4-6 wk after treatment. Normal tissue 
necrosis was seen in three cases and attributed to 
hyperthermia in two of them. The authors conclude 
that the addition of hyperthermia to radiotherapy 
appears to produce more rapid and effective resolu
tion of the primary tumor than radiotherapy alone. They attribute the lack of a significant correlation 
between TD parameters and tumor response to the 
relatively small and variable group of cases, inhomo
geneous temperature distributions within tumors, the limitations on invasive thermometry since many of the 
treatment fields (over 50*) involved bone, the high CR rate, and the low minimum TD in most treatments.

layer of fat was increased in thickness from 0 to 4.5 
to 9 nrn. In each case, there was good agreement 
between calculated and measured thermal patterns. 
Results indicate that the assumption of homogeneous 
tissue can lead to errors of interpretation: an 
overlying layer of fat can make a hot volume appear 
both hotter and larger (lower spatial resolution). 
Using the computational method, the authors suggest, corrections could be made for attenuation by the fat 
layer with a particular operating frequency of the 
radiometer, probe type and dimensions if the geometry 
of the tissue was known from ultrasound scanning or 
X-ray computerized tomography data.

4779 MINIMIZING THE SELF-HEATING ARTIFACTS DUE TO 
THE MICROWAVE IRRADIATION OF THERMOCOUPLES. (Eng.) 
Dunscombe, P. B.; Constable, R. T.; McLellan, J. 
[Dept, of Medical Physics, Manitoba Cancer Treatment 
and Research Foundation, 100 Olivia St., Winnipeg. Manitoba R3E 0V9 Canada; Dept, of Physics, Univ, of 
Manitoba, Winnipeg, Manitoba, Canada (P.B.D., 

" Int J Hyperthermia 4(4):437-445; 1988 (8

4778 THE INFLUENCE OF TISSUE LAYERING ON MICRO
WAVE THERMOGRAPHIC MEASUREMENTS. (Eng.) Hawley, M. 
S.; Conway, J.; Anderson, A. P.; Cudd, P. A. [Dept, 
of Medical Physics and Clinical Engineering, Weston 
Park Hospital, Whitham Rd., Sheffield S10 2SJ, UK 
(M.S.H., J.C.); Dept, of Electronic and Electrical 
Engineering, Univ, of Sheffield, Mappin St., Shef
field SI 3JD, UK (A.P.A., P.A.C.)] Int J Hyperther
mia 4(4):427-435; 1988 (17 Refs).
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AN ANALYTICAL MODEL OF THE ELECTROSENSORY (Eng.) Frey, A. H.; Eichert, E. County Line and Mann Rds., 1 J Bioelectricity

Biological Ejects of Nonionizin^^lectromagnetic

Thermography was used to monitor field-perturbing effects of metallic thermistors and thermocouples in miscle-equivalent phantom material exposed to 434 or 915 MHz microwave radiation. The phantom material was contained in a 30 x 30 x 7.5 cm box, and was overlaid with an additional 1 or 2 cm thick slab of phantom material for testing heating at depth. Spacers were used to provide the proper distance for optimal heating between the applicator aperture and the surface of the phantom: at 915 MHz, the 13 cm2 applicator was placed on a )j-inch-th1ck Styrofoam slab; while at 434 MHz, the 5/8-inch applicator aperture was placed on a 1/8-inch-thick piece of Plexiglas. Incident power was 500-525 W at 915 MHz for 15, 30, and 60 sec for heating at depths of 0, 1, and 2 cm, respectively; at 434 MHz. 95-100 W was used for 2, 4. and 6 min for heating at depths of 0, 1, and 2 cm. Thermistors (YSI series 511), thermocouples (Bailey, IT-18 type-T), Luxtron fiber optic probes (model 20008, type LHC), and 17 gauge stainless steel needles were tested directly on the phantom surface or in plastic or Teflon catheters, oriented parallel, perpendicular, or at 45° to the E field. Thermograms were taken prior to and after each microwave exposure with the UTI-9000 thermography system, and results plotted as 1sotemperature rise contours. Thermograms indicated heating changes of up to *25% to -45% at 915 MHz, and * 15% at 434 MHz depending on length, size, location, orientation, and composition of the probes. Bare needle Implants produced the greatest perturbation, giving a hot spot at the tip at 915 MHz when at the center of the field, and two elliptical side loops as the needle was pushed beyond the center. Thermistors and thermocouples in plastic catheters produced similar patterns with a 10-25% temperature increase in elliptical side loops, and a 25-40% temperature decrease along the thermometer track. With the probes placed perpendicular to the E field, only minimal changes in the heating pattern were observed except for the surface case which showed a 5-10% increase in temperature along the thermometer track. Fiber optic probes produced a 5-10% temperature decrease along the thermometer track at a depth of 2 cm. but minimal shifts in heating patterns otherwise. Only thermocouples were tested at 434 MHz. Maxima perturbation

artifact, but this approach is not applicable to the tissue heating artifact. Reduction of the coupling to the electric field can be obtained by optimized orientation, and heating can be minimized by the use of high-resistance wires. The authors conclude that no satisfactory technique has been identified to deal with the tissue heating artifact, but the probe heating artifact can be reduced significantly by effective thermal coupling to the surrounding tissue and use of the power interruption technique.

4780 CHANGES IN HEATING PATTERNS DUE TO PERTURBATIONS BY THERMOMETER PROBES AT 915 AND 434 MHZ. (Eng.) Chan, K. W.; Chou, C. K.; McDougall, J. A.; Luk, K. H. [Dept, of Radiation Research, Div. of Radiation Oncology, City of Hope National Medical Center, Duarte, CA 91010-0269] Int J Hyperthermia 4(4):447-456; 1988 (19 Refs).

was shown at 2 cm depth, and variations in heating patterns were less than 10% when probes were at different locations and orientations in the E field. Changes in heating pattern were asymmetrical, and generally greater when the probes were inserted at 45 or 90° to the E-field. The authors point out that in spite of technological developments in non-perturbing probes, thermistors and thermocouples are still frequently used clinically because of their lower cost and better precision with infrequent calibration. Optical probes, while minimally perturbing by themselves, must be used with catheters which will change the heating patterns. Plastic catheters were found to produce more perturbation than Teflon catheters. The authors conclude that when thermistors or thermocouples must be used in a parallel orientation to the E-field, they should not be inserted beyond the center of the field, and care should be taken that the hot spot in the center of the field does not shift beyond the tumor region.

4781SYSTEM OF THE FISH.S. [Randomline, Inc., Cuuiiiy Huntingdon Valley, PA 19006] 7(l):l-32; 1988 (19 Refs).

In order to update an earlier review and mathematical model of the electrosensory system of weakly electric fish (Biophys 12:1326-1358, 1972), the authors briefly review recent literature, present a three-dimensional computer model of the electrosensory system, and discuss results of certain measurements made on physical models and live fish. Recent results indicate that phase relationships of multiple signals may be used by fish to improve electrolocation performance, minimize the effect of amplitude changes caused by conductivity variations, and avoid jamming by other signals at or near the same frequency. Neurons that encode phase differences between sinusoidal electrical stimuli received in different regions of the body have been identified, and fish show the ability to recognize interfering signals from con- specifics, altering their rate of discharge or "filtering" their response to process only those signals that are detected in the time range expected for a returning signal. Electroreceptor inputs have been traced to specific neurons in the midbrain where central processing of signals may analyze signals in time as well as frequency domains. Behavioral and physiological data therefore suggests that fish have evolved mechanisms for electrosensory filtering and discrimination using mechanisms which do not require a shift in electric organ discharge frequency, analytical computer model, coded in FORTRAN, outlined. The model establishes boundary conditions, and calculates the complex electric field at each receptor due to the signal produced by each element of the electrocyte organ. Data regarding the environment is divided into 90,000 square pyramids of infinite altitude with the vertex at coordinates representing the center of an electrocyte organ; the behavior of C- ........................each pyramid is i results at each
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Low voltage electric fields can affect ionic and/or 
metabolic in vivo tissue function in the liver: 
application of a 1.5 V, 20 nA electric field to the 
main bile duct area produces intrahepatic cholesta
sis. characterized by a reduced rate of bile salt 
secretion, within a few hours. This system was used to characterize biochemical and membrane responses to 
electric fields using various conjugated or unconju
gated 14-C bile salt tracer compounds, either alone or after interruption and restoration of the entero- 
hepatic bile salt cycle. Mature male Wistar rats 
were anesthetized and implanted with electrodes in the inferior vena cava proximal to the liver, and in 
the main bile duct. An electric field (1.5-3.0 V, 10-60 jiA) was applied to the electrodes during the 
course of the experiment (6 hr) using both field polarities (cathode in bile duct, designated bile-/ 
blood+, or cathode in the vena cava, designated bile+/blood-). In the first experimental series, 
small quantities of tracer bile salts were injected in a bolus into the jugular vein 3 hr after the start 
of electric field treatment. Bile samples were 
collected during the course of the experiment. At 
the end of the experiment, rats were killed and blood 
was collected for analysis. In the second experimen
tal series, large but physiologically compatible amounts of taurocholate (36 gmoles/hr) were continu
ously infused from 170 min to the end of the experiment. This restored bile salt secretion to a con
stant rate. A bolus of tracer bile salts was injected at 170 min. In both series, the intrahepatic

taurine pool was prelabeled by administering 3-H 
taurine in the drinking water for 48 hr prior to the 
start of the experiment. Tracer studies showed that 
uptake and secretion by the liver was rapid under 
control conditions. Application of the electric 
field delayed secretion of 14-C taurocholate Into the 
bile in the first 5 min after injection, with more 
delay in the bile+/blood- group. When the current was increased from 10-30 ixA to 50-60 pA, the delaying 
effect was greater. The delay in secretion was 
reflected in the accumulation of radioactive bile 
salts in electric field-treated rats, causing an 
increase in the specific radioactivity of taurocho
late. With continuous infusion of bile salts (second experiment), bile salt secretion remained stable 
throughout the course of the experiment in all groups. A delay in secretion of 14-C tauroconjugated 
or unconjugated bile salts in field-treated rats indicated that substrate uptake was delayed (since 
the secretion rate was constant). Electric fields had no effect on 3H-tauroconjugation or measured 
blood parameters (urea, uric acid, creatine, glucose, calcium and sodium ions, total protein, albumin, and 
transaminase), indicating normal kidney function 
during treatment. Electron microscopy showed that 
field treatment led to accumulation of osmiophllic, 
probably lipidic, globules in hepatocytes along the 
edges of the bile duct. Bundles of collagen fibers in intracellular spaces were abundant in field- 
treated rats. The authors interpret this histology as indicative of plasma meotrane defects, and suggest 
that electric fields may induce ionic migration, which modifies the structure and function of 
intercellular matrix involved in intramembrane transport.

STUDIES OF THE TERATOGENIC POTENTIAL 
EXPOSURE OF RATS TO 27.12 MHZ PULSED SHORTWAVE RADIA
TION. (Eng.) Brown-Woodman, P. D. C.; Hadley, J. A. 
[Dept, of Biological Sciences, Cumberland Coll, of 
Health Sciences, P0 Box 170. Lidcombe, 2141. Austra
lia (P.D.C.B-W.); Sch. of Physiotherapy, Cumberland Coll, of Health Sciences, PO Box 170, Lidcombe, Australia (J.A.H.)] J Bioelectricity 7(l):57-67; 
1988 (29 Refs).

Pregnant Sprague-Dawley rats were exposed to 27.12 MHz pulsed radiation from one of two cocmercial 
shortwave diathermy units to assess the teratogenic potential of this radiation during organogenesis. 
Rats were mated and exposed or sham-exposed on day 9 of gestation. Each rat was placed in a Plexiglas 
holder between parallel 13 cm diameter electrodes placed 112 ran apart (whole body irradiation condi
tions), and were therefore oriented perpendicular to 
the electric field and parallel to the magnetic 
field. Core temperature was measured with a rectal 
thermistor probe periodically during exposure with 
the power off to avoid perturbation of the field. The pulse repetition frequency and power settings for 
the 6 treatment groups were the standard settings set 
by the manufacturers of the diathermy units: Erbe 
Erbotherm HOOP; 60 min at 10 Hz and 5 W/ca2, 45 min at 20 Hz and 10 W/cm2, 30 min at 30 Hz and 15 W/an2;

4782 EFFECTS OF APPLIED ELECTRIC FIELDS ON BILE 
SALT SECRETION BY IN SITU RAT LIVER. (Eng.) Chanus- 
sot, F.; Martigne, M.; Chene de la Porte, P.; LaFont, 
H.; Hauton, J. [Unite 130 INSERM, 10, avenue Viton. 13009 Marseille, France] J Bioelectricity 7(1):33- 
55; 1988 (32 Refs).

all regions have been evaluated, the quantities 
measured by the electroreceptors are computed and 
displayed for analysis. Subsequent steps involving 
data reduction, memory, and information processing 
are not modeled because techniques in the areas of 
cybernetics and pattern recognition theory are not sufficiently advanced at present. Equations used in 
the model are presented. Physical model experiments 
are described using an acrylic pipe model of a fish 
in the center of a cylindrical tank of water: a 1-cm 
dipole simulated the electrocyte organ, and a movable 
plumb-bob sensor or an array of receptor electrodes 
along the length of the model was used to model the 
electroreceptor. With this model, several aspects of 
the computer model were confirmed, and a range of 
objects could be discriminated. Movement of objects relative to the model could be detected by difference 
signals and phase changes. Other aspects of the model were supported by behavioral frequency response 
experiments with mormyrid fish conditioned to an acoustic pulse, with physiological measurements of 
electrocyte organ output. The authors conclude that 
mathematical modeling has been valuable in guiding 
physical modeling, behavioral, and biological experi
mentation.
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Enraf Curapuls shortwave diathermy unit; 60 min at 15 
Hz and 6 W/cm2, 45 min at 26 Hz and 10.3 W/cm2, 30 mtn at 35 Hz and 14 W/cm2. SARs, determined for the 
3 settings of the Erbe Erbotherm unit using a saline- filled phantom model of the rat, were 5.6, 4.2, and 
2.8 W/kg for 30, 20 and 10 Hz settings, respectively. The authors indicate that they were unable to deter
mine SARs for the Enraf Curapuls unit with the same 
procedure because the absorbed energy could not be 
detected with the thermistor probe. The mean in
crease in maternal temperature produced by these treatments ranged from 0.4 to 1.3 C and were not 
significantly different from sham-exposed controls. All rats were killed on day 20 of gestation and 
examined for the number of implantation sites and 
fetuses. Fetuses were fixed for later morphological examination. The mean weight of fetuses and number 
of malformed fetuses did not differ significantly between groups. The percent of resorbed implanta
tions increased with increasing duration of treatment 
with the Erbe unit: 5.44 after 30 min, 12.54 after 
45 min, and 20.44 after 60 min. The effect was not 
seen when the Enraf Curapuls unit was used. Although 
the measured maternal temperature increase is well below the teratogenic threshold for hyperthermia 
reported in the literature, the authors point out that localized temperature increases in excess of 
rectal temperature cannot be ruled out since the 
radiofrequency dosimetry was not determined.

Biological Effects of Nonionizing Electromagnetic

Previous results showed that endosteal bone zeta 
potentials differed significantly after storage when 
bones were subjected to a pH 10 to pH 3 buffer series, but not when they were subjected to a pH 3 to 
pH 10 buffer series. The present study was conducted to determine if exposure of bone to acid or base 
changes its zeta potential independent of any storage effects. Fresh canine fenxirs, humeri, and tibias from mongrel dogs used for experiments by the Depart
ment of Surgery and Physiology were prepared for 
streaming potential measurements lainediately after 
death of the animals. Endosteal streaming potentials were determined in 0.01 H HEPES-buffered 5.24 glucose solution at pH 7.4 (glucose-HEPES), then in universal 
buffer solutions sequentially changed from acid to base and back (pH 3-7-10-7-3), from base to acid and 
back (10-7-3-7-10), from acid to base (3-7-10), or from base to acid (10-7-3). Streaming potentials 
were determined in 0.1 M HEPES (pH 7.4) before and after each pH sequence to monitor any change in potential that might occur as a result of exposure to 
pH sequence. Bones were then stored in glucose-HEPES (pH 7.4) at -80 C for 2 wk. After bringing the bones 
to room temperature, streaming potentials were again 
determined in the same solutions used before storage. Prestorage exposure of bone to acid-base-acid (pH 3-

4785 THE EFFECT OF HIGH-INTENSITY ELECTRIC-FIELD 
EXPOSURE ON LIPID PEROXIDATION IN BLOOD AND ORGANS IN RATS. (Eng.) Kimura, R.; Sato, H.; Kato, Y.; 
Aimoto, T.; Hara, A. [Sch. of Pharmaceutical Sci
ence. Univ, of Shizuoka, 2-2-1, Oshika, Shizouka 422, 
Japan (R.K., H.S., Y.S.); Faculty of Pharmaceutical Sciences, Setsunan Univ., 45-1, Nagaotoge-cho, Hira- 
kata, Osaka 573-01, Japan (T.A.); Hakuju Inst, for 
Health Science, Co., Ltd., 1-15-16, Toranomon, 
Hinato-ku, Tokyo 105, Japan (A.H.)J J Bioelectricity 7(l):77-88; 1988 (16 Refs).

7-10-7-3) or base-acid-base (pH 10-7-3-7-10) 
sequences did not significantly change zeta-potentials measured either before or after storage at -80 
C. However, zeta-potentials measured pre- and poststorage in pH 10 buffer did differ significantly In 
bones subjected to the acid to base series pre
storage, and the base to acid series poststorage. 
Significant differences were also found between pre- 
and poststorage data at pH 3 and 7 with the acid to 
base sequence, and at pH 7 with the base to acid 
sequence. These differences were considered anoma
lous and attributable to extreme prestorage values, since the data was at variance with results when 
similar pre- and poststorage pH sequences were used. 
Zeta-potentials showed much greater variation when 
measurements were made on the same bone from six different dogs than when data was obtained using six 
bones from the same dog. When present results were pooled with previously published data, significant 
differences remained in zeta-potentials at pH 3 with 
prestorage exposure of bone to acid to base sequences 
(p < 0.005), and in zeta-potentials at pH 7 in the 
base to acid sequence (p < 0.001). The authors 
conclude that these differences could not be readily attributed to storage or pH sequence but, in part, 
might reflect differences in variation among bones 
from different dogs.

The authors investigated the effect of long-term exposure to a high-intensity electric field on the 
normal age-associated increase in lipid peroxidation 
in tissues which is thought to be part of the cellular mechanism of aging. Individually caged male Wistar rats were placed in a 60-Hz exposure system 
and exposed, or sham-exposed, to a 50 kV/m field from 
8 wk of age for a total of 55 wk. Exposure was 
maintained continuously except for the time needed to 
weigh the animals and take 100 ul blood sanpies 
approximately twice a week. Ambient temperature (25- 26 C) and light/dark cycles (12/12 hr) were control
led, and stray fields were attenuated by placing both exposure systems in grounded Faraday cages. At the 
end of the experiment, rats were killed by decapitation, and sanpies of tissue were removed for analysis 
of tissue lipid peroxides and a range of hematological parameters. Significant differences appeared in 
body weights between sham-exposed and home cage rats by 3 days, and between exposed and home cage rats by 
7 days, but there were no significant differences between exposed and sham-exposed rats over the course 
of the experiment. Blood lipid peroxide levels showed a transient initial decrease in both exposed

4784 EFFECTS OF TRANSIENT EXPOSURE OF ENDOSTEAL 
BONE TO ACID OR BASE ON PRE- AND POSTSTORAGE ZETAPOTENTIALS. (Eng.) Elwood. W. K.; Smith. S. 0. 
[Depts, of Anatomy and Oral Biology. Wenner-Gren Research Lab., Coll, of Medicine, Univ, of Kentucky. 
Lexington. KY 40503-00849) J Bioelectricity 7(1):69- 75; 1988 (3 Refs).



Current Literature

4788

Rd

53

on 
of

4786 
NALS.

Univ.
) J

S.; Juutilainen, 
livilLa I nea I ul, Ui 
Kuopio, Finland]

The author discusses his personal involvement from the mid 1970s with the New York State Public Service 
Corwnission's proposed study of potential health effects associated with ultra-high voltage power
lines, and assesses the sunnary Report on the outcome of the research which began in 1981 [New York State 
Power Lines Project Scientific Advisory Panel Final Report, 1 July 1987; BENER Digest 11(2), Abstracts 
3619-3638], The author contends that the study was flawed from the start by an unanticipated level of 
control exercised by the utility companies that 
funded the program, and an administrative bias that 
biological and health effects would not occur. In his critique of the sumnary Report, the author main
tains that: (1) studies showing positive bioeffects were subjected to much more rigorous requirements for 
scientific validity than were the negative reports, (2) statements made in the Report about positive

Biological Effects of Nonionizing Electromagnetic 
Radiation XII(2), December 1988

Application of microwave heat to the human testes has 
been investigated as a possible male contraceptive 
technique, and was found to produce sustained azo
ospermia with heat treatment intervals of 3 wk. In 
order to assess the long-term effects of such treatment, the authors examined exfoliated cells and sperm 
in the seminal fluid of 16 men who had received their last microwave contraceptive treatment 1 yr previous
ly. Treated subjects had received 13-60 treatments 
(mean ± standard deviation: 34 ± 14.5). Each treat
ment consisted of direct irradiation of the testes 
with 2450 MHz microwaves at an intensity sufficient to produce heating to 40-41 C for 30 min. The com
parison group consisted of 6 normal volunteers with 
no significant differences from the treated group in 
age, prior exposure to radiation, or drug/medication 
history. Cytological analysis indicated significant 
differences in the number of cast-off cells (p < 
0.001) and deformed sperm (p < 0.05). The treated 
group had 5.96 ± 7.51* cast-off cells (spermatids, 
spermatocytes, and spermatogonia), and 1.43 * 1.07% deformed sperm, while the corresponding percentages 
for the conparison group were 1.17 ± 0.464 cast-off cells and 0.33 ± 0.194 abnormal sperm. The authors 
conclude that microwave heating produced an effect on the spermatogonia! stem cells that caused them to 
continue to produce degenerated cells in the semen a 
yr after the cessation of treatment.

The influence of a video display terminal (VDT) 
the absolute ion concentration and on the rate 
change in ion concentration of the surrounding air 
was measured. Measurements were made in February 
1986 with a Wyse model WY85 VDT in a windowless 36 m3 room with a mechanical exhaust and air supply. The 
temperature was 22-23 C and the relative humidity was 
16-184. The electrostatic field generated by the VDT 
at a distance of 0.4 m from the screen was 13 kV/m. The ion meter, constructed at Tampere University of 
Technology, made simultaneous measurements of positive and negative ions at 0.4 m from the VDT using a 
single aspiration capacitor. The ion current caused 
by the positive potential of the screen was measured 
0.3 m in front of the VDT using a 24 cm2 metal plate connected to a recording electrometer (Keithly 
Instruments Model 610C). Measurements were made continuously over a 3-day time period. The ion 
concentration varied with the ventilation when the VDT was not energized between 55-2600 positive ions/ 
cm3, and 125-2100 negative ions/cm3. When the VDT was energized, the levels were 35-100 positive ions/ 
cm3 and 30-90 negative ions/cm3. The decrease in ion concentration was very rapid and had a half-life of 
about 12 sec. Results are consistent with previous 
reports and theoretical considerations which predict 
a significant reduction of air ions in the inroediate vicinity of the electrostatic field produced by a VDT 
screen. This effect may be of minor importance under conditions where the ion concentration is already low 
due to mechanical ventilation, low humidity, and electrostatic charges caused by synthetic materials, 
but the possible health effects of ion-depleted air 
is not known.

and sham-exposed rats for 3 wk, then gradually 
increased over the 55 wk experiment, accompanying growth. The increase was consistently less for the 
exposed rats, and was significantly different (p < 0.05) from sham exposed rats at 32, 45, 52, and 55 
wk. Peroxide levels all organs except the lungs 
Increased with age. At 55 wk, peroxide levels were 
consistently lower in exposed rats relative to sham- 
exposed rats, and the difference was significant for 
lung (-134) and testes (-184). A greater difference 
was seen in the liver (-384), but the results were 
not significant, possibly due to the large variance in both groups. Some serum parameters related to 
hepatic function increased while others decreased 
significantly with aging In control rats. These 
differences in serum enzyme activity were smaller in 
exposed rats, and in many cases were no longer sig
nificantly different from levels in young rats. The 
authors conclude that electric field exposure may 
reduce the increase in lipid peroxidation and changes In serum biochemistry that normally accompany aging 
in rats.

4787 LONG-TERM EFFECTS ON HUMAN SPERMATOGENESIS 
AFTER MICROWAVE TREATMENT OF TESTIS. (Eng.) Liu, Y- 
H.; Liu, Z-Q.; Wang, Y-Q.; Li, H-B.; Fang, B-R. 
[Dept, of Biology, Hunan Teachers Univ., Changsha, Hunan, People's Republic of China (Y-H.L., Z-Q.L., Y- 
Q.W); Staff and Workers' Hospital of Lian Yuan Steel 
Plant, Ludi Prefecture, Hunan, People's Republic of China (H-B.L.); The Second Teaching Hospital of 
Hengyang Medical Coll., Hengyang City, Hunan, Peo
ple's Republic of China (B-R.F.)] J Bioelectricity 
7(l):97-102; 1988 (0 Refs).

ION DEPLETION CAUSED BY VIDEO DISPLAY TERMI- 
(Eng.) Konttinen, S.; Juutllalne Raunemaa, T. [Dept, of Environmental Health 

of Kuopio, P0 Box 6, SF-70211 Kuvpiu, r' ' Bioelectricity 7(l):89-95; 1988 (11 Refs).

COMMENTS ON ’BIOLOGICAL EFFECTS OF POWER 
LINE FIELDS". (Eng.) Becker, R. 0. [Erie Canal 
Rd., Star Route, Lowville, NY 13367] J Bioelectrici
ty 7(1):103—118; 1988 (27 Refs).
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was monitored using the actin-binding probe 
■ine-phalioidin and fluorescence microscopy. 10T1/2 cells (mouse embryo fibroblasts) were 
on acid washed slides with agar bridges at end, and subjected to a field of 10 V/cm.

Biological Effects of Nonionizing Electromagnetic 
Radiation XH(2), December 1988

the cell body. Electrical stimulation disrupted this 
structure with a threshold of about 3 V/cm. Incuba
tion in calcium-depleted medium, or medium containing 
D-600. CoC12, or trifluoperazine blocked the stress 
fiber disruption caused by the electric field. 
Electric field exposure increased the 0.2 mM baseline intracellular free calcium concentration from 1.8 ± 
0.1 pH at 3 V/cm to 4.3 ± 0.2 pH at 10 V/cm with a 
response time of approximately 4 sec. This calcium 
increase was completely blocked by CoC12 but only 
partially blocked by D-600, indicating that the 
increase in free intracellular calcium is not medi
ated completely through the calcium channels. The 
authors propose a mechanism for field-directed cell 
movement which reflects the greater depolarization of 
the membrane potential in the direction normal to the field: greater calcium influx at the cathode-facing 
end of the cell causes calcium binding to and consequent depolymerization of the actin cortical meshwork 
at that end of the cell, and increased osmotic and/or 
hydrostatic pressure pushes the leading edge forward.

results were misleading and deliberately designed to 
cast doubt on the scientific validity of the results,
(3) reviews of the scientific literature included 
negative results with no scientific relationship or applicability to 60-Hz fields, while excluding sub
stantive and inportant positive scientific reports, 
and later versions of ambiguous preliminary reports,
(4) abstracts of individual projects making up the 
study were "filtered" by the authors of the Report,
(5) important details regarding exposure conditions were omitted from the Report, and (6) many statements 
contained in the Report amount to distortions of 
fact. The author supports these contentions with 
specific references to the text of the Report, and to publications which suggest potential health effects 
and provide examples of experiments that demonstrate 
those risks. He questions the qualifications of the 
panel membership, and their choice of projects that 
were funded as part of the study. The author con
cludes that the Report constitutes "scientific disinformation", showing a clear bias towards minimizing 
the real risks that were identified by the project 
itself, and which are documented in the scientific 
literature. The Report's recommendation to not 
continue in vitro studies is not justified, while the 
recommendation that further research be conducted under the direction of some federal agency which is 
•clearly independent of partisan influence" ignores the record of prior actions taken by federal agencies 
in this regard.

4790 APPLICATION OF INVASIVE MICROWAVE HYPERTHER
MIA FOR THE TREATMENT OF GLIOMAS. (Eng.) Wen, H. 
L.; Dahele, J. S.; Mehal, Z. 0.; Chan, W. H. S.; Wen. 
0. Y. K. [Neurosurgical Unit. Kwong Wah Hospital, 
Tung Wah Group of Hospitals, Waterloo Rd.. Kowloon, 
Hong Kong (RR/H.L.W.; Z.D.M.); Electronics Dept., The Chinese Univ, of Hong Kong. Shatin, Kowloon, Hong 
Kong (J.S.D.; W.H.S.C.); 79 Hurlingham Court, 
Ranelagh Gardens, London SW6 3UR, UK (D.Y.K.W.)] J 
Neurooncol 6(l):93-101; 1988 (49 Refs).

Previous work demonstrated that electric field- 
induced cell shape changes and preferential alignment of cells is mediated through an influx of calcium 
through the membrane. Further experiments are reported using the calcium antagonist CoC12, the 
calcium channel blocking agent D-600. the ionophore A23187, or the calmodulin antagonist trifluoperazine 
to disrupt normal field-induced increases in intra
cellular free calcium levels. The calcium-sensitive photoprotein aequorin was used to monitor intracellular calcium levels by chemoluminescence, while 
effects on the cytoskeletal organization of the cells 

rhoda- 
C3H/ 

placed 
either Under these conditions, cells were displaced approximately one cell width toward the cathode over a 60-min 

period. Electric stimulation in the presence of 1 pH D-600 or 5 pM trifluoperazine blocked the cell shape 
change and preferential alignment in a manner similar to that observed in calcium-depleted medium, and 
decreased the rate of cell movement and the percentage of mobile cells. In normal sparsely populated 
cultures, about 854 of the cells exhibit an organized 
network of actin-containing stress fibers spanning

ELECTRIC FIELD-DIRECTED CELL SHAPE CHANGES, 
DISPLACEMENT, AND CYTOSKELETAL REORGANIZATION ARE CALCIUM DEPENDENT. (Eng.) Onuma, E. K.; Hui, S-W. 
[Dept, of Biophysics, Roswell Park Memorial Inst., 
Buffalo. NY 14263] J Cell Biol 106(6):2067-2075; The authors report on their clinical experience with 

25 cases of glioma treated with a protocol which uses 
interstitial microwave hyperthermia to remove any 
residual tumor cells following surgical removal of the tumor. The surgical procedure involved cranioto
my, removal of the tumor mass including the surround
ing edematous tissue, and implantation of 2 run coaxi
al microwave antennas and thermistors in the tumor cavity. Immediately following surgery and coagula
tion of bleeding points, the cavity was washed with Ringer's saline solution, a volume of saline was 
instilled into the cavity, and the saline was heated using 2450 MHz microwave radiation until the walls of 
the cavity reached 42-44 C for a period of 2 min. Three "wet treatments" were followed by an additional 
"dry treatment" in which the cavity was heated with
out Ringer's solution until the walls reached 44 C. 
Two weeks after surgery, a computerized tomography (CT) scan was performed and, if no tumor tissue was 
evident, the patient was discharged. CT scans and 
neurological examinations were performed at 6-mo 
intervals. The followup of these cases indicated 11 that died (444). 9 of tumor growth and 2 of heart 
attack. Of the 14 patients still alive, the followup period ranged from 21-41 mo with a mean of 31.1 mo. 
Twelve cases achieved a score of 80-100 on the Karnofsky Scale of neurological assessment, and the 
patients were fully independent. The authors find these results very encouraging, although a longer 
followup period must be allowed before a cure rate 
can be determined.

4789
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as having a single plasmid copy indicated that DU rearrangement may occur as a result of continued cell
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iKyunu, [EG & G Toronto Toronto, DuPont Co., Nucleic Acids Res

Mechanical responses of isolated smooth muscle preparations to low-frequency long-duration electrical stimulation suggest that neuromuscular transmission may involve simultaneous liberation of several cotransmitters from the same neuron, producing an electrically-evoked response with excitatory and inhibitory components. Segments of ileum from male guinea pigs were stimulated ex vivo with a pulsed electrical field of a waveform known to activate the intestinal neuronal structures (frequency of either 5 or 30 Hz, 0.8 msec square-waves, 40 sec train duration, 20 V) while the segments were bathed in post- synaptical ly-acti ng receptor antagonists. Ileum segments (28-30 im long), bathed in a modified Krebs solution, were monitored for spontaneous mechanical activity and for the electrically-evoked or pharmacologically modulated activity of the longitudinal smooth muscle layer of the ileum by means of a strain gauge. The 40 sec pulse trains were applied at 5-min intervals. Rapid twitch-like contractions of the muscle layer were elicited by application of the 5-Hz stimulus in 10-sec trains, with the maximum amplitudes reached within the first 3-6 sec of stimulation. Two-part contractile responses were elicited with 5-Hz, 40-sec stimulation; the initial phasic contraction had the same pattern and amplitude as the response to the 10-sec stimulation, and a secondary, lower amplitude, tonic component developed inmediate- ly after the phasic component and persisted until the

Integration at different individual transformants indicated that integration is essentially a random process with respect to the host DMA sequence. The majority of integration events occurred at the ends of the linear molecules; in most cases terminal restriction endonuclease sites were lost, but a site 18 base pairs from the end was retained, suggesting that integration occurs without extensive modification of the electroporated ONA. When multiple plasmids were inserted at one chromosomal site, restriction mapping most often indicated that the concatemer contained plasmid sequences arranged in a head-total 1 configuration. The presence of multiple gpt- specific OKA bands in a clone originally identified

ELECTRIC FIELD-MEDIATED GENE TRANSFER: CHARACTERIZATION OF ONA TRANSFER AND PATTERNS OF INTEGRATION IN LYMPHOID CELLS. J . F.; Keating, A.; Glynn, S-; McDonald Biomolecular, Natick, HA 01 — General Hospital and Univ. Ontario M5G 2C4 Canada (A.K.); Billerica, MA 01862 (S.G., K.M.)] 16(12):5515-5532; 1988 (19 Refs).

4792 PHARMACOLOGICAL CHARACTERISTICS OF THE POSTSYNAPTICALLY MEDIATED CONTRACTILE RESPONSES OF GUINEA-PIG ILEUM TO LONG-LASTING ELECTRIC FIELD STIMULATION. (Eng.) Radomirov, R.; Venkova, K. [Dept, of Experimental Pharmacology, Inst, of Physiology, Bulgarian Academy of Sciences, Acad. G. Bon- chev Str. bl. 23, 1113 Sofia, Bulgaria] Neuropharmacology 27(7):729-735; 1988 (40 Refs).

In order to evaluate the potential of electroporation for gene therapy, the authors systematically evaluated the patterns of integration of electroporated plasmid genes pSV2gpt and pSV7neogpt into M12 cells, a B cell lynphoma line from BALB/c mice. Plasmids were purified, linearized with endonuclease, and mixed with cells for 10 min prior to exposure to the electric field. Electroporation was carried out using an established protocol and a conmerclal power supply. Following electroporation, cells were plated in microwells under conditions that select for functional expression of plasmid genes. High molecular weight preparations from colonies were hybridized to nick translated probes (Southern transfer analysis) in order to determine the copy number of individual transfectants and the integrity of the integrated ONA segment. At ONA concentrations of 0.2-8 pmoles/ml, DMA was transferred predominantly in low or single copy equivalents. At higher concentrations of DMA (24 and 36 pmoles/ml), the average gene copy muter was 10 and 13, respectively, but a significant number of Individual colonies also contained inserts in low copy muter. Multiple gene copies were integrated at either a single or a few chromosomal sites within individual transformants. * ‘ ' "" ‘sites within different

Biological Effects of Nonionizing Electromagnetic 
Radiation XII(2), December 1988

(Eng.) Toneguzzo, 
■ laid, K.HA 01760 (RR/F.T.);

...... of Toronto, E.I.

LEUKEMIA IN ELECTRICAL WORKERS IN NEW ZEA- A CORRECTION. (Eng.) Pearce, N. E. [Dept.' . of Medicine,
end of stimulation. Inhibition of cholinoreceptors 
by atropine led to a significant decrease in the 
anplitude of the phasic components and to a weaker 
reduction of the tonic components of the responses 
evoked by both stimulation frequencies. The authors 
conclude that release of more than one neurotransmit
ter and/or spasmogenic substance is evoked by the 
long-lasting electrical stimulation, thus leading to 
multiphasic contractile responses. The authors 
suggest that electrical stimulation may induce liber
ation of E-type prostaglandins, thus maintaining the 
tonic component.

L-rtliU ■ ty L,UrMxL. V I JI Uli • \ L I iy • ) rCul

of Community Health, Wellington Sch. 
Wellington Hospital, Wellington, New Zealand] Lancet 
2(8601):48; 1988 (3 Refs).

The author reports a correction to the reported results of his study which suggested increased risk of leukemia in electrical workers (Lancet 2:811-812, 1985; BENER Digest 10(2), Abstract 2465). In this study, the highest risk groups listed in the published table as "electronic equipment assemblers’ and "radio/television repair” should have been labeled "radio/television repair" and "electricians". There were no cases of leukemia recorded for electronic equipment assemblers. The overall odds ratio for electrical workers remains unchanged, and a corrected table is given. The author points out that this correction favors the interpretation that excess risk of leukemia is due to electromagnetic exposure rather than exposure to solvents or to soldering fumes produced in assembly work.
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The thymus gland, the site where T-lynphocytes acquire specific mesbrane antigens and the ability to 
react to foreign antigens, is a main organ of inuno- genesis. The authors therefore studied the proper-
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IN MULTI-STOREY BLOCKS. I 
[Bidwell's End. High St.

POWER FREQUENCY MAGNETIC FIELD AND ILLNESS (Eng.) Perry, S.; Pearl, L. 
Loium:ii a t><u, nlyu jl., Albrighton, Wolverhampton 
WV7 3JF. UK (S.P.); The Polytechnic,.......
Wolverhampton WV1 1LY, UK (L.P.)] 
102(1)-.11-18; 1988 (35 Refs).

Wulfruna St., 
Public Health

Brayman, A. A.; Hiller, H. W.
Biophysics, Sch. of Medicine and Dentistry, Rochester, Rochester, NY 14642] R-Ji- 
Biophys 27(3):239-243; 1988 (7 Refs).

The hypothetical association between exposure to low 
frequency magnetic fields from power lines and 
adverse health effects was investigated using an exposure estimate based on proximity of residents to 
the building power cable in 49 multi-story blocks in Wolverhampton. The study group came from blocks 
which varied in height from 9 to 23 floors, providing 
a total of 3155 housing units with an estimated 6000 
occupants, and had wiring configurations which produced various degrees of horizontal non-uniform field 
exposure. Using the symmetry of flat lay-outs and 
the known non-central locations of the power cables, 
"near" and "distant" locations were established and 
the assumptions of field exposure confirmed with 50 Hz-magnetic field strength measurements in 110 pairs of high and low field strength flats located in 43 
blocks. Field measurements indicated means for all pairs of 3.15 * 2.53 mG for near and 1.61 ± 1.12 mG 
for distant exposures. Medical records were evaluated for patients admitted to a local hospital for 
any reason in 1985, and about 1.7% of the patients (330 cases) were found to be living in the blocks 
under study. No significant cable proximity effect was found for most categories of illness including 
cases of pregnancy and complications, pediatric cases, psychiatric cases, malignant disease, surgery 
excluding malignancy, and other medical conditions, 
but there were suggestions of a cable effect associ
ated with myocardial infarct, hypertension, and ischemic heart disease (p - 0.168). This preliminary 
observation was followed with a longer time study involving 113 cases of heart disease (1967-1984). 145 
cases of overdose (1980-1985), and 84 cases of psychiatric disorder (1983-1986), In this extended 
study, significant cable effects were found for myocardial infarct, hypertension, and ischemic heart 
disease (p - 0.056, 95% confidence interval (CI) of ± 11%); depression (p - 0.030 , 95% CI of ± 16%); and 
personality defect, anxiety, agitation, young confused (p - 0.026. 95% CI of ± 18%), with the inci
dence of depression biased toward the cable, and the incidence of the group of psychiatric disorders 
biased away from the cable. The authors offer no explanation for the apparently contradictory psychi
atric responses, but speculate that mechanisms involving fluctuating endorphin levels, serum triglyc
eride levels, or calcium levels might be involved in "cable-related illness*.

4795 LACK OF INDUCTIVELY-GENERATED 60-HZ, 3V/H 
ELECTRIC FIELD EFFECT ON CHO CELL PLATING EFFICIENCY. (Eng.) Brayman, A. A.; Hiller. H. W. [Dept, of 

iitiy. Univ, of Radiat Environ

passage and selection. The authors conclude that 
electroporation, in contrast to calcium phosphate- 
mediated transfection, provides a method of DNA 
transfer that shows a strong tendency to produce plasmid DNA integration in low copy number at a 
unique chromosomal site without substantial rearrangement of the transferred DNA.

4796 THE FUNCTIONAL STATE OF THYHUS CELLS FOLLOWING MICROWAVE EXPOSURE OF ENDOCRINE GLANDS. (Eng.) 
Bogolyubov, V. H.; Zubkova, S. H-; Frenkel, I. D.; Sokolova, Z. A.; Laprun, I. B. [Central Res. Inst, 
of Health Resorts and Physical Therapy, Hinistry of Health of the USSR. Prospect Kalinina, 50, 121099, 
Moscow, USSR] Radiat Res 115(1):44-53; 1988 (39 Refs).

The authors attempted to replicate experiments which 
indicated that in vitro exposure of Chinese hamster ovary (CHO) cells to a magnetically-induced, 60-Hz 
electromagnetic field of 3.1 V/m, but not 60-Hz 
electric (E) or magnetic (B) fields only, reduced 
plating efficiency significantly after 24 Hr. The exposure system consisted of a toroidal glass expo
sure vessel containing a continuous conductive bed of agar/nutrient medium which acted as a secondary, with 
a wire-wound ferromagnetic core primary. In some 
experiments, a septate toroid was used to reduce the 
E field strength by an order of magnitude while 
exposing the cells to B fields. Dosimetry, deter
mined with a search coil, indicated a background 60- 
Hz B-field strength of about 1 nT, with cells exposed 
in either apparatus to a maximum 8 field of about 182 
nT. Control cells in the same incubator were exposed 
to maximum 8 fields of 36 nT, while those in the 
■distant control" group in another culture room were 
exposed to a maximum B field of 6 nT. In one series 
of experiments, an additional control group was 
exposed to the mechanical vibrations of the exposure toroid by using a wood support to transmit vibrations 
from a core positioned 15 cm above the toroid. In 
all experiments, cells exposed or sham-exposed for 24 
hr were scored for initial absolute plating efficien
cy (colonies/150 cells seeded into each of 15 repli
cate plates per treatment), and the plating efficiency after 7 days in the absence of additional treat
ment.scored "blind".
series indicated a stinulatory effect of E plus B 
field exposure relative to the control groups. 
Analysis of a second experimental series involving additional B field only and vibration control groups indicated no significant differences between plating 
efficiencies in any group. A third experimental 
series which replicated the conditions of the first also indicated equivalence of the means between 
treatments. The authors conclude that the E plus B field effect is not reproducible, and that these 
field exposure conditions have no effect on CHO cell colony-forming ability.
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ABSENCE OF MUTAGENIC RESPONSE TO RADIATION
Berg, M.; 
[Dept, of 

S-104 01 Stockholm, 
Inst, of Radiation

COMPARISON BETWEEN TWO POWER-FREQUENCY 
(Eng.)
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4797
FROM A VIDEO DISPLAY TERMINAL. (Eng.) Llndelof, B.; Langlet, I.; Victorin, K. 
Dermatology, Karolinska Hospital, Sweden (RR/H.B., B.L.); National

Protection, Stockholm, Sweden (I.L.); National Inst, 
of Environmental Medicine, SLuckiiviia, jwcJo (/ " Scand J Work Environ Health 14(1):49-51; 1988 
Refs).

Stockholm, Sweden (K.V.)j - ---- .—I j15
ties of thymocyte membranes and chromatin in animals 
locally exposed to microwave radiation in order to 
characterize thymus response as part of the effect of 
nonionizing radiation on the immune system. Groups 
of male chinchilla rabbits (2-2.5 kg body weight) 
were given 6 min of daily 460 MHz irradiation from a 40 irm diameter contact applicator producing a current 
density of 120 mH/cm2. The applicator was placed at 
one of four locations: (1) at the vertex of the head 
(the hypothalamus) which produced a local SAR, determined thermometrically. of 19.5 W/kg, (2) in an area 
overlying the adrenal glands (SAR of 6.2 W/kg), (3) in an area overlying the thyroid gland (SAR of 20.8 
W/kg), or (4) at the thymus (SAR of 9.3 W/kg). Ten 
animals from each group were killed after 6 days of 
exposure, after 10 days of exposure, or after 10 days of control conditions following 10 days of exposure. 
An additional group of 40 animals were sham exposed and killed with the animals of the exposure groups to 
serve as controls. Lymphocytes were isolated from 
homogenized thymus glands, and nuclei were purified 
using Triton X-100 (detergent) and sucrose density 
gradient sedimentation. Structural rearrangements on the surface of thymocyte membranes were assessed 
using chlortetracycline (CITC): fluorescence in
creases with formation of a calcium ion (Ca++)-CITC 
membrane complex, with the fluorescent intensity 
depending on the strength of the bond between Ca++ 
and negatively charged groups in the glycocalyx. The 
fluorescent probe 7-(4-methoxybenzy1amino)-4-nitro- benz-2-oxa-l,3-diazol (MBD), which reacts with hydro- 
phobic parts of the plasma membrane, was used to 
reveal conformational rearrangements of membrane 
proteins. The degree of peroxidation of the lipid component of plasma and nuclear membranes was as
sessed by chemoluminescence at 380-490 nm. Acridine orange (A0) adsorption in nuclei was measured to 
assess chromatin structural organization. Results 
demonstrated the high sensitivity of the thymus cells to microwave radiation. When the thymus was exposed 
directly, thymocyte chromatin AO binding increased 
(80% and 120% after 6 and 10 exposures, respectively), while membrane-bound MBD and CITC decreased. 
With thyroid exposure, thymocyte chromatin was maximally activated after 6 exposures, and subsequent 
exposures produced a decreased effect. Nuclear membrane and certain plasma membrane parameters 
responded similarly. Exposure of the adrenal glands produced significant decreases in several thymocyte 
cell membrane parameters after 6 exposures, preceding significant decreases in chromatin A0 binding after 
10 days exposure. Exposure of the hypothalamus also produced changes in the membrane structure preceding 
changes 1n the nuclei. The authors Interpret these changes as indicative of decreased functional activi
ty of thymocytes with microwave exposure of the hypothalamus or adrenal glands, and stimulation of 
thymocyte function with microwave irradiation of the thyroid or thymus.

A person in a homogeneous electric field perturbs the 
field, so measurements made with dosimeters worn on 
the body are sensitive to the placement of the instrument. Two Individual dosimeters, the BE-Iog meter and the EFEM meter, were tested during work 
activities carried out in a switchyard, and measurements were compared to the short circuit current in 
the unperturbed electric field (an estimate of total body exposure). The BE-log meter was placed on the 
back in a harness, while a conducting layer on top of a hard hat served as an electric field antenna. It 
measures the 50-Hz electric and magnetic fields every 
15 sec for a maximum of 8.3 hr. The smaller EFEM 
meter has an integral sensing plate. For comparative measurements, one EFEN meter was placed tn the shirt 
or jacket chest pocket, and a second meter was placed in the lanyard position outside a quilted jacket in a

Possible mutagenic effects of radiation from a video 
display terminal (VDT) were evaluated using an Ames 
bacterial mutation test. Salmonella tester strain TA 
100 was used. This tester strain lacks the uvrB 
excision repair enzyme, and therefore detects mainly 
mutagens causing base-pair substitutions. Agar plate cultures were placed 62 nm from the front glass of a 
coirmon monochromatic VDT (DM-14, Advanced Datum Information Corp, Taiwan). The electrostatic field 
of the VDT was eliminated by placing a metal screen 
in front of the terminal. This shielding would also 
decrease the alternating magnetic field strengths at 
the test system [exposure measurements are not giv
en). Additional cultures were exposed to an approximately homogeneous electrostatic field generated 
between a pair of horizontal metal plates. Current was supplied to the upper plate from the high voltage 
generator of a black and white television set, and 
the plates were grounded with sterile metal wire from 
the agar to the lower plate. This parallel plate 
exposure system produced an electrostatic field 
strength at the surface of the agar plates of about 250 kV/m. Control cultures were placed at various 
locations around the room. The mutagenic compound 2- nitrofluorene was used for positive control cultures. 
The assay was scored as positive for nutagenicity if the number of spontaneous revertants was double the 
mean number in unexposed controls. Plates exposed either to the VDT or the electrostatic field showed 
fewer revertants than controls, indicating no mutagenic effect under these assay conditions. The 
authors conclude that this result supports the view that there is no increased risk of skin cancer asso
ciated with VDT work.

4798
ELECTRIC-FIELD DOSIMETERS. (Eng.) Lindh, T.; An
dersson. L-I. [National Inst, of Occupational 
Health, Div. of Physical Industrial Hygiene, Soina, 
Sweden) Scand J Work Environ Health 14(sup l):43-45; 
1988 (3 Refs).
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♦799FIELDS Floderus, B. [ Soina, Sweden]

Biological Effects of Nonionizing Electromagnetic 
Radiation XII(2), December 1988

The authors report that exposure to a homogeneous 0.6-T magnetic field reduces glutathione peroxidase (GP) activity in erythrocyte hemolysate preparations. A deficiency of GP in erythrocytes is a known cause of hemolytic anemia, and a deficiency in platelets results in Glanzmanns Thrombocytopenia. Conflicting reports indicate both increases and decreases in erythrocyte GP activity in active rheumatoid disease. The magnetic field-exposed hemolysate preparations showed a 14k decrease in GP activity corrpared to nonexposed preparations: mean GP activities were 81.61 nmol substrate/min/mg protein (standard deviation ± 6.63) and 70.76 nmol substrate/min/mg protein (± 7.06) for nonexposed and magnetic field exposed preparations, respectively, for six repeat assays. The authors do not offer an explanation for the lowering of GP activity under the strong magnetic field exposure conditions.

I

♦800 CHANGES IN THE ACTIVITY OF ERYTHROCYTE GLUTATHIONE PEROXIDASE ASSOCIATED WITH MAGNETIC FIELDS. (Eng.) Braven, J.; Fisher, A. S. [Dept, of Environmental Science, Plymouth Polytechnic, Drake Circus. Plymouth PL4 8AA, UK] ------ 73(3):267-268; 1988 (7 Refs).

EXPOSURE TO LOW-FREQUENCY ELECTROMAGNETIC - A HEALTH HAZARD? (Eng.) Knave, B.;[National Inst, of Occupational Health, ouira, jweuenJ Scand J Work Environ Health 14(sup l):46-48; 1988 (11 Refs).

I
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plastic pouch. The EFEM meter measures low frequency electric fields, and, every 4 seconds, increments one of seven field-strength level counters (bins) corresponding to the average field strength for that time period. When readings from the two meters were compared for a subject facing a power line, the EFEH meter was found to have a consistently lower response, so its readings were multiplied by 1.3 for comparison with the BE-log meter. In order to facilitate direct comparison of the two meter types, readings from the BE-log meters were sorted into the seven field strength levels of the EFEM data. Agreement between the meters, and agreement of the BE-log meter with the short circuit current was assessed for each work location by calculating the ratio of the readings (a ratio of 1.0 indicating complete agreement). The EFEM/BE-log ratio was found to vary from 0.35 to 1.1, which was ascribed primarily to shielding of the EFEM meter in certain positions. Agreement ratios for the BE-log meter to short circuit measurements varied from 0.25 to 1.4, but most of the results below 0.75 could be traced to work being done on a skylift at approximately the same height as the power line. Under these conditions, the field was horizontal, while the BE-log meter was calibrated for a vertical field. The correlation coefficient between the BE-log meter and the measured short circuit current for all points was 0.98. The authors consider this agreement a good correlation.

The author briefly discusses the experimental and epidemiological evidence for increased cancer incidence among individuals exposed to extremely low frequency electromagnetic fields (ELF EMF), and coaments on current and projected Swedish epidemiologic studies of this possible health risk. A prospective study of 700 workers newly employed as linesmen and station operators in the electric power Industry was initiated in 1981-1982. These workers will be given health examinations every 3 yr, and followed for a 10-yr period. Exposure will be measured by dosimeter. The same occupational groups are to be examined in a retrospective study of the reproductive history of long-term electrical employees from the 1960-1980 censuses using central registers (the National Medical Birth Register and the Register of Congenital Malformation). A study of 14 separate •electrical" occupations currently being coopleted by the National Institute of Occupational Health has indicated 10 occupational groups with standardized mortality ratios above unity for acute myeloid leukemia. and an increased incidence of cancer of the nervous system among women working in unspecified electrical occupations. In retrospective studies, exposure is presumed on the basis of occupational titles and is therefore not very reliable. The author is involved in a study of iron miners in northern Sweden, an occupation presumed to have

homogeneous high exposure to ELF EMF. Exposure estimates are supported by direct electromagnetic field dosimetry during a shift, and interviews are used to determine the prevalence of possible con- founders (carcinogens), the electrical equipment used, and how these factors change over time. Two studies are being designed to avoid the problems of misclassification and confounding factors seen in retrospective studies. One study, conducted by the National Institute of Environmental Medicine, will examine residential exposure to ELF and cancer incidence. The second study, conducted by the National Institute of Occupational health, will consist of two case-referent studies on 300 cases of leukemia and 200 cases of cancer of the nervous system. A group of 1000 subjects will serve as referents. Likely exposure and occupational history will be assessed by questionnaire for each case, and exposure will be confirmed with measurements. The author expects preliminary results to be available from these studies within the next four years.

♦801 INTRODUCTION TO NON-IONIZING ELECTROMAGNETIC FIELDS. (Eng.) Repacholi, M. H. [Royal Adelaide Hospital, Adelaide, South Australia] In: Repacholi, M. H. (ed.), Non-ionizing Radiations: Physical Characteristics, Biological Effects and Health Hazard Assessment. Proceedings of the International Non- Ionizing Radiation Workshop, Melbourne, Australia. April 5-9, 1988, London, International Radiation Protection Association Publications, pp. 1-15; 1988 (14 Refs).
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The penetration characteristics and mechanisms of 
interaction are distinctly different for ionizing radiation, ultraviolet rays, visible light, infrared 
radiation, lasers, radiofrequencies, and ultrasound. Biological effects of electromagnetic radiation can 
be generally grouped into reversible functional 
effects, and persistent or lethal effects; addition
ally, somatic effects may be separated from genetic 
effects. For chronic diseases, correlations between 
exposure characteristics and the pathology of the disease are subject to deterministic laws which imply 
all-or-nothing relationships, thresholds, or an increasing gravity of the condition with increasing 
exposure. Concepts for radiological protection have 
been adopted which incorporate quantification of risk 
probabilities weighted by a gravity factor. Effect parameters can be divided between those associated

The author introduces the subject of electromagnetic waves and their bioeffects. He defines the subdivi
sions of the electromagnetic radiation spectrum 
(ionizing and nonionizing) in a figure and table that indicate the wavelengths, frequency, and energy 
ranges per photon for each type of radiation. The fundamental concepts expressed in Maxwell's equations 
are described, and are related to propagation of 
electromagnetic waves in free space. The author then 
briefly reviews the scientific literature on electro
magnetic field bioeffects, with emphasis on resolving 
issues of human health risk assessment. Simple in 
vivo studies provide a system for isolating the elements under study from biological interference, 
but interpretation of the in vivo significance of 
such studies must be speculative in nature. In vivo studies are valuable if they are well performed and 
use animals that provide a good model for humans. Epidemiological studies and controlled laboratory 
studies with human volunteers can confirm results 
obtained in animal and in vitro studies. Advantages 
and disadvantages of epidemiological and laboratory 
studies are discussed. The author recommends that 
only reports which provide thorough documentation of experimental technique and dosimetry be considered in 
a health risk evaluation. Specific criteria are presented for evaluation of a published report. The 
author proposes that broad conclusions based upon the 
existence of studies reporting diverse results are 
not scientifically justifiable. The case of radio
frequency field exposure of biological systems is 
presented as an example of how to determine whether a biological effect is an actual health hazard.

4802 COMPARISON BETWEEN RADIOLOGICAL PROTECTION 
AGAINST IONIZING RADIATION AND NON-IONIZING RADIATION. (Eng.) Janmet, H. P. [International Commis
sion for Radiological Protection, International Nonionizing Radiation Committee, Paris, France] In: 
Repacholi, M. H. (ed.). Non-ionizing Radiations: 
Physical Characteristics, Biological Effects and Health Hazard Assessment. Proceedings of the Interna
tional Non-Ionizing Radiation Workshop. Melbourne, 
Australia, April 5-9, 1988, London, International 
Radiation Protection Association Publications, pp. 
17-37; 1988 (0 Refs).

with source characteristics, exposure characteristics, or with specific local biological consequences. Bioeffects of ionizing radiation are well character
ized, but the induction mechanisms and nonthermal 
bioeffects of nonionizing radiation have not been 
clarified, nor have their potential human pathological consequences. Radiological protection originally 
aimed to prevent acute damage, but has evolved to 
also reduce stochastic damage, i.e., the probability 
of inducing cancers and hereditary diseases. Indi
vidual exposure limits have been supplemented by 
collective approaches, providing a set of require
ments concerning the individuals subjected to irradi
ation from multiple sources, and concerning each 
source Hable to irradiate a certain number of per
sons. Protection against ionizing radiation, as established by the International Comnission for 
Radiological Protection (ICRP) and described by ICRP 
■Publication 26", takes an approach which analyzes 
alternatives for limiting individual exposure, attempting to keep all exposures at the lowest level 
that can be reasonably reached in the light of economic and social factors. Protection standards 
differentiate between fundamental limits, derivative limits, authorized limits, reference levels, official 
recording levels, and investigation levels. Among the most widely used reference levels are action 
levels, defined as a preset level above which protec
tive action must be taken. The ICRP/International 
Nonionizing Radiation Comnittee protection doctrine 
for nonionizing radiation exposure is based on the 
principles of compliance with health protection standards for workers and the general public (with 
the exception of therapeutic exposures), compliance 
with device performance standards, and appropriate 
operational protection measures. The latter includes site selection, access restriction, monitoring, 
medical surveillance, and use of individual protec
tion equipment. Monitoring includes physical moni
toring and medical monitoring. Methods for physical monitoring of ionizing radiation may be either direct 
(involving measurement of Irradiation at the Individ
ual) or indirect (evaluation of measurements taken In 
the environment). Ionizing radiation "doses’ may be differentiated between local or absorbed dose, equiv
alent dose, integral dose, effective dose, dose coninitment, collective dose, and, ultimately, the 
collective effective equivalent absorbed dose commit
ment. By contrast, physical monitoring for nonionizing radiation can only be collective in nature: individual exposure estimates are made from measure
ments of nonionizing radiation fields without the presence of the individual in the field to avoid 
interference effects. Quantification of the energy absorbed by an active individual in the field is not 
easy to obtain. The notion of SAR has been introduced to provide a measure of power density as a function of the energy flux rate and the size and shape of the irradiated subject. Individual dosime
ters for radiofrequency exposure would, if developed, 
provide only a rough indication of the biologically 
significant dose and would not account for heterogeneous dose distribution. The use of infrared thermography may provide dose distribution information. Ultrasound dosimetry may be achieved with piezoelectric sensors with absorption characteristics similar to that of the tissue being monitored. Ultraviolet radiation dosimetry must account for the spectrua of the incident radiation, but individual dosimetry Is
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(Eng.)[Oak Ridge National Lab., 
Repacholi, H. H. (ed.). Physical Characteristics, 

Health

J

possible. Routine medical monitoring of personnel 
exposed to ionizing or nonionizing radiation at low- risk levels should be similar to that of other work
ers. However, if risks of irradiation are high, tissue-specific monitoring should be conducted as 
appropriate for the incident radiation. Monitoring of the skin. eyes, hematopoietic tissues, and gonads 
should be inplemented for ionizing radiation; moni
toring of the eye and skin should be implemented for 
nonionizing radiation exposure. An example of a 
medical surveillance program is presented for person
nel exposed to laser radiation.

*

I

acterized as motivated by a concern for self-preser
vation, and displays "the cautious risk-avoiding individualism of the peasant" in refusing the health 
risks of industrial technologies. The authors point out that the NIMBY syndrome is common to controver
sial facility siting in the US and elsewhere, and describe another example of protest over the siting 
of a high-voltage transmission line in Minnesota. On 
the other side of the siting dispute, the authors see 
the basis of official confidence in the face of uncertain risk as based on two alternative biased 
viewpoints: the entrepreneur and the bureaucrat. 
Both exhibit a low level of concern about health 
hazards. A bureaucrat may underestimate a routine 
hazard, or fail to perceive it at all due to a rou
tine apportionment of time to specific tasks which 
tends to diminish their urgency. The entrepreneur, 
however, with a high level of confidence in his personal control of events, makes a risk decision 
based on adaptive expert judgements constrained by 
the minimum of formal procedures. The local politi
cians are cast by the authors as being the entrepreneurs, seeking the support of their electorate, and 
the Air Force personnel are cast as the bureaucrats, secure in their risk analyses. The authors summarize 
their systematic typology of risk perception as 
having four social types: the egalitarian, the self- 
sufficient individual, the bureaucrat, and the entre
preneur. Each of these social types prefer to deal 
in different ways with the issues of consent to risk, 
the distribution of liabilities that may arise if the 
risk is realized, and the types of institutions each will trust to implement and manage the technology.

The basic physical characteristics, internal dosimetry, mechanisms of interaction, and the levels of 
exposure to nonionizing radiation in electromagnetic fields in the 30 kHz to 300 GHz range are discussed. 
The authors first review the historical basis for contemporary theories concerning the nature of elec
trical forces, charges, currents, and fields. The concept of the electric field is defined and the 
field vector equations given. Interaction of electric and magnetic fields with materials occurs either 
by exertion of forces of the E and B fields on the 
charged particles in the materials (altering the 
original charge patterns), or by the production of additional E and 8 fields by the altered charge 
patterns. Maxwell's equations, and certain auxiliary relations, are qualitatively described; these equa
tions form the theoretical foundation for classical electromagnetic field theory. Have propagation is

4804 PHYSICAL ASPECTS OF RADIOFREQUENCY ELECTRO
MAGNETIC FIELD INTERACTIONS. (Eng.) Grandolfo, M.; 
Vecchia, P. [Physics Lab., National Inst, of Health, Rome, Italy] In: Repacholi, M. H. (ed.). Non-ioniz
ing Radiations: Physical Characteristics, Biological Effects and Health Hazard Assessment. Proceedings of 
the International Non-Ionizing Radiation Workshop, 
Melbourne, Australia, April 5-9, 1988, London, 
International Radiation Protection Association Publi
cations, pp. 173-196; 1988 (29 Refs).

The authors describe their experience in 1985 with a 
proposed siting by the U.S. Air Force of a transmitter for the Northeast Regional Communications Facili
ty (NCRF) in the town of Hawley, Massachusetts, in 
order to characterize the sociology of, perception 
of, and reaction to technological risks. The NCRF was to be located at Westover Air Force Base (Massa
chusetts) with the receiver and operations units on the base property and the transmitter located 15-40 
miles away at an appropriate location. Forty antenna 
towers (one 300 feet, the remainder up to 240 feet) 
were to be placed on 300 acres of a 600 acre site, 
404 of which was state forest land. The citizenry 
were concerned about potential loss of the scenic value of the area, possible human safety risk, and 
about the effect on the local tax base. Protest groups were formed in Hawley and adjacent towns which 
began lobbying the state agencies and representatives. Town counselors were invited by the Air Force 
to Davidsonville, Maryland, where a similar facility was located. Some of the group were reassured by 
USAF/SAM assessments of the safety of the proposed installation, but they were unable to convince their 
constituencies at home of the safety of the project. Effective opposition by mobilized State and local 
officials caused the Air Force to abandon its plans for the Hawley site. This case is characterized as 
an instance of the "not in my back yard" ("NIMBY") syndrome. The conservative, individualist, rural 
population of Hawley are contrasted with egalitarian radical environmentalists; both groups oppose a 
perceived unequal risk, but with different motiva
tions. Radical environmentalists are characterized 
as encouraging the rejection of technologies that i^rase unequal distribution of health risks, particu
larly when the risk is accompanied by a concentration of economic benefits accruing to others who are not 
exposed, and without the consent of the exposed papulation. In contrast, the "NIMBY" group is char-

4803 PERCEPTION OF RISK: THE SOCIAL CONTEXT OF 
PUBLIC CONCERN OVER NON-IONIZING RADIATION. 
Rayner, S.; Rickert, L. W. 
Oak Ridge, TN 37831] In: 
Non-ionizing Radiations: Biological Effects and Health Hazard Assessment. 
Proceedings of the International Non-Ionizing Radia
tion Workshop, Melbourne, Australia, April 5-9, 1988, 
London. International Radiation Protection Associa
tion Publications, pp. 39-48; 1988 (14 Refs).
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4805
(Eng.)
Medical Devices.
Ontario KIA 0L2. v.aiK3uaj in
(ed.). Non-ionizing Radiations:

The author outlines the biophysical basis of the 
interactions of radiofrequency (RF) fields with living systems and reviews the state of knowledge on 
dosimetry and biological effects. Electromagnetic fields (EHFs) within a biological body induced by an 
incident RF field are the direct source of biological 
interaction, rather than the external incident field. The intensity of this internal field is dependent on 
the parameters of the external field, on the dimen
sions and dielectric properties of the exposed body, on the spatial configuration of the system, and on 
interaction with any other nearby bodies. As a consequence, similar exposure conditions may induce 
different internal fields in bodies of grossly dif
ferent dimensions, and. conversely, different expo-

conmonly idealized as being either as spherical 
waves, or plane waves. The near-field region is 
distinguished from the far-field region in terms of 
field interaction. Radiofrequency (RF) dosimetry has 
been defined in terms of the transference of energy 
to materials as kinetic energy, or absorbed power, and is expressed as SAR in units of W/kg. RF dosime
try is calculated by solving Maxwell's equations for a specific configuration as approximated with models 
of various conposition. Average SARs for the E- polarization (oriented with the electric field) and 
the k-polarization (in the direction of propagation) 
are greatest at the resonant frequencies; empirical 
equations for SAR are presented for these frequen
cies. The RF range of the electromagnetic spectrum 
may be divided into four regions according to the 
interaction with the human body: the subresonance, 
resonance, hot-spot, and surface absorption ranges. The mechanism of interaction of RF with biological 
systems is characterized by relating molecular struc
ture to the biophysical basis for interaction in 
terms of complex permittivity and the conplex permeability. Energy absorption from an RF field by mole
cules in a biological system is expressed as a fre
quency-specific increase in angular momentum of the 
molecules. Functional changes in the organism will 
result from the thermalization of this energy. 
Limited rotation of larger ligands in a biological 
molecule may result in reversible changes in equilib
rium or conformation, and thus result in functional change. RF field sources and levels of exposure have 
been studied for both general population and occupa
tional exposure, including both industrial environ
ments and in medical environments where the energy is in use therapeutically.

BIOLOGICAL EFFECTS OF RADIOFREQUENCY FIELDS. Stuchly. M. A. [Bureau of Radiation and 
Health and Welfare Canada, Ottawa, 
Canada] In: Repacholi, M. H. 

: Physical Characteristics, Biological Effects and Health Hazard Assess
ment. Proceedings of the International Non-Ionizing 
Radiation Workshop. Melbourne, Australia. April 5-9, 
1988, London, International Radiation Protection Association Publications, pp. 197-217; 1988 (49
Refs).

sure conditions may Induce similar internal fields in 
bodies of different dimension. The author discusses 
EMF dosimetry which is dependent on the electrical 
field vector distribution and which is expressed as 
SAR. Theoretical dosimetry for even sinple models 
has provided information relevant for understanding more realistic complex models that would require 
equations which are prohibitively coaplex. Experimental dosimetry has been conducted with various 
models of biological bodies and with living organ
isms. Whole-body-average SAR has been measured for 
human volunteers and spatial distribution of SAR within the body has been determined in full-scale 
heterogenous realistic models of the human body. 
Experimental studies have revealed that theoretical 
predictions for SAR distribution in humans are significantly different from that calculated previously. 
SAR distribution in a near field exposure condition 
is highly nonuniform (peak to average SARs of up to 
200:1) and the nature of interactions of EMFs with biological systems is highly frequency-dependent. An 
induced current approach may be used for determining 
interactions of EMFs at frequency ranges below a few 
tens of MHz. Mechanisms of interaction of RF fields 
with biological systems may be classified as being 
either thermal or nonthermal: SARs above 1 W/kg may be generally considered thermal, and below 0.1 W/kg 
as nonthermal. Thermalization of absorbed RF energy occurs through either rotation of polar molecules, 
space charge polarization resulting in the Maxwell- Wagner relaxation, or ionic conduction. The orien
tational (dipolar) relaxation is influenced by Brownian motion, frictional forces, relaxation time, 
viscosity of the medium, the size and shape of the dipoles, tenperature, the nature of the solute-sol
vent bonds, the strength and frequency of the electric field, and the molecular dipolar moment. Non
equilibrium thermodynamic explanations have been sought for nonthermal effects. Specific responses 
may be elicited in the biological system by anplifi- 
cation of the initial stimulus provided by the EMF; 
e.g., long-range coherent vibrations with membranes as the primary interaction sites. Cooperative pro
cesses and dispersive processes with reaction-diffusion effects and soliton formation may account for 
interactions with excitable cells of the small stimuli originating from very low gradient fields. Such 
interactions are highly dependent on intensity and 
frequency windows. Biological effects of RF radia
tion range from teratogenicity at near lethal SARs (or high maternal core temperatures) to reversible 
behavioral effects at SARs approximately 25-50* of the resting metabolic rate (or SARs of 2.5 W/kg In 
rats to 5.0 W/kg in rhesus monkeys). Nonthermal interactions have been observed in RF fields modu
lated at extremely low frequencies.

4806 CURRENT RF SAFETY STANDARDS. (Eng.) Sliney, 0. H. [US Army Hygiene Agency, Aberdeen 
Proving Ground, HD 21010-5422] In: Repacholi, H. H. (ed.). Non-ionizing Radiations: Physical Character
istics, Biological Effects and Health Hazard Assess
ment. Proceedings of the International Non-Ionizing
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D 8042 Munchen- 
:pacuu i i, n. n. <eu.), Non- Physical Characteristics, 

___ ___ ___ Health Hazard Assessment. Proceedings of the International Non-Ionizing Radiation Workshop, Melbourne, Australia, April 5-9, 1988, London. International Radiation Protection Association Publications, pp. 235-253; 1988 (25 Refs).

tive approach to exposure limits, to reduce exposure to the lowest level that is ’reasonably achievable", is discarded by the author as being impractical due to its controversy. The author concludes that there are no potential hazards to operators of VDTs or communications equipment based on the available biomedical knowledge and benefit-vs-risk estimates.

i|

»

_ ____ The ground-level E-field characteristics depend on the line voltage, and on the geometrical dimensions and relative positions of the conductors of the transmission line (e.g., conductor height and lateral distance from the line). Mechanisms of field interaction are both direct and indirect. Unperturbed field strength is usually quantified by measuring E-field exposure; however, the effective fields are those at the surface of the body, the internal induced fields, and the corresponding current densities. The surface E fields on a conducting body will be enhanced relative to the unperturbed fields. A strong surface E field may directly interact with the biological body by stimulation of the skin peripheral receptors or by vibration of hairs. Induced internal local current density in the body is more difficult to measure or calculate than total current, but is more relevant to discussion of E- field effects on specific organs or systems. Interspecies scaling factors may be determined for local current densities, but these scaling factors are specific to anatomical features and vary greatly between different sites. The induced local current densities for grounded living biological objects in a powerline-frequency electric field at 10 kV/m would be in the range of 2 to 2000 nA/cm2 which is less than the range where well established bioeffects are expected and observed. Indirect interaction mechanisms include short-circuit currents, reaction to spark discharge, and interference with implanted cardiac pacemakers.

The physical characteristics, exposure sources, exposure levels, and mechanisms of the interaction of extremely low frequency (ELF) electric fields with biological systems are reviewed. The concept of the electric (E) field is introduced and the basic units are described. The geomagnetic E and magnetic (H) fields consist of a dominant static component and a much smaller time-varying component. The natural power-frequency (50-60 Hz) 2-field strength of 10(-4) V/m is 8 orders of magnitude weaker than than E fields in close proximity to high-voltage (HV) power transmission lines and 3-6 orders of magnitude weaker than the E fields introduced into homes by wiring or appliances, the most significant man-made sources of E fields. The ground-level E-field characteristics

The author discusses the philosophical basis generally used to set standards for regulating radiofrequency (RF) exposure, and reviews the status of exposure limits at this and lower frequencies. Guidelines and exposure standards suggest the existence of exposure thresholds where an injury might potentially occur. Exposure limits have been set by the American Conference of Governmental Industrial Hygienists (ACGIH) for occupational environments and by the American National Standards Institute for the general population. Both are based on the same biological database. In the high-frequency and very- low-frequency (VLF) range below 50 MHz there is a lack of knowledge about the interaction mechanisms with biological systems. Aside from shock hazards, the author feels that any other potential hazard is purely speculative. Comparison of numerical values of exposure limits from different countries is difficult due to major differences in interpretation and implementation of the standards. Some proposed exposure limits in the past have been developed by scientists and engineers working under high field strengths who wanted to quiet concerns about potential hazards by proposing working levels that could be readily accepted without interfering with their current operations. Socialist countries often set exposure limits that are very conservative, well below clearly hazardous limits and below the threshold for health effects. US and most Western countries set limits closer to the known threshold for injury. Until recently, reviews by standard-setting bodies have concluded that there is a lack of knowledge regarding the biological effects of low frequency and pulsed electric and magnetic fields. Unwarranted concerns about health hazards from video display terminals prompted ACGIH to set Threshold Limit Values (TLVs) in 1982 for RF down to 10 kHz (very low frequency, VLF) and published proposals for TLVs in 1987 for both ELF and static magnetic fields — this, after publishing statements in 1980 and 1983 that insufficient knowledge existed for setting standards setting for those field types. Many experts find it unrealistic to propose occupational or environmental exposure levels in the vacuum of knowledge concerning the biological effects of low frequency fields with respect to the range of field characteristics (e.g., dose-response). Comparisons of standards for RF exposure in representative countries shows dramatic variations of the limits with frequency below the microwave region and for long exposure durations; e.g., the limits at 100 kHz vary by over five orders of magnitude. The author explains this phenomenon of inconsistency to be due to a lack of adverse biological effects data. Exposure limits for frequencies lower than 100-300 MHz (where there are no overt heating induces biological effects) have been proposed, the author suggests, in the interest of completeness, not from a real concern for any health hazard; few exposure limits have been adopted at low frequencies. RF exposure limits have been proposed by the US EPA and NIOSH but the author suggests that no limits will become regulatory in the near future due to a lack of consensus. The altema-

Radiation Workshop, Melbourne, Australia, April 5-9, 1988, London, International Radiation Protection Association Publications, pp. 219-233; 1988 (33 Refs).

4807 EXTREMELY LOW FREQUENCY (ELF) ELECTRIC FIELDS. (Eng.) Bernhardt, J. H. [Inst, for Radiation Hygiene, Federal Health Office. D 8042 ™ Neuherberg, FRG] In: Repacholi, M. H. (ed.) ionizing Radiations: Biological Effects and
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20857] ' In: 
Radiations:

processes, switching stations and power plants, 
communications (very-low-frequency) and medical 
procedures. Mechanisms of magnetic field interaction 
with living matter occur at the atomic and subatomic 
levels, at the macromolecular and cell-structure 
level, and at the tissue level (at macroscopic and 
microscopic levels); additional magnetomechanical 
phenomena may also occur. Induced electric fields 
and current densities are the principle source of 
biointeraction of time-varying magnetic fields. These interactions are dependent on waveform and 
frequency. ELf-magnetic fields capable of Inducing 
high current densities in tissue may modulate ner
vous-system activity.

4808
FIELDS: KENT.
Radiological Health

The physical characteristics, sources of health 
concern, exposure levels of man-made and natural 
fields, and mechanisms of field interaction with living systems were reviewed for extremely-low-fre- 
quency (ELF) magnetic fields. The basic magnetic field quantities, SI units, and the relationship 
between the magnetic flux density (B) and magnetic 
field strength (H) are presented. The geomagnetic 
field consists of a static component (up to 67 p.T) 
and several time-varying fields originating from 
various geophysical phenomena (up to 0.5 ixT). Manmade time-varying magnetic fields are generally 
stronger than the geomagnetic fields, and at power
line frequencies may be orders of magnitude greater. 
The published data surveying magnetic field strengths in the home, on public premises, and in the workplace 
is sunrnarized and discussed for household appliances, transmission lines, security systems. Industrial

4810 EXTREMELY LOW FREQUENCY MAGNETIC FIELDS: 
BIOLOGICAL EFFECTS AND HEALTH RISK ASSESSMENT. (Eng.) Czerskt, P. [Center for Devices and Radio
logical Health, FDA, PHS, DHHS, Rockville, MD 20857] In: Repacholi, H. H. (ed.), Non-lonizfng Radiations: 
Physical Characteristics. Biological Effects and Health Hazard Assessment. Proceedings of the Interna
tional Non-Ionizing Radiation Workshop, Melbourne, Australia, April 5-9, 1988, London, International 
Radiation Protection Association Publications, pp. 
291-301; 1988 (27 Refs).

The author reviews principal findings and conclusions concerning the possible health effects of exposure to 
powerline-frequency electric fields, along with 
selected data on effects of exposure at other ELF 
(extremely low frequency) frequencies and to other waveforms (other than sinusoidal). Human studies 
have included health surveys of occupationally exposed personnel, and studies on volunteers. Animal 
experiments have included behavioral, nervous system, and other endpoint studies, and studies of reproduc
tion and development. Cellular and in-vitro studies. 
Including studies of mutagenesis and carcinogenesis, 
have provided insight into the relationship between 
the physical and biological aspects of the mechanisms 
of electric field interactions. A health effects evaluation of the above data leads the author to 
conclude that powerline frequency fields may be safe 
at normal exposure levels, but that complex frequen- 
cy-amplitude-bloeffect interrelationships revealed by 
in-vitro experiments suggest that one should avoid 
extrapolation of findings to other waveforms.

Selected 1n-v1tro and epidemiological studies of 
biological effects of extremely low frequency (ELF) 
magnetic fields (MF) were discussed in the context of a health risk assessment. Anplification of currents 
induced by ELF HFs at the level of the outer ionic 
sheath and of the cell membrane may modulate cell 
function through electrochemical, biophysical, and 
biological mechanisms. These functional changes may 
then modulate gene activity, thus leading to a second 
amplification cascade through alterations in metabol
ic processes. The author cautions that unproven theories of biointeraction of ELF MFs should not be 
used in a health hazard evaluation until definitively confirmed. Two biointeraction mechanisms which have 
been established for ELF HFs are its action on moving electrolytes via Lorentz forces (thus giving rise to 
Induced electric fields and currents) and induction according to Faraday's law of currents in living 
tissues (leading to effects on excitable tissues). Pulsed MFs with complex waveforms have been shown to 
affect a wide variety of cell functions, including 
ONA, RNA, and protein synthesis. Cooplex pulsed 
waveforms used clinically for bone-growth stimulation do not have health risk inplications as far as the 
effects on bone are concerned, but may have more 
extensive effects as suggested by their effects on 
gene transcription and translation in in-vitro studies with larval salivary gland chromosomes of 
Sciara coprophila and Drosophila melanogaster. Current densities Induced in these experiments are 
estimated to have ranged from 0.01 to 0.1 A/m2 for 
exposure durations of 15-45 min. The experiments 
indicated a locus, signal, and time duration speci
ficity of the responses. No effects of ELF MF expo
sure on nerve and muscle cells have been found for exposures which produce current densities of up to 10 
mA/m2. Central nervous system effects have been 
demonstrated in the Induced current density range of

EXTREMELY LOW FREQUENCY (ELF) ELECTRIC 
BIOLOGICAL EFFECTS AND HEALTH RISK ASSESS- 

(Eng.) Czerski, P. [Center for Devices and 
' ' ■voILIb FDA, PHS, DHHS, Rockville, MD Repacholi, M. H. (ed.), Non-ionizing 

nouianuiia; Physical Characteristics, Biological 
Effects and Health Hazard Assessment. Proceedings of 
the International Non-Ionizing Radiation Workshop, 
Melbourne, Australia, April 5-9, 1988, London, 
International Radiation Protection Association Publi
cations, pp. 255-271; 1988 (59 Refs).

4809 EXTREMELY LOW FREQUENCY (ELF) MAGNETIC FIELDS. (Eng.) Bernhardt, J. H. [Inst, for Radia
tion Hygiene, Federal Health Office, D 8042 Munchen- Neuherberg, FRG] In: Repacholi, M. H. (ed.). Non
ionizing Radiations: Physical Characteristics, Biological Effects and Health Hazard Assessment. 
Proceedings of the International Non-Ionizing Radiation Workshop, Melbourne, Australia, April 5-9, 1988, London. International Radiation Protection Association Publications, pp. 273-289; 1988 (20 Refs).
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10-100 mA/m2 (and above) and the threshold for cardiac stimulation may be reached in the range of 0.1-1 A/m2 with cardiac effects demonstrated above 1 A/m2. No effects on parameters of genetics, reproduction, or development have been shown with in-vitro and animal studies on exposure to sinusoidal waveforms. Nonsinusoidal waveforms may affect embryonic development in chickens; these results are waveform-dependent. Epidemiological studies of magnetic field exposure and cancer incidence were evaluated, and only nonoccupational residential studies in which dosimetric data was reported were deemed of value for consideration in this health risk assessment. These reports lead some support to a hypothesis of cancer promotion by exposure to higher level magnetic fields (> 0.25 ixT); however, the author concludes that the epidemiological and experimental evidence concerning tumor promotion is indicative, but not yet conclusive. The author concludes that it is difficult to make a definitive statement on health risk evaluation relevant to public exposure to ELF MF but that caution should be exercised in making statements on limits of exposure to complex waveforms of ELF MFs.

The author reviews the scientific basis for existing regulations and guidelines of 8 nations and an international body for exposure to extremely-low-frequency (ELF) electric and magnetic fields. The results of a survey of 23 countries by the International Conference on Large High Voltage Electric Systems (CIGRE) showed that only 17 of the countries had the capability to calculate the electric fields under power lines and that 10 had no regulations or guidelines giving limit values for the electric fields. Of those with standards, 6 countries follow standards set and enforced by the utilities at the time of design. A detailed examination of power line electric field exposure standards in the following countries and for the International Radiation Protection Association (IRPA) was presented: Australia, Czechoslovakia, Federal Republic of Germany (FRG), Japan, Poland, United Kingdom (UK), USA, and USSR. No agency has issued any regulation for exposure to alternating magnetic fields at power line frequencies with the exception of the USSR Health Ministry. The FRG and the UK have both published proposals for ELF magnetic field exposure standards. IRPA has published a draft document for guidelines on limits of exposure to electric and magnetic fields at power frequencies. Standards for exposure to time-varying magnetic fields in magnetic resonance imaging (MRI) devices (or guidelines for the operation of the MRI devices) have been issued in Canada, FRG, Italy, UK. USA, and by IRPA.

Experimental and epidemiological data were reviewed concerning the relationship of the risk of leukemia, brain tumors, and other forms of cancer with exposure to 50- or 60-Hz extremely-low-frequency (ELF) electromagnetic fields. No mutagenic effects have been reported in Drosophila or in animals exposed to 50/ 60-Hz fields and it is generally believed that 50/60 Hz fields are not primary inducers of cancer, although they may be cancer promoters. The Adey hypothesis of a calcium-ion related cell membrane locus for an ELF, or ELF-modulated, electromagnetic field interaction leading to cancer promotion has been supported with studies which showed enhanced Ca++ efflux from various cells and tissues. However, a recent attempt to replicate these studies did not find enhanced Ca++ efflux, and the author suggests that these findings raise questions about the viability of the cancer promotion theory. The 1979 Wertheimer and Leeper report of an elevated incidence of cancer in children resident near high-current configurations (high-current-load transmission and distribution lines) stimulated a number of subsequent epidemiological investigations into the possibility of an association between residential or occupational exposure to electric power fields and cancer incidence. These studies have found either a positive association or a lack of relationship between exposure to fields and cancer incidence. Although some analysts have questioned both the epidemiological methodology and the strength of the positive results.

STATIC ELECTRIC AND MAGNETIC FIELDS. (Eng.) nepauiuii, H. H. [Royal Adelaide Hospital, Adelaide, South Australia] In: Repachoii, M. H. (ed.). Nonionizing Radiations: Physical Characteristics, Biological Effects and Health Hazard Assessment. Proceedings of the International Non-Ionizing Radiation Workshop, Melbourne, Australia, April 5-9, London, International Radiation Protection Ast tion Publications, pp. 347-371; 1988 (47 Refs).

4811 CARCINOGENIC POTENTIAL OF EXTREMELY LOW FREQUENCY FIELDS. (Eng.) Repachoii, M. H. [Royal Adelaide Hospital, Adelaide, South Australia] In: Repachoii, M. H. (ed.), Non-ionizing Radiations: Physical Characteristics, Biological Effects and Health Hazard Assessment. Proceedings of the International Non-Ionizing Radiation Workshop, Melbourne, Australia, April 5-9, 1988, London, International Radiation Protection Association Publications, pp. 303-315; 1988 (58 Refs).

the author cites 0. A. Savitz, who believes that there is no convincing research thus far which has negated the results that raised the question of the possible health effects. The public policy decisions that must be made place the issues in the extra- scientific social and political arenas. The author concludes that further epidemiological research is required in order to clarify the potential risk of exposure to powerline electromagnetic fields.

STANDARDS ON EXTREMELY LOW FREQUENCY (ELF) ELECTRIC AND MAGNETIC FIELDS AND THEIR RATIONALES. (Eng.) Grandolfo, H.; Vecchia, P. [Physics Lab., National Inst, of Health, Rome, Italy] In: Repachoii, M. H. (ed.), Non-ionizing Radiations: Physical Characteristics, Biological Effects and Health Hazard Assessment. Proceedings of the International Non-Ionizing Radiation Workshop, Melbourne, Australia, April 5-9, 1988, London, International Radiation Protection Association Publications, pp. 317- 346; 1988 (43 Refs).
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associated with any health risk, but that short-tern 
exposure to static fields above ,5-T nay produce 
detrimental effects. A review of standards on human 
limits of exposure to SHFs In high energy accelerator laboratories, in clinical magnetic resonance facili
ties, in other occupational settings, and for the general public was presented; all of these guidelines 
generally prohibit exposure to SMFs with field 
strengths > 2 T.

The assessment procedures for radiofrequency (RF; 300 
Hz to 100 GHz) and extremely-low-frequency (ELF; < 300 Hz) electromagnetic radiation (EMR) were pres
ented. Accurate assessment of EMR exposure requires characterization of the source and the exposure 
situation, proper measurement techniques, and knowl
edge of relevant exposure standards. Assessment of RF radiation requires Information on wave and antenna 
characteristics and on the exposure situation. It is 
Important to determine whether the exposure Is taking 
place In the near-fteld or the far-field of the 
antenna. This Is determined by the frequency of the exposure device, the dimensions of the source, and 
the distance of the subject from the source. A 
distinction Is drawn between the field regions of 
small versus large radiators. For small radiators, the field regions are the electrostatic, the Induc
tion, and the radiation or far-field regions. For 
large radiators, the field regions are the reactive 
near-fleld, the radiating near-f1eld, and the far- field. Estimation of expected field strengths may be 
made with formulas which are specific to the device characteristics and to whether the exposure Is In the 
near or the far field. Instrumentation for evaluating exposure consists of probes, leads, and monitors. 
A list of nine characteristics of instrumentation which are required for meaningful measurements Is 
presented. Instruments which are comercially avail
able are listed (with manufacturer and model names); 
these Instruments provide indication of average power 
flux density, mean-squared electric (E) field, and/or mean squared magnetic (H) field. Spurious responses 
associated with instrumentation may include any of 
the following: problems with diode detectors — multiple signals, pulse modulation, or light (visible 
or infrared) sensitivity; problems with leads — lead pick-up, thermoelectric lead effect, or direct pick
up; and problems with probes — coupling Into probes, static charge fields (Induction of a voltage by 
movement of the probe In a field), or out-of-band 
responses. Uncertainties in measurements, when good 
procedures are followed, will probably be in the range of * 1 to ± 2 db. Emission levels from speclf-

4814 MEASUREMENT OF ELECTROMAGNETIC RADIATION BELOW 100 GHZ. (Eng.) Joyner, K. H. [Telecom 
Australia Research Labs., 770 Blackburn Rd., Clayton, 
Victoria 3168, Australia] In: Repacholi, M. H. 
(ed.). Non-ionizing Radiations: Physical Character
istics, Biological Effects and Health Hazard Assess
ment. Proceedings of the International Non-Ionizing 
Radiation Workshop, Melbourne, Australia, April 5-9, 
1988, London, International Radiation Protection 
Association Publications, pp. 373-393; 1988 (29 
Refs).

The physical characteristics, sources of exposure. 
Interaction mechanisms, biological effects, health 
hazards, and standards for static electric (SEF) and 
static magnetic fields (SMF) were reviewed, with an emphasis on the SMFs. An electric field induced 
within the human body is typically one millionth [10(-6)J of an externally applied field. AC and DC 
electric fields differ in their coupling to an organ
ism: DC fields couple resistively, with charge from 
DC power lines being carried by natural and corona 
generated ions; AC fields couple capacitively, 
induced currents being the result of the changing electric field. The coupled DC currents are several 
orders of magnitude smaller than the induced currents from an AC field of similar amplitude. SMFs develop 
around permanent magnets or conductors carrying DC. 
MF strength inside the body of an organism is essen
tially the same as the external MF strength. A table 
of sources of exposure to SMFs shows industrial, 
commercial, and research devices to have SMF strengths ranging from 0.01 mT for underground high 
voltage DC power lines to up to 2000 mT for high energy accelerators and magnetic resonance imaging 
devices. The geomagnetic SHF is on the order of 
0.03-0.07 mT. Three mechanisms of interaction with 
living matter are known: magnetic induction, magnetomechanical effects, and electronic interactions. 
Magnetic induction develops by the exertion of Lorentz forces on moving ions (such as blood moving 
through vessels) which produces induced electric fields and currents. This interaction causes blood 
flow potentials which can show up on an electrocardiogram waveform. Moving cross sections (such as 
cardiac contraction) in a magnetic field may also 
induce potential differences. Ionic flows involved 
in electrical impulse conduction 1n nerve tissue are 
also subject to electrodynamic interactions with an applied SMF. Two types of magnetomechanical effects 
exerted on biological molecules by SMFs are orienta
tion changes and translational changes. These magne
tomechanical effects, as well as the electronic interactions of the SMF on electronic spin states, are generally not biologically significant at moder
ate field strengths. Unconfirmed and conflicting reports indicate the possibility of SMF interaction 
with enzymatic systems, and thus with enzymatic pathways that might involve radical intermediate 
states. There is no data at present suggesting that magneto-orientation of macromolecules exerts profound 
effects on vital membrane, cellular, or tissue function. Although alterations in cells, organs, and 
tissues exposed to SMFs have been reported, the author concludes that the existence of deleterious 
effects of SMFs on tissue and organ functions must, 
at present, be considered questionable. T-wave 
alterations have been shown to be linearly dependent on SMF strength, but no alterations in blood pressure 
have been observed tn field strengths up to 1.5 T and thus, the author suggests, cardiovascular stress 
should be negligible In field strengths routinely encountered by humans (« 2 T). The same conclusion 
of safety is drawn for effects of SMFs < 2 T on nerve bioelectric properties. A review of seven studies of 
industrial workers exposed to SMFs at field strengths up to 2 T showed that, over all, the available data 
do not support an association between cancer inci
dence and exposure to large SMFs. A review by a 
World Health Organization task group concludes that exposure to SMFs of field strengths < 2 T Is not
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The possible health inpacts associated with operation of video display terminals (VOTs) are reviewed along 
with the alleged radiation risks of VDT's with empha
sis on adverse effects on pregnancy outcome. Radia
tion of VDT origin can include soft X-ray radiation, ultraviolet radiation in the near region (UVA), 
visible radiation, infrared (IR) radiation, and ultrasonic radiation; the latter are deemed to not be 
of concern at VDT-operator exposure levels. VDT electrostatic fields have been implicated in skin 
disorders, though a causal hypothesis has yet to be 
confirmed. Radiofrequency (RF) radiation and ex
tremely low frequency (ELF) fields of VDT origin are at levels below current standards, guidelines, and recoonendations for occupational exposure; however, 
the authors notes that the effects of the ELF magnet
ic field component are being studied in animal expo
sure experiments. The present display device in most 
VOTs is a cathode-ray tube; the authors state that alternative displays with very low stray electromag
netic fields may not be practical for at least anoth
er five yr. Eye discomfort and musculoskeletal 
postural discomfort may lead to ergonomically related disorders and work stress may aggravate other symp
toms. Ho evidence of permanent damage to eyes (including cataractogensis) or muscles has been shown to 
be related to VDT operation. The authors conclude that there are no established health hazards associ
ated with radiation or fields from VOTs, but further investigations into the possibility of skin disorders 
related to VDT work as well as investigations into 
the possibility of interactions between low frequency

ygical Effects of Nonionizing Electromagnetic 
ation XII(2), December 1988
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4815 VDT WORK — AN OCCUPATIONAL HEALTH HAZARD? 
(Eng.) Bergqvist, U. 0. V.; Knave, B. G. [National Inst, of Occupational Health, S-171 84 SOLNA, Sweden] 
In: Repacholi, H. H. (ed.). Non-ionizing Radiations: Physical Characteristics, Biological Effects and 
Health Hazard Assessment. Proceedings of the Interna
tional Non-Ionizing Radiation Workshop, Melbourne, 
Australia, April 5-9, 1988, London, International Radiation Protection Association Publications, pp. 
395-409; 1988 (26 Refs).

ic products and installations are quantified for the 
following: RF dielectric heaters, induction heaters, 
shortwave diathermy units, microwave diathermy units, 
satellite earth stations, broadcast installations, video display terminals, and microwave ovens. A 
protocol is presented for measurement of RF fields which includes initial estimation of field strength 
for selection of appropriate instruments and set
tings, calibration of the instrumentation, and subse
quent detailed measurements and precautions. Expo
sure standards and guidelines for RF exposure are 
presented in a table. Assessment of ELF fields requires separate determination of the E and the H 
fields. Free-body meters should be used for outdoor measurements of E fields near transmission lines; 
commercially available H-field probes are listed. 
Proper protocols are presented for measurement of 
measurement of E fields and H fields. Measurement 
uncertainty for both E and H fields is typically < ± 
10*.

The biological, medical, ethical, and administrative 
concerns of an occupational physician were discussed 
with regard to the occupational health of workers 
exposed to radiofrequency radiation (RFR). Australian RFR exposure standards require initial eye 
examinations with quinquennial followup examinations. 
The examination protocol is strictly defined and 
provides baseline information for medico-legal purposes, epidemiological data on effectiveness of 
safety practices, and early detection of adverse 
health effects. Various Issues arise from the exami
nations relating to informing workers as to their 
personal data, placement criteria, format and automa
tion of data collection, quality control (including definition of a cataract), collection of control 
data, and the impact of the examinations on ophthalmic services. The author, along with K. Joyner, has 
devised a detailed standardized protocol for assess
ment of the effects on the worker's health of acci
dental exposure to RFR; this assessment requires an initial technical evaluation of the exposure by a 
scientist, then a medical evaluation of the worker as dictated by the exposure data. Exposure evaluation 
should document the environmental conditions, the 
work procedures, and worker personal data (e.g..

magnetic fields and biological systems should be 
conducted. The authors also conclude that there is a 
lack of evidence supporting an elevated incidence of 
adverse pregnancy outcome among VDT operators. The number of pregnant VDT operators is suggested to be 
large enough for a low frequency of clusters of adverse pregnancy outcomes to occur by random distri
bution. The possibility of teratogenic factors 
attributable to VDT work is analyzed in a table which 
identifies the teratogenic potency (suggested, suspected, established) and the presence of those agents 
in the VDT environment (present or unique): X-ray 
radiation, UV radiation plus vitamin A, microwaves, 
electric fields, magnetic fields, light air ion depletion, ultrasound, PCB emission, stress/worry, 
and sedentary work conditions. Effects of pulsed 
magnetic fields on animal embryos or on human amniot
ic-fluid cells have not been confirmed to indicate a 
risk to human health or reproductive outcome. Nei
ther have epidemiological studies of pregnancy outcomes related to VDT work identified a statistically 
significant increased risk for miscarriage or malformations. Five published epidemiological studies were 
discussed which the authors felt fulfilled necessary quality criteria. None of those studies provided 
evidence for any increased risk of pregnancy outcome 
due to VDT work.

4816 OCCUPATIONAL HEALTH — A PHYSICIAN'S VIEWPOINT AS EXEMPLIFIED BY RADIOFREQUENCY RADIATION 
CONCERNS. (Eng.) Hocking, B. [Telecom Australia 
(HQ), 199 William St.. Melbourne, Victoria 3000, 
Australia] In: Repacholi, M. H. (ed.). Non-ionizing Radiations: Physical Characteristics, Biological 
Effects and Health Hazard Assessment. Proceedings of the International Non-Ionizing Radiation Workshop, 
Melbourne, Australia, April 5-9, 1988, London, International Radiation Protection Association Publi
cations, pp. 411-425; 1988 (34 Refs).
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The regulation of therapeutic and diagnostic medical devices in the U.S. is under the aegis of the FDA as 
legislated by the Medical Device Amendments of the U.S. Food, Drug and Cosmetic Act of 1976. Medical 
devices are classified into classes I, II, and III; the latter class is for the most hazardous devices 
such as magnetic resonance imaging (MRI) devices and Nd:YAG lasers. Therapeutic heating of tissues per
formed for purposes of physical therapy or for hyper
thermia may utilize microwaves, radiofrequencies, or ultrasound. The FDA promulgated regulations concern
ing the performance of physical therapy heating 
devices in 1979. Two electromagnetic hyperthermia 
devices have been approved by the FDA to date. The 
first MRI device to be approved by the FDA was granted final approval in 1984. Concerns about the 
possible hazards of MRI are centered around the 
effects of the radiofrequency fields, the strong

presence of metal eye glass frames) for estimation of 
SAR and body heat loads. The medical evaluation should provide immediate, as well as long-term, 
documentation of the worker's condition; this may include examination for deep burns, immune dysfunc
tion, gonadal function and germ cell integrity, eye 
pathology, and other anatomical exposure-site-specif
ic evaluations. The psychological aspects of the accident should be considered when discussing the 
medical results with the worker. In the medical 
evaluation, the presence in RFR workers of internal 
prosthetic implants containing metallic components or 
external transdermal drug delivery patches must be 
considered. A protocol for the assessment of such 
implants is presented which permits estimation of the 
heating effect of the field on the implant based on the physical and electrical characteristics of the 
object and the interaction of the heating of the object with surrounding tissues. A case example of 
an exposed worker who had wire sutures securing his sternum (after cardiac surgery) was discussed; the 
case was described clinically, the frequencies of exposure were documented, and an assessment of heat
ing effect of the fields on the implant was made via 
two different modeling strategies. Issues surround
ing exposure of pregnant workers to RFR are both medical and legal. The author concludes that the 
Australian RFR occupational standard is acceptable 
for protection of the fetus. Legally, the fetus 
should be entitled to protection at community exposure levels and not at the occupational levels; 
however, the author feels that the medical evidence of harm to the fetus at occupational levels is slim, 
so that extra precautions may not be necessary.

The development of protection guidelines for exposure 
to nonionizing radiation (NIR) has progressed without 
overall organization as a consequence of the increasing opportunities for exposure to various types of 
nonionizing radiation. This evolution is in contrast to the development of exposure standards for ionizing 
radiation, which were formulated by the International 
Commission on Radiological Protection before the rise 
of the industrial era. Consequently, the NIR expo
sure criteria were dealt with compartmenta1ly, by 
frequency, using different terminologies, quantities, 
and units. Inconsistent standards thus developed 
across international boundaries. The first interna
tional organizations which developed long-term pro
grams in NIR exposure-standard setting were the International Radiation Protection Association 
(IRPA), United Nations Environment Programme (UNEP). 
The World Health Organization (WHO), and The Interna
tional Labour Organization (ILO). IRPA created its International Non-Ionizing Radiation Committee 
(INIRC) in 1977 to deal with the aspects of protection against nonionizing electromagnetic radiation 
and ultrasound. WHO has been involved in NIR protection since 1971 and carries out the Environmental 
Health Criteria (EHC) Programme financed by UNEP; WHO 
has published health documents in cooperation with 
IRPA/INIRC. The ILO has published guidelines for exposure through its International Programme for the 
Improvement of the Working Conditions and Environment (PIACT); these guidelines have been developed in 
cooperation with the IRPA/INIRC. The International Electrotechnical Commission (IEC) has as a goal the 
development of product performance or emission stan
dards for electronic equipment. The preparation of 
the UNEP/WHO/IRPA EHC Documents requires a one-week meeting of at least 12 internationally recognized 
experts from different countries who review a second draft of the EHC Document. IRPA/INIRC guidelines for 
protection against NIR are prepared on the basis of EHC documents, and act as guidance to national bodies 
and individual health physicists for the drafting of regulations, recommendations or codes of practice to protect workers and the general public from excessive 
NIR exposure. The preparation of the INIRC guide
lines requires submission of draft guidelines to member institutions and individual scientists for

static magnetic fields, and the pulsed gradient 
fields (and the latter's resulting induced pulsed currents). The associated risks and the regulatory 
status of surgical lasers, ophthalmic instruments, 
and instruments for ultrasound lithotripsy and diag
nostic ultrasound are also reviewed.

4817 MEDICAL DEVICES — NONIONIZING RADIATION 
STANDARDS. (Eng.) Villforth, J. C. [Center for 
Devices and Radiological Health, FDA, 5600 Fishers 
Lane, Rockville, MO 20857] In: Repacholi, M. H. (ed.), Non-ionizing Radiations: Physical Character
istics, Biological Effects and Health Hazard Assessment. Proceedings of the International Non-Ionizing 
Radiation Workshop, Melbourne. Australia. April 5-9, 1988, London, International Radiation Protection 
Association Publications, pp. 427-446; 1988 (7 Refs).

4818 INTERNATIONAL ACTIVITIES AND DEVELOPMENT OF 
NON-IONIZING RADIATION PROTECTION GUIDELINES. (Eng.) 
Duchene, A. [INIRC, Commissariat a 1'Energie 
Atomique, IPSN/DPS, BP. no. 6, F-92265 Fontenay aux 
Roses Cedex, France] In: Repacholi, M. H. (ed.). 
Non-ionizing Radiations: Physical Characteristics, Biological Effects and Health Hazard Assessment. 
Proceedings of the International Non-Ionizing Radia
tion Workshop, Melbourne, Australia, April 5-9, 1988, 
London, International Radiation Protection Association Publications, pp. 447-456; 1988 (16 Refs).
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Biological Effects of Nonionizing Electromagnetic

of nonionizing electromagnetic fields. The two types 
of study design are the cohort and the case-control studies. The presence of an observed effect in an 
epidemiological study is described as either a rela

tive risk or an attributable risk. Relative risks 
can be calculated as incidence rate (number of dis
ease onsets per unit time of exposure), as cumulative 
incidence (proportion of population afflicted per 
time period), as prevalence (proportion of population 
afflicted at a point in time), or as the relative effect (the disease frequency among the exposed 
divided by the frequency among the nonexposed; known 
as relative risk, RR). The relative risk is an odds 
ratio and is the most commonly used measure. The 
attributable risk of exposure to an etiologic agent 
is the etiologic fraction (EE) which is calculated as 
[p(exp) x (RR - l)]/[p(exp) x (RR - 1) + 1], where 
p(exp) is the proportion of the candidate population 
that is exposed. EE is thus the proportion of new 
cases due to the exposure. The author cautions against the possibility of failing to reject the null 
hypothesis in a study due to the risk inherent in 
using statistical probability tests for evaluation of 
the significance of the results without sufficient 
attention to the confidence intervals. Bias in 
exposure classification or nondifferential misclassi
fication will affect the estimate of exposure ef
fects. Biased classification will affect the validi
ty of the study, but nondifferential misclassifica
tion is of most concern in interpreting studies which 
seem to indicate an absence of an exposure effect. 
The latter misclassification will always introduce a 
bias in the direction of underestimation of the 
effect. Confounding factors can distort an observed effect towards either an over- or an under-estima
tion. The confounding factor must be associated with both the disease under study and the exposure under 
study. Stratification of the data followed by statistical heterogeneity tests will reveal whether 
there is a confounding effect due to a particular 
factor (e.g., gender). A desirable study population 
size may be determined with statistical power calculations. These calculations show the probability of 
detecting a statistically significant postulated level of effect; as the study size increases, the 
power of the study increases toward 1.0 for a nonzero effect. In occupational epidemiology, the healthy 
worker effect should be considered: morbidity and 
mortality is likely to be less in an employed popula
tion than in the general population.ence in epidemiology requires the following 
criteria: < 
tency, temporality (temporal relationship), 
cal gradient (dose-response relationship).

amendment, and then approval by the IRRA executive 
council. The IRPA/INIRC collaborates with the ILO to 
provide guidance for government agencies, employers, 
and workers on working conditions and procedures that will lead to higher standards of occupational safety 
and health.

Causal infer- idemiology requires the following standard 
strength of association (high RR), consis

tency, temporality (temporal relationship), biologi
cal gradient (dose-response relationship), coherence (biological plausibility), and experimental evidence. 
A five level quality score for each of the above six criteria was given to the overall data available 
concerning the potential associations between the following agents and diseases: low frequency magnet
ic fields and cancer; video display work and adverse pregnancy outcome; fluorescent lighting and malignant 
melanoma; and smoking and lung cancer. The mean scores for the six criteria in each case were 2.0, 
1.5, 2.2, and 5.0, respectively. The first three risks are to be considered much less certain than the 
smoking/lung cancer risk. However, the magnetic field/cancer hypothesis was considered to more be
lievable due to the subjective confidence of the author in the New York State Power Line Project 
epidemiologic studies.

A short version is presented of the 1985 review of 
the names and definitions of quantities and units relevant to nonionizing radiation protection pub
lished by the Non-Ionizing Radiation Committee of the 
International Radiation Protection Association 
(Health Physics 49:1329-1362, 1985). These quanti
ties are categorized as either relevant to general 
radiation phenomena, to electromagnetic radiation and fields, or to optical radiation. The associated 
symbol, definition, name of unit, and the unit's symbol are given in a table for each quantity. 
Interaction coefficients provide for quantities which describe the interaction of nonionizing radiation 
with matter. The dosimetric quantities useful in 
nonionizing radiation work are less uniform in con
cept than those used for ionizing radiation due to the large number of physical effects and measuring 
techniques. The author believes that attempts to 
unify quantities and units for nonionizing radiation 
will reach their natural level.

WHAT DO EPIDEMIOLOGICAL STUDIES TELL US? (Eng.) Knave, B. G. [National Inst, of Occupational 
Health, S-171 84 SOLNA, Sweden] Addendum Lu ‘ choli, M. H. (ed.), Non-ionizing Radiations: 
cal Characteristics, Biumgiuui c. Hazard Assessment. Proceedings of 
Non-Ionizing Radiation Workshop, hciuvuiiie, nuaira- 
Ha. April 5-9, 1988, London, International Radia
tion Protection Association Publications, 10 pp.; 1988 (0 Refs).

Addendum to: Repa- : Physi- Biological Effects and Health 
T the International 
Melbourne, Austra-

of current interest in the relationship between 
disease occurrence and exposures to certain sources of nonionizing electromagnetic fields. The two types

QUANTITIES AND UNITS FOR NON-IONIZING RADIA- 
(Eng.) Harder, 0. [Inst, of 

Medical Physics and Biophysics, Georg August Univ., 
Gottingen, FDR] In: Repacholi, M. H. (ed.), Nonionizing Radiations: Physical Characteristics, 
Biological Effects and Health Hazard Assessment. 
Proceedings of the International Non-Ionizing Radia
tion Workshop, Melbourne, Australia, April 5-9, 1988, London, International Radiation Protection Associa
tion Publications, pp. 457-464; 1988 (1 Ref).
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