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PREFACE

Biological Effects of Nonionizing Electromagnetic Radiation
is a pu b l i c a t ion research ed and prepared by the Franklin
institute Research Laboratories , Sci ence Information
Serv i ces Depar tmen t , under a contract with the U.S. Navy
and adminis tered by the Office of Telecommunications Policy .

This di gest serves as a vehic le through wh i ch current
documentation of research highli gh ts on the b io lo gi cal
effects and hea l th Imp lica tions of nonioni zing elect ro-
magnetic radiation (microwave and radiofrequency radiation)
ar e comp i l ed , condensed , and dissemina ted on a regular
basis. Biological Effects of Nonionizing Electromagnetic
Radiation is  i ntended to be a hi ghl y useful current awareness
tool for scientists engaged in research or related activities.
The great number and divers i ty of relevant publications
make Impera tive the availabi l ity of this serv i ce to persons
whose work requires  tha t they keep abreas t of curre nt
developments in the field.

Biological Effects of Nonionizing Electromagnetic Radiation
i s publ i shed  quarterly. The issues of Vo l ume II , and future
vol umes, will incl ude materials rece i ved during the preced i ng
three months . Each issue will include news i tems and
annou ncemen ts , a lis ting of meetings and conferences ,
abstracts of curren t literature , and a dir ectory of current
research. Materials for wh i ch full text is not available
will be included as summa ry abstracts.
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ABBREVIATIONS AND ACRONYMS

A , amp - ampere(s) n - nano
— angstrom(s) NBS - National Bureau of Standards

BRII - Bureau of Radiolog i cal Health NIH — National Institutes of Health
C - cen t i g rade NSF - Nat iona l Sci ence Fou ndat i on
cm - centimeter(s) NIOSH - National Institute for
cps - cycles per second Occ upat io nal Safe ty and Heal th
dB - decibe l (s) NTIS - Nationa l Techn i cal information
EPA - Environmental Protection Agency Serv i ce
FDA - Food and Drug Administration Oe - oersted(s)
g - gram(s) OSHA - Occupationa l Safety and Health
G - Gauss Adm i n i st ra t ion
GHz - gi gahertz OTP - O f f i c e  of Telecomu ni ca ti ons
HEW - Hea l th , Education , and Wel f a r e  P o l i c y
hr  - hour PHS - P u b l i c  Heal th Service
Hz - hertz rad - radiation absorbed dose
IEEE - Institute of Electronic and R — roentgen(s)

Elec trical Eng i neers rpm - revolutions per minute
IMP I - International Microwave Power sec - second (s)

Ins titute USAFSAM - U.S. Air Force School of
Ui - I nternational unit(s) Aerospace Medicine
J - joule(s) USDA - U.S. Department of Agriculture
k - kilo-- UV — ultraviolet

— liter(s) V — vo l t ( s )
m — meter(s) VA - Veterans Admi nistration
m — mu l l —— W — watt(s)
M - mega-- Wb - Weber(s)
mho - unit of measurement of WHO - World Health Organization

conductivity wk - week(s)
mm - minute(s) wt - weig ht
mo - month(s) yr - year(s)

- micro--

v i i



NEWS ITEMS

IMPI PLANS BIOEFFECTS AND RADIATION SAFETY COURSE rap id heating of frozen or refr i gerated biolog ic
media; noninvasive sensing of t issue propert ies

A one-day in tens ive study course on microwave and cond it ions; microwave thermography ; ooninva~ iv &~transfer of energy or information to implants;
bioeffec ts and radiation safety, organized by IMPI
and Radiation Protection Bureau . Heal th and Welfare 

medically benefi cial effects; effects on tumor

Canada . has been scheduled for June 26, 1978 in 
c e l ls , bacteria , viruses , and other organ i sms ;
and effects on blood flow , mass transport , andO tt awa . The course i~ aimed at the health physicist . local tissue metabol ism.

heal th inspector , ph’,s io logis t , and radiologist who IEEE TraflB. Microwave Theor~iwant to gain general knowledge about microwave radia-
tion safety. The course curriculum will include MTT25(3): 238; 1977 .

basic definitions and concepts; quantification of
hazardous microwave fie lds; biophysics--energy
absorption , distribution , and interaction mechanisms ;
biolog ic and pathophysio logic effects of microwave cx- NEW NBS RADIO FREQUENCY POWER METER AVAILABLE
posure ; comparative survey of microwave exposure stan-
dards; and control of microwave exposure in Canada. A
pane l discussion will conclude the course. lnforma- A license and a design package to produce a new radio
tion nay be obtained from Dr. H. A. Stuchl y, Environ- frequency (RF) power meter , recently developed and
mental Health Centre , Room 233, Ottawa , Ontario patented by the National Bureau of Standards (NBS),
KIA 012, Canada . are now available. The meter , desi gnated NBS Type

.nv~°i Announcement I V  RF Power Meter , was desi gned for use in automated
measurement systems in which as many as 10 power
meters would be under the control of a computer
and would share a dig ital volt meter and dig ital-to-

BRH CONDUCTS RADIOLOGIC HEALTH WORKSHOP 
analogue connector. Like its predecessors , the
NBS Types I and II meters , Type IV uses the direct
current-RF substitution method for measuring power .

The BRH conducted a 2k-day workshop on radiolog ic Unlike Types I and II , it does not use a Wheatstone
health principles and issues for FDA ’s 55 consumer Brid ge. The Type IV uses two operationa l amp lifiers
affairs officers during the Executive Director of to automatically maintain equality between the
Regional Operations ’ Annual Training Conference , resistance of a thermistor mount and the meter ’s
November 14—18 , 1977, In Rossl yn , Virg inia. The internal standard resistor , to within one part in
workshop acquainted the consumer affairs officers 105. Doing away with the bridge and the use of 4-
with the basic mechanisms of ionizing, microwave , termina l resistor connections eliminates the lead-
li ght , and sonic radiation ; the effects of such resistance errors inherent in thermisto r-to-bridge
radiation on the human body; the mandates to FDA connections . It also permits longer connecting lines
on radiolog ic health; and the Bureau ’s regulatory between meter and thermistor. The package and a
and nonregulatory programs for protecting the license under U.S. Patent No. 4,008,610 are available
public from unnecessary radiation exposure. Among through NTIS , U.S. Department of Coesnerce, Washington ,
the subjects addressed were the medical x-ray DC .
process , the roles of the radiolog ist and radlolog lc Microwave J, 20(12): 32; 1977.
technolog ist , conventional x—ray equi pment , computer
tomography scanners , nuclear medicine , maninography,
gonad shielding , the use of x rays and ultrasound
in pregnancy, sunlamps , mercury vapor lamps , lasers , CANCER RESEARCHERS REEVALUATE HYPERTHERMIA
and microwave ovens. Attendees also received a
three—volume manual , compiled by the Bureau ’s
Division of Training and Medical App lications , Eiectrohypertherm ie , once considered the tool of
emphasizing the Bureau ’s priority topics for cancer quacks , is beg inning to enjoy a renaissance
consume r education in fiscal year 1978. in the treatment of cancer. When used in conjunction

BRR Buil.  11 (22) : 3-4 ; 1977. with chemotherapy , therapists have found that electro-
hyperthe rmia achieves better results than just appli-
cation of chemotherapy alone . Electrohyperthermia
pretreatment makes the cancer tissue more permeable

IEEE TO PUBLISH SPECIAL ISSUE: “MICROWAVES IN MEDICINE” to the drug . In additIon , m icrowave-induced pre-
heating enables lower doses to be administered ,

A special issue of the I5E~ 2’i.anaactiona on Microwave the larger dosage required without efectrohyper-
reducing the chances of compl icat ions caused by

Theor ’~ and Teahnique8 on “Microwaves in Medicine , therm ia . Some researchers indicate that elect ro-
w i t h  Accent on the App l I ca tion  of Electromagnetics hyperthermla alone may be enough to kill cancer
to Cancer Treatment ” has been scheduled for publ ica— t issue. One medical renegade cla ims that in
tion in July 1978 . Papers w i l l  emphasize the fol low— using an H-wave-po lar ized , 434-MHZ source , the
ing areas: techn iques for controlled local and frequency of the radlofrequency (RF) wave i t se l f ,
general hyperthermla; appl icator des igns for pro- and not the heating induced by RF , is su f f i c i en t
ducing hyperthermia; measurement of temperature to cure certain types of cancer. To date , the
distr ibutions in tissue under microwave exposure; real problem fac ing researchers is the inadequacy 
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of ex is t ing  microwave diathermy equipment. One addressed to Professor A. W . Guy , Dept. of Rehabi l i-
invest igator , though , sees the day when better ta t ive  Medicine , cc-8 14 universi ty Hospital RJ-30 ,
equipment will become available: “ Flexibility Is Univ. of Washin gton Schoo l Medic ine , S e a t t l e ,
what ’s important now. After the researcher s deter- Washington 98195.
m ine the best frequencies and power levels , a International u nion of Radio Science Announcement
smaller , fixed-parameter type of system will surel y
result, ”

.‘licpowaves 16(9): 22—24; 1977.

NARDA DEVELOPS MICROWAV E BRI DGE

MICROWAVES BOOST WHEAT CROP YIELD A precision matc hed microwave bridge has been
developed by the Narda Microwave Corporation
with a 35 dB d i r e c t i vi t y  for the ent i re  frequency

Researchers in India are discovering that microwave range from 2 to 18 GHz or more and w i t h  a l l  ports
irradiat ion can help improve diseased wheat seeds wel l-matched for minimum contr ibut ion to measurement
before p lanting and increase y ie ld once the crop ~ error . The bridge performs the same function as a
sown . Exposure  to microwave energy improves the hi gh d i r ec t i v i t y  coup ler , and the two devices may
process of seed mutation and thereby boosts the be used interchangeabl y in ref lecto meter and net-
crop y ield. Seeds are i r rad ia ted In a simple work anal yzer appl icat ions.
matched wavegulde load , suspended on electrically Narda Probe 9(2): 1-8 ; 1977.
transparent foam in the maximum F-field reg ion .
Crops are irradiated by means of high-gain , low-
sidelobe antennas. By irradiating the seeds at a
spec i f i c  molecular resonant frequency , energy 

RADIO ENERGY HEALING SOCIETY FORMEDabsorption is Increased , speeding the mutation
process. “One of the main aims is to improve the
prote in content of wheat ,” expla ins Chinmoy Des Althoug h the effects of magnetic and electric fields
Gupta , Assistant Professor of electrical eng i neering in medicine and biology are little understood , inter-
at the Indian InstItute of Technology , Kanpur. est in the benefits , dangers , and contraindicat lons
“Once the characteristic resonance frequency of of electromagnetic energy associated with clinical
isolated protein molecule is known , the crops will app lication is rising . At a meeting at S t .  Bartholo—
be subjected to irradi .,tion centered on this mew ’s Hosp ital , London , researchers last year
resonant frequency .” decided to form “The Society for the Study of Elec-

Microwaves 16(9): 12 , 18; 1977. t r lca l  Phenomenon in Living Systems .” Presentations
at that meeting included a pape r entitled “Callus
Formation by Electret (see Current Literature 5281)
and a discussion of the use of pulsed radio frequency

BOOK REV IEWS MICROWAVE RISKS energy for reducing bruising and edema following
surgery. The society plans to hold two meetings
each year and restrict membership to those activel y

In The Zap~’ing of America: Microwave8, The i.,r Dead ly working in the field.
Risk, and the Cover—up, Paul Brodeur , a staff .1. Med. A’ng. 1(5): 291-292 ; 1 977 .
writer on The New Yorker, exam i nes the physiologic
effects and environmental Impact of microwave
radiation. This 343-page volume Is publishe d by
W . W. Norton , New York. 

ELECTRIC STIMULATION IMPROVES HONEY YIELD

Researchers in the Soviet Un ion have reported
URSI CALLS FOR PAPERS FOR improved bee colony development by applying an

ELECTROMAGNETIC BIOEFFECTS SYMPOSIUM electrical charge for short durations. The swarm
is placed between two metal plates , 50 cm apart ,
and a potential  of 20 kV w i t h  a frequency of 200-

An open symposium on Biolog ica l Effects of Electro- 1 ,000 Hz is applied . A variable electri c field is
magnetic Waves will be held as part of the 19th established In the order of 400 V/cm , which ac t i va tes
General Assembly of the International Union of Radio the bees. The time for one session Is 5-10 mm and
Science in Helsinki , Finland , August 1—8 . 1978. The the interval between sessions in the spring/sumer
symposium will feature six or seven half—day sessions session is 5-6 days and in the autumn , 1-3 days.
on the following and other related areas: theoretical The operations In spring and sumer ensure the
and experimental dosimetry and field measurements , development of the colony to the Start of nector
instrumentation , mechan i sms of interaction with flow and in autumn ensure growth of young bees
biolog ic systems , hyperthermia and biomedical going into hibernation . In one experiment , bees
applicat ions , behavioral and central nervous system were treated from the start of June to mid-Jul y.
effects , philosoph y of standards , and interna tional Every 12 days a check was made. The colony was
cooperative studies. The deadline for submission found to gather 50% more honey and to reproduce at a
of papers is April 15, 1978. Coewnunicatlons may be rate of 40% more than non-treated bees. Treatment

2
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at the end of August through early September (every transmission lines can cause a biologica l effect
1- 2 days for 2 wk ) ensured reproduction increase of si gnif icance ,” sta tes  Kornberg. A numbe r of
by a factor of two , studies are under way both in the U.S. and in other

~ t~ ’f, t .‘nv, ’: ’ :’ ’:~: ~llus tr’ct, i (Y42) : 3; 1977. countries to pinpoint electric field effects. The
EPRI is sponsoring research amoun ting to $2 million!
yr in the area and the Energy Research and Develop-
ment Agency (ERDA ) is sponsoring ~l million/yr.

ELECTRICAL SAFETY COLLOQUIUM SCHEDULED According to Kornberg , both EPR1 and ERDA are
optimistic that some definitive answers on electric
field effects will be forthcoming within the next

The International Section for the Prevention of few years.
Occupational Risks due to Electricity of the Inter- Meolt. Eng. 99(11); 20—21; 1 977.

national Social Security Association will hold a
colloquium concerning safety for the electrical
expert with emphasis on basic and advanced training .
Details on the colloquium , to be held in Lucerne .
Switzer land , on May 17-19, 1 978 , may be obtained BRH REVIEWS RAD IAT ION CONTROL EFFORTS
from the Berufsgenossenschaft der Feinrrechanik und
Elektrotechnik , Oberlaender Ufer 130 , D-5000 Koein
51 , West Germany .

Lancet 2(8047): 1092; 1977. in a brief report entitled “A Look at FDA’ S Program
to Protect the American Consumer from Radiation ,”
the BRH provides a brief overview of FDA’s major
regulatory and voluntary effort in the area of
radiation control and examines the impact of the

MICROWAVE D IAGNOSIS AND THERA PY WORKSHOP SCHEDU LED agency ’ s programs to eliminate unproduct ive
radiation exposure to the consumer. The report
concludes with a surrilary of present and futureA one-day workshop on Diagnosis and Therapy using

Microwaves will be held shortl y after the Ei ghth concerns about newl y-emerg ing radiation-emitting

European Microwave Conference scheduled for September products and uses and the potential public health

‘a-8 , 1978 , in Paris. The conference itself will problems that they may engender.
HEW Publication (FDA) 77—8032; 18 pp .; April , 1 977.Include presentations on the Biolog ical Effects and

Medical App lications of Microwaves. Details on
both the workshop and the conference may be obtained
from Professor E. Constant , 8th EuMC Conference
Chairma n , Centre Hyperfrequence et Semiconducteurs ,
Univer site des Sciences et Techniques , BP 36 , ENVIRONMENTAL IMPACT OF ELECTR IC FIELDS STUDIED
59650 V il leneuve d’Ascq , France .

8th European Microwave Conference Annoucement

Under contract to the Electric Power Research
Institute (EPRI), Westing house Advanced Systems
Technology , in conjunction with the Pennsylvania

ELE CTRIC FIELD EFFECTS RESEARCH EXPANDS State Un i versit y , is performing a research pro-
ject to study the effects of electric fields on
plants and animals typicall y found in the vic in—

“If elec tric fields can cause biolog ical effec ts , ity of power transmission lines. The contract
i t appears that they w i l l  be subtle , possibly Is a por tion of EPRI ’ s comprehensive program corn-
elusive , and extremely difficult to identify, ” mltted to determining the environmental impact
according to Dr. Harry Kornberg, Environmental of the electric fields produced by extremely
Assessment Department of the Electric Power Research hi gh voltage and ultra hI gh voltage transmission
Institute (EPRI). Kornberg notes that research on lines. The research team coordinates the skills
the possible effects of electric fields from hig h— of Westing house eng ineers familiar with electric
voltage transmission lines began in the 1 960s. utility operations and instrume ntation techniques
Public awareness Increased in the late l97Os, with the work of biolog ists from the Pennsy lvania
triggered primarily by reports from the Soviet State University specializing in the practical
Un i on describing medical comp laints from swi tchyard and theoretic aspects of p lant and an i ma l growth
workers exposed to hi gh-voltage gradien ts for long and behavior. Biologic stud i es that have and
periods. A similar experience occurred In Spain , will be performed include effects studies moo—
where five of ei ght switchyard workers , transferred itoring hatching time , weight , and activity of
to a new 500-ky power station , reported headaches , develop ing avian embryos ; growth , activity,
fat i gue , and loss of appetite . However , examinations electrocard i ographic and electroencepl’..’ographic
of line workers In Canada , England , France , West responses of young chicks ; and the capab l ity
Germany , Italy, and the U.S. have shown no adverse of field detection by domestic pl g~ ..ns. Biolog ic
biol og ic effects. “No experiment thus far has effects studies on several species of oreen p lants
clearly established that electric fields even 20 are also being performed .
time s as hi gh as those encountered under 765-ky .‘. Mi: ’r cwxv, ’ Pc ’wcr 12(1): 42; 1977.
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ITEMS FROM THE COMMERCE BUS I NESS DAILY

CONT INUATION OF RESEARCH ON MICROWAVES , RESEARCH ON THE TEMPORAL RELATIONSHIP
EL ECTROMAGNETIC THEORY AND INFORMATION PROCESSES. BETWEEN THE ELF FIELD FROM THE PROJECT SEAFARER

WISCONSIN TEST FACILITY AND PATH DEV IATIONS BY
The Directorate of Procurement , A ir Force Office of MIGRATING BIRDS.
Scientific Research , Boiling Air Force Base , Washing-
ton , DC , has contracted with the Pol ytechnic Inst i- The Office of Naval Research , Arlington , Virg inia ,
tute of New York , Brookl yn for the above stud y. has contracted with Marine Biological Laboratory ,
(Novembe r 2 , 1977) Woods Hole , Massachusetts for the above study.

(December 19, 1977)

EFFECTS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MAMMAL IAN CENTRAL NERVOUS SVSTEM 
Hz FIELDS ON THE

ON THE HEMATOPOIETIC SYSTEM OF MICE.

The Office of Nava l Research , Arlington , V irg inia ,
The Office of Naval Research Arlington Virginia has contracted with the Regents of the Universityis negotiating with Battelle Memorial Institute of California Los Angeles for the above study.Pacific Northwest Laboratories Division , Rich iand ,
Washington for the above study . (November 17, 1 977) January 5, 197

O CONT INUATION OF NECESSARY SE RVICES TO
0 BIOLOGICAL CONSEQUENCES OF PULSED VS COORDINATE FEDERAL/STATE RADIATION CONTROL
CONTINUOUS WAVE RADIOFREQUENCY RADIATION ST UDY. ACTIVITIES AND ASSISTANCE IN SOLVING RADIATION

CONTROL PROBLEMS.
The Directorate of R S D Procurement , Wright-Patter-
son Air Force Base , Ohio . has contrac ted with Georg ia The FDA , PHS , HEW , Rockvi l le , Maryland , is negotia-
Tech Research Institute , Georg ia Institute of Tech- tin g with the Conference of Radiation Control Program
nology, Atlanta , Georg ia for the above study. Directors , Inc . for the above Study. (January 16 ,
(December 2 , 1 977) 1 978)

N ON-IONIZING RADIATION ; EUROPEAN HIGHLIGHTS

Dr . Paul 0. Gillespie, Managing Director
The Frank/in Institute. 0mb!!, Munich, Federal Republic of German y

An i nvestigat ion of currently funded re— radiation at incident power levels of 10 mW/cm2
search programs in the United King dom reveals or below , furnace workers and glassblowcrs with—
that the onl y stud y of the bloeffects of non— out eye protection experience the development
ionizing radiation is being conducted at the of cataracts. Wh ile the cataracts were all
Physics Depar tment of Queen Elizabeth College , at tributed o f f i c i a l l y  to Infrared radiation ex-
London University. This projec t , sponsored posure , the low frequency end of the infrared
by the Medical Research Council , is under the reg io n merges with the hig h frequency end of
direction of Dr. E. H. Grant. Dr. Grant , a the microwave regfon . Further , various tissue
biophysicist , defines the thrust of the study damages have been reported in laboratory animals
as an effort to provide information that will at microwave incident power levels one full
lead to recomendations for establishing max- order of magnitude lower than presently accepted
imum perrnissable microwave exposure levels as as permissable. Another compelling reason to
a function of radiation frequency. Power—pat- consider the frequency factor in the establi sh-
terned after the U.S. exposure limits , current ment of maximum permissable limits is that the
British limits are quoted in units of Incident ability of various tissues to absorb energy
radiation , and they emp loy the same value , is frequency dependent.
ID mW/cm 2 . The concept of a frequency factor Dr. Grant reports that they are fifteen
in es tablishing radiation exposure limit s  is months Into what is seen i n i t i a l l y as a three—
particularly interesting. While there are no year project. Their accomplishments to this
cases where it has been clearly and unambig— point , he contInues , have been twofold: first ,
uously established that biologic injury to man the construction of devices designed to measure
has been observed resul ting from microwave electrical perm i t t i v i t y  and conductivity of

4 
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huma n eye lens tissue in the 100 MHz to ID GHz l i shing exposure limits for nonlonizing radiation
frequency range , and seco nd , the conduction of has now been delayed for a year. According to
irradia tion experime nts upon lens. To date , Dr. Hans (riska t of the European Coerrission ,
the experimental data have convinced Dr. Grant the report of the Working Group, which was due
that the research w i l l  produce sufficient evi - In the Fall of 1977, is not expected until the
dence in two year s time to support a strong las t quarter of 1978. E riskat in di c ~rte s that
case for establishing exposure l im i ts for non- for a variety of reasons , i ncluding the frequency
ioniz i n g radiation based on frequency dependence. fac tor argument , no agreement cou ld be reache d
Dr. Grant reports that their findings also in the Working Group , which is composed of
show that the bound water of lens tissue absorbs experts in the field of biolog i cal effects of
more readil y than unbound water i n  tissues. nonionizing radiation from from all nine of the

Parallel to the above work , Dr. Gran t ’s member states. Although the group meets reg-
group is conducting microwave hyperthermia ax- ular l y,  as yet there is no pressure from m di-
perimen ts. vidual nations for action.

In connection with Dr. Grant ’s work on
establ ishing frequency factors in exposure
limit determinations , it is interesting to note
that the effort of the Corrarr i sslon of the European E,.,,,,u.,, ~.,, .r,C Rath.t,on . 5c~ nc~ lnIo,m.,,on
Conanun it i es Working Group to set the ground Se rv c , . F, nki.n Ins~,IaI~ Re,a.,ci, ~~~~~
rules for a cor’r~ n nine—nation pol icy for es tab— T i,. B.ni.n~’n Fr.nk$,n P.,kw.~ Ph~~d~IPi,,, . PA 191031
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MEETINGS AND CONFERENCES

THIRD INTERNATIONAL SU8—M ILLI METER INTERNATIONAL MAGNETICS CONFERENCE ( INTERMA G)
WAVES CONFERENCE—1978

Date: Hay 9-12 , 1978
‘- .~e: March 29—April I , 1 978 Place: Florence , I t a l y

Plao.. : Gui ld ford , Eng land: Univ. Surrey Sponsor: Inst. Electrical £ E lec t r on i cs  En-
:‘~~..:~,r: Inst. Physics , in collaboration g ineers--Magnetics Group; I talian Physical

with I nst. of Electrical Eng i neers , Inst. Soc.; Italian Assoc. Electrical t, E lec t ron ics
Electrica l & Electronics Eng ineers , Inst . Eng ineers
Electro nic and Radio Eng ineers Requesta for Inforenation: J. Suozzi , B e l l

.:ô sta for Znfomnation: Mtgs. OffIcer , Tel ephone Labs. , Whippany, NJ 07981
Inst. Physics . 47 Be i grave Sq., London ,
SWIX 8QX , Eng l and

USNC—UR$I /IEEE AP—S (Radio Scie ncslAnt snnas
and Propagat ion) MeetingELECTROMAGNETIC COMPATIBILITY CONFERENCE

Date: May 15-19, 1978
~~Ztd: Apr il 4 7 ,  1978 Place: Washington , DC
P l~ioe : G u i l d f o r d , Eng l and :  U n i v .  Sur rey  Sponsor: International Union Radio Science-
Sronsor: Inst. Electronic and Radio Engineers U.S. National Comittee (USNC-URSI); Inst.
in association with Inst. Electrical S Elec— Electrical & Electronics Eng i neers (IEEE)——
tronics Eng ineers , Inst. Quality Assurance , Antennas & Propagation Society
Ins t. Marine Engineers , Royal Aeronau tical Requeats f o r  Inf orenation: G. Hyde , Prop-Society agation Studies Dept. , Comsat Labs , Box 115,
Requeste f o r  Inforsn ation: P. M. Elliott , Clarksburg, MD 20734
IERE

NINTH INTERNATIONAL CONGRESS OF THE SOCIETE
AMERICAN OCCUPATIONAL HEALTH CONFERENCE 

FRANCAISE DE RADIOPROTECTION : Risks associated
with the utili zeti on of nonionizin g radiations

Date: April 9-14 , 1978
PZac e : New Orleans , LA: Fal rmont Date: May 22-26, 1978Sponsor: American Occuaptional Medica l Assoc., 

Place: Chateau de Naninvill e-les—Ro ches nearAmerican Assoc. Occupational Health Nurses Paris , FranceRequeeta fo r  Info ssnati an : H .  N .  S c h u l z ,
AOMA , 150 N. Wacker Dr ., Chicago , IL 60606 SpOflBOr Societe Francalse de Radioprotect ion

Requeete for Infoznnatjon: H . Regi s  Marchand ,
Congress President , DSC-18 Rue Ernest-Cognacq,
92300—Levallois-Perret , France

FEDERATION OF AME RICAN SOCIETIES FOR
EXPERIMENTAL BIOLOGY: Annual Meeting INSTITUTE OF ELECTRICAL AND ELECTRONICS

ENGINEERS: Annu al Convention (ELECTRO I7O)

Date: Apr i l  9-14 , 1 978 Date: Hay 23-25, 1978
Place: A t l a n t i c  C i t y , NJ Place: Boston , MA : Sheraton Boston & Hynes
Sponsor: Federation of American Societies Auditorium
for Experimental Biology (FASEB) Sponsor: Inst. Electrical & Electronic En—
Requests for Information: Mrs. H. B. Lelnp , g ineers , Electronic Reps. Assoc.
FASEB , Off .  of Scie ntific Meetings , 9650 Requests for Information: W. C. Weber , Jr.,
Rockvi lle Pike , Bethesda , MD 2O01~e C/O IEEE Boston Office , 31 Channing St.,

Newton , MA 02158

INTERNATIONAL CONFERENCE ON RECENT ADVANCES CONFERENCE ON PRECISION
ELECTROMAGNETIC MEASUREMENTSIN BIOMEDICAL ENGINEERING

Date: June 26-29, 1 978
Date: Apri l  1 7 2 1 , 1 978 Place : Ottawa , Canada: Government Conf. Cent.
Place: Sheff ie ld , Eng l and : UnIv. Sheffield Sponsor: Inst. Electrical 6 Electronics En—
Sponsor: Biological Eng i neering Society (BES) gineers——Instru nien tation and Measurement
Requests for Inforenation: Dr. K. Copeland , Group ; NatIonal Bureau Standards; Interna-
BES , Dept. Biophys lcs ,Unlv . College London , tional UnIon of Radio Science-U.S . National
Gower St . ,  London WC 1E 6BT, Eng land Committee
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~~~~~~~ for nf . :. ’:uc ~~n: K. Char bonneau , EIGHTH EUROPEAN MICROWAVE CONFERENCE
Es e c u t iv e  Secre ta ry , C/O Nat iona l  Research
Counci l  of Canada , Ottawa , Canada Date: Septe nibc.’r 4-8, 1978
~iA 0R6 Place. Par is , France: Hote l Neri d ien

Sponsor: Soc ie te  des E l e c t r i c i e n s , des Elec—
t ron ic i ens  et Ra d io e le c t r ic i e ns  (Groupenient
des i ndust r i es  E l e ct r i ques )

IEEE MIT—S INTERNATIONAL MICROWAVE SYMPOSIUM Reques ts for Info rvnation : Professor  E. Constant ,
Conference Cha i rman , Centre Hyper frequences

‘ate: June 27—29, 1 978 et Semiconducteurs , Uni v e r s i t e  des Sc iences
p~ .zo~ : Ot tawa , Canada: Chateau (.aur ier Hotel et Techni ques , BP 36 , 59650 , Vi l leneuve d ’A s c q ,

I n s t .  E l e c t r i c a l  & E l e c t r o n i c s  France
Eng ineers (M ic rowave  Theory & Technique)
R, ; : e .j t s  “or :n f o:.-~ tio~:: S. J. Kubina ,
Pub l i c i t y  Cha i rman , E l e c t r i c a l  Eng ineer ing
D e p t . ,  Concordia Un i v . ,  7 14 1 Sherbrooke St. (1. AMERICAN ACADEMY OF OCCUPATIONALMEDICINE :
Mont real , Quebec H4B I R6 Thirti.th Ann 1 Meeting

Dot,.,: September 20—22 , 978
Place : W i l l i a m s b u r g , VA

1978 SYMPOSIIJM ON ELECTROMAGNETIC FIELDS Sponsor: A merican Academy of Occupat ional
IN BIOLOGICAL SYSTEMS Med ic ine (MOM)

Requests f o r  for~i: tion : MOM, 150 N.
June 27 — 3 0 , 1978 Wacker D r . ,  Chicago , IL 60606

P l a ’o : Ottawa , Canada: Ho l iday  Inn (Centre)
Sp:nsor: M ic rowave Theory & Techniques S oc i e t y .
I ns t .  E l e c t r i c a l  & El ec t r on i c  Eng ineers , Inter-
nat ional Microwave Power I ns t .  w i t h  the cc- WEST ERN OCCUPATIONAL HEALTH CONFERENCE
operat ion of U.S .  Corrmiittee for URS I and
Canadian Comission A of URS I Da te: October 12 -1 4 , 1978
Re~ uest8  for rnfo r~~a tion:  H. H . Repacholl , Place : Los Angeles , CA: Hyatt Regency Hotel
Local Arrangements Chairman , Dept. National Sponsor: American Industrial Hyg iene Assoc.,
Health & Welfare , Environmental Health Centre , Health Ph ysics Society; Western Occupational
Room 233, Tunney s Pasture , Ottawa , Canada Medical Assoc, (WOMA); Western Assoc . Indus-
KIA OL2 t r i a l  Nurses; American Society  Safety Eng i-

neers
Requests for Information:  B. H. Brav inder ,
WOMA

IMPI MICROWAVE POWER SYMPOSIUM: 1978

Dot e: June 28-30 , 1978
ENGINEERING IN MEDICINE & BIOLOGY :Place : Ottawa , Canada: Chateau Laurier Hotel 

Thirty.first Annusl ConfsrsnceSponsor: In ternat ional  Microwave Power
Ins t i tu te  ( I MP I )
Requests for :nfor.-otion: W . W ys louz i l , Local
Arrange ments Cha i rman , E l e c t r i c a l  Eng ineer ing Date: November 4-8, 1978
D lv., National Research Council of Canada , place : Atlanta , GA: Marriott
Ot tawa , Canada KIA OR 8 Sponsor: Al l i ance  for Engineering in Medic ine

and Biology (AEMB)
Request8 f o r  Information: Mrs. P . I. Hom er ,
AEMB

OPEN SYMPOSIUM ON BIOLOGICAL EFFECTS
OF ELECTROMAG NETIC WAVES

INTERNATIONAL UNION OF RADIO SCIENCE—
Dote: August 1-8 , 1 978 U.S.NATIONAL COMMITTEE MEETING
Place : Hels ink i , F in land
Sponsor: i n te rnat iona l  Radiat ion Protect ion
Assoc ia t ion  (IRPA) and Commissions A & B Date: November 5-10 , 1978
Requeets for Information: Professor A. W. Place: Boulder , CO
Guy , Dept. Rehabi l i ta t ion Medicine , CC 814 Sponsor: Internat ional  Union of Radio Sd-Un Iv. Hospital RJ-3O , Univ. Washington ence--U.S. National Committee
School of MedicIne , Seattle , Washington Requests for Information: S. W . Maley,98195 Dept. E , Univ. Colorado , B o u l d e r , CO 80309

8



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ‘—‘--- - --- --- ‘- ‘

CURRENT RESEARCH

(t .’ i t I  I L I  ( i RON ‘rI’ IN RI SONANCI 51(1 1) 11 S 01 I II I ll  S i ll l i l y  I,, t’,~ ci Ic, liv ,’ i~y s ir ~~iI C l  l i i i  y In t s r ,

01 I .0 • .‘ i,’. • ANt) ‘I I141 I MR ON CI It i’i.i’(,~t’ I It II l’id . ti,, I. w i l l I’,’ I,”,,’I y i i i , cii ,,,, I
MI MIIRANI ‘l~ I I’d,. ’ ,  • II I - (t4I,tl’u,lll,,c,’r lnq I1 , . s , , r  I,, wi l l ,  t h e  ‘., l,’.,t i t . . t I  1k,’ l et  I’ , ’ j ’ t i I ’ . l~ t st I . i l ’ r . t . u I t r i y
I ,,v I, rr,, i r w r t l . , l  I~, n I , ’, (I,,,, A’)esi( y ,  I ni~r.., I inenlal IIIsIII ,,Iy l it I’.i’.i~l~’i’ i wIt,, h r  ri Iii,- n u , ’ , n — ’ .~. i f  , ,,i~~,l  I ii

l i l y ., Du• li,t, • NI .‘lll I ’) .  t l Iilinlil 1,1,’ eli’,. I m l i i i  i,i’. l i ,w ,e’t,t~ s (  m l ,  ( i i  , .u ry m m i i i
I t,,’ im .i ..I i c . , - . , ,  I, I4 ,-- . i , l t S m l  1,1 v i v , ‘ ‘ ‘ ‘ I” ’ , I nw’,it ‘.

I m.j. .,iin t ii, , j it..,’. m ,f  ,,rii, l , , t t j  .‘l,, j i’ m ,  1,, r, ’t.l,I,t,’l I, i . , m I l . s  lit ,1s,,~’. .,,m I hr.,,, 1, ~
-‘)tprt lnr,,I . in t h e  l .’il,,r, .iI, ’i y

Ii,’’, I ~ ,j i m i  
~‘ 

. t , ’ , ’ ,1 i I .t I  i’ ‘..i i’,’l y ,yi,i It r mmt t ’ , I Iv” ,nt’.l’,ure% . i m l  Ii i t ,  t,.,~ ( t,i~I(~ I’, I~ I t’ .h( ml ,s~it j  ‘.i’ I I  l it ,’ I , ‘ i
t im i i’j ’ l~ lit,’’,,’ :1, ’ .i n i , .- . II,,’ t , i , n l r , i j l r  ,iutrI 1 , 1 , . —  IIt.-ti I,,,’ l I, ~.l iii,,,,,’ t,i.iIrI I.,I , . , m ,  I,,’ ‘.i,jit l h i , . , ,u t i  IV
.1,’.-, .,I c’h f . ,  t - . i m l  ( lie , .,,ti.,t h u t  ,n,t’ . hr. un,ii’,’— lii i I,,e,t, c,I l i t  , ‘ l r - i I  i r m I m l . l r I t lm’ l i i  I i,’ t~l~. lIt,’ .tImI l ily
.,t,,,m,i . A l t  t i ,  1, ii i t t ,  ,‘s i,’,,i, sn , a,,,t s’II,’ct ‘. t n t  liii Ii~,i’ II I m i t ’ ., i i i  ,i’. j ‘. n i  I i ‘ . . i i r . “~ l’”’ il ly
l,.,vr’ I’,.. l,,ve’.( j i l t , •.I , , , I ie-. i f  , t , t , n i t l ,  l,tw— ‘ .lIti ,‘rou’, I l ’.’,uc , lit .t v t - t v  t ,  il I ;i- ,t . sel,’, I lye
I ,

~vi’ I ,.‘. ~~. .  ,, ,‘ I.,,. k it, , i l i u m ’  ( i n  (lie ,‘si’ci I tm~.ii~iIi’i w I l l  I,,’ enha,t (,’,I - 1 . / I f  I // H)
n,~m,(,, l i t i l l  i n  ill Ii’’,. (‘ i-a, . t t i i i u i m ,i,. li t ’ ’. lii (1, 1’ .

t m , .  I - ‘ - , t i,, l y II,,. I l i ta l  i,’’.t,I I ii, l n I , r  ‘ru~,j , rm rI  i t , . 1  A i , - r m i  v : H I W . I’ll’ . MIII , NI I
I t ,~, I mt I’ ( t i n y ( It, ’ u t ,  i.’t I Ii i i u ~r (m y .  I

I,,i,i i,..-.,,- . ‘ii i i i , ,  itin t itlri,i i i .i , l I .mt h ,t t t  ,‘xpir’,ii r,’ .
liii’. pr,t ) m’ i I w I l l  esam i t i c  i t,,’ ei  v t t u u i n i  yli’ ‘ 1 .i~.iii.t
,mtnntI ,ramte ( ‘ I  l,’wl,t t ~~~~~~~~~~~ 

,— . t i ll’. uitett,I,,a,te ii,’l 7 7111 TH E RAPE (IT It RA T  II) ANI) I XPI RIMI NIAI

hi’ . Ll tm ~ ’ l, w e l l  i I,,, , -ui I ,-i  .‘,- ,t , ,m~~ t ,lafltfl,J(t ( i i  I t  RAlh l0~~~ RAI” Y - I’i,l II ip~ . I - I - ; lii , K. K.
I ui l , n~, il mii i  i t t  .,t i i .‘t t , n i  i t  t ,,~, In’.ul I’, it., . t, ’ h , t , t  .‘t i t  • I - ‘. - . flc’~ i. A .  - lI.ik ,’i , K. .1. . Kat ie .

mc,’,, t a it t u l . i t e n i .’ Ii, Ii,l.. h i t ’., the i m m ’~.c, , r , - ( t l t i l v ,  I t Ill,,, h a , Sil t . P1, - i l, ut, . , ‘i’mI

ill I n - m 1 n i ,  . i i  V S i t  ‘ r t h i t, l l t i’ I t (  . I u i u ,  ( i t ,  it  cI,a,utjc ’ , Ave. , S.;,, i t t , ,  i ‘.i , . CA •lt il .,7)

ii, ( t i e -n , ’ ::it ’ , . m i i m ’ i i  ( lit - , ‘ um n lm’ , .u i .-t , lcv,’I’. w i l l
I’ ,- i t t vc ’ , I  l , ja I n - .t ii’.l~.m,j -.~~t ,, ~~~~~~ 11tr.’~i’ 

Q i i . i i t ( i t . it Iv~ ‘.y. Ie,mt ’,, wit h I, ie- .,’ . i i t , - ,;,.trm,-gl I

t r i m  m n j , ’ ’ . , I ‘i m’’.,. r i t  w i  I I (‘i. ~~, i ,  ,‘ I ~~ en w i t  it nianhicIe .i,u,i t iiunm’i I ‘‘~
.
~

tm , i i ..
~’ 

lit ( Its ’ ,,,,musr , w i l l  t ic

-, m , i , , , : , i t  mt .1 I ’ - . ,~ -. .,r t , t - .,. , ., - . ( 10 / / h ’  app l i ed (ii t’v ,,l i i . t(t’ I.ii ( m ’ s ’. ,tu,d it,ICiit ‘. that  ngtdl ly

‘iii,) t .sihli In,,, t c.. 1rnru, . .c lit way’ .  i’avtu,’ .il,lr lit (lie I hei.i’
pc t t t  Ii r.-tt In . I r.’I,. I io~ .at Ion , hty ;t e rt he t m ia , t , i tt ni’i

I t’~ 
t hte imt l t tc rapi’tii Ii .atjrnl ~. • ‘ i t  heavy ~ma rt  In Ii’ I rrn dla—

l int ~mo( r,it i.iI ly iii rr.i’.r’ (,Insur , r .. I l i l l m ’.c . a Ie~~’.,’t
Int i c ,1’ . ,’  in i i , , ,  i i i s t  I units I,’’.Iri m u t e , ans i I t in c f , r r c

tl: 10 1 ( 1 1  I I ’  or CIIRON 1k , I’RAC T I  O NA T E I) I XI’OSURL h u t  ci ’ .,’ ( I to  I hti ’ r.i1t,’ut Ii rat I,’ - Norm.a I t l c ’ . t i e
10 MIt ’ ROWA V~ ‘m ON I I ARM I Hf, AN I1 MI’ MOItY OF cnit t n,n I n I ~ w l l I Itr ium’ .i’.tii c nh I ii t h e  hr a lii • I iini

RATS - l ; .t . ,, - . N I . (N,’nt,,tl’ i,,lntqy t i, .,iun t u , I’ ttv ii’,in— o ’~nuptintiit ’ . , k I , l r t r ’y .  ..,tut I I l , u t  ,..,f i t i ,’ , ‘.1~ Itt ,in,l lioni’

nh,’fl(.ll P ic, t ii,i~ A njct t ,  y , IIc.iI Ii, I i l c i  t ‘. Re’.. Lab. , i,ha r,’,-s,J; I i,u nmmi t m n ’ .j i i r i t ’ .m ’ w I II h r  ,ie t ’ . r i t  “ri i n  I hr IMT(’
l),,rham , NI’ .‘ 7 / I l )  - 

, . i ,n l rtom.i .,‘.‘..tye~l i c  ., ‘.im l l i t I limo,- , .a.. cm,-uI I
lit v I  t i , , hly I’c r ( lie m u  a w i l l  I,,’ qenera ted

K it ’,. 1 , 1 1  li nt I,’ ‘ - i  t i r ,  i i  .1 ( .‘i’.k it  - Il It’, t i n t  I t i t j  it,’lwcn,, by .t ‘.pei: l u l l  v nIt’’, l,Incil ni l , .  , im’.i-.,vr .‘t(t 1~.ti’ iit is ’. .init

li~,u l ev e l ’ , a I I ‘,t’nl tti,mtt s’ r n,t  I tnt ’ ’. fo r fou nt re I n —  I rranl h i t  Ion i liniithu’ r for .,-‘ , l i , l , ut t ~il he,,t Inq it t  mice.
n u n - I t t  • . , n m - t ’ ” i t t n i  ,‘np,’~ c,t lit low I,’v ,’lc  of 7 .4 50 Dril,~c t i ,v n’ .t l,~s(ril it,, I,,,lu’ ,inIt city, In . ~u I l nIuItlys in ,

Pill , ni, , m t w a v c ’ . - A l l ,’ ,  I t  . t ln Iu i i j , (ks’ t a t ’. w i l l  be BCN IJ , iy, .  l,,ph,,tntphanulik’ , itn,i lt ic’ n ntyi. lit . hl I njI , linear
tnt ., .n,,.im’ t Is’ ,’, i t  y l i t ’  i t)  ~ ii,mI/, ii

’ I 1,1,11, 1 ‘./w k ,-‘ il et ’ t jy  t ,t n.. i c t  ( I i  I) r.id I .,( liii ;’. n,i,,tcr I,,v,’ ’.l hj., t Ion
1 n In iii ’ - t in  ntm ’ t r i mhuti ’ i- i- t int Ii,’, n t uu i t i ,  In. uutupuncuro’i li t , lode I’ Mu’V iir’itt i n t t , . , , it,’ i l iii,, li,t,~ . ,-t utni ,u’nm,i h u t ’ ,

t i ’  ml, l m M . l v , ’ ’ . .‘il t m ’ i r i t  Is m .ai-,ts”d t , , ’hav lnr .  Thti’ rat ’n -u ’. wc’l I .i’, ,~~t ,  lmtu,, ,,,,il .,t’ qntlt . (i ,/ / f 1,/ liT)

W I l l I tin,, I’,’ q lv eu t  .. h ti, i ,‘ n e p i r ’ , u i  ~~~ t , t  va r i ous  power
iIeut~ i t  I I .‘ ,~ s ’ n t )  MIt; t i - u i  I ~t t h u t  to di’t q’rnt i sir the Suphtin’ (111. 1 Ant,’,,, v III.W , P115 , N I l , NI’ I
ti -,ru’’.htolm i (nyc 1 ( h a l  woul,l .1 I tt ’ ,  (Ii,’ ii’rVOrfl,flI)~ i’ 

ml
t he lm . .ii ,,,~,I I.a’,I. , t i l t  rent lv , i t , r m m t m  I n. expocurcc
ht.ive u r n , I i’I ,d mm.i1 c ,t . imi nt ‘ . in tj l c  , ‘s t m nlc i i lu ’s are near 1,t,i 021 I HYPE RTIILRMIA AND RAI) l All ON: X—RA YS VS

iini u (m l c t ln ’ mi ~ ,I,tI.u nm’ .;Iv ’n. I I’. ri prc iore%s. (i 0/ 16  FAST NI (I’TRONS . Nnqle , W . A.  Moss , A.  J .
‘1/11) Ilaku’ r . H. I - ; PrIor , It. N . n t r,i,i t m . K . 0. (UnIv.

Sn I, - Mcd i n  h i t ’ , 1,301 W . Mi , Lh,im SI. , h I t  Is’

S,upp. t m t 111, 1 A’~rncy :1 rA Rock , AR /27 ( 1 1 )

An In— , lrp ( h ‘. (umty ,uf the lui l m’t nn I iou; i f  I) aqe ult ’,
u / I l  ri RROHA I’,Nt C IC 511  I CONI. VASCULAR OC C L US ION I tt.,t ,ntlsm ’ tin., h ut ’ ,  ( t  htc r:tm n I t,, ., t • t i l t  rn’.um ,ti ,il , alu mt

IN NtOPl ASPI” - R.;tud , K. W - I’.,,’, N. ; Stu ,vw , it It i’ ntimimiV u’ ’ .) to il ~~ I utui l :l,lij i .u,l I., t Ion’, nil Intl hi I ow
H . 0 1 1 , 1 1 1 1 m m . H . •‘ u I V n l m ’ m , H - , St ’ hol t e l , , S.  (Univ .  (.‘‘,o kV x u t ’ .’,) .iutul I,lt~tt (I .i’.t in tl u- nuns ) I

I i f , ,  I.~ , S~ I, - Mt’ uI i, in,’ • t ’it’~ Iii lm rn r d Av r . . In’, c’ nnt i ty t u . t it ’ . f m ’ m  ( i t’ l l  wI  II It,’ i,’i’foi’uTii.,i . (‘ lie ti c , ’

CA i)00;Ii) ‘‘I IiyIu,’u l it,’, m l,, lit  itnuit lt ,.-t I  l i mo w i  ( i t  low LII I i t t  i n— -
‘

I liii, li t ‘~ ltnii lii t r’ hh nil t II T tni l II he cv,, luated
t n t  i m i s l I  i n  ~~t t t ’ m I t . l il ’ ,Inntt r,’’,e~ ,’,.h Inur i,’ru.tt ral  4u1u’tI ~ 

(‘ n i i t i t u i ’ u t  nc ’ l I ’~ nut itirs’,’ nI l !  !r ’ l i . t t l  mIi,IITIR I lan 1 hi,’’.
ry~m~ • vac ,- i , I , t i  mii i i’,,uinat Ion’,.. and hty Itc u vi’ . , .  it t . , r  w i II 1w’ uic’ii ; t rl I hitu h uolnl lot,’. w i  II hi’ syitt-hl’onl 7utmI

itnuttr ’ i w i  I I tin • m i t t  I n,i,’,I .i I ’ tmu ’ j  (he saitus’ I Ii,,’’, ,t.i In where . l t t t m t  ,t 1tI laIr ’  - li,’ ,‘xpyi’ Inw m uu ( s wIll itt ’ t~rt
( 1W I’~~’( - Dl f ler -cru t ( V I’” ’ .  II I m m  t ,utupiiut~,l’. w I I I hi. f,trmeni (IhtulCi ’ inn1 II iii,, ’ . i t t  hyptu~~I.u is’. wi’l I ,-i ’. nor —

t ,..,~~,nd in i t t  Iu,i.i I’. I i ’  ‘ .1 inily wIt h ,  Ii , II ,lny • ha’. mire teal nusyq eutat Int i; . Mmii Ii i n ’  II ti la r ( it ,  u I  I f  ci -it lye’

- - -~~~~~—~~~~~~~~~~~~~~~~~~~~ - - “-- ‘- - -~~~~~~ —--‘~~~~~~~~~~~~~~~~~~~ ~~~~~~~~-- ~~...- — — ‘ - -  - -~~~~~~~



Biological El trct,. ,,l Nonmo:i ti-it mg ~ In, (rsrniinynme’iii-
CURRENT RESEARCH Radii-tIle,, 11(3) March 7978

integri ty) and mol ecular (productIon and repair of chem i cal , and electroencephelographic parameters
DNA s i n g le strand breaks) wil l  be measured. These wi l l  be evaluated in pregnant squIrrel monkeys
data w i l l  help to establIsh a biolog ic base from exposed to chronic low-level microwave Irradiat ion
which rationa l clInical trials can be fomulated. throughout ges tation . The behavioral , b i o c h em ica l ,
(7/77-6 /78) and ele ctro encephalograp hi c measures to be mo n i t o r e d

are those li kely to be sensitive to stress-rel ated
Supporting Agency :HEW , PHS , NIH , NC I cond I tions. In addi t ion , s imi lar  measurements w i l l Ibe made on half of the offspring, who wil l  be

exposed chronically for 12 mo after birth , and on
theIr mothers, who w i l l  c o n t i n ue on the exposure

0214 RADIATION AND HYPERTHERMIC CANCER THERAPY . reg i men for 6 no after birth. Whole-body microwave
Rob i nson~ J . I. (Univ. Mary land , Sch . exposures of unrestrained animals (pregnant females ,

Medic ine , 1420 N. Charles St., Baltimore , MD 21201). mothers , offspring) will be conducted approximately
0.1 , 1.0 and 10 mW/cm 2 at 2 ,450 MHz for 3 hr/day,

The action of hyperthermia alone and In combination 5 days/wk In mu ltlmode , modest lrred microwave
wi th  ionizIng radiat ion w i l l  be Investi gated to cavities , each containing a dielectric cage. Thi c
answer current questions on the use of th i s  combined permits whole-bod y irradia tion of an unrestrained
mod a l i t y  In cancer therapy. Labora tory  data show monkey In a modulated , pu lsed radio frequency f i ,’ ld.
that radiation sensitivity is markedl y enhanced at Currently, pregnant females are being exposed to
elevated temperatures . The objectives of research , the mIcrowaves. OffsprIng have been or are be i ng
which are aimed at cl i n i c a l  applicabilIty, ,ire: born , and offspring w i l l  con tinue to be exposed
(1) to develop and evaluate a technique of microwave and exam ined for var ious Ind ica tors  of behaviora l
heating of an i mals and animal tumor systems that development. (10/76-9/77)
are clin i c a l l y  relevan t; (2) to assess the relative
thermal sensitivities and radiosensitiv itle s of Supporting Agency:EPA
norma l and malignant tissues under microwave-Induced
hyper t ’hermlc conditions and (3) to compare results
with existing experimental data in which elevated
temperatures were obtained by tumor I ninersion In 0217 DEFINE SPECIFIC ABSORPTION FREQUENCIES OF
water baths. Localized and generalized hyperthermia , NON-IONIZING ELECTROMAGNETIC RADIATION IN
as an adjunct to radiotherapy, offers the potential BIOLOGICAL SYSTEMS . Blackma n , C. F .; We ll , C. N.
of further increasing rates of local tumor control . Allis , J. W .; Elder , J. A. (Environmental Protection
(7/77 6/78) Pn.gericy , Experimental Biology Di v . ,  Durham , NC 2 7 ( 1( 1 .

Su ppor t ing  Agency:HEW , PHS , NIH , NCI To study the interactions of nonlonizlng electro-
magnetic radiation with bIolog ic systems , a mIcro-
wave sF,ectrometer wIll be constructed and used to
determIne the frequencies In the microwave r~dIa-021c GENETIC AND CELLULAR EFFECTS OF MICROWAVE tlon spectrum tha t Interact with nuolecule s , sub-

RADIATION . Dutta , S. K .; Brusick , D.; cel lu lar  sys tems , cells, and tissues. Initial ‘ests
Blackma n , C. (Dept. Botany , Howard Univ. Sch. Liberal with a simp lified spectrometer demonstrated the
Arts , 2400 6th St. N .W., Washiriqton . DC 20001). need for a more elaborate system ut ill zina a dua l

beam method . A prototype Instrument Is being
To determine whether microwa ve radiation can affect constructed. (10/76-9/77)
norm a l ce l lu la r  processes assoc Ia ted  w i t h  the
utilization of gene t ic  i n f o r m a t ion , a battery of Supporting Agency:EPA
cellular systems havlnq a varIety of qc:”tIc str~tc-
ture s and functIons w i l l  be used to ,t is t i n* ,i’’ .t
between perturbat Ions caus ed so i r l y  by temperature
r ise  and those caused by othe r tnechanisui,s . Several 02 18 ENHANCEMENT OF CHEMOT HERA PEUTIC AGENTS
genetic systems have been e s t a b l i s h e d , standard i zed , BY LOCAL TUMO R HYPERTH E RMIA . Mag in , It.
and characterIzed over a range of environmental I.; Adamson , R. H.;  Cysyk , R. L. (Chemical Phar-
temperatures. These in clude str .~i ns of ~~~~~~~~~~~~~~~ rnacology Lab . ,  U.S. Dept. Health , Education , We l fare ..,.7. :: m $j i,,. ~~~~~~~~~~~ ~~

‘.: t~ j - 4-”~uu’ .e-’, and ~~~~~~~~~~ Na t I . Cancer Inst., Be thesda , MD 20014).
‘ - l i .  These cell type s have been exposed to pulsed
rad ia t i on  betwe en 8.6 and ‘t 6 GHz , and the da ta The feas ib il ity of enhancing the effectiveness of
are being anal yzed . ( 10/76-q !77) chemotherapeut ic agents and decreasIng their t o x i c i t y

will be investigated by us i ng local tumor hyper-
SupportIn g Aqenn.y:( PA thermia to augment drug therapy. Microwave radia-

(in n ( 2 ,450 MHZ) w i l l  be app lied locally to small
mouse tumors to produce local tumor hyperthermia
(43 C) . The effect of drugs on tumor growth and

02 1 6 £rIIAV IORAL AND EEC RESPONSE S OF MONKEYS anima l surv iva l w i l l  be determined In animal ’ . w I t h
EXPOSED IN UTERO TO LDN LEVEL iNK . Kap lan , locally hypertherm lc tumors. Tumor drug uptake ,

J. N. ; PoIson . P. (Dept . Psycho logy . Stenford Re’.. DMA/drug bindin g , and DNA repaIr enzyme inactivation
I n c t. . 333 Raven’swood Ave.. Me’nln Park , CA 94025) . w i l l  be investigated . Solid t umors to be studied

Include subc utaneously Implanted maninary, Lewis
Teratogeneslc as w e l l  as certaIn behavioral , bio- lung, B-l6 melanoma , colon , and alloma in mice.
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A microwave system for the production of a contro lled to microwave ’, at threshold effect levels for
local ized tumor hypertherm ia in four mice simul- extended period s to determine whether perforn,ance
taneousl y has been assembled . Int ratuno r t emperature de te r io ra tes  fur ther.  To date , apparatus is be ing
un i f o r m i t y  of + .5 C has been achieved . Pr rl im inary constructed , and animals have been obtained. During
studies with adr lamycin are being conducted . (10/76- the next year the monkey ’. wil l  be trained , and
9/77) threshold levels will be determined . (10/76-9/77)

Supporting Aqency:HEW , PHS , NIH , NC I . Supporting Agency:EPA

0219 EFFECTS OF CHRONIC MICROWAVE EXPOSURE ON 0221 INTERACTIONS OF’ AMPLITUDE MODULATED (AM)
I MMUNE DEFENSE MECHANISMS . Liddle , C. G.; NON-I ONIZING EMIt WITH BIOLOGICAL SYSTEMS .

Sm ialowlcz , R. J . (Environmental ProtectIon Agency, Elder , J . A. (Environmental Protection Agency,
Experimenta l Biology Div ., Durham , NC 27111). Heal th Effects Res. Lab.. Durham , NC 27711) .

The objec tive of this project is to examIne the The Ca2 ion efflux In bra i n tissues exposed to mIcro-
effects of repeated low-leve l microwave exposure on wave radiat ion amplItude modulated at 0-32 Hz will
i uivuunologic responses in rats and mice. Rats wi l l  be examined . Brains from 2- to 7-day-old chicks
be exposed daIly to low levels of 2,450, 425, or wi l l  be labeled In vitro wi th 45 Ca2 and exposed
100 MHz radia tion under controlled environmental to 147 MHz microwave radiation amplitude modulated
condi t ions throug hou t gestation and early postnatal at 0, 8, 16 , 24, and 32 Hz. The samples will be
life . In one group of studies , the me tabolic and anal yzed for changes In Ca2 ion effl ux as a function
p roli r era tive capacity of lymphocytes obtained from of both carrier wave and amplitude modulation
Irradia ted animals w i l l  be evaluated by measuring frequencies , power density, pH , and other physiolo-
the incorporation of radioactive precursors into g ic parame ters. A Crawford Cell irradiation chamber
DNA and/or RNA following addition of mitogens that has been constructed , and preliminary experiments
s t i m u l a te sub popu l a t ions of l ymphocy tes. In other are underway . (10-76-9/77)
s tu d i e s , the circulatory antibod y response will be
measured after l rncnun i zation aga i ns t Strept000ccu8 Supporting Agency:EPA
r ’ m-hi -m o u ; : l n ’ . Circulatory antibody response wil l
also be assayed in mice exposed durin g antibod y p ro-
duc tion . In an earlier study it was found that
microwave (2,450 MHz) irradia tion of cultured mouse 0222 NEUROPHYSIOLOGIC AND BEHAVIORAL RESPONSES

l ymphocytes did not alter the proliferative poten- OF ANIMALS REPEATEDLY EXPOSED TO LOW LEVEL

tial of either T or B lymphocytes . Preliminary EMIt. Reiter , L . 14.; Gray , L. E. (Environmental

studIes on rats chronIcally exposed to 425 and 2,450 ProtectIon Agency, Health Effects Res. Lab., Durham ,

MHz suggested changes in lymphocyte function , NC 27711) .

including DNA syn the t i c  capacity; apparent Increases
i n circulating antibody titers were noted at 2,450 The effects of 100-MHz elec tromagnetIc radIation

MHz. Resul ts  of a prel iminary study w i t h  mice on centra l nervous system development in the rat
exposed to 9 GHz during antIbody product ion Indicated will be studied. Animals will be exposed both pre-
an increased antIbody titer. More extensive chronic and postnata ll y to non loniz lng radiat ion. Neurolo-

studies w i t h  rats are underway at 425 and 2 ,450 MHZ , g ic (reflex) and behavioral (spontaneous motor

and sImilar studIes are planned at 100 MHz. Expo— activity and social behavior) development will be
sure of additional mice during antibody production measured. The results should provide data helpful
is p lanned . (10/76-9/77) In assessing nervous system effects of chronic expo-

sure to mIcrowaves . (10/76-9/77)

Suppor ting Agency:EPA
Supporting Agency:EPA

0220 EFFECTS OF ACUTE AND CHRONIC EXPOSURE TO 0223 EFFECTS OF CHRONIC MICROWAVE EXPOSURE ON
PULSED UHF RADIATION ON MONKEYS I MEMORIES. IMMUNE DEFENSE MECHANISMS . Huang , V. T .

Gage , M . 1. (Neurobiology Branch , Environmenta l (Dept. Internal Medicine , Duke Univ. Sch. Medicine ,
Protection Agency , Hea l th Effects Res. Lab., Durham. Box 3711 , Durham , NC 27706).
NC 27711).

The ef fec ts  of microwave radiation on the l ninune
Effec ts of low level electromagnetic radiation on system and chromosomes in an ima ls  w i l l  be de t e r m i ned ,
the learning and memory ability of prim ates will and the minimum radiation exposure that causes
be studied . Specifically, the ab I l I t y  of monkeys detectable effects will be defIned. Experimental
to learn and to repeatedly perform a vIsual dis- animals will be exposed to microwave frequencIes
criminatio n task requiring the choice of a vIsual of 500, 2,450, and/or 9,000 MHz at average power
pa tt ern tha t ma tches a samp le stimulus wi l l  be densities below 30 mW/cm3. I ninunocompetent cells
performed . The animals wIll then be exposed to from these animals will be studied for morphologic
various power densities of microwaves to determine and biochemical changes including l ymphoblas toid
threshold levels for producing changes In behavioral transformation ; mitotic figures ; and DNA , RNA , and
performance . Finally the monkeys wil l be exposed protein synthesis. In addition , perIp heral lympho-
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cytes and bone marrow cells from rats and mice and microwave irradiation apparatus. The n,icrosoi ia l
chronically exposed to microwave s will be examined enzyme , nicot inamid e adenin e dinucleotide pho’,phdt~
by both standard immunologic and cytogenet lc cytochrome C reductase Is being inve st iq ated , and
technIques. (10/76-9/77) exper Iments with other membrane bound enlymes are

p lanned . (10/76- 9/77)
Supporting Agency:EPA

Supporting Agency EPA

0224 ABSORPTION CHARACTERISTICS OF PROLATE 0226 MI CROWAVE EXPOSURE SYSTEMS MID MICROWAVE
SHPERO IDAL MODEL OF MAN AND ANIMALS AT

AND NEAR RESONANCE FREQUENCY. Tr I pathl , V.  K. 
DOS IMETRY . McRee , D. I. (Environniental

(Oregon S ta te  Hi gher Educa tion System , Sch. Engi neer- 
Bioph ysics Lab ., HEW , Hat I.  Inst. Environmenta l

ing, Dept. E le c t r i c a i  & Computer Eng ineer ing, 200 
Hea l th  Science , Durham , NC 27709) .

Cove l l  Hal l, Cor v a l l i s , OR 97331). Exposure systems for b loe f fec ts  research and t e s t

The absorpt ion c h a r a c t e r i s t i c s  of p ro la te  spheroid 
techn i ques for measur ing energy absorpt ion are

models of stan and animals exposed to electromag- 
being developed. During the past year a waveguide

neE ic rad ia t ion  are being in vesti gated . Specif l cal— 
system for exposing Isolated neurons was f ab r i ca ted

ly , the f i e l d  d i s t r i bu t i on  inside the pro la te  
and tes ted.  Equipment for s t i m u l a t i n g  the nerves

spheroid model cons i s t i ng  of homogeneous t i ssue 
and measur ing ac t ion  po~e n t i a i s  has been assembled.

chara c t e r i z e d  by Lnown va lues of eps i lon (omega) , 
The 2 ,450 MHz absorber—lined horn system has been al -

si gma (omega), and mu omicron at and nea r resona nc e 
tered so that pregnant mice can be exposed from above.

w i l l  be ca lcu la ted  as a func t ion  of frequency of A wheatstone br Idge c i rcu i t  that can accomodate

the inc ident rad ia t ion . The e lectromagnet ic  rad ia- s ix small thermistor probes has been desi gned and

t ion w i l l  be a plane wave propagating in tn a r b i t r a r y  bu i l t .  The thermistor  probes w i l l  measure co lon ic

d i rec t ion , po la r i zed e i ther  in the p lane o f the wave temperature In mice exposed to microwave rad ia t ion .

vector and the major a x i s  of the sp heroid or norma l (10/76-6/ 77)

to i t .  The powe r absorpt ion pa tern for these two
cases w i l l  be evaluated as a funct ion of frequency, Supporting Pigency:HEW , PHS , N I H , N3t 1. Inst.

ecce nt r i c i ty of t he e l l i psoid , and the direction 
Enviro nmental Health Sciences

of the wave vector. The total power absorbed and
the relative absorption cross section also w i l l  be
calcula ted. The analytic techn i ques to be emp loyed 0227 DESIGN , CONSTRUCTION AND MODIF ICATION OF
inc lude the spheroidal wave function expansion and MICROWAVE EXPOSURE SYSTEMS FOR BIOLOGICAL
the po int matchIng technique using eIther the EXPERIMENTATION. Well , C.; Al l i s , J. (Environmental
spheroidal or the spherical wave functions. The ProtectIon Agency, Health Effects R~s. Lab., Durham ,
find i ngs are essential for tissue absorbed power NC 27711).

dens i t y  es t imates  In terms of Incident electromag-
net ic radiation to establish a sound electromagnetIc An u l t ra  hi gh frequency exposure facility suitable
sa fety standard . (9/76-9/77) for simultaneous I r rad ia t ion  of a samp le w i t h

spectrof luor lmet r ic observations w i l l  be desi gned
Support ing Agency:EPA and b u i l t .  The exposure System w i l l  consis t  of

a rectangular coaxial transmission line (Crawford
cell) suitable for operation in the frequency range

0225 INTERACTION OF AMPLITUDE (AM) NON-IONIZING 0.5-2 GHz. The samp le w i l l  be contained in a
EMR WITH BIOLCGICAL SYSTEMS (PART 5) standard Instrument cuvette , which w i l l  be located

A l l i s , J. 14. (Developmental Biology Branch , Envi- between t he p la tes  of the transmission l ine.

ronmental Protection Agency , Experimental BIology WIndows in the p lates w I l l  a l low passage of the

D iv., Durham, NC 27111). ultravIolet li ci ht beams used for fluor lmetric
observations. The Instrument will be modified

Amli plitude modu lated or pulsed nonionizing e lectro-  using mIrrors on an opt ica l  bench to provIde for

magnetic radiat ion has been shown to a f fec t  anima l remote observations of the exposed samp le. The

behavIor and the chemistry and physiology of cer ta in transm ission line exposure system was completed

isolated organ systems . C a l c i u m  ion has been and te sted In March , 1977. The op t ica l  m o d i f i c a t i o n

a t t r ibuted to in teract ion between the radiation to the spectrof luorimet er was received in January ,

and cellul a r membranes but has not yet been experl- 1977. (10/76-9/77)

mentally verified. This work will utilize membrane
bound or calci am enzyme systems during i rradiation . 

Supp o r t i n g  Agency~EPA
by amp li tude modulated radiatIon to determine i f
such effects can be Inferred from changes in enzyme
activity. Membrane bound or calcium dependent 0228 DESIGN , CONSTRUCTION AND MODIFICATION OF
enzyme systems w i ll be prepared and irradiated at MICROWAVE EXPOSURE SYSTEMS FOR BIOLOGICAL
2,450 MHz amplitude modulated at various frequencies EXPERIMENTATION. Weil , C. (Bloenaineerinq Branch .
between I Hz and 5 kHz . Simultaneous spectrophoto- Environmental Protection Agency , Hea l th Effects
metric measurements of enzyme activity wi l l be made Res. Lab., Durham , NC 27711),
and compared to cont ro ls .  Measurements w i l l  be
carried out using a crossed beast spectrop hotometric A simple and economic exposure System will be
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develop ed that  i s  su i t ab l e  for chronI c low leve l and (9) seed gernhlnat ion .,rid g rowth of soy beans
exposure’s of rodents w i t h  a c a p a b i l i t y  of d i r e c t l y  was exce l len t  in so i l  aft er 6 m m  of soi l  ex pcis urt ’
o..1~ ur i iN absorbed cloSe In eac h anima l . Foch but but h g”rmi nat ion and qrm ,wth were ret .,rded
- s i m i s u r e  c ell w I l l  consi st of a length of 8—inch after ID m m  of c i  I ‘ s ~ ,o’ , m m r m ’ . The i- li’ t we..
1 ~.m a t e r  ci rc ul.m r wavequi de , w h i c h  contains .i probabl y due Lu ., ch.iriq,’ ii so I structure and

i m ~~uI. iriy polarized wave propa qatinq at 915 MHz. compact ab ilit y caused by bru— .,kduwr of organic
[.lclm ccii w i l l  contain a single anima l , and a power smatter. Future plans include a chemical analysis
d i v i d e r  network w i l l  feed a total of 12 cells. A of soils front all 12 sites before and after .1 20—
s imi lar  sys tem u s i n g larger diameter cells 1~ under mm microwave exposure and growth stud ies f soy-
consideratIon for exposing squirrel monkeys , beans and peanuts In microwave s t e r i l i z e d  so i l  to
Const ruc t ion of the f i r s t  unit cormsnenced in March , be per forme d in s t e r i l e  nn~ I m m h i ~~t i c  growt h chambers.
1976 and parts of the system have been completed. (10/77-9/78)
(10 /76-9/77)

Supporting Agency NASA
Supporting Aqency:EPA

0231 EFFECTS OF MICROWAVES ON NEURAL RESPONSE .
0229 EFFECTS OF 2450 MHZ MICROWAVE RADIATION ON McRee , 0. I .: Wachtel . H. (HEW. Nat l .

B~OLOGICAL MATERIALS AT CELLULAR .EVEL . Ins t. Environmental Heal th  Science , Durham , NC
Ham r i c k , P. F .; McRee , 0. I . (Environmental Physics 27709).
Lab.. HEW , Nail . i nst. Env i ronmental Health Science ,
Durham , NC 27709) . The e f fec t  of microwave rad iat ion  on neuroloqic

response will be determined. Isolated neurons ,
The objectives of this project were to determine such as , the abdominal qanglion of Atm i 4810 , the
how 2 ,450 MHz microwave radiation Interacts with scla tic nerves of frogs , and the saphenous nerves
biologic material at the cellular and rnacromolecular of cats will be exposed to continuous wave , pulsed ,
level , to ob serve any e f f ec t s  of t h i s  In teract Ion , and modulated microwave radiation In the power
and to re la te  the amount of microwave energy absorbe d dens i ty  range of 1-10 mW/cm2. The effec ts of the
to the ef f e c t s .  BIolog ic systems emp loyed In the radIation on the strength-duration of a stimulus
study were: bacteria and bacteriophage , solu t ions to produce an act ion potent ia l ,  amp l i tude of the
of DNA , 2-4 cell stage embryos from mice , rabbit response, and conduction velocity will be invest i-
erythrocytes , and rat l ymp hocytes. The temperature , gated. Fat igue and recovery of the neurons under
humi d i t y ,  and other growth condItions were carefu l ly  rapid , mul t ip le  s t imu la t ion  w i l l  also be studied .
moni tored to eliminate any effects not int rinsically A wavegulde exposure system has been desi gned and
cause d by the microwave radiat ion. Ve ry few non- buIlt , and equipment for s t imulat ion and recording
thermal d i f ferences between exposed and control of neural responses has been assembled . Baseline
samples were detected. (10/76-9/77) data on the sc latl c nerve of frogs without micro-

wave exposure have been accumulated and analyzed.
SupportIng Agency:HEW , PHS , NIH , Nat I. Inst.  EnvI- (10/76— 9/77)
ronmental Health Sciences

Supporting Agency:HEW . PHS , NIH . Nat l . Inst.
Environmenta l Health Sciences

0230 STUDIES OF MICROWAVE RADIATION AS A TOOL
I N  SOIL STERILIZATION AGAINST MAJOR

DISEASES AND PESTS OF AGRICULTURA L CROPS . Wutoh , 0232 BEHAV IORAL SYSTEMS DEVELOPMENT AND SUPPORT.
J. 6. (Dep t. Biology, Univ. Maryland , Princess Anderson , 6. (Bloe ng i ne er i n q Branch ,
Anne , lID 21 85 3) .  Environmental Protection Agency, Health Effects Res.

Lab., Durham , NC 27711).
Soil samples from different soil types and locations
were anal yzed for soi l  microorgan i sms and arthropo d s A d i s t r I bu ted  minIcomputer network w i l l  be provIded
before and after exposure to 2 , 450 MHz , 60 kW fully within the laboratory for experiment mon i toring
conveyorized microwave source. The effect of radla- and control. SpecialIzed hardware Interfaces wIll
don on the soil organisms was assessed using the be developed for each remote mInicomputer; a cathode
classIcal microbiolo gic method and the Dry-Funnel ray tube (CRT)/terminal will provIde operator Inter-
me t hod for ex t rac t ion  of small arthropods. Current act ion and access to programs and data w i t h i n  the
resu l t s  Indicate that :  (1) a l l  fung i were detected host system. Data files generated at the remote
a f ter  treatment;  (2) a l l  bacter ia except spore - minicomputer w i l l  be saved in the host d i sk  f i l e s .
forming types were killed ; (3) a l l  nitrogen f ix ing Specially written software wil l  provide a high-speed
bacteri a were inact ivated and k i l l e d ; (4) no nema- (4,800 baud) communication network between the
todes survived; (5) al l  iso la ted art hr o pods (eggs , var ious remote min icomputers  and the host rninlcomn—
l a r v a e , and adults) were killed; (6) there were pute r. This approach provides the sharing of cer ta i n
no residua l effects of the niicrowaves; (7) the expensive peripherals , I.e. , hi gh speed line prin ter ,
effec t of microwaves on the soil organisms was graphics CRT-hardcopy, p lotter , cartridge disks ,
nonse lec t lve ;  (8) there was a cor re la t io n  between e t c . ,  whI le  keep ing the d i s t r i b u t e d  cont ro l le rs ’
moi s t u r e  los s , and incre as e in so i l  temperature , cost s at a mInimum . The system at present cons i s t s
and the associa ted mortality of the organisms ; of a host and three remote minic omputers. One
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remote functions at a contro l ler  for determining transducers to permit measurements i n arteries and
locomotor activity of rodents in a system of residen- veins down to 1 rise In diameter and to develop
tial mazes. A second is used for monitoring and appropriate me thods of “deliv ery, ” i.e., of convey ing
control of a system of Skinner boxes for small animal the sensing element to the appropria te blood vessel
behavioral testing. The third system is used for and assuring optimal position and orientation of
moni toring microwave exposure experiments and genera- the sensor relative to the external ma gnetic fi eld.
ting time interval histograms of dose. Re-programming The pro posed resea rch  w i l l  exp lore  a l l  the im por tant
w i l l  be provided as the various experiments are blood vessels supply ing the v Ital organs (such as ,
deve lo ped . Ana l ysis w i l l  be accomp lished ei ther In rena l , mesen te r i c , I n terna l  caro t id , and co rona ry
real- time or later in the host as a batch-type opera- arteries) and develop the simp les t possible tech-
tion . (10/76-9/77) niques of record i ng reg ional blood flows . The

i n v e s t i ga tion w i l l  proceed from anesthetized animals
Supporting Agency :EPA to conscious patients. The work wi l l  involve

i mp rovemen t of the desi gn of the flow and diame ter
sensors as well as of the electronic channels for

0233 ACCELERATION OF FRACTURE HEALING BY ELEC— amplifica tion of the electrica l flow si gnals for
TRICAL FIELDS . Brighton , C. 1.; Frieden- current supply to the magnet. This method has been

berg, Z. B .; Black , J.; Hayes , W . C .; Fried , J. applied to cancer research to explore the p o ssibility
(Dept. Orthopedic Surgery , Univ. Pennsy l v a n i a , Sch . of achieving enhanced radio—sensi tivit y of tumors

M e d i c i n e , 36th & Hamilton Walk , P h i l a d e l p h i a , PA as compared wi th the ambient norma l tissues by
19104) . intra—ar terial adminIstration of a vasoconstrjctor.

(9/77-11/77)
The optimum electrica l parameters for accelerating
frac ture healing wi l l  be determined , and the Supporting Agency:HEW , P115 , NIH , Na t i . Hear t Lung
mechanism of electricall y-s timulated fracture 6 Blood Inst.
healin g at the cell level w i l l  be Investigated .
The i mmediate research goals are to: (1) determine
the optimum current density and the optimum magnet-
i c a l l y- I nduced curren t for osteogenesis , (2) compare 0235 EFFECTS OF MULTIPLE RF RADIATION EXPOSURES .

ul trastructura l changes in medu llary canal cells in v i- Kru pp, J . H. (U.S. Air Force , Sch . Aero-
space M e d i c i n e , Brooks Air Force Base , San Antonio ,c i ni ty of active cathode with those in control canal , IX 78235).( 3)  map the surface charge of ce ll membranes of chondro-

cy tes g r o w i n g  in an elec trical field and compare it to 
An at tempt w i l l  be made to define a radio frequencythat of control chondrocytes , and (4) determine (RF) radiation effec t on humora l antibody production.

tissue P°2~ 
C02, and pH changes o c c u r r in g  i n  m e d u l l a r y  

Such an effect would impair the abi l ity of exposed
canal of the dog tibia subjected to a direct current 

personnel to withstand infect ion and develop imm un i ty
of 20 uamps. (9/774/78) in response to challenges in the env i ronment.

Hybrid Inbred mice will  be exposed for prolonged
Supporting Agency :HEW , PHS , NIH , NIAMDD . 

periods (up to 6 wk) to RF ra~~iatlon at frequencies
and power levels scaled to represent equivalent
human exposure . Following exposure, an an t i g e n i c

0234 DEVELOPMENT OF ELECTROMAGNETIC RHEOANG IO- challenge will be made , and the response assayed
GRAPHY. Ko li n , A.; Maca lpin , R. N.; by measuring the presence of spleni c plaque-forming

Steckel , R. J., Snow, H. D. (Dept. Ophthalmology , cells. Where RF effects can be detected , further
Uni v . California , Sch. Medicine , 405 H i l gard Ave., study wi l l  try to define threshold levels , ther mal
Los Angeles, CA 90024). versus nontherma l c h a r a c t e r i s t i c s , and relative

efficiency for produc tion of effects from continuous
This projec t wi l l  complete the development of a wave or pulsed application over extended periods.
newly dev i sed elec tromagnetic method for simultaneous (10/76-9/77)
measurement of average and phasic volume ra te of
blood flow , blood veloci ty, and vascular diameters Supporting Agency:U .S. Dep. Def., A i r  Force
In human subjects. The method utilizes a magnet
externa l to the patient ’ s body so that Its magnetic
f ie ld  transverses the blood vessels including an
electromotive force in the blood stream , which 0236 BEHAVIORAL AND BIOLOGICAL EFFECTS OF
constitutes the f l ow signal. The induced flow RESONANT ELECTROMAGNETIC POWER ABSORPTION
si gnal is p icked up by an u l t ramin la tu re  intravas- IN RATS . GandhI , 0. P.;  Johnson , C. C. (Utah
cu lar probe that is inserted Into the vesse ls  much Hi gher Educat ion System , Sch. Eng ineering, Dept.
as a guide wire via an ang iograph lc catheter (the Electrical Eng ineering , 1400 E. 2nd St., Salt Lake
probe is a loop of Insulated sprIng wire 0.1 mm in City, UT 84112) .
d inrie te r ) .  The loop probe can be inser ted into
small branches of the aorta via ang iographic The behaviora l and biolog Ic effects of resonant
cathete r  o f standard s i z e  (#7 French) and w i l l  e lectromagnet ic  powe r absorption in rats will be
eas il y pass throug h much smaller catheters (down determi ned in order to develop realistic exposure
to  # 1. French) . The same transducer can be utilized criteria for military personnel. The parallel-
to detect minute variations in phasic and average plat e wave guide wi l l  be used to generate plane
ar tery diameter. It is proposed to perfect such waves for exposure of the experimental animals.
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Exposures wi ll be made w i t h  an imals  oriented along This  project is designed to assure the operation
the I , H , and K axes.  Frequency w i l l  be estab l ished of c r i t i c a l  Ins t rumentat ion used for chronic lon g-
based on the frequency of peak absorption ; frequen- term microwave studies . Cat ibrat lon of microwave
c ies of 0.5, 0.75, 1.0 , 1.25, and 1.5 tIme s t h i s  instrumenta tion is performed rout ine ly  to guarantee
resonant frequency will be used . (10/77-9/78) accurate dosimetry. Special electronic Instrumenta-

tion is designed to facili tate microwave exposures,
Supporting Agency:U.S . Dep. Def., Army and measurement of critical parameters and operating

manuals are prepared for microwave exposure facili-
tie s. (10/76-9/77)

0237 DESIGN , CONSTRUCTION AND MODIFICATION OF Supporting Agency:EPA
MICROWAVE EXPOSURE SYSTEMS FOR BIOLOG I CAL

EXPERIMENTATION. All , J. S. (Bloeng ineerlng Branch ,
Environmental Protection Agency, Health Effects 0240 BIOLOGICAL EFFECTS AND HAZARDS OF MICRO-
Res. Lab., Durham , NC 27711). WAVE RADIAT I ON. Hunt , E. L . ; Larsen ,

L. E. (U.S. Army, Walter Reed Army Inst. Re’s.,
An environmental control system will be installed Washington , DC).
In an X-band microwave exposure facility to regulate
the air temperature and humidity in both an animal An attempt will be made to establish meaning ful
exposure chamber and a sham irradiat Ion chamber, criteria for delimiting human occupancy in an
The exposure chamber and sham chamber will be electromagnetic (EM) environment to achieve maximum
constructed of foamed polystyrene for microwave operational effectiveness of military personnel
transparency and good therma l i nsulation . The and eliminate health risk. The interaction of
temperature will be controllable from -10.0 to +40.0 radio frequency and microwave radiation (10 MHz-
C w tth a stability of ±1.0 C and the relative hum ldi— 100 6Hz) wIth bIolog Ic systems will be delineated.
ty will be controllable from 20% to 90%. The two foam In addition , established EM dosimetry techni ques
chambers will be connected to the air conditioning will be evaluated and developed to measure and
equ i pment using Insulated ducts. The air condition- control incident and absorbed energy. Each major
ing equipment will have remote contro l input s and organ system and biolog ic process will be i nvesti—
recorder outputs , which will facilItate computer gated where EM effects might occur at reasonably
control. (10/76—9/77) low power Intens ities. The military si gnificance

of the effects wI l t be determined , and measures
Supporting Agency:EP8 necessary to obviate them will be evaluated . A

multidisciplinary approach will be used including
methods of experimental psychology , biophys ics ,

0238 TDR MEASUREMENT OF DIELECTRIC PARAMETERS physiology, and engineering. Exposure parameters
OF BIOLOGICAL MATERIALS. Kinn , J. B. (Bio- will be chosen for relevance to Army radiating

eng ineering Branch , EPA , Health Effects Res. Lab., equipment operational requirements. (10/77—9/78)
Durham , NC 27711).

Supporting Agency:U .S. Dep. Def., Army

The broadband dielectric behavior of biologic
mater Ials inc luding tissue and micro—organisms
will be determined , and the frequency dependence of 0241 INTERACTIONS OF AMPLITUDE MODULATED (AM)
the complex permittivity will be examined . The NON—IONIZING EMR WITH BIOLOGICAL SYSTEMS.
portion most Influenced by radio frequency (RF) Whitcom b , E. R. (Neurobiology Branch , Environmental
and microwave radiation will be identified. TIme Protection Agency, Health Effects Res. Lab., Durham ,
domain reflectromnetry (TDR) will be emp loyed to NC 27711).
study dielectric behavior. The Incident and
reflected pulse transmitted to the sample in a To determine if amplitude—modulated (AM) radiant
coaxial wavegulde will be recorded with a minicom- energy can modify the contractility of smooth muscle ,
puter. The data will then be processed using a the interva l histogram patterns of smooth muscle
Fast Fourier Transform in a large computer yielding spontaneous contraction prior to and during expo-
complex permit t ivity as a function of frequency. sure will be compared. Prel iminary radiant energy
Part of the TDR data has been collected and is studies Indicated no effects by amplitude modulated
being processed . The remaining data will be col- radiant energy at .2, .5, 16 , 600, and 2,000 Hz.
lected and processed with subsequent examination (10/76—9/77)
of the RF dispersion portion of the complex permit-
tlvi ty. (10/76-9/77) Supporting Agency:EPA

Supporting Agency :EPA

• 0242 EFFECTS OF RADIO & RADIO FREQUENCIES ON
BIOSYSTEMS--M 1CROWAVE EXPOSURE SYSTEMS

0239 LABORATORY INSTRUMENTATION SUPPORT. All , FOR BIOLOGICAL EXPERIMENTS (ABBREV). Allis , J. W . ;
.1. S. (Bloengineering Branch , Environ- Well , C. M . (Developmental Biology Branch , Environ-

mental Protection Agency, Health Effects Res. Lab., mental Protection Agency, Experimenta l Biology
Durham , NC 27711). Dlv., Durham , NC 27111).
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FIuorometry can provide measurements of properties mo dulation (FM) radio broadcasting was desi gned
of biolog ic membranes and blopo t ymers that are not and built. Recent monitoring work ha~ shown that
attainab le using other optical techni ques. If such FM broadcasting presents a si gnificant potential
measurements can be made while a sample Is irra- for human exposure to radio frequency microwave
diated with nonlonizing electromagnetic radiation , radiation . A rectangular coaxial transm ission line
changes in these biolog ic systems can be detected , facility (Crawford cell) provides a Simple and
A fluorometer will be modified to accept an expo- economic me thod of exposing test anImals to 3-m
sure facIlity so tha t a sample nay be irradiated radiation. Ei ghteen rats wil l  be s i m u l t a ne o u s l y
over a wide range of frequencies simultaneous with exposed to an equiva l ent p lane wave field of
fluo rometric measurements. Membrane and blopo l ymer approximately 10 mW/cm2 . Although con struction
Systems wil l  be I nvestigated for a variety of of the exposure system ha~ been comp leted , experi- -

•
properties detectable by this technIque. (10/76- ments have not yet conseer,ced due to RF leakage’
9/77) problems as well as high ambient noise levels in

the vicinity of both chambers. (10/76-9/77)
Supporting Agency :EPA

Supporting Agency:EPA

0243 MICROWAVE EFFECTS . Tredici , T. J. (U.S.
A i r  Force , Sch . Aerospace MedicIne , 0246 INFRARED ANALYSIS OF DOSE DISTRIBUTION IN

Brooks Ai r Force Base , San An tonio , TX 78235). ANIMALS AND PHANTOM MODELS EXPOSED TO
MICROWAVE RADIATION. Kln ri , J. B.; Weil , C. M.

A de tailed Ini t i a l  ophthalmolog ic evaluation and (Bioen gineerin g Branch , Environ mental Protection
follow-u p w i l l  be provided for Air Force personnel who Agency, Hea l th Effects Res. Lab., Durham , NC 27711) .
have suffer ed a microwave overexposure , i.e., exposure
greater than twice the permissIble exposure limit. The dis tribution of absorbed energy In a comp lex
A ttention will be focused on the presence or absence biologic system and in equivalent phantoms wi l l  be
of len ti cu lar lesions and the possible causal rela- determined experimentall y u s i n g  i n f r a r ed thermo-
tion of microwave exposure. Patients wi l l  be graphic anal ysis of sectioned ani mals and equivalent
eval uated in the ophthalmology branch , clIni c al phan toms . An infrared thermographic scanner has
sciences d i v i s i o n , Schoo l of Aerospace Medicine at been purchased and a minicompu ter/software system
Brooks Air Force Base following standard pa tient Is be i ng desi gned to collect scans. The basic
evaluation protocols. Follow-up will be established p ict ure processing software package is operationa l
on an indivIdual basis and reports will be made to and addi tional software is being de s i gned and
the referring physician and medical facility. When written. (10/76-9/77)
sufficient da ta have been accumulated , the material
w i l l  be published. (10/76-9/77) Supporting Agency:EPA

Supporting Agency:U.S. Dep. Def., Air Force.

0247 OCCUPATIONAL EXPOSURE OF U.S. NAVY VETERANS
OF THE KOREAN WAR TO MICROWAVE RADIATION

0244 INTERACTIONS OF AMPLITUDE -MODULATED (AM) (RADAR). Robine tte , C. 0.; Silver man , C . C.; Beebe ,
NON-IONIZING ELECTROMAGNETIC RADIATION G. W. (Nail. Res. Council , 2101 ConstitutIon Ave.

WITH BIOLOGICAL SYSTEMS. Blackma n , C . F. (Environ- N.W . , Washing ton , D.C. 20037).
mental Protection Agency,  Experimen tal Biology
Div ., Durham , NC 27111) . Approxima tely 20,000 teen who served as electronics

repair men In the U.S. Navy during the Korean War
Bac terial and mammalian cell systems wil l  be exposed are be i ng traced to determine whether they have
to a serIes of amplitude-modulated (AM) frequencies eleva ted mortality from cancer or from other causes.
to determine the effect on various physiologic Controls are abou t 20,000 men who served as radio

• ac ti v ities. A bench top radiation exposure system and radar operators in the Navy during the Korean
has been cons tructed that can deliver AM radiation War. The period of follow-up extends from January
to in vitro samples. Pre liminary tests are under- 1956 through December 1974. (10/76-9/77)
way wi th brain tissue and bacterial and mammalian
cells . (10/76-9/77) SupportIng Agency:not reported.

Supporting Agency : EPA

0248 TWiN-WELL CALORIMETRY SUPPORT OF IN VIVO
ANIMAL STUDIES FOR WHOLE BODY EMR ABSORP-

0245 CONSTRUCT A CRAWFORD CELL FOR EXPOSURE TION. Klnn , J. B. (Bloeng ineer lng Branch , U.S .
OF AN I MALS TO FM RADIATION. We ll , C. Env i ronmental Protection Agency, Heal th Effects

(Bloeng in e e r i n g  Branch , Environmen tal Protection Res. Lab., Durham, NC 27711) .
Agenc y, Heal th Effects Res. Lab., Durham , NC 27711).

The total energy absorbed in a complex biolog ic
An exposure facilIty suitable for IrradIat ing system exposed to electromagnetic fields w i l l  be
roden ts at the same frequency used in frequency determined experimentall y. A twin-well calorimeter
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for in v ivo  animal studies of to ta l  body e lect ro-  network. The computer system w i l l  be used for data
magnet ic  rad ia t ion absorpt ion w i l l  be emp loyed, acqu is i t i on  and control. The vIdeo si gna l f rom
Four calor imeters have been constructed and used the IR microscanner w i l l  be converted to a d ig I ta l
in studies i nvolving rats , hamsters , and mice , signal by A/D conversio n and stored in a m in i c~ni-
Four additiona l units are being made and wil l  be puter system for anal ysis . Software wil l  be written
used in the above studies and in determination to control the Interface timing and data acqu kition.
involvin g equivalent microwave phan toms . (10/76— Hardware interface concepts are be i ng des i gned
9/77 ) and computer hardware and A/D converter are being

ordered. (10/76-9/77)
Supporting Agency: EPA

SupportIng Agency:EPA

0249 BIOPSYC HOLOG ICAL STUDIES OF MICROWAVE
I RRADIATION . Justesen , D. R.; Sheridan ,

C. L . ; Garrison , R. 6 .; Levinson , 0. M. (Dept. 0252 EFFECTS OF LOW INTENSITY MICROWAVE RADIA-
Psychiatry , U n i v . Kansas , Sch. Medi cIne , 39th & TION ON MAMMALIAN SERUM PROTEINS .
Rain bow Blvd.,  Kansas C i t y ,  KS 6610 1). Cleary , S. F.; Berry, E. R. (Dept. Biophysics ,

V i rg in ia Coesnonwealth Univ., Sch . Medicine , 1 200
Dose-determinate exposures of gravid mice and rats E. Broad St. , RicIsnond , VA 23298).
to 2,450-MHz and 915-MHz microwave energy w i l l  be
performed in a mul t i -mode cav i t y  In studies of See Current Research 0201 for descr ip t ion  of th is
le thal-dosing, te ra to logy , longevity, and maze- research. (~ O/77-9/78)
l earning. Corollary studies will: (1) evaluate
the role of endogenous (psychogenic) heating in Supporting Agency:U.S. Dep. Def., Army
mammals , as induced by handl ing and rest ra in t  in
le tha l i t y  of dosing, (2)  examine growth and ultra-
structure of a thermophil lc  organIsm tha t ex hib i ts
retarded growth and hyperplas la of the p l a sma
membrane under microwave rad ia t ion , (3) record the 0253 2450 MHZ MICROWAVE ABSORPTION IN LARGE
ethogram of an avlan species previously incubated AND SMALL ANIMALS AND ITS BIOBEHAVIO RAL
I n a microwave fIeld , (4) determine the u t i l i t y  of EFFECTS ON BIRDS AND REPTILES . Ghand i , 0. M. (Utah
evoked therma l responses as indicators of perception Hi gher Education System , Gradua te Sch. , 310 Park
of mIcrowave energy , and (5) invest igate the use Bui lding , Salt  Lake C i ty , UT 84112 ) .
of hypotherrna l agents in mammals to find a biodos i-
meter of absorbed electromagnetic energy. The No d e s c r i p t i v e  informat ion is a v a I la b l e .  (3/77-
e f fec ts  of continuous wave and pulsed radiations 9/77)
of t he same averaged densi ty w i l l  be compared.
(9 /7 7—8/78)  Supporting Agency:NA SA

Supporting Agency :HEW , PHS , FDA

0254 BIOLOGICAL AND ECOLOGICAL EFFECTS OF
0250 MIC ROWAVE DOSIMETRY IN BIOLOG ICAL SYSTEMS. ENERGY TRANSMISSION BY MICROWAVES (EFFECTS

W e l l , C. (Bloengineering Branch , Environ- OF 2 ,450 MICROWAVE ILLUMINAT ION ON PLANT GROW1’H).
mental Protection Agency, Health Effects Res. Lab., Ward , C. H. (Dept. Biology, Rice Univ. ,  6100 Main
Durham , MC 2771 1).  St . ,  Houston , TX 77001).

A broadband (0.1- 3 6Hz) isotrop ic field probe , No descrip tive information is available. (3/77—
sui table for measur ing perturbed or scattered f ie lds
In the reg ion where animal subjects are to be
ir radiated (in both transmission line resonant support ing Agency:NASA
cav i ty  and anechoic chamber exposure f ac i l i t i e s)
w i l l  be obtained. (10/76—9/77)

Supporting Agency:  EP A

02 55 CLINICAL TRIALS ON PARTIALLY PARALYZED
CHILDREN TO DETERMINE EFFICACY OF IMPLANT-

0251 MICROWAVE DOSIMETRY IN BIOLOGICAL SYSTEMS. ABLE RADIO FREQUENCY NERVE STIMULATION . Anonymous .
Ward , 6. H .; KInn , J. (Bloeng ineering (Georgetown Univ., Sch. MedIcine , 3900 ReservoIr

Branch , Environmental Protection Agency, Hea lth Rd. N.W . , Was hington , DC 20007).
Ef fec ts  Res. Lab., Durham, NC 27711).

No description information Is avai lable. (8/76-
Interface hardware and control software w I l l  be 7/77)
developed for an infrared (IR) microscanner that
w i l l  be connected to a distributed minicomputer Supporting Agency :Dr . Scholl Foundation , Chicago , I L
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0256 STUDY DEVELOPED DISUSE OSTEOPOROSIS IN 0257 STUDIES OF MICROWA VE RADIATION AS A TOOLANIMA L TROPOROS IS. Bassett , C. A. (Colum- IN SOIL STERILIZAT ION AGAINST MAJOR DIS EASES
b ia Univ., Sch . Medicine , 630 V. 168th St. • New AND PESTS OF AGRICULTU RAL CROPS . Wutoh , J . 6. (Univ.
York , NY 10032) . Mary land , P r incess A nne , MD 2 1853) .

No descr ip t ive  information is a v a i l a b l e .  ( 1/77—12/77)  No desc r i p t i ve  Information is available. (11/76—1 /78)

Supporting Agency:NASA Supporting Age ncy:NASA
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5224 AN EXPERIMENTAL PERMEABILIZATI O N OF THE In terms of environmental consideration s , forward
BLOOD-BRAIN BARRIER BY ELECTRIC FIELD scatte ring by rain and hail will Increase the f i e l d

APPLICATION. ~~~~~~ Dereymaeker , A. (290, Waver- intensity outside the main microwave beam . For
se bean , B-303O Heverlee , Belgium) ; Gonsette , R. examp le , a 5—6W SSPS operating at a frequency of
r: i .’ .‘~‘urtil 15(6): 333—339; 1977. (20 refs) 3 6Hz would sca t te r  3 m W  nearly Iso t ropica l l y, if the

storm cell heIght is 1 km. At a range of 10 kM ,
The e f fec t  of transcerebral e l ec t ro l ys i s  on the per- the scattered mIcrowave beam power density would be
meabi l it y  of the blood-brain barrier in rabbits was abOut 2 x 1O~” mW/cm

2. Therefore , s c a t t e r i n g  by
I nves t i gated . A d i r e c t  curren t rang ing From 1-30 rain or hail is not expected to significantly
mA was applied to electrodec attached to the animal ’ s Increase sidelobe levels or broaden the main micro-
bony skull over perIods rang ,ng from 1-20 m m ,  The wave beam. Microwave power densities above 20 14/
potential difference across the electrodes ranged cm2 could resul t in major changes in ionospheric
from 10—60 V. When the transcerebral e l ec t r i c  f ie ld properties , and the effects of changes In ionospheric
was limited to 5 mA or less and when broad (1 cm2) electron density caused by microwave power densi t ies
electrodes were used , no morphologic lesions were of 20 irM/cm2 at the SSPS operating frequency w i l l
found In the brain parenchyma and the an imal ’ s be- have to be assessed In terms of possible effects on
havior and electroencephalogr am remained normal. other uses of the Ionosphere.
A t nontraumatizing electric field levels , the blood-
brain barrier was made permeable to trypan blue dye ,
rad ioisotopic tracers , pen i c i l l i n, and several ep i-
leptogenlc drugs . The permeabil i ty lasted for sev-
eral days. At transcerebra l electric fields of
greater than 5 mA , severa l adverse effects were ob- 5226 EPIPHYSEAL CARTILAGE cAMP CHANGES PRODUCED
served including four-legged paresla , hypersensi- BY ELECTRICAL AND MECHANICAL PERTURBATIONS .

t i v i t y  to noise and light , loss of appeti te followed (E)~g.) Norton , 1. A. (Dept. Orthodontics , Univ.
by exhaustion and death , epileptold electroenceph— Connecticut Health Center , Farmington , CT 06032);
alogra phic spikes , and morphologic brain lesions. Rodan , G. A.; Bourre t , L. A. CU’s Orthop (124):
When p in electrodes , which were driven into the 59-68; 1977. (60 refs)
skull , were used in place of broad electrodes , hem-
orrhag ic lesions were observed. It is concluded Ep i p hyseal car tilage from chick embryo was subjected
that this method may be applIed to clinical therapy. in vi tro for 1-15 mm to static compressive forces
In this way pharmaceu tica l or physiologic substances , or oscillating electric fields. The same stimuli
which normal ly do not pass the blood-brain barrier , we re anp l led to suspensions of ce l ls  isolated f r o m
can be brought to the brain parenchyma , the epiphyses. At the end ,,f the perturbation, 3’ ,

5’ -cyc l lc  adenosine monophosphate (cyc l ic  AMP) was
measured in the t issue or ce l l  ext racts by radio-
iumnunoassay. A physiologic (60 g/cm2) s ta t i c  pres-
sure reduced the cyc l i c  AMP Content in t issue and in
separated c e l l s .  5n o s c i l l a t i n g  e lec t r i c  f i e l d
above 900 V/ 1 .5 cm (5 ~Iz) enhanced the cyclic AMP

5225 THE POTENTIAL OF SATELLITE SOLAR POWER . accumulation In intact t issue , and this effect was
(Eng. ) Glaser , P. E. (Arthur D. L i t t le , produced only when the long axis of the bones was

Inc ., Acorn Park , Cambridge , MA 02140). P1’OC IEEE’ oriented paral lel to the e lec t r i c  f ie ld .  In Isolated
65(8): 1162-1176; 1977. (33 refs) c e l l s , an e lectr ic  f ie ld  ebove 750 V / l .5  cm (5 Hz)

caused a decrease In cyc l i c  AMP content. Charged
The design of a sa te l l i te  so lar power system (SSPS) ma t r i x  macromolecules and o r ien ta t ion  of the ce l ls
Is out lined , wi th reference to potential environmen- within the cell matrix may have a modulating effec t
ta l and biological impacts of a microwave power on the Init iat ion of this response . It Is postulated
transmission system designed to transmit the d cc- that the change in cyc l ic  AMP Is the ear ly ce l lu lar
t r ical  power generated by the SSPS to a receiving signa l in the response to an e lec t r ica l  or mechanical
antenna on earth. The SSPS w i l l  incorporate seve ra l perturbation that leads to bone remodeling .
fa l l -sa fe  features to assure control of microwave
beam po inting and instantaneous shutoff of power to
the microwave generators. Failure of the microwave
beam—pointing system w i l l  not result in exceeding
the international standards for microwave exposure.
Possible effects , If any, on birds f ly ing through 5227 THE EFFECT OF MEAT TREATED WITH SUPERH I GH
the microwave beam w i l l  have to be establ ished. FREQUENCY ENERGY AND INFRARED RAYS ON
Prel iminary evidence indicates that birds can be THE SECRETORY FUNCTION OF THE STOMACH . (Rua.)
affected at levels of microwave exposure greater Kulakova , S. N. ( Inst.  Nutrit ion , USSR Acad .
than 25 mW/cm2 of radiation in the IC-band. The Medical Sciences , Moscow , USSR) ; Laktaeva , T . V.
effects of microwave exposure on aircraft  f ly ing Vopr Pita’s (4) : 24—29 ; 1977. (10 refs)
through the beam must also be considered. S lgn if i-
cant human exposure is unl ikely because of the The effects of meat prepared in commercIal micro-
shielding effects of aircraft  metal fuse lages and wave oven (frequency 433 MHZ) , in infrared (IR)
the short f l ight  time through the beam. The extent oven , and by a combination of the two me t hods on
of possib le interference w i th  aircraf t  coerrunica- gastr ic secretion were studied in Pavlov ’ s and
tion and radar equipment w i l l  have to be establIshed. Heidenhain ’ s pouches of dogs fed 100 g of meat.
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Mea t prepared In the mIcrowave osen caused s i g n i f l -  magnetic f ie lds  of 50 Hz frequency, generated by
cant Inc rea se in gastr Ic  JuIce secretion compared high-voltage electric transmi ssion lines and trans-
w i t h  conventIonal ly cooked meat In dogs w i t h  Pavlov ’s formers , were studIed In albino rats and In human

pouch. Additional infrared treatment of the meat volunteers. The animals were exposed to fields
ca used a slight Increase in the secretion over with Intensities of 1-15 kV/m , 2 hr dail y for 4 mo.
that caused by microwave irradiatio n . Gastric Juice Significa nt (P’O.O5) Increase was observed In the
secretIon was enhanced by microwave treatmen t m ainly cumulative threshold index In animals exposed to
during (Phase I) the fIrst 2 hr (29.86 * 1.38 vs. 7 and 15 kV /m fIelds (17.3 and 19.1 vs. 11.7 in the
25.09 • 1 .16) after feeding (P~O.O2). Secretion control). The latency period of unconditioned
showed a tendency toward increased values beyond reflexes was 67 mccc and 69.6 msec In the above
the fir st 2 hr (12.82 • 1 .37 vs. 9.71 0.98) In groups vs. 51 msec in the unexposed control rats
the ,..ntrol dogs fed 100 9 of conventIonall y-cooked (PsO .O5). The chronaxy ratio of the antagonistic
meat (P’O.l). The total acIdIty and the free hydro- muscles of the leg was 0.5 and 0.4 in the groups
chlo r lc acid content of the gastrIc juice secreted exposed to 7 and 15 kV/m vs. 1.9 in the control
I n response to microwave-prepared meat did not (P<o.o5) . The blood choilnesterase activi ty
undergo any subs tantial changes . The secretion of increased sI gnIficantl y I n the group exposed to
total prote lnas’s with the gastric Juice per unIt 15 kV/m (150.2 tig/mln vs. 130.8 tig/m i n  in  the
tim e (I hr) was hI gher w ith meat prepared in micro- control; PcO.05). Men and women (aged 23-47 yr)
wave oven than In the case of conventIonally-cooked who were exposed to 5 ky/rn fIelds , 2 hr dail y for
meat. Meet prepared in micr owave oven increased 30 days , or to 12 kV /m fields for 3x 30 mm at
the gastric secret Ion in dogs with Pavlov ’s and 1 hr Intervals for 6 days . showed no significant
Heldenha i n ’s pouches. The find i ngs suggest that changes in the above parameters. Other human
treatment of meat with mIcrowave and/or IR radiation volunteers , exposed to a 15 kV/m field 3x 30 sin
caused the formation of substances , which stimulate daily for 6 days presented with transient headache ,
the first phase of the gastric secretion , fatIgue, irritability , and showed signltlcan tly

inc reased bloelec tr ic potentials evoked by rhy th m i c
photost lmu latlon (artifIcial flashing light) at
12 Hz frequency. The fIndIngs indIcate that the

5228 IMMUNOLOGICAL REACTIVITY OF THE BODY UNDE R permissible level of electromagnetic field Is 5 kV/m
THE EFI’ECT OF SUPER-H I GH FREQUENCY ELECTRO for up to 2-hr exposure dail y and 12 kV/m for

MAGNETIC FIELDS UNDER THE CONDITIONS OF DIFFERENT 3 x 30 m ln exposures at 1—hr intervals.
ULTUVIOLET RADIATIONS . (Thu’. Shu tenko , 0. I.;
(KIev Medical  Inst ., %% e v , USSR) : ‘9lnogradova, 6.;
U z h v ~~. N. F. ~~g S,vs~ t (8): 48—50; 1977.
(I ref)

The effec t of super-hi gh frequency elec tromagnetic 5230 REDUCTION OF THE FUNCTIONAL POSSIBILITIES
fIeld (100 or 1 ,000 tM/cm2 3 hr/day) on the i ninunolo- OF THE HEART UNDER THE EFFECT OF ELECTRO
gic reactivity of male albino rats was studIed MAGNETIC FIELD OF INDUSTRIAL FREQUENCY . (Rus.)
un der conditions of ultraviolet (UV) radIation of Prokhvatilo , E. V. (Kiev Scien tific Res. Inst. of
various doses. In rats with UV deficit , exposure General and Communa l Hyg iene , Kiev , USSR) . rat’:
to 1 ,000 tM/cm2 field caused sIgnifican t increase P,’1~’ (7): 141—1 4 3 ;  1977. (6 refs)
in the rate of basophll degranulat lon (33% vs. 1.65%
i n rats kept under the conditions of UV deficit), The electroencephlographic effects of electromagnetic
i n the percentage of p laque-for ming cells (4 ,7 4~~ 

fields of Indus trial frequency (50 Hz , i n t e n s i ty
vs. 0.28%), and in the phagocytic i ndex (87.2% vs. 100 , 300 or 1 ,000 V/m , exposure time 60 days) on
64.2%). The positive Ierne klemparskaya test , used the cardiac function were studied in rabbits. Expo-
to deter-nine number of l imsunocompetent cells In sure to 100 and 300 V/rn fields had no effect on the
the pe :Ipheral blood , is indica tIve of autoallerg ic cardiac function, whi le 1,000 V/rn caused consider-
reac tion to hi gh-freque ncy electromagnetic field, able changes: reductIon of the cardiac rate from
Ir radiation wIth prophy lac tIc UV dose averted the 291/mm before to 266/mm after 30-60 days of expo—
autosen siti zat ion processes and protected , to a sure , reduc tion of the force of the atria l contrac-
cer tain degree , the i nnaune system from the damaging tlon by 50% (P<O.OO1), reduction of the force of
ac t ion  of the electromagnetic field. Irradiation the ventricular contraction (reduction of the R wave
wi th  a UV dose of 1 .600 mcer/cln intensified the potential from 0.38 to 0.20 mV ( PcO.OO1 ),  reduction
changes induced by the electromagnetIc f ie ld ,  of the T wave potential from 0.10 rnV to 0. 8 mV

(Pc O. O l) , and shif t of the ST segment to below the
I soelectric line. The orthostatlc func tion test
with the rabbits in uprIght posItion showed 34-46%

5229 FFFECT OF ELECTROMAGNETIC ENERGY OF INDUS- Increase of the cardiac rate (22-32% In the control).
TRIAL FREQUENCY ON NE HUMAN AND ANIMAL 30% reductIon of the P wave potential (14-23% in

NERVOUS SYSTEM . (Rug.) Popovlch , V. M. (Lab. the control), 39-72% reduction of the R wave poten-
Electrical and Electromagnetic Environmental Factors , tIa l (14-29% In the control), and 32—49% reduction
KIev ScIentIfic Rae . Inst. of Genera l and Communal of the T wave potential (25-33%) In the control).
l7” g iene . Kiev . USSR); Kozlarin , I. P. Vra,’h fl.’l~’ The findings Indicate the deleterious effect of
(b): 128-131: 1977. (0 refs) electromagnetic fields of Indus trial frequency on

the contraction , repolari zat lon , and function of
The physIologIc and biochemIcal effects of electro— the heart.
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523 1 A LTERNATING MAGNETIC FIELD EFFECT UPON laboratory condit ions (over 6O~ ) and si gn i f i ca n t l y
HEALING OF ULCERS OF THE LOWER EXTREMITIES .  lower (around 4 0%) in mice kept In Faraday cages

Tiur iaeva , A. A . (Rai l roa d Hosp. No. 2 , or in elec t rostatic fi eld with O .I~t re sidual wave
‘e ra - I l . USS R) ; Ponizovskl l , V.  H.; A kimo v , G. L. component. No di f ference was apparen t between the
.~~.rn  f~n’~r 119(8): 84-85; 1977. (2 refs) latter two condi t ions.  The f ind ings  indicate that

change s In the e lec t roc l ima to log ic environment may
S i x t y — s e v e n  p a t i e n t s  w i t h  u l c e r a t i v e  les ions  of the induce unspecif ied s t ress  react ions , resu l t i ng  in
lower extremities were treated with alternating nag- reduced immunolog Ic dynamics.
net ic field (AMF : 50 Hz , 400 Oe) in daily sessions.
Of the 67 patients , 43 were over 50 yr of age. ‘Ihirty-
seven patients had had ulcers for less than 1 yr ,

5234 LIQUID CRYSTAL ELECTROMAGNETIC RADIATION12 for 1-3 yr . 18 for over 3 yr. Neurotrop hic ulcer 
MONITOR. 

~~~~~ 
Fanslciw , G. E. (Dept.was diagnosed In 4 patie nts , t rop hic ulcer In 15,

varicose ulcer in 48. Suppurat lon disappeared Electrical Eng ineering, Engineering Res. Inst., I owa
State Univ., Ames, IA 50011). J Miorowavc Pcs~er’usuall y after 3-5 sessIons. Granulation and epithe— 
12(1): 87-91; 1977. (16 refs)lial izat l on of the ulcers began after 5-9 sessIons.

The cicatric ial tissue formed was elastic and not
fused with the underly ing tissues. Complete ulcer A liquid crystal calorimeter desi gned for monitoring
healing was achieved in 57/67 patients; AMF was non1on i~ ing electromagnetic radiation is described.

most successful with varicose ulcers. Fifty—one Liquid crystals having color p lay centered at dif-
ferent temperatures were arranged on metal-coatedpatients were followed for 1-7 yr; permanent healing and nonmetal-coated dielectric substrates. Whilewas achieved In 42/51 , whi~ e 9 developed recurren-

ces. A similar control group of 30 patients both substrates responded to changes in ambient

received conventional therapy: cicatrizat lon was temperature conditions , the metal lized substrate

observed in 4 and reduction of the size of the also responded to temperature changes due to absorbed
radiation . The difference between the temperatureulcer in 15. There was no response to therapy in
indicat ion s of the two substrates was a measure of1 1 patients. The findings ind Icate the hig h

efficiency of AMF in the treatment of ulcers of the radiation. Using an experimenta l liquid crystal
calorimeter that measured radiation of 1-15 mW/cm2the lower l Imbs,
at a frequency of 2.45 GHz , measurements were made
over an ambient temperature range of 18.89-25 C.
Over this range , the approximate rise in temperature

5232 METHODS OF DOSIMETRY AND MEASURING IN of the metalli zed disk was 0.59, 2.22, and 4.44 C
MICROWAVE FIELDS . (Rum.) Vasilescu , V. above ambient for radiation levels of 1 , 5, and 10

(Laboratorul de blofizica , Inst itutu l de med icina mW/cm 2, respectively. In Its simp lest form , the
Si farmacie , Bucharest , Romania) ; Zaclu , C. Rev calorimeter can be used as a simple Indicator tuned
l’g ir~s.~-e’s~’f’tizioZ1 26(2): 137-144 ; 1977. (25 refs) to one frequency and used for regular safety checks .

An advantage of l iqu id  crystal  ca lo r imet ry  for
Basic pr incip les of mode ling and calculat ing methods monitoring nonionizing radIatIon Is that l iqu id
to determine microwave doses in biolog ic matter c rys ta ls  are used for both the measuring and indica-
( t i ssues )  are reviewed . The total dose absorbed tin y functions , exclud i ng the need for electronic
by t he experimental animal determines the biolog ic metering.
effect of microwaves. The total dose rate absorbed
as a function of time varies In animals freely
moving In a cage , while the dose rate is nearly
constant In i mmo bilized animals. 5235 EFFECT OF MICROWAVE RADIATION ON CELLS

TREATED WITH MEMBRANE-INJURING SUBSTANCES.
(Eng.) Szmig iel sk i , S. (Center for Radiob lology
and Radloprotection , Szaserow 128, 00-909, Warsaw ,

5233 THE DEVELOPMEMT OF METHYLCHOLANTHRENE Poland) ; Kobus , M .; Janiak , H.; Rytko , J. Ezp
INDUCED TUMORS IN MICE UNDER THE ENVIRON- Pat hol (,~ena ) 13(6): 296-301; 1977. (26 refs)

MENTAL INFLUENCE OF VARIOUS ELECTROBIOCLIMATOLOGIC
CONDITIONS . (Ger . ) Moese , J. R. (Hygiene-Institut , The effect of microwave radIation on cells treated
UnIver sltat Graz , A—80l0 Graz , Unlvers ltatsp latz 4, wit h membrane-Injuring substances was i nvesti gated .
Austria) ; Fischer , G. Ze~~ralbZ Bakteriol Lon g BI A continuous line of human embryonic cells (WISH)
164(5/6): 447-454; 1977. (15 refs) grown in vitro were pretreated with subcytotoxic

concentrat ions of d lg i ton m n , cort iso l , and pu r i f i ed
The effects of electrostatic field (fIeld strength bacterial toxins (staphy lococcal beta-hemolysin or
200 V/m , residual wave component 0.1%), of a Faraday Cloetnidium p erfv ’ingens alpha-toxin) and were
cage with shie 1d lng of atmospheric electrical di s irradiated wIt h 3 GHz microwaves at field power
turbances at 99% efficiency , and a climatized densities of 5 or 40 mW/cm2 . At 40 mW/cm2 , an
laboratory on the tumor induction rate were studied increase of about 2-3 C In the temperature of the
in 8-wk-old female NMR I-Han mice that received 0.1 culture medium was noted , wh Ile at 5 mW/cm2 no
mq of methy lcholanthrene subcutaneously after a detectable increase In temperature was observed.
6-wk adaptation period. The animals were examined Irradiation with microwaves resulted in a lowering
for tumors at 2-wk intervals for 210 days. At the of the thymidine and glycine incorporation into cells
end of the experiment , the tumor Induction rate along with changes In the Intracellular amount of
was hig her In the mice kept under conventiona l cyclic adenos i ne monophosphate (decrease in cells
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exposed to 5 mW/cm 2 and increase in cells exposed canIne radii usin g transf ixion p ins to lnr n obi lize
to 40 mW/cm2). Under both field power densIties , the fracture w i t h  p las ter , a constant  d i r ec t  current
v iab i l i t y  of the cul tures was normal. Pre t rea tment  averaging 20 ,~A was app l i ed  to the p ins. O f 29
of ce l l s  w i t h  d ig i tonin or pur i f ied  bac ter ia l  toxins s t imu la ted  f rac tu res  tested w i t h i n  5 wk , 10 had
fol lowed by i r rad ia t ion w i t h  microwaves resu l ted returned to a torque s t rength  that was equ iva lent  to
in an enhancement of the cytotox ic  effect of the 4O~t or more of normal. None of 30 unst im u la ted  frac-
membrane-injuring substances , wi th a l owering of tures achieved this strength leve l until wk 6
cel l  v i a b i l i t y , espec ia l l y a f te r  exposure to power a f te r  f racture.  The react ion to e lec t r i ca l  s t imu la—
d e n s i t i e s  o f 40 nM/cm 2 . Cor t i sol  dId not inf luence t ion appeared to be d i f f u s e , i r r i t a t i ve per ios tea l
the reac t ion  ~of c e l l s  to microwave radiat ion.  It  response. In othe r exper iments , cons i s t e n t  nonunions
i s  conc ’ uded that substance s in jur ing ce l l  membranes were obtained by creat ing osteoper ios tea l d e f e c t s
sens i t i z e  ce l l  cul tures to microwave rad ia t i on  and rang ing ;~ s ize from 0 . 5 — 2  cm in the mid ulna of
may enhance the specific (nonthe rrnal ) effect of mature dogs. A negat ive e lect rode was inser ted  into
microwaves, the defect site throug h holes drilled in the proxima l

and dis tal segments as close to the defect as pos-
sible. Af ter stimulation of the proximal and distal
ends w i t h  continuous 20 pA current for up to 13 wk ,

5~ 36 B IO ELECTR ICITY AND REGENERATION : LARGE the cons is tent  resu lt in 12 dogs was a resorpt ion
CURRENTS LEAVE THE STUMPS OF REGENERATING o f the bone from the d is ta l  segment w i t h  no a t tempt

NEWT LI MBS. (Eng.) Borgens , R. B. (Dept.  B iolog i- to hea l or ob l i t e ra te  the defect , regard less of i t s
ca l Sciences , Purdue Un i v . ,  La fayet te , IN 479 07) ; s ize . I t  was concluded that the e l e c t r i c a l  s t i mula-
Va na b l e , J. W .; Jaffe , L. F . Proc .Vatl Aced Sci t ion does not provoke os teob las ts  to br id ge bone gaps
74(10): 4528-4532; 1977. (27 refs) i f  there is no perlosteum to guide and contr ibute

ce l lu lar  components to ca l lus formation . Two case
E l e c t r i c a l currents near regenerating newt l imbs reports of the successful  use of currents between
were measured with a vibrating probe operating at 20 and 25 pA for the t reatment  cf p a t i e n t s  w i t h
a re sonant frequency of 310-320 Hz , a pea k-to-peak nonunions of the t i b i a  are presented to i l l u s t r a t e
amplitude of 70 pm , and a time constant of 1 sec. the types of injury in which bone gra f t ing  procedures
Stea dy currents with local surface densities of 10— are l i a b l e  to f a i l  and for  which e l e c t r i c a l enhance—
100 ~A/cm~ or more lef t the end of the stump d u r i n g  men t i s  a wor th w h i l e  cons ide ra t io n.
the first 5-10 days after amputation , and currents
wi th low densities of 1-3 pA/cm 2 entered the intact
skin around the stump . Large outward currents showed
a s t ro ng tende ncy to peak over c l e a r , newly-formed 5238 TREATMENT OF CONGENITAL PSEUDARTHROSIS OF
epithelium and rarely appeared over full y-p igmented THE TIBIA WITH DIRECT CURRENT. (Pn;~.)
mature skin. Current leaving the surface of the Lavine , 1. S. (Div. Orthopaedic Surgery , State Univ.
stump varied directly with externa l sodium concentra- New York , Downstate Medical Center , Brookl yn , NY
tion of the med i um in which the regenerating l i m b s  11 202) ; Lus t ri n , I.; Shamos , M . H. Cl~n Or tho~
were immersed. When ami loride or methy l ester of (124): 69—74 ; 1977. (22 refs)
l y s i n e , which block sodi um entry, were added to the

• medium the s tump cur ren t was qu i c k l y and grea tly The use of direc t current for the treatment of
reduced . The data Indicate that the outward regen- congenital pseudarthrosis of the tibia is reported .
cratin g currents were skin-driven. Moreover , tran- Preliminary experiments with rabbits were conducted
sec tion of the main limb nerves did not reduce these in which 2-4 pA of direc t current was used to heal
cu r r en t s , poin ting to the skin rather than the bony defects. The model p laced the anode a nd ca thode
nerves as the pump that drove these stump currents, above and below the experimental bony defect , allow-
The outward currents were comparable in direction , ing curren t to flow across It (current-sensitive
dens i ty ,  du ra t ion , and posi tion to artificially model). This current-sensitive method was then used

r’iposed currents previousl y found sufficie nt to to treat a 14—yr—old male with congen i ta l pseudar—
ind uce significant regeneration of amputated adult throsis of the tibia. Platinum electrodes were
frog limbs. This comparison suggests that endogenous inserted Just Into the medullary cavity of the tibia
stump Currents p lay some causal role in Ini tiating through d r i l l  holes , with the current path traversing
regenera tion. bony tissue on both sides of the defect. Bony union

was achieved after 4 me of treatment. This current
sensitive method was also used to treat a 5-yr-old
female wi th neurofibromatosis and a congenital

5237 THE ELECTRICAL ENHANCEMENT OF PERIOSTEAL pseudarthros ls of the tibia ; the method failed how-
PROLIFERATION IN NORMAL AND DELAYED FRAC- ever. Electrical stimula tion was then tried in

TURE HEAL I NG. (Eng.) Connolly, J. F. (Dept. conjunction with a bone graft , utilizing bone bank
Or thopaedic Surgery and Rehabi litation , Univ. Neb- cancellous bone . The ground bone bank was placed
raska Coil . Medicine . Omaha , NB 68105); Hahn , H.; posterior to the congenital pseudarthrosis of the
Jardo n , 0. H. C l in  “rthop (124) : 97-105; 1977. t lbial defect , whil e the electrodes were p laced
(31 refs) an terior to the defect. After continuous app lica—

tion of current for 4 me, there was healing . Expe-
The elec trical enhancement of periosteal prolife ration rlence to date indicates that the best results are
in normal and delayed frac ture hea ling is disc ussed , obtained by a combination of ele ctrical stimulation
During exper iments in which a transverse undi sp laced wi th the addition of bone graft. The electrica l
fracture was produced in the middle th ird of 70 stimulation is provided by two mercury cells , which
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provide a total of 2.70 V. This voltage is impressed fields or approximatel y 3,000 V/cm. Orien ted CP
upon a series comb ination of a variable resistor complexes exhibited LD maxima of the same sign .~t
(iO~ ohms) and the treatment area. With the d cc- 685 and at 440 nm. The oriented chromatop hore s
trodes in p lace , the resistor is adjusted to y ield exhibited an LD spectrum of either positive or
the des i red current , negative sign , depending on the wavelen gth. The

orientation of particles in electric fields is
suggested to be due to either or both of the follow-

5239 RESO’~ANT GROWTH RATE RESPONSE OF YEAST ~~~~~~~~~~~ tends to a) ign i t s e ) f  ~th the app l led
CELLS I RRADIATED BY WEAK MICROWAVES , electric field; an anisotropic polarizabi li ty, which

(~n~.) Grundler , U. (Geseilschaf t fuer Strablen- 
g ives rise to an induced dipole moment when an

und Unsweltforschung, 8042 Neuherberg, W. Germany); externa l electric field is app lied .
Ke ilman , F.; Froehllch , H. Phys Lettero 62A ( 6 ) :
463-466; 1977. (8 refs)

The growth behavior of microwave-irradiated yeast 5241 TECHNOLOGY FOR THE HYPERTHER MIC TREATMENT
cultures (dip loid wild strain of Saccharomycee OF LARGE SOLID TUMOURS AT 50°C. (L’ny. )
eerevisiae) was monitored by visible lig ht extinction. Dickson , J. A. (Cancer Res. Unit , Univ. Dept.
The temperature of the samp le was 30.5—34 C , and it Clinical Biochemistry, Royal Victoria Infirmary,
never varied more than ± 0.5 C during any experiment. Newcastle—upon-Tyne , England) ; Sha h , S. A. din
The cultures were exposed to continuous wave micro- Oncol 3(3): 301-318 , 1977. (44 refs)
wave fields at surface intensities of 1.1-2 .7 mW/cm2 .
Over a frequency range of 41 .83-41.96 GHz , m ultip le The use of radio frequency (RF) heating for the
biolog ical resonances were observed , with the growth treatment of large experimental solid tumors is
rate either remaining constant or becoming enhanced reported , and a literature review is presented. A
or reduced at different frequencies. Increases up commercia lly available RF heating machine operating
to 15% and decreases as large as 29% were observed at a crystal controlled frequency of 13.56 MHz with
in growth rate normalized to eliminate temperature an output of 30 W was used. Rabbit VX2 intra-
effects. Careful temperature monitoring excluded muscular carcinoma , which has many characteristics
a trivial thermal origin of the observed effects, similar to human cancer , was used as the animal
The results confirm the existence of resonant model test system. The tumor was heated by p lacing
influences of coherent millimeter waves on biologic two paddle-shaped electrodes on opposite sides of
properties and reveal the extreme narrowness of the tumor-bearing limb , Tumors up to 22 ml in volume
this response. were rap idly heated to 50 C without damage to

neighboring norma l tissue. Among 15 VX2 tumors
treated by RF heating at 47-50 C for 30 mm , 10
regressed comp letely in 6-8 wk. Three rabbits

5240 ORIENTATION AND LINEAR DICHROI SM OF CHLORO- suffered paralysis , and two rabbits had an open
PLASTS AND SUB-CHLOROPLAST FRAGMENTS ORI — wound from skin damage ; however , the re was no increase

ENTED IN AN ELECTRIC FIELD. (Eng.) Gag liano , A. G. in tumor vo l ume. Skin breakdown leading to an open
(Universite Paris Xi , Institut Universita i re de wound occurred in 2/6 rabbits when the same type of
Technolog ie , Cachan , France); Geacintov , N. E.; tumor was heated at 50-53 C for 15 m m .  Tumor re-
Bre ton , J. Biochim Biophya Acta 461(3): 460-474; gression did not occur in the remaining four rabbits ,
1977. (28 refs) and the animals died with large tumors and metas-

tases within 80 days of tumor inoculation. Heating
Whole or broken spinach chlorop lasts , bacterial methods such as waterbath , water cuff , heat p i pe ,
chromatop hores , and chlorophyll-protein (CP) corn- and electrocoagulation did not compare favorably
p lexes in aqueous suspensions at room temperature with the RF heating machine for controlled heating
were oriented in externally app lied electric fields , at tumor temperatures In the reg ion of 50 C.
The orientation was observed by monitoring the
electric field-induced linea r dichro i sm (LD). With
whole chlorop las ts , a detectable LD signal was
observed using 50-Hz alternating voltages as low as 5242 AN AUTOMATED MEASUREMENT SYSTEM FOR DETER-
2-3 V across a 0.3—cm electrode gap, and nearly MINING ENVIRONMENTAL RADIOFREQUENCY FIELD
complete orientation was observed at fields of 30 V/ INTENSITIES II. (5mg.) Tell , R. A.; Hankin , N. N.;

• cm. The wavelength dependence of the LD signals Nelson , J. C.; Athey , T. W .; Janes , D. E. Th:
using either orienting electric fields (E) alone Meaaurementm for the Safe (lee of Radiati~”i. Pro—
or magnetIc fields (B) alone were similar but oppo- oeP~(i~tgB of an NBS 7.5th Anniveraa ry Sympoeiur” held
s i te  in sign , with E and B pointing in the same at National E~ireau of Standarda, Gaitherabur~s , ,-~~~‘ ,-e
direct ion . The chloroolasts tended to orient In March 1—4, 1976. pp. 203-213; 1976. (19 refs)
such a way that the membrane p lanes were parallel
to E. Small subchloroplast fragments , which cannot A mobile automated measurement system , used by EPA
be oriented in magnetic fields of 10,000-15,000 G for determining environmental radio frequency (RF)
but can be readily oriented in electric fields , field Intensities , is described . The system uses
displayed linear dlchroism spectra similar to those a spectrum anal yzer interfaced to a minicomputer
of Intact chlorop lasts. The CP complexes , chrome- for data acquisition and is contained w i t h i n  a van
tophores , and subchlorop last fragments were best for nationwide use. Special antenna systems (active
oriented using short (1-10 msec) pulsed electrI c vertical monopole , orthogonal dipoles , vertical
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coaxial dipoles , directional log periodic antenna , around the screws was twice as great in e le c t r i c a l l -j -
and vertical and horizontal sawtooth , planar , log stimulated patients as in controls, and the inten-
periodic antennae) allow isotropic field intensIty sity of the tissue reaction caused by the stimu l at n r
measurements in selected bands between 0.5 MHz and was such that occasionally the skin between the
10 GHz. Presently the van Is being use d to collect electrodes became erythematous and tender. Revers-
environmental data in East-coast cities . As data ing the po larity of the electrodes period ftall y
becomes available , more refined methods are being (once/wk or once/day) reduced the frequency of skin
developed for selecting the tota l number and loca- irritation. A 5-yr foliowup of one 84-yr-old man
t ion of monitoring s i tes within a given metropolitan revealed that some of the tib i a i bones developed
area, Initial monitoring locations are chosen on thickened cortlces and that some of the comminuted
the basis of RF source distributions and population fractures showed prominence of bone at the fracture .
densities. As the monitoring program progresses , The screw canals in the bone had filled in , some
measuremeits in hig h density West-coast cities are wi th tiny exostoses. No des t ruc t i ve  process was
planned . apparent on x-ray.

5243 MICROWAVE BOLIJSING : A TECHNIQU E FOR 5245 THE INFLUENCE OF MICROWAVE RADIATION ON
IHPROV I IG HEAT I NG UNIFORMITY FOR MICROWAVE NORMAL AND NEOPLAST IC CELLS (ABSTRACT) .

HYPERTHERMIA (MEET I NG ABSTRACT). (5mg. ) Robinson , (5mg.) Sz m lg ie l s k i , S. (Medical Acad. ,  Warsaw ,
J. E. (Sch. Medicine , Univ. Mary land , Baltimore , Poland); Janiak , H.; Kobus , H.; Luc zak , N .  F o i f o
MD 21201); McCul loch , 0.; Cheung, A.; Samaras, G.; h’i~toohem Cytochem 15(2): 164; 1977. (0 refs)
Slawson , R. G. Med Ph~i~ 4(4): 336; 1977. (0 refs)

The effects of microwave radiation (3,000 MHz) of
A microwave analogy of radiation therapy bolus vary ing density (nontherma l , subtherma l , and
techniques was developed to alter and control the thermal) on the metabolism of norma l cells and sim ia n
shape and size of the target and improve heating v i rus  40 (SV4O) transformed flbroblasts were inves-
uniformity. Two d i rect  appl icat ions of this tigated . In one series of experiments , cells were
“microwave bolus” technique were studied : (1) mono- treated with membrane-damag ing substances (di g to-
directional far field irradiation of mammary tumors nine , phospholipase , sphingomyel lnase) in subcyto-
on the flanks of mice; (2) parallel opposed micro- toxic concentrations prior to irrad iation . Non-
wave heating by die i cctrica ll y loaded app licators therma l Irradiation (5 mW/cm2) caused a temporary
operating in the transverse electromagnetic mode increase In cell metabolism and function. However ,
(TEM) mode. In the first , tumors were encapsulated higher densities (20 and 40 mW/cm2) caused inhibi -
in 5-cm spheres , and in the second , tumors were tiOn of both cell metabolism and culture growth;
treated in parallel slab geometry. Improvements the process was mere marked In the SV4O-transformed
in thermal uniformity are described, cells. Cell damag ing substances in subtoxic doses

increased the sensitivity of cultures to subtherma l
and therma l mIcrowave radiation.

5244 ELECTRICAL STIMULATION OF HUMAN FRACTURE
HEALING BY MEANS OF A SLOW PULSATING ,

ASYMMETRICAL DIRECT CURRENT. (5mq.) Jorgensen , T. 5246 MICROWAVE HEATING PATTERNS IN SIM PLE
E. (Egevangen 9, 8900 Randers , Denmark). Clin TISSUE MODELS . (5mg. ) Hand , J. W . (NRC
Orthop (124) : 124— 127; 1977. (10 refs) Cyclotron Unit , Hamersmlth Hosp ., Ducane Road .

London W12 OHS , England) . Phy8 Ned Bid 22L) 981
The use of slow pulsating asymmetrical direct current 987; 1977. (12 refs)
for the treatment of 28 patients with tiblal frac-
tures Is reported. The fractures were treated with The effects of microwave radiation on two spherica l
external fixation by means of a Hoffmanr. apparatus , models of differing sizes are examined theoreticall y.
with the direct current app lied to the fracture The models consisted of a spherIcal core of material
site throug h two electrode-screws in the Hoffmann having the e lec t r ica l  properties of muscle , surround-
apparatus. The stimulator used to produce the current ed by two spherical shells , w i t h  the inner shell
generated a pulsating alternating current of about having electrIcal properties similar to those of
1 Hz at an amplitude of about 0.7 V. A slight asym- fat and the Outer shell having prope rties resemb linq
metry in the alternating current caused the fracture those of skin. The spheres were assumed to be i n  air
to be affected by a weak pulsatIng direct current , and to be irradiated by p lane waves. An examination
The magn i tude of the pulsating direct current was of the distributions of heating potential along the
40 pA. Statistica l anal ysis of the results obtained diameters of a 40-mm diameter sphere (representative
with 24 evaluable patients revealed a 30% accelera- of a mouse) exposed to 2.45 Gus radiation revealed
tion in healing. An average of 2 .4  me was requ ired that the heating potent ia l  was d i s t i n c t l y nonun i form
to achieve c l i n i ca l  s t a b i l i t y  or the desired degree and that the m a x i m u m  heating potent ’al occurred at
of s t i f f ness  as measured by mechanically stress ing a point w i th in  the central core of the model.
the t i b ia  via the Hoffmann apparatus. A control Calculat ions for other frequencies showed that both
group of pa t ien ts  required 3.6 me to achieve the the posi t ion and the magnitude of the hot reg ion
same degree of s t i f fness ;  the dif ference between depended on the frequency of the microwave radiaton .
experimental  and control groups was highly s i g nif i-  At 800 ~i1z , for example , maximum heating s t I l l
cant (p~O .O Ol ) .  The frequency of skin react ions occurred In the muscle reg ion , a lthough i t  w.i s at
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a position close to the fron t of the sphere and its Lp, and Sf final intern a l temperatures of 57, 62 ,
magnitude was only mar ginall y greater than that at and 70 C , respective ly, were required for conven-
the front surface . Experiments with mouse cadavers ti onal heating , and temperatures of 73, 87, and 81 C ,
rolled Into spheres and Irradiated with 2.45 GHz respective l y, were required for microwave heating.
radiation confirmed that maximum heating potential The data indicate that microwave heating to the
occurs in the central reg ion of the sphere. Cal— same Interna l endpoint temperatures was less
culat ions of the distribution of heating potential effective than conventiona l heating for mIcrobial
for a sphere of 260 mm diame ter (representative of destruction . The difference in heat sensitivity
a larger animal or part of a human torso) over a between conventional and microwave heat was most
frequency range of 200 (4’lz to 2.45 GHz revealed apparent for Lp, which was not particularl y heat
that the heating potential distributions had their resistant when heated by convention al means.
maxima at the fron t surface and , In general , the
heat ing potent ial decreased exponent ia l ly  into the
spheres. As the frequency decreased , the penetra-
tion into the sphere was greater than that predicted 5249 INFLUENCE OF ROTATING MAGNETIC FIELD OF

by a p lane model. It Is suggested that If a thera- 200 GAUSS ON SPLENECTOMIZED M ICE. ((‘me.)
peut ic app l i ca t ion  requires human t issue to be ~~tz , R. (Ustav hematolog ie a krevn i transfuse ,
heated at depth , a heating potential distribution 128 20 Prague 2, U nemocnice 1 , Czechoslovakia) ;
suc h as that produced by plane wave i r rad ia t ion  at V lk tora , L. Vn i tr Lek 23(2): 141-145; 1977.
2.45 GHz Is disadvantageous , since skIn and sub- (14 refs)

cutaneous t i ssues w ill receIve more therma l energy
than t he reg ion of i n te res t .  The hesnatolog ic e f fec ts  of exposure to rotat ing

magnetic field (180-200 G , Li-S rpm , >5 wk was studied
in sp lenectomized SPF- ICR mice. Unexposed splenec-
tomized and in tact  mice were used as contro ls.

5247 RESPONSE OF GALLUS CHICKS TO ELECTROSTATIC Exposure to the magnetic field caused significant
FIELDS (MEET I NG ABSTRACT). (5mg.) Graves , increase in the erythrocyte count during the first

H. B. Tn: The 17th Handfot’d Biology Sympoeiwn : 3 wk, and the leukocyte count Increased even after
p, hlo :~n1e’2 tal- To~ricologij r)f Snet ’ly—r el at ed Pol lutant e the 5th wk. The thrombocyte count decreased but
hcd ,\‘t-ober 17—19 , 1977, Riohtand, WA. Batelle normalized shortly after exposure , while the retic-
and U.S. Energy Research and Development Adm in . ulocyte count Increased throug hout the exper-
pp. 40; 1977. (0 refs) iment. The i nve sti gat i on of hematopoies is in the

bone marrow at the end of the exposure revealed
The ontogeny of behaviora l and electrop hyslolog lc enhanced erythropoies is and Iymp hopoies ls , depression
responses of domestic chicks to 60 Hz, hi gh-inten- of the granulocytopoiesis , and reticu locyte forma-
C i t y  e lec t ros ta t i c  f i e lds  were evaluated during t ion. The findings confirm the stimula ting effect
long— and short-term exposures. Measuremeits of the magnetic field on hematopolesis and indicate
included hatching t imes , a c t i v i t y  patterns , oxygen that the ef fect  of relatively weak magnetic fields
consumpt ion , heart rate , growt h , and brain-wave is more pronounced in sp lenectomfzed animals than
act i v i t y .  Results suggest that birds can detect in Intact ones.
an e lec t ros ta t i c  f i e l d  and that both motor develop-
ment and electrop hysiolog ic parameters are affected;
however , re sponses are small and transient.

5250 OCULA R MEDICAL SURVE I LLANCE ON MICROWAVE
AND LASER WORKERS . (5mg.) Hathaway, J.

A. (US Army Environmental Hygiene Agency, Aberdeen
5248 EFFECT OF CONVENTIONAL AND MICROWAVE Proving Ground , MD 2 10 10) ; Stern , N.; Soles , C. H.

HEATING ON PSEIJ WMONAS P UTREFACrSNS, Lei ghton , ~~ . ,T (‘coup ?.k’d 19(10): 683-688; 1977.
STREP TO~ OCCU ~ PASCAL T~ AND LACT0BA~ ILLUS PLAIVTARUM (14 refs)
IN MEAT TISSUE . (5mg. ) Crespo , F. L. (Departa-
mento de Tecnolog la y Bioquimica de los al imentos , A statistical anal ysis of over 800 medIca l surveil-
Facuitad de Veterinar ia , Cordoba , Spain) . J Food lance ocular examinat ions on m ic rowave  and laser

~~~~~~~~ 40(9): 588-591; 1977. (24 refs) wor kers is presented . The number of years of work
w i t h  microwave equipment varied from less than 1 yr

The effects of conventional heating and microwave to 35 yr. Of 823 workers subjected to ocular examine-
heating on selected microbial s t ra ins  inoculated tions , 705 were microwave workers.  The resul ts of
into s t e r i l e  beef were compared. Pat t ies  (50 g) s l i t- lamp examinat ions were analyzed using mu lt l p l c
of inoculated and incubated ground beef were sub- regression statIstical techniques to determine the
jected to d i f ferent  temperature treatments In a influence of microwave and laser exposures on the
conventiona l e l e c t r i c  oven maintaIned at 176 C and presence or absence of opaci t ies , vacuo les , and
in a microwave oven operating at a 2,450 MHz ‘re- poster ior  subcapsu lar i r idescence.  No lent icu lar
quency. The f inal  Internal temperatures required or re t ina l defects were noted that could be at t r i-
to produce two-decimal reductions In Paeu,iomonam buted to work w i t h  e i ther  microwave or laser radia-
p ufr’c Ju~’~en8 (Pp), r , I ~’t( ’l ~Uf l. i lU 8  ~~~~~~ (ip), 

tion . Increased incidences of minute ient icu iar
and .~i n - ~toco ’g i o ‘~i . ’alia (Sc) were 51 , 57, and defec ts were noted with increasing age . A hi gh
62 C, respectively, for conventiona l heating and v i r i a b il i t y  in the recording of such d e t e c t s  at
63, 78, and 74 C, respectively, for microwave d i f ferent  locations was a t t r i b u t e d  t~ d ferences
heatIng. To achieve four-decimal ‘eductions In Pp, in the subject ive evaluat ion of the Individua l
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exam iners.  It is concluded tha t periodic medical Also, apply ing the same amount of e l e c t r i c a l  i’ io-rqy
surveillance of microwave and laser workers is w i t h i n  a shorter period of time did not produc~

. I i i ,-

nonproductive , and suggestions are n- ide to l i m i t  same bene f i c ia l  e f f ec t s  of the 3-wk p ro toco l .
med ical  surv - .,l l lance for these wo rkers to preassign- Exper iments  w i t h  tanta lum oxide e lec t rodes  i l lus-
ment , postaccldent exposure , and termination eye trated tha t augmented healing of bone can be produced
exam inat ions ,  when e lectrochemlcal react ions are reduced . How& veu .

hi gher power d i s s i p a t i o ns  appear to be required w i t h
tantalum oxide electrodes than with platinum elec-
trodes to e f f e c t  the same degree of heal ing.

525 1 TECHN iQUES IN MICROWAVE AND RADIOFREQUENCY
HEATING OF TISSUES (ABSTRACT) . (bn . I

Hand, J. W . (Hanwnersm lth Hosp. • London W 12 OHS ,
Eng land). ‘;~~ ,‘ ?i~.i./i,zf 3 2 (4 ) :  38 1; 1977. 5253 MICROWAVE DIELECTRIC PROPERTIES OF TISSUE :
(0 refs) SOME COMMENTS ON THE ROTATIONA l. MOBILITY

OF TISSUE WATER. (Pm.) Schwan , Ii. P. (Dept.
The band of frequencies in the e lec t romagnet ic  Bloeng ineering , Un iv . Pennsy lvania , Ph i lade lphia ,
spectrum used In heating t i ssue  at depth Is d iscus-  PA 19174) ; Foster , K. R. i ’ ;~~~ ~1 17(2) : 1 9 3 - 1 9/ ;
sed . The methods used to heat t i ssues  are desc’ ibed , 1977. (12 refs)
and the advantages and disadvantages of such methods
out l ined . The po s s i b i l i t y  of producing microwave- Mic rowave d i e l e c t r i c  p e r m i t t i v i t y  and c o n d u c t i v i t y
Induce d Internal hot-spots in a target whose dimen- data for b io logic t i ssue  are reviewed over the
sions are comparable to the wavelength of the radia- frequency range of 0.1-10 6Hz . The hi gh freiiuen~ y
t ion and the relevance of th i s  to the heating of d i e l e c t r i c  proper t ies  of muscle p red ic t  that the
sma ll animals are d iscussed . The advantages of t i s sue  water  exh ib it s  a Debye d ipo la r  absorp t ion
microwave contact app l i ca to r s  are out l ined , and two cen tered at 20 6Hz at room temperature , iden t i ca l
such dev ices described . Some of the problems to that of pure wa te r .  Increases in t i s s u e  c i -
associated with temperature measurement in the duct lv i t y  of canine muscle , skin , and l i v e r  o bsc rved
presence of electromagnetic fields are s ta ted , and at frequencies above 1 GHz correspond to a free
new k in ds of thermometers that enable re l i ab le  water content of roughly 70% of the t i s sue  we i g h t ,
temperature measurement s to be made In such an comparable to the known water content of these
env i ronment are b r ie f l y descr ibed , t issues.  From a d i e l e c t r i c  point of v iew , the t i s s u e

is apparentl y equ ivalent to a suspension of non-
conduct ing so l i d  In ord inary bulk water at the~ c
high frequencies, contr ad i c t i ng  the hypothesis th a t

5252 STUDIES OF ENHANCED BONE HEALING V IA  ELEC- most of the ce l l  wa te r  has met ional propert ies
TR ICAL STIMULI : COMP A RATIVE EFFECTIVENESS greatl y differen t from those of pure liquid.

OF VARIOUS PARAMETERS . (i.-’m~’.) Hass ler , C. R.
( Bat t e l l e . Columbus Lab. , 505 KIng Ave. , Columbus ,
OH 43201) ;  RybIcki , E. F.; D iegle , S. B . ;  C lark ,
1. C.  :!i’: ‘i ’ t ) i~~~

. (124) : 9-19; 1977. (16 refs )  5254 DIFFERENTIAL RESPONSE TO ELECTRICAL
STIMULAT I ON : A DISTINCTION BETWEEN INDUC ED

A rabb i t  ca lvar lum model was used for s tudy ing the OSTEO G ENES I S IN INTACT T iB IAE  AND THE EFFECT ON FRESH
effec ts of applied electric Currents on osseous FRACTURE DEFECTS IN RADII. (Eno .  Harris , V . H.
t issue . Total currents rang ing from 3-1 ,400 pA (266 Beacon S t . ,  Boston , MA) ; Moyen , B. J-L .;
were app l ied using brush-type electrodes of either Thrasher , C . L. ; Davis , L. A . ;  Cobden , R. H.;
p lat inum or tantalum oxide . Direct  current as we l l  Kenzie , D. A . ;  Cyw ins ki , J. K. ‘?fi : (‘n.t~~~; (12 4 ) :
as un id i rec t iona l  rectangular pulses , s ine waves , 3 1-40; 1977 . (26 refs)
and bidirec tional rectangular pulses were used
wi th pulse repetition rates or frequencies ranging The effec ts of continuous direct current (CDC)
p rom 1-60 Hz. The standard s t imu la t i on  protocol s t i mu la t ion  (20 iA) on osteogenesis in int a ct tibia
was of 3-wk duration. There was no s p e c i f i c  and on fresh f racture defects in rad i i  of t’xperi-
advantage of d i rec t  current over a l te rna t ing  currents mental an imals were Invest igated . S tud ie s  on
at frequencies of up to 60 Hz , and there was no osteogenesis In the medullary canal of In tac t  t i b ia
c lear-cut  advantage of one repe t i t i on  ra te  over In young and old rabb i ts  showed tha t the I ns e r t i o n
another. A plot of percent bone growth versus of a non-activated electrode resulted in 0 5 1 c c- -

calcula ted power for the cathode, as determIned by genesis and that osteogenesis induced by the elee-
densi tometry measurements of the postnecropsy trica l current exceeded that induced by the dummy
radiogra ph , reveale d a rapid increase in bone growth electrode . Both young and mature rabb i t s  responded
wi th Increases in power dissipatIon ; this increase similarly. In mature rabbits , stainless steel d cc-
reached a maxi mum at a power dissipation of about trodes were more effective than platinum . In dogs,
35 0W . Af te r  values of about 100 iiW , bone growth an a c t i v e  plat inum cathod e induced s i gni f i c a n t l y
approached control levels. Radioqraph ic densitometry more bone than a dunsmy p lat inum e lec t rode . The
resu l ts  at the anode revealed a decreas ing heal ing spontaneous healing capacity and/or healing rate
ra te  w i th  Increasing power d i ss i pa t i on . Experiments were determined for three d i f f e r e n t  fresh s u r g i c a l l y -
where the s t imu la t ion  protocol was shortened from crea ted  de fec ts  in the proxima l radius ,~f mature
the normal 3-wk healing period revealed tha t when mongrel dogs , and the e f fec t of e l e c t r i c a l  st ln iu la-
anima ls were s t imu la ted  for only the f i r s t  7 days t io n  on these three models was eva luated ari d cost-
o f the exper iment .  hea lIng was we l l  below cont ro l .  ~ared w i th  the behavior of the c o n t ra t a t , ’ra t radius
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Lo u it a i l t i ng  the sanie de f e c t ,  In a 0.5-nati t ransverse 5256 THERMAL RESPONSES TO HIGH - F REQU [ N IY [ EE C -
gap in the radius , which was not invuob I l i ze d  and TRO MA G NETIC RADIATION F IELDS . ( ‘j .
whi, h did not spontaneously uni te , e l e c t r i c a l  Frazer , .3 .  V . ;  M e r r i t t , .3. H . ;  A i i ,- i i . S.  J. ; Hart -
s t i m u l a t i o n  d id not Induce a greater  incidence of z e l l , S. H .; R a t l i f f , J. A . ;  Chamn ss . A .  F . ;  De’t -
h e a l i n g . I n  a 10-mm defect Immobilized with a p la te wiler , R. E. ; McLel lan , 1. (Radiation Physic s
and s..rews , which regular ly united spontaneously, Branch , Radiobio logy Div., USAF Sc h .  A ctos paci
no x-ray evidence of acce le ra t i on  of f rac ture  heal— Medic ine , Aerospace Med ic a l  D iv . , AFSC , tt rou~~s A i r
ing was noted. No evidence of electricall y- stimulated Force Base , TX 78235). 19 pp. ; 1976. I .uvai latilc
osteoq e nesls  was found in two dogs with a plate-and- through Nat ional Technical  Information Se rv i~~ - s ,
screw irnnobi l ized 20-mm defect , wh ich d id  not unite Spr ing f i e l d , VA 22161 , Document No. AD A032179 1
spontaneous ly .  (17 refs )

Ma le rhesus monkeys wer e exp osed to  high f rrqut ncy
(26 M H z )  r a d i a t i o n  in a r e c t a ng u l a r  c(i ,ix j i  trans-
m iss ion  l ine for 6 hr/day over a 5-day wk at power

5255 BIOLOGICAL EFFECTS OF ELECTROMAGNETIC leve ls  of 500 , 750 , and 1 ,000 niw/ci, ’ to i s i s  t he i r
RADIATION (R.ADIOWAVES AND MICROWAVES)-- therma l response to such exposures. Exper im e nts

EURASIAN COMMUNIST COUNTRIES , MARCH 1976 . ~~~~~ were run where the 6-hr exposures were inu-r ru pted
Adams , S. 1., W i l l i a m s , S. A. (Dept. Defense , every 30 m m for rec tal tempera ture  m ea - u r e m e n ts ,
Defense Intelligence Agency , Washington , DC 20301). and where the 6-hr exposures were  u n i n t e r r u p t e d
[ a v a i l a b l e  from the Dept. Defense , Defense In- w i th rectal  temperatures obta ined ine’ediatel y be fo re
te l li gence Agency, Was hington , DC 20301 , Docu— and a f ter i r r ad ia t i on .  An i m m e d i a t e  r i se  in s k i n
ment No. DST— 18l0 S-074 -76 1 .  (0 re fs)  and recta l temperature , w i t h  su bsequent cool ing ,

was noted. Recta l temperature reached an eq u i l i b r i u mResearch be ing conducted by Eurasian Communist a f te r  about 1.5 hr of exposure. Th is  e q u i l i b r i u m
c o u n t r i e s  on the biologic effects of radlowa ve and was ma in ta ined  throuqhout the rema inder of the cxlv,-
m icrowave rad ia t ion  is ou t l ined.  Most of the sure period. At power l evels of 500 , ‘50 , and 1 ,000research invo lves ani mals or in v i t r o  evaluat ions , mW/cm 2 t he rec ta l  cool ing rates were 0.36 , 2. 64 ,
but act ive programs of a re t rospec t ive  nature and 3. 54 C/hr . the correspond ing sk in cool ing r i t . - .
des igned to eva luate  the e f f e c t s  on humans are a lso  were 1.74 , 2.46 , and 1 .75  C/br , r e s p e c t i v e l y.  Such
being conducte d. Major systems , system components , coo l ing rates are su f f i c ien t  to br ing the core and
or processes current ly under study in t he Eurasian sk in temperature to norma l va lues in an hour or
Comm unist coun t r i es  inc lude the blood , cardiovascular  less , ind i ca t i ng  that thermoregulatory mechanisms
sys tem , cells , cen t ral nervous sys tem , di gestive were not impaired by 6 hr of i r r ad i a t i on  even atsys tem , g landular system , metabol ic  e f fec ts , repro- the 1 ,000 mW/cm 2 level and that the monkeys w ereduc t  ive system , visual system , and i nternal sound 

able to easily dissipa te the heat load followingpercept ion. The last of these areas of research cessat ion of rad ia t ion .has potent ial for the development of a number of
ant ipersonne l app l i ca t i ons .  Sounds and possibl y
even words , wh ich appear to be or ig in a t ing i n t ra -
cran ia l ly ,  can be induced by signal modulat ion at 5257 MAGNETIC FIELD EFFECTS ON RADICAL PAIR
very low average power dens i t ies .  An ima l  exper iments INTERMEDIATES IN BACTERIAL PHOTOSYN THESIS.
reported in the open l i t e ra tu re  have demonstrated (Ego.) Blankenship, R. E.  ( Dept.  B iochemis t ry ,
the use o f low- level  microwave s i gna ls to produce Univ.  Washington , Seat t le , WA 98195 ) ;  Schaafsm a . T.
death by heart seizure or by neurologic patholog ies J . ;  Parson , V.  V .  Bioch i r” Ric;,?~ c - ~~~: 461(2) :
resu l t i ng  fr om crossing the blood-brain ba r r ie r ;  297— 305 ; 1977. (27 refs)
the bulk of research being done in th is area is in
the USSR. Evaluat ion of the research being conducted The e f fec ts  of magnetic f i e l ds  on the format ion
by the Eurasian Communist countr ies is often d i ff i -  and decay of exc i ted  s ta tes  in the photoc hemica l
cu lt because d e t a i l s  of exposure in term s of fre — react ion centers of i?hcdc: c. i,!, ’r ’~ i:,:.~ .-~z ”: i , r ’ - ’~ - i.c
quency, durat ion , and in tens i t y  are quite va r iab le  ( s t r a i ns  R—26 and 2 . 4 . 1)  were i nves t i ga ted . In
and sometimes poor ly reported. The Eurasian Coninu- chemica l ly  reduced react ion centers , a magnet i c
n is t  invest igators tend to place greater importance f i e l d  decreased the f rac t ion  of the t ra ns ien t  s t a t e
on the po ten t ia l  nontherma l e f fec ts  of nonionizing (p F) that decays by way of the b a c t e r i o c h l or o p hy l l
rad ia t i on  than do the i r  Western  counterparts , an d t r ip let s ta te  (p 5) .  At room temperature , a ‘ -kG
information regard ing the prec ise nature of the f ie1d decreased the quantum y ie ld  of pR by about
exposure under considerat ion Is of ten d i f f Ic u l t  to 40%. In carotenold-conta in ing react ion centers ,
es ta b l i sh .  Studies that report on nonthermal e f fec ts  the y ie ld of the carotenoid t r i p let s t a t e . w h i c h
dea l large ly  w i t h  sub jec t i ve  responses , re ly ing on forms v ia  pR , was reduced s i m i l a r l y .  The e f fec t
repor ts  of headache , s leep iness , loss of appet i te , of the f i e l d  depended monotonica lly  on f i e l d
and the l ike.  The presence of nontherma l e f f ec t s , strength , saturat ing at about 1 kG. The e f f e c t
in add i t ion  to thermal e f f e c t s ,  at higher i n t e n s i t i e s  decreased at lower temperatures when the yield rif
has also been postu la ted by Eurasian Communist pR was higher. Magnetic f i e l d s  did not s ig n i f i
invest i g a t o r s , but no deta i led Inves t iga t i ve  support can t ly  a f fec t  the formation of the t r i p l e t  s t . u t c
for th is  p o s s i b i l i t y  has been noted . No Eurasian of bacterlochloroph y t l  in v i t r o , the  p hct ’i’n id a t ion
Coumnunist research a c t i v i t y  has been Ident i f ied  of P-870 in reaction centers at moderate redox
that can c l e a r l y  or d i r e c t l y  r e l a t e  to any m i l i t a r y  potent ia l , or the decay k inet i cs  of s t a t e s  pE and
o f fens ive  weapons program. pR~ The magnet ic  f i e l d  e f f e c t s  support the v Iew
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that state pF I, a rad i cal pair which is born In 56 V/rn (6 and 16 Hz). Magnetic field effects
a s ing le t s ta te but undergoes a rapid t ransforma t ion include e levat ions of serum t ri g l yceri de levels
in to a mixture of sing let and t ri plet states. in men exposed for 10 or 22 hr at 1 G (45 Hz)

metabolic decreases in nerve cell organe lles
(synaptosomes) exposed to 50 and 100 G (60 Hz)
and steroid changes in monkeys exposed to 200 G

5258 PERFORMANCE AND SAFETY STANDARDS FOR ELEC (DC). Other biochemical effects reported involve
TROSURGICAL DEVICES. (Eng .)  Emergency the influence of electric fields on brain tissue ,

Care Research Institute (Emergency Care Res. Inst. , cell organd Ies , frog red blood cells , and f ib ro-
5200 Bu tler Pike , Pl ymouth Meeting, PA 19462). blas t cells in cultures; however , these effects
156 pp.; 1977. (avaIlable through National Technical were observed at field strengths much greater
Information Serv ices , Spring f i e l d , VA 22161 , Docu- t han those encountered env i ronmentall y. Ther, arc
ment No. PB-265 8931. (refs) many reports illustrating that DC , and perhaps AC .

currents have an Important role in bone growth and
The feasibili ty of testing and achieving require- repair. There is also one report of tumors
ments of proposed performance and safety standards related to elec trical stimulation of bone . W i t h
for elec trosurgical devices was studied. Three the excep t ion of bone s tudies and , to a less er
comm ercial electrosurgical units were examined ; exten t , neural studies , none of the above areas
the units operated over frequencies ranging from has been adequately inves tigated. The reported
500 kHz to 3 MHz at maximum power outputs of 65 375 effec ts have not yet been corroborated by arr
V in one or more of the following modes: cu tting , independent rep l i c a t ion , nor has experimental workcoagula t ion , blend i ng , hemostasis . The test results advanced to the point where response thresholds .indicated that the requirements of the proposed a dose-response re la t ion , or frequency depen dence
standards could be tested in commercially available are known .
un i t s .  A l l  uni ts met a great major i ty  of the
requirements of the standard; however , the standard
proposed certain requirements that call for features
that were not universal ly  incorporated in present
unIts. Examples Included audible ind i cators of
activation and a prohibition of mul tIp le-energ ized 5260 PHYSIOLOGICAL AND BEHAVIORAL EFFECTS IN
ac t i ve  e lectrodes,  Fa i lures to conform to the NON-HUMAN SPECIES . (Z ~p1~~, )  Sheppard , A.
proposed performance requ i rements Involved the R. Elsenbud , M. In: ~~~lot:

’,’,i? F:’~c ’~ in ,‘~~~~~

limi tation on clectrosurg ical l eakage power from ti’i~’ and M.~mct - ic  Fie7d~ of Px~ t’c”~~-7~ - T- ’i.’ ! i ’ , , . ’:,,

the dispersive electrode , sustained shor t-circuit (New York: New York UnIv. Press) : pp. (7) 1 45;
opera t ion , and provision for elec tromagnetic corn- 1977. (66 refs)
patibility. In addition to the testing Informa tion ,
lists of Invited reviewers of the drafts of proposed Studies on physiologic and behavioral effects
standards , of persons requesting cop ies for review , produced in experimental animals exposed to e l e c t r i c
of attendees at public review meetings , and of per- and magnetic fields In the extreme l y low frequency
sons and organiza tions submitting written comments range are reviewed . Top ics covered Incl ude central

following review are also provided. A lis t of nervous system effects In monkeys and cats; the

elec trosurg i cal device manufactures Is also included , effect of external electrical fields on internal
— and extensive bibliogra phy is g iven, electric fields in anima l brain tissue; the effect

of combined elec tric and magnetic field on behav-
iora l and physio log ic processes in monkeys; electro-
encephalographic and electrocardiograp hic chan ges

5259 HEMATOLOGICAL AND BIOCHEMICAL EFFECTS OF In animals exposed to 100 kV/m , 50-Hz e l e c t r i c
E’..F FIELDS . (Flnq.) Sheppard , A. R. ;  f ie lds ;  e lect r ic  f eld e f fec ts  on neurons; th~

Eisenbud , M. In: Biolo r(oal ~ffeote of E leotria effect of electric and magnetic fields on the
and M.~ rnetic Fields of t.r tr u ”’s?l y T, -’w Freauenoy . m ltot lc cycle in slime mold; the effect of electric
(New York: New York Uni v. Press) : pp. ~5) 1—44; fIelds on mouse fertility; the effects of alter ita-
1977. (64 refs) ting e l e c t r i c  f i e l ds  (60 Hz) on the a c t i v i t y  of

cage d mice ; magnet ic  f i e l d  e f f e c t s  on the p~ ycho-
StudIes on the hematolog ic and biochemical effec ts logical behavior of rats , elec tric and magnetic
of direct current (DC) and alternating current (AC) field effects on animal migration , navi gation , and
e lec t romagne t ic fields in the extremely low fre- communication; e l e c t r i c  f i e l d  e f f e c t s  on marine
quenc y range are reviewed. Evidence that environ- animals ; the effects of electromagnetic fields on
mentally relevant field strengths can affect blood the conditioned behav or of p i geons and rats; the
composi t ion , biochemical synthesis , or metabolism effects of electric or magnetic fields on the
comes from a few, scattered experiments. Reports frowth and development of chicks : patterns of
of an AC electric field effect Include the follow— electrical actIvity during earl y embryolog ical
ing : changes In p lasma protein and steroid levels development in animals; multi generat lonal stud I es
as wel l  as in body weight of rats exposed contin- of rats exposed to combIned e l e c t r i c  and magnet ic
uousl y at 15 kV/m (60 Hz), al terations In white fields; the effects of extremel y low frequency
blood cell counts observed in mice and rats at fields on mutagenesis In - ‘r,t~’:’$i:1,; and Es~’/~~i’-

’”.~~
100 kV/m (50 Hz) and in humans at 15 and 20 kV/m , coli; the effect of low l evel direct currents ci t

and altered calcium efflux from chick and cat nerve tissue regeneration; and electric field
brains exposed to a f i e l d  ( in  a i r)  of 10 V/rn or e f f e c t s  on amoeba.
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5261 PHYSIOLOGICAL AND BEHAVIORA L EFFECTS IN effects of the extremely low frequency fields on
HUMANS . (lr~~i.) Sheppard , A. R.; Eisen- the concentration of microorgan i sms In the soil.

bud , M. 2’n . Biolc ’~ icvZ Effects of EZeotri~ an.d Differences in microorganism concentration that
!,~~i:,rt~~’ Fields of Extremelt Low Frequency,  (New were observed could be ascribed to the soil type
York: New York Univ. Press~

’
: pp. (6) 1-23; 1977. and sampling variations.

(28 refs)

Studies on human physiolog ic and behavioral changes
associated with exposure to extremely low frequency 5263 THE PROBLEM OF CLINICAL HYPERTHERMIA.

electric and magnetic fields are reviewed, Topics (Ena. ) Nelson , A . .3 .  (Radiotherapy

covered include perception of low level electric Centre , 21 McCourt St., Leederv ill e , Western

and magnetic fields; perceptual , behavioral , and Australia) ; Holt , J . A. Australar Radiol 2 1 (1):

physiolog ical responses in a magnetic field; psycho- 21—30; 1977. (18 refs)

motor function and cognitive skills in magnetic
fields; the effects of zero magnetic fields; phys lol- The use of very hig h frequency (433 MHz) radiation-

og ic changes in e lec t r i ca l  substation workers Induced hyperthermia in conjunction w i t h  other

electric discharge effects; effects on biolog ic treatment modalities for the management of various

(circadlan) rhythms ; correlations between human types of human cancers is reported . In a study of

behavior and geomagnetic storms ; and the phenomenon 27 patients with secondary cancer In the bone (21

of dows i ng in relation to magnetic perception . A breast cancers , 5 prostate cancers , and I Hod gkin ’s

stud y on the perception of low level electric and disease) where very hig h frequency (VHF) radiation

magnetic fields by humans Indicates that human was used in combina t ion wi th chemo thera py or radio-

reaction tImes may be sensitive to external electric therapy, all patients were relieved of pain after

fields in the frequency range of 2-12 Hz at a field the first treatment , and all but one patient showed

strength of 4 V/rn. in a zero magnetic field ex peri- improvement in we l l  being and wei ght g a i n. Another

ment where human subjects were exposed to a magnetic study involving the use of VHF hyperthe rmia in

fie ld attenuated to 1/1 ,000 of the geomagnetIc combination with ionIzing radiation (average , 2,200

field for a period of 10 days , flicker fusion rads in 4-5 wk) for the treatment of 12 patIents

threshold was found to decrease in frequency linear- with liver metastases revealed that hyperthermia

l y wIth t ime during the test perIod . Soviet studies in combination wIth individual doses of 50-80 rads

on e lec t r i c  substation workers In a 400-500 kV of radiat ion resulted In an enhancement effect

sw i tchyard (50 Hz) revealed physiologic ef fects equivalent to 200 rads or more . A l l  pat Ients had

mani fested by vagoton~ c changes in the cardiovascular complete and fairly rap id pain relief. The liver

system , a wea ken ing of thermal regulation processes, decreased in size during the course of treatment

a lowering of resistance to the action of electric and was subsequmntly undetectable by clinical palpa-

currents , changes In the functional mobility of tion in 10 cases. Seven patients survived 3—1 8 me

the neuromuscular apparatus of the hand , and a (average , 10 iso). A study involving the use of

wea kenIng of neurodynarnlc processes in the cortex VHF- i nduced hyperthermia In combination with radia-

of the brain, In terms of behavioral changes , a 
t ion for the treatment of 52 patients with advanced

statistical correlation has been found between ear , nose, and throa t cancer revealed that hyper-

admissions to psychiatric hospitals and changes in baric radiotherapy was twice as effective as con-

the geomagnetic field. ventional supervoltage therapy in obtaining survivals
at 1 and 2 yr as well as in achieving pr imary
clearance of the tumor and in maintaining recurrence-
free survival. Whereas the average dose of con-

5262 SOIL MICROORGANISM POPULATION DYNAMICS IN ventlonal supervo l tage radiation to achieve s im i l a r
WEAK ELF ELECTROMAGNETIC FIELDS. (Eng. ) results was 6 ,000 rads in 6 wk , only 4,800 rads

Rosenthal , C. M. (Biological Sciences Colleg iate over 8 wk was needed in conjunction wit h VHF— i nduced
Dlv ., Univ. Chicago , Chicago , IL 60637). 36 pp.; hyperthermia. This latter combination resulted
1976. (available through National Technical Informa - In complete heal ing in 94% of the patients.
t ion Services , Springfield , VA 22161 , Document No.
AD A035957]. (4 refs)

Soi l  samp les from a pine p lantat ion and a meadow were 5264 EXPOSURE OF JAPANESE QUAIL EMBRYOS TO
exposed in the laboratory to an electric field of 2.45-GHZ MICROWAVE RADIAT I ON DURING DEVEL-
1 V/rn (root mean square) and a magnetic field of OPMENT . (Eng. ) McRee , D. I. (NatI .  Inst .  Environ-
I C (root mean square) at a frequency of 60 Hz for menta l Health Sciences , Post Office Box 12233,
up to 16 wk. The microbial population of soil Research Triangle Park , NC 27709); Hanirick , P. E.
samp les exposed to extremely low frequency (ELF) Radiat Roe 71(2): 355-366; 1977. (17 refs)
f ie lds was pe r iod ica l l y  compared w i t h  that of soi l
samp les not exposed to the ELF f i e l d  that served as Japanese quail embryos were exposed during the f i r s t
the control for this study. Soil samples were 12 days of development to 2.45 GHz microwave radia-
assayed at 0, 2, 4, 8, and 16 wk for total number tion at an incident power density of 5 mW/cm2 and
of ae robes , anaerobes , and fungi as well as for a specific absorption rate of 4.03 mW/g . When the
microorganisms having specific biochemical functions temperature of the exposure environment was 37 C
such as nitrif lcat ion , den itrif lcat lon , urea decom— (the optimum hatching temperature) 93% of the
pos it ion , cel lulose decoeiposltiott , and sulfate quail embryos were k I l led . This resul t  can be
reduction. The results Indicated no signif icant exp lained by the Increase In temperature of the
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embryos to 39 .5-40 C , s ince t h i s  temperature was experiments were conducted In espec ia l l y  equi pped ,
sufficient to kIll control embryos as well. When air-conditioned railroad cars that provided shield-
the c’evelop ing embryos were exposed under the same ing from ambient extremely low frequency fields.
condition s in an environment maintained at a The exposed rats gained wei ght at rates of 20-30%
temperature of 35.5 C , no adverse effects on the slower than contro l rats and had less abdominal
development of quail were observed. Ho gross fat deposits than controls. A subcort ical neuron
deformities were observed in the exposed quail when effect was evidenced by a consistent decrease
examined and sacrificed at 24-36 hr after hatching. in activity of the neuronal enzyme choline acety l-
No significant changes in total body weights or transferase in the brainstem of rats exposed to
weights of the heart , liver , g izzard , adrenal g land , the 45-Hz fields; cerebral levels of thi s enzyme
or pancreas were observed In the neonates from were unchanged. Adrenal weig hts were unchanged
eggs exposed to microwaves. In terms of hematologic in exposed rats , but the liver enzyme , t ryptophan
ef f ects , no s t a t i s t i c a l l y s ign i f i can t  changes in pyrro lase , wa s e levated In many , possib l y ind ica t ing
hematocr it , total white blood cells , red blood that the extreme l y low frequency fields were able
cells, lymphocytes , heterophils , basophils or to produce a low level of stress response in the
eosinoph Ils were measured. A statistically s i gnifi- rats. I rradiated rats exhibited normal activity
cant increase In hemoglobin (4%) and a decrease In and eatIng and drinkin g behavior during maintenance
monocytes were observed , however , in microwave- in these field s.
exposed quail. The importance of these changes on
the viability of the neonate quail is not known.

5267 HIGH-VOLTAGE ELECTRIC FIELD COUPLING TO
HUMANS USING MOMENT METHOD TECHNIQUES.

5265 THE DESIGN OF A MONOPOLE RADIATOR TO (Eng.) Spiegel , R. J. (Southwest Res. Inst ., San
INVESTIGATE THE EFFECT OF MICROWAVE RADIA— Antonio , TX 78284). IEEE Tran 8 Biomed Enq 24(5):

lION IN BIOLOGICAL SYSTEMS. (Eng.) Bigu-del-Blanco , 466’472; 1977. (15 refs)
J. (Anatomy Dept., Queen ’ s Univ., Kingston , Ontario ,
Canada) ; Romero-Sierra , C. J Bioeng 1(3): 181-184; A numeric procedure is developed to ca l culate induced
1977. (6 refs) current and normal electric field distributions on

humans si tuated at various positions in the rig ht-
The des i gn of a microwave monopole radiator Is des— of—way of a 765—ky transmission line . The numeric
cribed. The monopole radiator is essentially a technique was based on the method of moments in
stainless steel hollow hypodermic needle that a l lows wh ich the human body Is modeled as a co l lec t ion  of
both for the irradiation of deep biological struc- st ra ight  cy l ind r i ca l segments w i t h  lengths ~nd rad ii
tures by sImple needle injectIon and for the sImul- comparable to that section of the body being modeled .
taneous chemotherapeutic treatment of tissue. The It was shown tha t for a man stand i ng on the ground
app licator is connected to a low power , frequency- at a place where the vertical electric fIeld was
tunable microwave generator . The m ic rowave signa l maximum , the induced electric fields on the hands
can be modulated , if required , ei ther  in ternal ly  and top of the head (150 kV# ’m) were of the same
or externally. Monopole impedance matching to the order of magnitude as the electric field recogni-
surrounding t issue is at ta ined by means of a slide- tion level (236 kV/m). Therefore , the electric
screw tuner placed between the monopole and the fields were large enough to possibly be perceived
rest of the microwave circuitry. Experiments by the person. For an unprotected lineman located
involving both relatively large rabbit specimens 1.5 m from an energized conductor , the induced
and saline solutions irradiated at a frequency of electric fields on his hands , feet , and head were
approximately 10 6Hz gave very similar resul ts , of the same order of magnitude as the recognition
within experImental error , In terms of normalized level also. However , the Induced f i e ld  (1 ,000 kV/m )
microwave reflected power measurements. Provided on his hand nearest to the energIzed conductor was
that a reasonable matching (power transfer) between about half that of the corona-forming leve l (1 ,968
the nonopole and tissue occurs , no undesirable ky/rn). The unprotected lineman can be expected to
ef fec ts  such as t issue burning at the tissue-monopole have induced field levels on his hands large enough
interface w i l l  occur. to be fe l t , and these induced field levels may be

of sufficient magnitude to p roduce a corona at the
ends of the finger tIps.

5266 EXTRE MELY LOW FREQUE NCY ELECTRIC FIELD
INDUCED CHANG ES IN RATE OF GROWTH AND

BRAIN AND LIVER ENZYMES OF RATS . (E’ng .)  Noval , J. 5268 GALVANOTROPIC ORIENTATION OF GOLDFISH
. 3 . ;  Sohler , A.; Reisberg , R. B.; Coyne , H.; Straub , (CARAS~ .TU~ A URATL~~) . (Fnd. .1 Wo l f , 0. J.
K. D.; McKinney, H . (Dept. Surgery, Temp le Univ. (Ph.D. dissertation , Graduate C o i l ,  un i v .  I l l i n oi s
Sch. Medicine , Philadelph ia , PA 19140) . 17 pp.; at Urbana-Champaign , 1976); ¶86 pp. tava il ab le
1976. (available through National Technical Informa- from Xerox Univ. MIcrofilms , Ann Arbo r , MI 48106 ,
t lon Se rv i ces , Spr ingf ie ld , VA 22161 , Document No. Order No. 77-92431. (71 refs)
AD A0359591 . (23 refs)

Studies on the galvanotropi c ori entation of q ldf i~ h
Male Sprague Dawley rats were exposed to 45—Hz (Caramaiwe aur~~ua) are reported . Goldfi sh or ien ted
ve r t i ca l  e l e c t r i c  f ie lds vary ing from 0.1-100 V/rn toward the cathode at low i n t e n s i t ie s  and toward the
(root mean square) over periods of 30-40 days. The anode at hi gh Intensities following 15 Sec of d i r e c t
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current s t imu la t ion . The prec is ion or o r ien ta t ion  in the aperture-heated cases. Nevertheless pene-
was a l inear function of st imulus in tensi t y .  The t ra tlon of microwave energy into the phantom mon key
part i t ion of neurosensory control over goldf ish head was su f f i c i en t  to cause heat ing in the bra in
galvano t rop ic orientation reflec ted the bl phaslc reg ion . It is expected that by c h a ng ing the ap i r tu re
character  of the behavior. A mechanism dependent s i z e  or the radiation frequency, the pattern of
on the intact spinal cord controled the cathodic microwave absorpt ion can be mod i f ied.
or ien ta t ion  seen at low i n tens i t i es .  The anlso-
trop i c  electrical properties of vestlbu iar sense
ce l l activity appeared to be related to anodic
or ienta t ion at hig h i ntensitIes. The precision of 5270 EXTREMELY LOW FREQUENCY (ELF) VERTICAL
anodic orientation of bilaterally labyrinthectocnized ELECTRIC FIELD EXPOSURE OF RATS : I RRADIA-
f i sh  was s ign i f i can t l y  poorer than that of Intact TION FACiL ITY . (Req.) Mathewson , N . S . ;  O l i v e , S.
animals or animals w ith large brain ablations. A.; Oosta , 6. H.; Blasco , A. P. (Armed Forces
Bilatera l irrigation of the otic canals w i t h  local Radiobio logy Rca . Inst ., De fense Nuclear A gency ,
anaest hetic solution also produced a long last ing Bethesda , MD 20014) . 68 pp.; 1977. [available
def i c i t  of anod c or ientat ion precision . Ca,xzeeiua through National Technical Information S e r v i c e s ,
.;:a’uus is not e lec t rosens i t ive  in the ordinary S pr ingf ie ld , VA 22161 , Document No. AD A035 955] .
sense ; the threshold for gaivanotrop ic orientation (12 refs)
of goldfish is  about 0.1 V/cm , or roughl y 1 ,000,000
t ime s hi gher than that for truly electrosensiti ve An extremely low frequency (ELF) vertical electric
species. An estimate of the current through a large f i e l d  i r rad ia t ion  f a c i l i t y  cons i s t i ng  of s i x  iden-
f ish (IS cm) in tap water at a tank voltage of 20 V tical exposure chambers is described . The facility
was roughly 2.0 mA In the present studies (using was developed for biological research related to
1 ,274 ohm/cm as the spec i f i c  r e s i s t i v i t y  of the the United Sta tes  Navy ’ s propose d ELF communications
fish) . If the cross section of the laby rinth ine system , which is desi gned to establish worldwide
organs is about 1% of the cross section of the fish , submarine fleet comunicatlons. The fa cility is
then a current of 2.0 mA through the anima l corres— desi gned to study the possible bioeffects of ELF on
ponds to about 20.0 uA through the labyrinth. Since 96 rats equall y div ided among the s ix  exposure
re l iable reactions were seen at somewhat lower tank chambers and ind iv idual l y housed in spec ia l l y modi-
vo ltages, It is concluded that labyrinth currents f led nonmetal l ic cages. These cages were designed
of a few iA may evoke qalvanotropic orientation, to min ima l l y  perturb the exposure f i e ld  and to

provide accurate means to measure food and water
consumption. Each exposure chamber could be independ-
ently operated up to field strengths of 1 ,000 V/rn

5269 EXPERIMENTAL AND THEORETICAL DETERMINATION (root mean square) at any sinusoidal ELF frequency.
OF ABSORBED MICROWAVE DOSE RATE DISTRIBU- At 45 Hz, the frequency chosen for this research ,

TIONS IN PHANTOM HEADS IRRADIATED BY AN APERTURE chamber cross-talk is less than -60 dB , and the
SOURCE . (K ’g .)  Ho , H. S. (Health , Education , vertica l electric field un i formity w ithin the expo-
Wel fare , Public Health Service , Food & Drug Adm in., sure area is within 5%.
Bureau Radiolog ical Health , Div. Biolog ica l Effects ,
5600 Fishers Lane , Rockvi lle, MD 20852); Faden , J.
1,’~.’Z t ii h~1~’ 3 3 ( 1 ) :  1 3 — 2 1 ;  1977. (7 refs)

527) IN VITRO AND IN VIV O INHIBITION OF VIRUS
A thermographic technique was used to determine MULTIPLICA T I ON BY MICROWAVE HYPERTHERM IA.
absorbed microwave energy distribution in phantom (Eng.) SzmI g lelsk i , S. (Center for Radioblology
monkey and human heads irradiated by a 2,450-MHz and Radioprotection , Warsaw , Poland) ; Luczak , H.;
aperture source. Brain tissue spheres simulating Janlak , M.; Kobus , H.; Laskowska , B.; de Clercq, E .;
both a monkey (3.3 cm radius) and a human head de Somer , P. Arch Viral 53(1/2) : 71-77; 1977.
(7.0 cm radius) were used along with a bone and (19 refs)
brain tiSsue equ i valent geometric model of a monkey
head. Maximum power (up to 100 W) was app lied The effects of microwave hyperther inia (41 and 43 C)
to the aperture source for 30 sec ; and then one- on virus multiplication were investigated in vitro
half of the model was quickly (within 5 sec) (herpes simp lex virus type 1 (HSV-l)-infected
p laced In fron t of a thermogr aphic camera for pola- primary rabbit kidney cultures) and In vivo (mice
roid picture taking (within 5 CCC). Cross-sectiona l infected with HSV- l or vaccin la viru s) . Microwave
temperature rise patterns for both the 7-cm radius Irradiation was performed at a frequency of 3 GHz .
and 3.3-cm radius brain spheres were in qualitative Animals were IrradIated’~ t ~~mean field power den-
agreement with previou s theoretic calculatio ns. sity of 40 n*(/crn2 for 2 hr daily; for cell culture
The temperature rise patterns in the phantom monkey experiments , the ~Ield power density was regulated
head were similar to the pattern of the 3.3-cm SO that the temperature of the culture medium could
brain sphere. However , the pattern in the monkey be maintained at 41 or 43 C during the irradiation
was sore Irregu lar. Temperature rise and absorbed period . In vitro , hyperthermia applied for 3 or 12
dose rate patterns of the spheres and the phantom hr after Infection led to a marked decrease in virus
monkey heads were drasticall y different from heating yield in cell cultures , with heating at 43 C lnhib-
patterns obtained with a plane wave source. The itin g virus multI p licatio n to a greater extent than
calculated high concentratio n of absorbed energy heating at 41 C. Heating of the cells for 3 hr
In the center nf a 3.3-cm rad i us brain sphere prior to Infection was without effect , and prolonged
resulting from a p lane wave source was not observed hyperthermia over the whole postinfectlon period
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(72 hr) seriousl y im pa I red cell viability. In mice current using stainless steel electrode-screws ;
inocula ted intranasa lly with HSV- l , microwave hyper- and the treatment of pa tlent5 w i t h  nonunions and
thern iia app lied I mmediatel y after Infection resulted congenital pseudoarthroses using electromagnetic
In a si gnificant decrease In the mortality rate fields pulsed at an extremely low frequency.
(p.0.001). Microwave hyperthermia applied i nane-
dia tel y af ter vacc inla virus infection in mice led
to a s i gnificant decrease in the number of tail
lesions (p.0.001). I rradiation prior to InfectIon 5274 THE CLASSIC FUNDAMENTAL ASPECTS OF FRACTURE

or delayed until 3 days af ter virus challenge di d TREATMENT. (E’ng. ) Yasuda , I . (No a f f i l i a-
not exhib it an appreciable effect. The data suggest t lon g iven) . ‘lin Os ’thop (124): 5-8; 1977. (I ref s )

tha t microwave hyperthermi a interferes directly
wi th the virus multi p lica tion cycle both In vitro The role of elec tricity in callus formation is di s

and in vlvo. cussed. Experimen ts investi gating the production
of elec tricity by bone under mechanica l stress are
reviewed , and i t is concluded tha t force leads to
callus formation through the produc tion of ci te -

5272 EFFECT OF MICROWAVE OR WATERBATH HYPER- tricity In bone . I n an experi ment desi gned to
THERMIA ON TUMOR GROWTH ~~ Sparks , inves tigate whether callus could be produced by

F . C . (VA Hosp. , Sepulveda , CA) ; Br~ ed l ng , J. H. elec t r i ca l  s t imula t ion , a d i rec t curren t of 1 A
.i’,i’ : ~~ ‘:c 28: 141-143 ; 1977. (4 refs) was applied continuously for 3 wk to V i t a l l i u m

elec trodes that were inserted through the cortex
The effect of whole-body microwave hyperthermia into the medullary canal of a rabbit femur. At the
ve rsus that of whole-body waterbath hyper thermia end of the 3-wk period , a ridge of call us was
on local tumor growth In lO-wk-old BALB/c mice was observed , which ran between the electrodes both
investi gated. At 14 days after subcutaneous Inocula- inside and outsIde the periosteum. There was more
tion with line 26 colonic carcinoma , a total of 24 newly-formed bone on the Inside of the periosteum
mice were divided randomly into three groups to in the reg ion of the negative electrode than in
receive ei ther no treatment (controls) or hyperther- the region of the positive electrode. The fact
mia (41 .5 C for 60 m m ) ,  which was produced either that less bone was formed at the positive electrode
by microwave heating (2.45 6Hz) or by I mmersion to is an i mportant finding in tha t it li nks toge ther
the neck level In a waterbath. At 16 days after the electronegative property of bone under a mechan-
tumor imp lan tat ion , the mean tumor volume In control ica l stimulus with the formation of bone at the
mic e had Increased by 56* as compared with 32* negative electrode during external electrica l
(p< .O5) for microwave-treated mice and 24% (p< .05) stImulation .
for wa terbath-treated mice. At 23 days after tumor
imp lanta tion , eigh t of ei ght mice treated with micro-
waves (p..05) and seven of eight mice treated by
waterbath immersion (ps .05) were alive compared wi th 5275 THE INFLUENCE OF ELECTRIC POTENTIALS ON
three of eight survivors in the contro l group. The PLATED BONES. (Enq.) Weigert , H. (Dept.
effec ts of hyperthermia on tumor size and animal Orthopaedics and Traumatology, Urban Hosp . , Berli n ,
survival were transient. It is concluded that the W. Germany) ; Werhahn , C. Cue Crtho~ (124) : 20-30;
eFfect of whole-body hypertherm ia on tumor growth 1977. (39 refs)
and an i ma l survival was achieved equally well by
e ither waterbath or microwave radiat ion . Experiments invest igat ing the effect of e l e c t r i c

poten tials on p la ted bones are reported . Each of
27 rabbIts treated with bilateral tibial osteotomy
and compression pla tes received 3-15 pA of constant

5273 EDITORIAL COMMENT : BIOFLECTRICAL EFFECTS direct current to one tibia for 21 days . The break-
ON BONE AND CARTILAGE . (~

‘
~w.

) Brigh ton , Ing strengths of the electricall y-stimulated tibiae
C. T. (No affiliation given) . ~‘ii’: 

()rth~r (124): were higher in 19 anImals (70.4%), the same in t~’~
2-4; 1977. (0 refs) ani mals , and lower in six animals when compared with

unstimulated tibiae. The mean va l ue of the addi-
Topics covered at a symposium on the effects of tional maximum stress required to break the stimulated
el ectrical stimulation on bone and cartilage are tibiae was 0.73 kg. When 15 other rabbits were
outlined. Both laboratory and clinica l studies similarly treated , wi th electrica l stimulation
involving differen t electrical parameters, differen t app l ied to onl y one tibia in each anima l , there was
electrode materials , and differen t applicat ion an Increase In endosteal and periostea l callus forrea-
techniques are discussed. Specific invest i gations tion and greater vasculari zat ion of the callus (on
described include a comparison of constant direct microan giography) in the stimulated tibiae as com-
curre nt to various pulsed currents in a rabbit pared with nonstimulated tibiae . The fissure gap at
calvar ium model; an evaluat ion of the app lication the osteotomy site was smaller in stimulated tibiae
of constant direct current to various bone and compared with unstimulated tibiae , and bone In the
periodontal de fec ts  In anim als; the use of electret fissure was of the mature lame ii ar type only in
film to Induce callus formation in experimental stimulated tibiae . Uptake of fluorochrome s was
animals; cli nical studies on the app lication of greater in stimulated than in unstimulated tibiae .
constant dIrect current to nonunions , congeni tal When both tibiae In each of fIve rabbits were doubly
pseudoar throses and fresh fractures; the treatment fixed with compression p la tes and a simu la ed p ieio-
of t l b i.! f r a c t u r e s  w i t h  asymm etrIca l pul sed direct electric potential (15 mV , c-S PA , 0.33 Hz) was
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app lied to one tibia of each anima l for periods subjected to a current of 1 pA also resulted in
ranqi n q fr om 1 36-156 days , stimulated tibiae in callus formation , which was similar In q u a l i t y  but
t hree of five animals showed a 20~ hi gher calcium l ess in quantity than tha t observed dur ing in v v o
and phosphate content of the stress-protected cortex experiments. When electr et film was eit he r simp l y
as ~te Il as in increased uptake of fluorochromes in laid on the f emur o f rabb its or was wrapped around
cor-’:’.Iri’Ion with unstimulated tib iae . the femur , the amount of La l lus formed was greater

in the latter case than in the former. The amount
of callus reached a maximum after 2 wk in the former
case , w i t h  the cal lus graduall y dec reasing and

52;t ELECTRICAL STIMULATION OF OSTEOGENESIS IN becomin g transformed into hard body tissue there-
PERIODONTAL DEFECTS. ~ ::.) Jacobs , J. af ter. When the electret fil m  was wrapped around

0. (Dept. Orthodontics . Bay lor Co i l . Dentistry, the femur , call us formation was especiall y noted ~I)Dallas . T~ 75246); Nor ton , 1. A. (‘ ‘: ~!‘~.ho;’ (124): the flexor side of the femur , and the shape of the4 l _ 5 , 1Q77. (17 refs) call us formed around the electret resembled a brid ge
above the electret. The brid ge-like callus was bonyThe , ‘f ect of artificially-produced direct negative hard af ter 4 wk.

current on osteoqenesis in patholog ic defec ts found
in the per iodontium of dogs was investi gated . Gal-
van ic or t hermocoup le generators desi gned to del iver
a current in the nanoampere range were implanted 5278 THRESHOLD LIMIT VALUES FOR CHEMICAL
submucoperiostea l ly  in the area of periodontal SUBSTANCES AND PHYSICAL AGENTS IN THE
osseous de fec t s  in five dogs , wi th the negative WORKROOM ENVIRONMENT WITH INTENDED CHANGES FOR 1976 .
electrodes extending in to the osseous defects. The (Eng.) American Conference Governmental I ndus t r i a l
galv anic unit produced a constant direct current Hyg ienis ts (P.O. Box 1937, C incinna t i , OH 45201).
of 3-6 nA , while the thermocoup le genera tor p roduced t’~ d Bull 36(2/3): 135-202 ; 1977. (0 refs)
an oscillating d irec t curr ent of app roxima tel y 0-20
nA. Clinical and radiograp hic evaluation revealed Threshol d lim i t  values for occupational exposure to
no si gnificant changes ir . the depth of the defects, chemical substances and physical agents are presented.
When the animals were sacrificed after 45 days of The threshold li m i t  value for occupationa l microwa s e
t reatment , histolog ic measurement s sugges ted that exposure (100 MHz-lOO GHz) where power densities are
endostea l apposition was enhanced in all experimental known and exposure time is controlled is as follows :
Sites in comparison with controls. Clinically, no for average power densi ty levels up to but not exceed-
gross adverse tissue reactions were observed during ing 10 mW/cm 2, total exposure time shall be limited
the experiment or at surgical re-entry . Further to the 8-hr workday (continuous exposure) : for average
i nvestigation is needed to determine the magnitude power density leve ls  rang ing from 10 mW/Cm 2 up to but
of curren t that best enhances osteogenesis in not exceeding 25 mW/cm2, total exposure time shall be
pa tholog ic defec ts of alveolar bone, limited to no more than 10 m m for any 60-mm per iod

during an 8-hr workday (in termittent exposure) ; for
average power density levels in excess of 25 nM/cm2 ,
exposure is not permissIble, These threshold limit

5277 ELECTRICAL CALLUS AND CALLUS FORMATION BY values represen t conditions under which it is believed
ELECTRET. (~~:o.) Yasuda , I . (Dept. that nearly all workers may be repea tedl y exposed

Or thopedic Surgery, Kyoto Second Red Cross Hosp., without adverse effect . These values should be used
Kamik yo-ku , Kyoto , Japan) .~~~‘7il’. Orthop (124): 53_ as guides in the control of exposure to microwaves
56; 1977. (10 refs) and should not be regarded as a fine line between

safe and dangerous leveis. For repetitive l y pulsed
In vitro and in vivo experiments dealing with d cc- Sources , the average power density may be calculated
trically-induced callus formation are reported . When by mul tiply ing the peak powe r density by the duty
Vi ta l lium electrodes we re inserted through dri l l  cycle (pulse dura tion in seconds multip l ied by the
holes in to the femur of a rabbi t and were connec ted pulse repetition rate in hertz).
to a 1.5-V battery i n series with a 1 megohm resistor ,
a continuous cur rent of 1 pA or less over a period of
3 wk produced a ridge of call us between the elec-
trodes , which ran subperio steally along the cortex 5279 PHYS I CAL PROPERTIES OF BIOLOGICALLY ACTIVE
and endosteally along the medu llary canal. The amount LOW-FREQUENCY ELECTROMAGNETIC FIELDS .
of callus increased as the electrical current was (Ger.) Pfutzner , H. (insti tut fur Grundiagen and
increased and was si gnificantly greater at the cathode Theorie der Elektrotechni k , Technlsche Un i versi tat
than at the anode. As the current was increased from Wien , A- 1040 Vie nna , Gusshauss trasse 21 , Aus tria) .
1 pA to 100 pA , the quality of callus changed from Euektrotcohnik usid M~echincnba :~ 94( 7) : 281- 286 ;
osseous to car tilagenous or fibrous. When stainless 1977. (20 refs)
steel electrodec were wound around the rabbit femur ,
a well-shap ed callus formed between the electrodes A systematic review of 250 studies on the b iologic
when a curren t of 1 IA was app lied over a 3-wk period , effects of fields with a maximum frequency of 1 MHz
When the cathode was wound around the femui~ and the shows an abundance of data on the effects of static
anode was p laced in muscle , the callus began at the electric and magnetic fields , in contrast to the
cathode and grew toward the anode in an arc-like man- smaller number of studies devoted to alternating
ner. In v i t r o  experIments In which excised rabbit or magnetic and electromagne tic fields. Static elec-
human bone fragments in norma l saline solution were trica l field s with potentials of up to 500 V/rn
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are bel ieved to have no biolog ic effect. A func- was wedge-shaped w ith the apex of the wedge pointing
t ional rela t ionship Is found between field intensity proximally on the flexo r surface of the femur and
and frequency of alternating electric fields in extending proximally over the electret film. His-
relation to their biolog ic effect. A hypothetical tolog ic examination of the callus on the femur di s-
curve showi ng the lowest effective field potential closed that the tIp of the wedge-shaped bony callus
as a func tion of frequency Is presen ted with the was covered with thick fIbrous connective tissue and
mini mum biologic effect seen in the frequency young hyper troph lc fibrous tissue . The callus Itself
range of 3-10 Hz. The effects of magnetic fields consisted of cancellous bone . In some an i mals the
have been studied mainly for Intensities that are new bone was covered only with a thin layer of fib-
not typical for either the natural or technical rous tissue , bu t the bony callus Itself contained
environme n ts. The effect and its tendency are normal-appearing marrow next to the orig ina l f emoral
not proportional to the field Intensity. cortex. This model of electret— induced callus forma-

tion should lend itself to the histo-biochemical
s tudy of elec tricall y-induc ed osteogenesls.

5280 TREATMENT OF NONUNION WITH CONSTANT DIRECT
CURRENT. ( E n g . )  Bri ghton , C. T. (Dept.

Or thopaedic Surgery, Univ. Pennsy lvania Sch . Mcdi - 5282 SURVIVAL OF CANINE KIDNEYS AFTER TREATMENT
cine , Philadelphia , PA) ; Frledenberg , Z. B.; MItchell , WITH DIMETHYLSULFOX IDE , FREEZING ~T -80°C ,
E . I.; Booth , R . E. (‘lie Orthop (124): 106-123; AND THAWING BY MICROWAVE ILLUMINATION . (Pr:g.
1977. (44 refs) Gu ttman , F. N. (Lady Davis Ins t.—Jew ish General

Hosp ., 5750 Cote des Neiges , Mont rea l , H3T 1E2 ,
The use of a constant direct current (10-20 pA) for Canada) ; Lizin , J .; Rob i ta il le , P .; Bianchard , H.;
the treatment of nonunions In 57 patIents (37 males Turgeon-Knaack , C. Cr~obioZoaj 14(5): 559-567;
and 20 females; average age , 37.3 yr) Is reported . 1977. (36 refs)
The average dura tion of nonunion was 3.3 yr. Cathoaes
were ei the r drilled obli quely through one cortex The survival of canine kidneys after treatment with
un til  they came to rest In the nonunion site , or dime thy lsulfox lde (DM50), freezing, and m icrowave
they were inserted directly In to the nonunion site thawing was studied. Kidneys removed from adult
wi thout passing through the cortex. The anode was mongrel dogs were perfused with Perfudex plus DMSO
attached to the skin with adhesive tape. The current (1.4 molar), modif ied Col l ins ’ solu tion with DMSO
was applied continuously for periods rang ing from (1.4 molar), or modified Sacks ’ solu tion with DMSO
9-12 wk, While a curren t of 10 pA per cathode , which (1.4 molar) . Control kidneys were reimp lan ted in
was used to treat the first 16 patients , proved the groin with an end-to-end arterial anastomosis ,
suffIcien t to heal small bones such as medial mel - an end-to-side venous anastomosis , and a tun neling
leo li , i t was not adequate for larger bones. There- uretero-vesica l anastomosis. Control kidneys showed
af ter , a Current of 20 pA/cathode was used . Also , lit tle toxicity and life-sustaining conservation .
the number of cathodes Inserted into each nonunion Experimental kidneys ~~re frozen for 15 mm to
si te was Increased so that two to four were used in -80 C and were then thawed to 0 C over a period of
each nonunion. Of the 57 patients treated with about 90 sec in a 2,450 MHz microwave oven wi th a
electrici ty, 39 (68.4%) achieved solid bony union , power outpu t of 1.35 kW. The kidney was then
and 35 patients (61.4%) were healed on the first autografted into the groin of the donor dog in a
trial. Of 46 patients who were treated adequately standard manner. Among 16 experimen tal dogs ,
with elec tricity, 39 (84.8%) achieved solid bony eigh t survived for prolonged periods (12-14 me) on
union , and the percen tage of patients who went on a single frozen-thawed kidney for an overall success
to union on the first trial of electrical treatment rate of 50%. In contrast , when conduc t ion thawing
was 76.1%. In a saline bath was attempted only 1 of 13 kid neys

survived.

5281 ELECTRET INDUCED CALLUS FORMATION IN THE
RAT . (Eng. ) Inoue , S . (Dept. Orthopedic 5283 MON I TORING AND DIAGNOSIS OF PULMONARY EDEMA

Surgery , Gifu Coll. Dentistry, Murakami Memorial BY MICROWAVES: A PRELIMINARY REPORT.
Hosp ., 1-6 Wakamiya-cho, Glfu , Japan , 500); Ohashi , (Eng. ) Bragg, D. G. (Dept. Radiolo gy. Univ . Utah
T.; Yasuda , I.; Fukada , E. rIm Orthop (124): 57- Medical Center , Sal t Lake City , UT 94132) ; Durney ,
58; 1977. (7 refs) C. H.; Johnson , C. C.; Pedersen , P. C. T’t: ’~af

Radial 12(3): 289-291; 1977. (4 refs)
Electret- induced callus formation In the rat is
reported . A 7-rn wIde Teflon film strip of electret Initial studies using microwave energy for the
(material with a permanent electrical polarization) mon i toring of early pulmonary edema are reported.
was wrapped around the intact mid-feinoral shaft of The experiments were performed on two anesthetized
the ri ght femur in 10 Japanese whi te rats. The mid - dogs monitored before and during artificially induced
femoral shafts of the oppos i te femora were wrapped pulmonary edema . Microwave frequencies vary ing
wi th regular (non—charged) Teflon film strips to from 300-950 MHz were used , with most measurements
serve as controls. After 3 wk , 9 out of 10 anImals utilizing 915-MH z mIcrowaves. The microwave mon i tor-
showed callus formation on the electre t side. None Ing system consisted of a microwave generator , a
of the animals showed callus formation on the control directio nal coup ler , a network analyzer , and a
side . In 6 out of 10 of the animals , the callus microwave anten na or app licator. The Inciden t power
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density produced by the applicator In free space at not exposed to FM radio waves. Chronic exposure
915 MHz was les s than 10 ~W/cm

2 (more than 1 ,000 to 0.3 V/m of 98.5-MHz FM radio waves does not
times lower than the applicable safety standard) . appear to be mutagenic to r~.j
E s ce l l en t correlation was obtaIned between changes
in microwave reflec tion and pulmonary physiologic
indicators of developing pulmonary edema . In par- 5286 MICROWAVE FIXATION OF FETAL SPECIMENS.

t ic u lar , the amp li tude changes in the microwave (F~~j.) Pe tr ere , J. A. (Dept. Toxico k.qy,

si gnal d i r e c t l y  paralled the p lo tted curve of Parke , Davis and Co., Ann Ar bor , Ml 48106); Schardein ,
inc reas ing left atrial pressure and long preceded J. L . Sttt fl ‘~‘ ..o.l 52(2): 11 3—1 1 4 ;  1977. (4 refs)
ab normalities observed on serial chest radiograp hs
and auscultatory findin gs. Microwave fixa tion of whole rat and rabbit fetal

specimens is des c r ibed . Ra t or rabbi t fetu ses were
killed painlessly, opened at the abdomen and at the
back of the neck , and p laced in 10* buffered neutra l

52~ 4 DISIN FECTING EFFECT OF PULSED ELECTRICAL formalin in p las tic boxes. Opt ima l fixation results
DISCHARGES ON BINARY BACTERIAL SUSPENS I ON , were ob tained when the boxes were irr adi ated in a

~~~~~ Zhuk , E . C. (No affiliatIon g iven) . Zh microwave oven for 2.0-2.5 m m in the case of rabbits
~~~~~~~~~~~~ 2~n’ro: .~-jol (7): 150-15 1; 1977. (0 and 2.5-3.0 mi tt in the case of rots. Rat fetuses

irradia ted for at least 2.5 rein ,ad adequately f i x e d
The disinfec tin g effect of puls ed electrica l di5- v iscera  and produced well-stained skeletal specimens.
charges (energy dose 2 ,650 J) on aqueous suspensions Irradiation for more than 3 mm made the tissue
of ‘~c’...; ~‘oZi (5,000 cells/ ni l), STI an thrax vac- brittle and caused It to disintegrat e when ’macerated.
cine spores (5,000 cells/ml ) , and their binary Exposures for longer than 3 m m in the case of rabbit
mixture was studied. Bacteric idal effect was fetuses were also unsatisfactory. Althoug h the
achieve d w i th 14.5-22.1 impulses in the single technique does not rival the speed of ethanol fixa-
cul tures and with 20.2—23.8 impulses in the binary tion , the condition of the viscera is superior and
suspension . Spor icidal effect was achieved with the skeleton much more flexible. Microwave fixation
37.7-57.7 impulses in sing le cul ture and with saves a week of time with rats and almost 2 wk with
40.4-62.4 im pulses in binary suspensions. Letha l rabbi ts when compared with routine form alin fixation
energy doses were 3.8 x lO~ erg for It. coli and methods.
14 .4 x 1O 3 erg for anthrax bacillus spores in
sing l e suspensions. For the binary suspensio-.r
cont a ining the same numbers of cells , the le~hal 5287 INFLUENCE OF INJECTED PHYSCHOACTIVE DRUGS
dose was 6.4 x l0~ erg, regardless of s pecies . ON CYCLIC AMP LEVELS IN MOUSE BRAIN AND
The find i ngs indicate that It. co~~ reduces the LUNG FOLLOWING MICROWAVE IRRADIATION . (En~i.) Pal-
survival of STI spores and increases the efficiency ncr , G . C. (Dept. Pharmacology , Univ . Sout h Alabama ,
of the pulsed discharges in binar y suspensions Coll . Medicine , Mobi le , AL 36688); Jones , D. J.:
due to the increased total cell surface. Medina , M . A .; Stavinoha , W. B. N~’urop harmoc’~’

’oi~i
16 : 435-443; 1977. (65 refs)

The actions of various classes of psychotropic drugs
5285 FAILURE OF CHRON1C EXPOSURE TO NONTHERMA L on the steady-state in vivo levels of adenosine

FM RADIO WAVES TO MUTATE DROSOPHILA . cyc l I c  3’ ,5’-rnonophosphate (cyclic AMP) in the
((‘no.) Mittler , S. (Dept. Biolog ical Sciences , cerebral cor tex , dience phalon , and lun g of male Swiss
Nor thern Ill i n o i s  Univ., DekaIb , IL 60115). J mice subsequently sacrificed by 500 msec of 2 ,450-
Here .F~~i 68(4): 257-258; 1977. (12 refs) MHz microwave radiation (6 kW) were i nvesti ga ted .

Chlo rpromazine , chiorpromaz i ne sulfoxide . pars-
The possible mu tagenic effects of frequency-modulated hydroxy-amphe tamlne , caffeine , papaverine . pargy l ine ,
(FM) radio waves on Droaophila flies were I nvest i— and am it ripty line caused an increase in the cyclic
gated. Female flIes heterozygous for Bar eye were AMP level in the cerebral cortex , while al pha-methy l
isola ted and tested for lethals , and nonlethal para- tyrosine produced a decrease in cerebral cortex
strains were placed in a radio transmitter building , cyclic AMP , and reserp ine elicited no change. I’
which was 45 m away from the base of a 300-foot the diencepha lon , cyclic AMP was eleva ted by reser-
an tenna fed by a 5O ,000-W FM transmitter operating pine , chlorpromaz ine , and caffeine and was depressed
at a frequency of 98.5 MHz. The flies were exposed by alpha-methyl para-tyrosine and ehiorpromazine
to a field strength of 0.3 V/rn for 4,020 hr over a sulfoxlde ; the remaining agents caused no change.
32-wk period . Lethals were determined by isola ting The following agents raised cyclic AMP in pulmonary
a mated heterozygous Bar female tha t produced no tissue : reserp ine , alpha-methy l para-tyrosine ,
Bar-eye males among the o f fspr ing from matings w i t h  papaverine , ch lorpromazine , ch lorpro naz ine su l fox ide ,
at least 10 wild—type eye males. These le tha ls  and a m i t r i p t y l ine.  The c y c l i c  nucle otide con-
were retested by isolating at least six heterozygous tent ~f the lung was reduced by amp he tami ne ,
dar females from each of the suspected lethals; if , para-hydroxy-amphe tamine , pargy l lne . and 0-lyserg ic
In the next generation , they all proved to be acid die thy lamide . These studIe s Indic a te that the
le thals , the original classification of a lethal microwave method of tissue inactivation is a usefu l
was kept. There was no signifIcant difference In tool for eva l uating drug action with respect tn the
percentage of lethals from stocks exposed to non- steady-state levels of me tabolicall y lab i le compounds.
therma l FM radio wave radia tion (0.853%) and the The results also indicate that , in vivo , psychoactive
percentage o f le thals  among co ntrol  f I l e s  (0.895%) drugs influence c t e a dy -s r a t e  l e v e l s  of c y c l i c  AMP
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I n a manner that can differ from their act ion in i ncubated at comparable temperatures to investi ga te
vit ro and that the same drug does not affect the the effect of temperature elevation on seed growth.
cy c lic nucleot ide levels in an identical manner In No temperature effect was observed , and the i ncubated
diff erent regions wit h i n  the brain or lung, seeds remained healthy and germInated as well as

control seeds. Measurements of moisture loss showed
that Irradiated seedlings lost about five times as
much moisture as control seedlings during the treat-

5288 A NON-OPERATIV E SALVAGE OF SURGICALLY- men t. It Is concluded that the microwave-induced
RESISTANT PSEUDARTIIROSES AND NON-UNIONS grow th inhibition was probably due to a loss of

BY PULSING ELECTROMAGNETIC FIELDS : A PRELIMINARY E urgor resultIng from water loss since full turgor
REPORT . Enj. Bassett , C. A . L. (Orthopaedic is necessary for the growth of plant cells.
Res. Lab., Columbia Univ. Coil. Physici ans and
Surgeons , Ne~i York , NY 10032); Pills , A . A.; Pawluk ,
R. J . !fe ~rtho~ (124) : 128-143; 1977. (91 refs)

5290 BIOLOGICAL EFFECTS OF MICROWAVES (Book
The therapeutic use of exterme l y low frequency pulsed REVIEW) . (Eng.) Blackma n , C . F. (Health
electromagnet ic f ie lds  for the n000perative salvage Effects Res. Lab., U.S. Enviro nmental Protection
of surg i ca l l y resistant pseudarthroses and nonunion s Agency , Research Triang le Park , NC).  ,~r’ So1 65(5):
i s reported . The electromagnetic f i e ld  was induced 636 ; 1977. (0 refs)
by a quasi-square wave generator , wh i ch powered an
O’ -shaped treatment coil that was app l ied to the A review of Biological E.f’~”cct 8  of’ M-(crc~ ’avC.n is

patient to produce a puls ing electromagnet ic  f i e l d  presented. The book is highl y valuable as an intro-
at ri ght ang les to the long axis of the bone. The duction to the complexities of microwave bloeffects
pulse was asyrnetrical wI th a rap idl y risin g leading research and covers subjects rang ing front the
edge (l ess than 10-6 sec). The total pulse wid th operation of radiation-generating equipment to the
was approxima tel y 300 p5cc , and the duty cycle was parameters affecting the penetration and interaction
approx imate ly  5 :1.  The peak induced current densi ty  of radiat ion w i t h  l iv ing systems . The book also
was about 10 pA/cm 2 tissue. Among 29 pa tients (17 offers revlews and comparisons of Soviet , Polish ,
recornended for amputation after at least one sur- and American research philosophies and results.
g ica l repair failure) , the overall success rate , Area s of microwave research that require more work
i ncluding patients treated with inadequate pulse to confirm and extend preliminary results are
char acteristics and those who failed to follow the iden tified and hig h l i ghted .
p ro tocol , was over 70%. An analysis of 43 add i tional
pa t ien t s trea ted wi th pulsed elec tromagnetic fields
revealed that most patients required two facing
coils for maxi mum repair rate. Wi th this change 5291 RADIO-FREQUENCY ELECTROMAGNETIC RADIATION

the percentage of success increased to an overall FROM PORTABLE AND MOBILE TELECOMMUN I CA-

ra te of 85%. The described electromagnetic technique TION TRANSMITTERS . (Eng. ) Thie l , J. F. In: Med—
appears to be both safe and effective and can be surements for the Safe Use of Radiation. Proc eedings
app lied wi th or without surgery on an out-patient of an (lBS 75th Anniversary Symp osium held at iVztional
basis. Bureau of Standards, Catthersburg, M on Mooch 1-4 ,

1976. pp. 199-202 ; 1976 . (7 refs)

Measurements made on cotrinonly availabl e mobile and
5289 EFFECTS OF LOW—LEVEL MICROWAVE RADIATION portable telecommunications systems indi cat e that

ON GERMINATION AND GROWTH RATE IN CORN individuals may be exposed to levels of electro-
SEEDS . (leg. ) Bigu-Oe1-Blanco , J. (Anatomy Dept. magnetic radiation comparable to the current radia-
Queen ’s Univ., Kingston , Ontario , Canada) ; Br is tow , tion protection guide , if they are at distances
J. M .; Romero-Slerra , C. Proc IEEE 65(7): 1086- of less than 1 m from the antenna. At distances
1088; 1977. (5 refs) of 50 cm or less from an tennas whose input power is

100 W, power densi ties (electric field strength
The effec t of microwav e radIation on the germination equ ivalent of free space) in excess of 1 mW/ cm2 can
and growth rate of corn seeds (7.ea rmzys) was i nves- be found. As one approaches the loading co i l s  on
tigated . Specimens were irradia ted in an anechoic an tennas shorter than one quarter wave length , power
chamber for 22-24 hr wi th contiruous ~~~~ ~-~ iz densities In excess of several hundred nM/cm 2 are
microwave radia tion at power density levels rang ing found. A magnetic field intensity equivalent to a
from 10-30 mW/cm2. Anechojc chamber temperature free space power density of 2.5 mW/cm2 was found at
of 23 (± 1) C and humidit y of 70* were kept Constant, approximatel y 5 cm from the base of an an tenna on
Gross differences were observed between irrad iated a 2-W walkie-talkie operating in the very high
and control seedlIngs at power density levels as frequency-hi gh band. Wi th the apparent increase
low as 10 mW/cm2 Irradia ted specimens had a dried and authorization of the land mobile radio spectrum ,
and wrinkled rugose textu~’e and were totally arrested which includes the 406-512 MHz and 806-960 MHz
In growth. Control seedlings rema i ned healthy . frequency band as well as numerous bands below 300
The growth differen tia l continued for 1-2 wk but MHz , considera tion should be given to the applica-
eventuall y disap peared . Since temperature increases b i l l t y  and Interpretation of the current radiation
of up to 4 C were observed when corn seedlings inside protection guIde. There exists a need for measure-
plastic bags were Irradiated with power density ment standards In order to appr opriatel y eva lua te
levels of up to 30 riM/cm2 , nonlrradia ted seeds were personal exposure , both in terms of occupational
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,i rm~~th I mt 13 pat lent ; were n~ide’ .uii, t liii. l uded five mm th c’r wa’. Lime ’ ani.mehe’ . Or I q i t t i I Iy,  tIm e’ m u  i ,‘iit l i i i

m ush n it  I i ’m ’ ’. of I tm,nJ l’iui i e’ .. that we i t’ non — It - u fec t n h , imn miu ’rquwme I I I .tc bmim im ’ qr.u EL I nu
~ 

It t  I lit’ ii, P ‘‘‘ t it h Im,’
I vi’ h u t , ’, ted Ring hone’ ni.,n— urtl on ’. , and seven nnm m l— I iI ,Ia . He*~e’ver . iiraelu,m l r i ’sm r p t  I mm i m of the t ,mine i l l  m i t

u.un h emn ’, ~ t m i nt Eu’. 11)0; or ‘.v,l,,’.t o’, is (hat were’ n ut  occurre’el . I. le’ct r l~ ,,I ‘.t im m ila t h,’n w.is e’tmt tmlmi y,’ ,h
i l l  f ’ ’~ It’d. DI rev I cur remit ’ . r,lnuI I net t m m  100—200 tmA / 1 .5—V ba It ‘r v n.m ’ mu sed (em .m~m7, Iy .1) ;i\ o f nmtt ’ .t .mumt
cm were app l h e m 1 v i .1 a p i l e  silver wir e c.ithoele ’ il l rev t m u m  ‘ .111 ( m - m t he ’ ‘ It ’ l.i . h i m - P r n I Ui m ,Im - v m- lmm i t i ’mt
h iuct ’r tt -’d ,i i  l e n t  lv  into (he’ ui,t~~’m~ i Iem n s i t e ’  ,immmt a rI,’i 7 , b c al l y— Inmt uce ’d , il lii’ . t i , i ni.m( loil II umu tm i l t Ime ’

carbo n .iim,’du ’ ~ipp I led Ii’ tim e ’ sk i n  sur face ’. Ove’r ,t II , ,,t l,o,I,’ . C,, I lm is exlt’mmd ,’eh ( i i  t ime’ anmidt’ , ,jt m m h ‘,,m l Iii
II) mm ut ot I 7 attempt ’. tel st h uismi I t , ’ hut ume’ . t r mmwth w t ’ , t ’  lm mm e my unlo im ensued . The’ p.ut i eel I’. ‘ m ’si li t  I’,- w,ml kli ’’ m
suc ci’s ’. t e m l  omm a its t I emit bas i ’, , tIm e ’ s,m, , ,‘ ‘. ‘. I .i Ii’ wit tiout army ext e rita I support
was 9 out ot 13 . PrelimInary dita h , idln , m te ’ that
.1 HI ll’ iii t,mt.i l energy fromim 0.ti—2 - ‘, J I’. maxhi um um l lv
m ’t  It’ . Liv e ’ .

m m~~ P~) MODL .L FOR SOME NONTHI 77MM I I l l  C 1S OF RA D iO
AND MICROWAVE FIELDS ON BIOLOGICAL MI M(IRAN I 5,

‘u ,; .) Ban ,, ’’.. F. S. (Dept. I h c c t r l ,.,tl I ,m ml ,m ,n’ r b u t t ,
PRELIMINARY CLINICAL EVALUATION OF THE Un iv - Col,mrsdo , Boulder , CO 80309); Hii , C -I . J.
EFFECT OF SMALL EL ECTRICAL CURRENTS ON -: i- : uv: ’ : , u ~~~~~~~~ I s .  -u ’ , : , , ”;’: ’,~:mi :u .‘‘ ,(q) ‘6.’-

THE HEALING 01 JAW FRACTURES. ~~~~~~ I Ma;urc’lk , C. /6b . 1977. (18 l e t s )
(De pt. Ma x ilhmi , FacI.t l and Oral Surgery , Sch . Den-
is try. Univ. Pt e’tor Is , Prt’tor l.t , South Atm 1cm ) ; A ins t he’rna h e  ctodt’l eif ntccIi~~tm I SIllS l’y wI~ m Ii iii ui t Itt’ I 1,1,11

I r i k ‘m ’ . l ’ l l  , C.  ‘ 
‘.‘ ~: , ‘ , ‘; ; , - ;  ( 124)  84— 91 ; 1971 . u’ I fec I’. c .iii occur hum hi oh Oi) Iv ii~i t er i m l ’ .  s ’ m ’ ism ’,I I i,

(5 c u t ’ . )  cm l c ri~~mve and ~,iil ii’ fr(’elmje’t tcy I ,‘I,I’. is i I , ’ s i  - It t C,l -

Be’tlt d m 1  Its iu i i’ll coi,ce’nt I - m t  b it’, ,icrtis’ , a iu im ’nu t ’t  mlt t ’
A ,.l in I cal invest I e~at Ion was conntuc ted to evaluate and t he, or I e,( at lout cit I oiii1 c li,, lit un , Ic’cu~ It’s ,t i

the’ eff,’ct of snm,m 11 e’ Icc t ii c.m I currents on the heal — shown to he’ ho’ ’ .  I bl n . Where ,~ hIgh pem l ’ .m’d I i~ - I l
inn u t  nm.mutml i t me u la r fr,-,ctturt’; . A group of 40 control  of I kV/crn Iii Iri’e space I’. Inn I mlen t emit ,t hic t lm ~,it m ’i —

list i u’nt  ‘. were t rested by the norma l techu iqeme (mt contem t iii vIce Er In iii,, t e’t I.t I w Ith .m mute ’nuhrautt’ at ,m
m l  os,’d reduction • wh I It’ another qre cup of 40 pat I tints right aut ql e’ to tim,.’ II ci d , ion eejrr ent s of .iI’l’I ii i. I ni .it I’

were treated wIth e’le’c t r l c i ty i n  ,idd lt ion to closed l y 10a lci i i s/si’~ ,m re ’ e , t lc iul . it cel . S h u n , ’ u ’ s t ’ , ’ i  I i ime utt’ .
reduc (I (itt . A d i rec t  current ol hO or 20 ~iA w.i’, on cliernotax i s  i tiil l c.m Ce’ t t i.tI .m f ew I hot,’ ..tuu,l cmi I e,e~ Ii’’.
the II vereeh through a p Ia Ii nun electrode to I he jaw nmay he I nipor t ,utm t In a It  u’c I i t i m t imt’ i m ’ s 1 ’ i i u u s m ’ it a
fracture site (ne~a (I vt elec t rode) . The posItive whit t’ h looel cell , i t  I s  It o t  i i t n i , i , 1  u’ I vat’ Ic thaI u’ \pc ’

pol e of t he cons tant d i r e c t ce u r r en t gen er a t o r  was ~ ures .m thi s level of ti tu ’ ,m r,hm ’u m i t 10 usc ’u mit i Id
301 ned to .tn ~ l urn I uium or copper p late , wIt Ic h was iuu, ’.iii ‘. I ntn iii c .umi t Im I m m Iimi~ I n c im.i itci t~. Iii t hi’ 1 , 1  I , u i  iuu,lh,,

Iil,in e’d on the .uum ter b r  chtist of the pat lent to im P a cc ’ I I . At ., 1mex~er leve l mmf tO u.~W ’ . ui . m i m ,l It

complete the’ ,. I rcu i t , The eli’ct roth’ w,m s it’ ft In ,, fIeld ‘ t i  t’iuq I h lii a Ii l,ih—wa I e’i e l i  m l , ’ , r i m  mcml i

po sition for a pt r I oeh i-if 10—14 days. Out of 40 enc htspd nx ’ rn t m rs mm e u i  LI .6 V/m imi , ami on I l m w  c it

pat I e’nt; nec,’ lout elect r I c- .i I st 1 i~tul a (i on , 36 had approx I uI~Ite ly 400 I cmiu’./sm ’n is ,,t 1cm ’ 1.i t enl liii .t , u’ll
mobil i ty a fter 2 wI’ that r.un,je,l from good to w I (Pm a 1 O’1’ — cm ” mi ur f,m~ m’ ,iu e’ ,t . Thei ch u m’ • 1mm ,mt , t .ti u m

exc ellent; whereas , out of 40 coot ro I patient ; , 3’i m ,(t O_ I .000 cmi I ,‘ c ul ,‘s/m~’ hi weei I it reg mu Ire’ all i ’s u . i s  cmr,’
had poor to f,ul r mobility after 2 wk, At 6 wk after oh ,m few ‘.,‘t ,‘iuds . A nxidel l i i i  the l iu l ih i l u ’s ;i ~mp h he’ d
redeic t ion , there appeared to be lI t t l e  dIfference (mm I enig nII ,I iii nxm I ecu I,’’. or I ,‘,mt ccl In hi eml nm14 l~.
in  mob i l l  y between controls .in,l p~ut lent ’ . reci’ lv i nit unatt’r I .i I’. exposed (mu nxmde rat e e’ hen I r I,. ti e ImP s I’,
el cc t r I cml St irneu l at ion . Sermum 1mhosphs 1,1%,’ .inml ca l  — a l  ‘,o presemi t,’eI
chu m were regul a rly me,isurnd i n  itotli PIling ’.. ln

I u’, I u Ic .m I Iv — - .1 I mit I .11 ,‘ei t’~m t I t ’t m t s • ,i mh, ’c ,t’,m ‘ni’ I n
s,’run, jmhmmsph.i t~ c,’ wi t It t I me was . t ’ .ci ,c I t t  e~I wi t P m an
ii,, i ,‘.isn,h h eal Ing rate. 5100 INVESTIGATIONS ON TIl l EFFECT OF AN II. I

TROSTATIC FIELD FREE OF RESID h,IAE WAVE S Oh
THE MOTILITY OF TIlE MOIISE . f’ “ FI;c lme’r , F,,
(Hymi Imi,mt’ — Itm; t i tut • Llnive ’rsl I ,it I’,, ,t : , Ltii l v~’l ‘.1  t ,mt ‘.p l i t .’

‘,.‘‘i t( THE ELECTRICAL IND I l ION OF CALLUS FORM— I, A— SOlO Gmat , Au stri a ) , : m l., . u 
~~~~~~~~

T I O N  AND E X T E ~’NAL LITM FIXATION USING ‘ i ’ ; ’ . ;  : t m 164(5/6) 439-446; l’177 , (8 , , ‘? ‘ )
METHYL MFTHACRYLATE FOR I)ELAYED UNION OF OPEN TIB IAL
FRA CTURE WITH SEGMENTA l. LOSS . :- ‘ u . : . I hne me ue . S . l Im,’ m ’tl ,’~ ti, of e ’ l m ’c t u o s t , m ( h e  l I c’ I , t  w I t h  mi ,‘‘.Iml c m .t h
(Dep t . Orth uuped Ic Sctrqcry , GI feu C iu l I . Dent I’.? r’, • wave conmponeilt of I (t h e Id Imiu tc ’nt I t I 4 1 ,00 V/ ni)
Mum, m kami Menx r Ial Hemcp . , 1— 6 Wakaml ys—clto , G I f u , t u E  petit’ r t’s I ilu~ I w av e ’ ce u nt puml t t ’ n t (i.’ V s / ’ ., lit ’  Iii
J,mp.in . 500); Oimashl • T . Ima l • K. ; Icl -iI d~ • M . ; streti 9th I .~ b V/ nt/’,;) , ,inch cif e l m ’, Ii i ’ S ( S t  Ic H,’ Id
Y.i;uuda , I . ‘.‘ ~,i - ‘u’ t h.’~’ (124) : m I f _ u t t i  ; 1977. (10 I re’,’ from me; ideual wave; (‘moo V . i Id ci St re’,mqt h
m~’ I’.) 4,500 V/nt) , and u h f  F~ r.t,l,my m m m l , ’ ii i, I he met i l l  t

li-w k— uul ci NMRI —H~ ,m fen~u Ii ’ nil cc were stud I m d  h im .1
A n . i ’ .,’ of .m kim —yr— old uusm tm w I t im eheh .iyc ’ ,h union of an :o - iI,iy expel In,cim( . After .m .‘O— ,l,iv ,tcl ,m I’t ,it 1m m ;ii’ u m l
eup e rt IbI.t l Ii ‘tm t i mr u’ w l t l m  se’m~meimt,m l bum -s c 1; tmre;ec mt, ’d (lie’ m o t i l i t y  was mc’u’ts mure’eh l’s- ,tle,-i,tc of , ‘ hee I r I m  i’ y t ’’.

I n wh 1dm elec t r Ic I t’ ,  w.-ms app l ied he m (hi’ hone defec t lit t hi’ cages , w hems,’ t’m’ min,’, were ’ I n t e r  rmup t e’cl Ii’, I he
hrimeugh t~~ Screw’ t h.i were connec ted to a nx’t by I mew ing m imI I isa Is . Compa remi wit im t lie’ met h I l t s -  tx’ , msi m l  ,‘il

i t t c th ,mc rv la te  clu.c le t~~l f I x at  ion ehevhce ’. The’ screw In the Far .mmhay t u t u ’ . I he’ it hmt I I I  t y  nmm’,iseuteet I,, tIm,’
e. l ’ - .,~s t (ci the I i~5( ( lure sI te was the cathode , anti (he pure cli’, t m i’s t ,m (ii. ih , - l~I w i t  mont i - I  mhm m5 I w,m vu ’’.
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was onl y insi gnif icant l y higher , whi le  e hect rOstaE lc  on calcIum ef f lux from iso lated chick and Cat brain
f ie ld  wi th the residua l waves and pure residual wave were studied as part of a project to determine
component caused a s ignI f Icant  increase In motI l I ty .  neurophysholog ic est imates of human performance
There was no sI gnif icant difference In mo t ility capabilities in aerospace systems . Freshly Iso lated
between animals kept in e lec t ros ta tic  f ie ld w L’mout chick cerebral hemispheres were equilibrated with
residua l wave component and In those exposed to a calcium Ringer ’ s solutIon contaInIng rad lolabeled
the resIdual wave component only. The f IndIngs calcIum Ion for 30 m m .  Washed tissue portions were
suggest that the st Imu latIng effects at t r ibuted to then exposed to sinusoidal e lec t r ic  f ie lds at ei ther
the e lectrostat ic  f ie ld  are due to the residual I, 6 , 16 , or 32 Hz w i th  e lect r ic  gradients of 5,
wave component. 10 , or 56 V/m In air for each frequency over a 20-

m m period . Calc ium ef f lux was then measured in
0. 2 ml of supernatant and compared w ith  ef f lux from
unexposed control samp les, A frequency sens i tive

5301 LABIlE INTERMEDIARY METABOLIT ES IN RAT t un ing curve showed a sha rp ly reduced e f f lux  of
BRAIN DETERMINED AFTER TISSUE INACTIVATION 15-20 % at 6 Hz and 16 Hz. Similar but smaller

WITH MICROWAVE IRRADIATION. (Eng.) Medina , 14. A. reductions occurred at 56 V/rn. The threshold
(Dept. Pharmaco logy , Univ. Texas Health Science gradIent was around 10 V /rn, but insignI f icant
Center at San Antonio , San Antonio , TX 78284) . trends occurred at 5 V/rn. No ef fects  were seen at
Brmtz’ct Rca 137( 1) :  149-152; 1977. (13 refs) 100 V/rn , There are thus both frequency and amp l I tude

windows for this effect. Cat vIsua l , auditory ,
Labile intermediary metabo l ites In the braIn were suprasy lvian , and sensorlmotor cortex tested at 1 ,
determ ined after exposure of male Sprague-Dawley 6, 16, 32, and 75 Hz also showed s i gn i f i can t l y
rats to 6 kW (5.5 kW of power to the rat head) micro-’ decreased effhuxes at 6 Hz and 76 Hz; nonsig n i f i c a n t
wave radiat ion for a 0. 6-sec period , which ensured trends were observed at al l  other frequencies. At
adequate inactivation of brain t issue, A comparison 10 V/rn, nonsignif icant trends occurred at frequencies
of dif ferent rnetabo l lte levels In the whole braIn of 6 and 16 Hz, Oscilla ting extreme l y ow frequency
after mIcrowave Irradiation wI th those reported fIelds at 6-32 Hz reduce calcium effiux; whereas ,
af ter use of a freeze-blowIng method revealed adeno- i t  was previously shown tha t weak very h i gh frequency
sine triphosphate , adenosine diphosphate , adenoslne fields , which are amp li tude modulated at the same
monophospha te , phosphocreatine , pyruva te , and lac- frequencies , increase efflux . Both effects can be
tate l evels of 2.80 ± 0.05, 0.352 t 0.024 , 0.052 ± exp lained by an exc i tation model in cerebral neurons ,
0.00 5, 3.37 ± 0.16 , 0.121 ± 0.012 , and 1.26 ± 0.08 wIth longI tudinal calcium binding to membrane
~iu~mcil/g wet wei ght , respectIvely, after microwave surface macromolecules being the Ini tial step before
Irradia tion as compared with corresponding levels classic secondary trarmsmembrane even ts. Init I al
of 2.45 ± 0.05, 0,561 ± 0.022, 0.041 ± 0.001 , 4.05 ± steps In calcIum bindIng and release woul d involve
0.07, 0.091 ± 0.001 , and 1 .23 ± 0.07 tmmol/g , res— cooperative interactIons wi th fixed charges on
pectively, after freeze—blowing. With the exception surface polyanlons. In tri nsic electroencep h a l ogra m
of the lactate values , all of the other metabo lite s ignals are suff icient to elIcit these effects and
concentrar ons in the microwave-treated group were may relate to a second signaling system.
si qnlHcantly dIfferen t from those of the freeze-
blown group. However , the pattern of dIfferences
was not that which would be observed under anoxic
condi tions as a result of incomp lete enzyme inac.tiva- 5303 HUMO RAL. I MMUNITY OF JAPANESE QUAIL SUB
tion by microwave irradiation. The differences are JECTED TO MICROWAVE RADIATION DURING

probab ly due to the anal yt ical techniques employed EMBRYOGENY . (Eng.) Hamr i ck , P . E. (NaIl. Inst.
in the different laboratories, The concentrations Environmen tal Health ScIences , P.O. Box 12233,
of metabolites In the deeper brain areas (cerebellum , Research Triang le Park , NC 27709); McRee , D. I.;

medulla—pons , mIdbrain) were not significantly Thaxton , P.; Parkhurst , C. P. !1ca~~~i ii:~.,m 33(1)

differen t from those observed in the more superficial 23-33; 1977. (39 refs)
cerebrum after microwave irradiat ion with the
exception of the adenosine diphosphate value (0.515 Fertile Japanese quail (Cotuz ’n i’.z ~~~~
0.027 im’nol/g) for the mIdbrain versus that for eggs were exposed to continuous wave microwave

thm ’ cerebrum (0.360 ± 0,035 timol/g) . Uniform radiatIon at an intensity of 50 W/rn’ and a freqacnc’,

inactivation allows more valid comparison of reg ional of 2 ,450 14Hz, The calculated absorbed power density

subs trate levels and any alteration produced by was 4.03 W/kg , The eggs were exposed throughout

drugs or chemIcals, the first 12 days of the norma l 17,5-day incuba tion
period . After hatching, exposed and control quail
were reared in the conventiona l laboratory manner.
The weigh ts of the exposed males at the ages of 4

5302 P1EUROPHYSIOLOGICAL ESTIMATFS OF HUMAN and 5 wk were 12 and 7%, respectIvely, less than
PERFORMANCE CAPABILITIES IN AEROSPACE those of contro l males , These differences approached

SYSTEMS . (F.’ng.) Adey , (‘I, K, (Univ. California , sta tistic significance (p~O.O5). At 5 wk ci age ,
Brain Res. Inst., Los Angeles , CA 90024). 143 pp.; the quaIl were challenged wI th sheep red blood cells
1976. Eavailabl e through NatIonal TechnIcal Informa - (SRBC) and the levels of antI-SRBC antibodies were
tlon ServIces , SpringfIeld , VA 22161 , Document No. determined . The levels of specifIc anti-S RBC an t 1-
AD A0382081, (112 refs) bodies , determined 4 days after antigen challer iqe ,

were of the same magnitude for both exposed and
The effects of weak low frequency electric fIelds control quail, Followin g this assessment of humoral

39
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i nhmimun i ty, the qua il were s a c r i f i c e d  and the bursa s t a t e  of knowledge on the heal th  e f f e c t s  o~ no,,-
and sp leen were removed for wei ght compa r isons w i t h  IonIzing rad ia t ion .  Included i n  t h i s  stud y w i l l
contro ls.  The wei ghts were not a l tered s i g n i f i c a n t —  be an evaluat ion of current  rad ia t ion  st a ,tdarm ls
ly by the’ m icrowave exposure. The f indings ind icate and a look at likely hazards of t’mite r cui n g tm’chnoio-
that embr yonic exposure under the above condit ions q ies .  The Academy is also dcvu ’I op lng a proposa l
did not i m p a i r  the development of hemioral immunity to study the impact on ove r- t he -a i r  cor ,miunlcat ions
in juven i le  quail .  systems and on other microwave u t i l i z i n g  systems

that wou ld resul t  frost tak ing regulatory ac t i on  on
non lonizIng rad ia t ion .  A c r i t e r i a  document for
occupational exposure to radlofrequency and microwave

5304 LIGHTNING-STR I KE DISASTER AMONG CHILDREN . radiation is being planned by NIOSH; the’ agency is
~E,:i.) Myers , C. J. (Dept. PedIa t r i cs , a lso updating an ex tens ive  b Ib l i og rap hy o f wor ld

Univ . Rochester Sch, Medicine and Dentistry, 601 li terature on the subject. One concern of NIOSH I’,
E l nwood A v e . ,  Rochester , NY 146142) ; Colgan , H. 1.; the poss i b i l i t y  of cancer induction by Tacan sys t e m s .
VanDy ke , D. H, ~‘A’t~ 238(10): 1045- 1 046; 1977. (7 refs)  A Tacan repa irman , who had been diagnosed as havi imq

carc inoma of the pancreas , recent ly f i l e d  for work-
A l ightning s t r i ke  involving 47 ch i ld ren and coun- man ’ s compen sat ion.  An Arnmy microwave research proq’
selors (ages , 3—21 yr) is descr ibed . The ch i ldren ram Is being conducted that inc ludes i nves t iga t i ons
had taken she l te r  under some t rees;  they were of frequency-dependent energy absorpt ion in phy s i c a l
dresse d In wet bathing su i t s  or lIght c lo th ing and mod e ls , an ima ls  and In organ-specific experiments.
were e ither barefooted or wearing sandals,  A l ight- The Navy is conducting a probe of microwave and
ning bolt s t ruck the t rees , knock ing 16 chi ldren extreme ly low frequency radiation in support of it s
to t he ground . Four chi ldren required hosp i ta l  Pro ject  Seafarer Comunications System. At c eric i-
a d m i s s i o n . A l4-yr- ’o id  g i r l , w ho was stand ing ressional  hearings , such agencies produced a con—
next to a tree , suffered I nmuediate cardiore spiratory sistent pattern of testimony Indicat ing (hat resea rcim
a r res t ,  On the th i rd  hosp it~~I day , her e lectro- Into nonion lzinq radiat Ion Is in it ” infancy corn-
encep ha logram was s i l e n t , and she d i e d  on the pare d w i t h  Ioniz ing rad ia t ion  research.
seventh hosp i ta l day. Autopsy revealed extensive
bra in sof tening , pulmonary edema , bronchopneurnonia ,
a large dIaphraqmat ic myocardial in farc t ion , and
acute f a t t y  l iver changes. A 7 -y r -o ld  g i r l  who 5306 ELEVATION IN RAT BRA IN H I S T A M I N E  CO NTE NT
was rendered unconsc ious developed subsequent AFTER FOCUSED MICROWAVE IRRADIATION.
seizures and f ixed postures of hyperextended arms , (i’ m::? .  I Hough , L. 8. (Dept. Pharmacology, Univ.
f lexed w r i s t s , t igh t l y c lenched hands , and r ig idly t l ichl gan , A nn Ar bor , MI 48109): Domino , E. F.
exten ded legs. There has been l i t t l e  neurolog ic Neuj’o~’h~’m 29(2) : 199-204; 1977. (2 1 rcfs )
im provement and no apparent recognition of her
surroundings 20 mo a f ter  the acc ident .  A 15-yr-old Male  albino Holtznta n rats were mainta ined in 12-hr
g irl , who showed f l acc id  para l y s i s  of both legs l ight-dark cyc les  and were e i ther  decap ita ted  at
and absent re f lexes on i nit i a l  examinat ion , had room temperature or subjected to mIcrowave ir rad ia-
recurrent fear reactions for several days. Her t ion (1.3 kW) fol lowed by decapitat ion 2-4 hr int o
parpares is s low ly  improved , and she now walks in the l ight cyc l e .  The microwave rad ia t ion  was focu’,ed
braces . The fourth admItted victim was a 10-yr-old and pulsed on the rat ’ s head so that the ra ts  we’re
boy wi th a small second-degree burn over his left killed by 3-6 sec of microwave ’ heating (brain tem~me-
groin and a larger firs t-degree burn over the right rature , 70-80 C ) .  Rat brain h is tamine  content
chest and abdomen, Injury from lig htning may result after microwave irradiation nearl y rip led In corn-
from direct  s t r i ke , si de f lash where the current parison w i t h  decapi ta ted controls (124 • 5 versus
discharges from a ver t i ca l  object through the air  42 + 8 miq/q) . Histamine assays at var ious time s
to a near by ver t i ca l  object ,  or s t r ide potent ial  a f te r  decap itatIon revealed tha t histamine leve ls
where a person standing near the point of l ightning were not changed up to 30 mm a f t e r  decap i t a t i on
strike develops a potential difference between the and were reduced by 50~f ,after 60 m m .  If bra i mi
legs. I nutiediate cardborespiratory resuscitation hi stamine va l ues found .ifter decapItation represent
of the Ii qhtn lng victim is the most important the remainder of a rap i d l y dep le ting metabolic poo1 ,
aspect o f management. Regarding prevent ion , a then m icrowave t rc ,-m t ment of ra t  b r a i n  af ter deca p l ta-
per son caught in the open w i t h  no she lter ava i l ab le  t lon should not e leva te  the histamine content.  How-
should curl on the ground on his side with his ever , the histamIne content a f te r  such treatm ent
handle close together to reduce contact points or was elevated , and hi s tamine levels .ifter microw,mvm’
he should squa t with his feet together. irradiation of I seml atm ’d br ,min were’ indi ct ingulsh,tt~ le ’

from those in the brai ,us of rats killed by micru-
wave hea ting . If microwave treatment caused a
redis tr ib u t Ion of histamine from pellet to super-

5305 E F F E C T S  OF NON -IONIZING RADIATION GIVEN natant , the pellet produced by heating and ce’nir i-
PRIORITY STATUS BY CONGRESS . ( En 1n.) fuqlnq brain homogenates from decap Itated rat - s

Harr is , P . ( A f f i l I a t i o n  not given) , M ’ r ~~.\~~’e ’ei shou ld  contain h ista nmin ,’ In sufficient qu antity to
16(8) : 9-10; 1977. (0 refs) account for the m lcrowave-decapitat Ion discrepancy .

However , pellet - s had less then 7 nq/g hist amIne ,
The Nationa l Academy of Sciences is expected to be wlmether from decapitated or micrms .~ave- treated
g Iven a mandate by Congress during the f a i l  of 1977 animals. MIcrowave Irradi ation di d ho t enhance the’
to conduct a comprehensive study of th~ current for mat ion of h is tami ne ’  a f t e r  i im t r ,t v e ’ n t r i cu l .-mr h is t i -
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dine administrat Ion , ind icat ing a lack of microwave- connection w i th  magnetic storms but a lso  w i t h  cudderm
induced histid ine decarboxy lation. Although the disturbances and var ia t ions  of- the magnet ic f i e l d
elevat ion in rat brain histamine af ter  focused in tens i ty ,  i .e. ,  increases or decreases of f I e l d
microwave i r radiat ion is probabl y not art lfactual , intensi ty by ove r 60% of the i n tens i t y  on the
the mechanism responsible for th is  phenomenon previous day. These fIndings are si gni f icant  for
remains obscure, the prophy lax is  and treatment of hypertensive

cr i ses ,

5307 MICROWAVE THERMOGRAPHY. (Eng. ) Cronln ,
14. P. (No affiliation given) . Appi 5309 HYPERTHERMIA BY LOCAL EM HEATING AND LOCAL

RadioZ 6(3) : 139— 140 , 158—159. ( 0 refs) CONDUCTIVITY CHANGE. (Eng. ) Guru , B. S.
(Eng Ineering D i v. ,  Universal E l e c t r i c  Co , Owosso ,

The value of microwave thermography in detect ing MI) ;  Chen , K. -M. 1’EEE Tran8 Riornc d Eno 24 (5) : 473-
breast cancer was studied. Nearly 2,000 p a t i e n ts 477; 1977. (7 refa)
were examined w i t h  th is me thod at Faulkner Hospital ,
Boston , over a period of 1.5 yr. A total of 26 Theoretic calculat ions and experIments w i t h  sa l ine
cancers were fo~ nd by microwave thermography and models were performed to determine the ef fect  of
confIrmed by biopsy. The t rue-posi t ive rate of local electromagnetic (EM) heat ing and local con’-
conventional Infrared therrmmographlc technique was ductlv lty  change on the absorbed power in a local
77% , while the true-negative rate was 68%. W i t h  reg ion of a biological body. When the frequency
m icrowave thermography the results were almost of the EM f ie ld  was in the range of 1-100 MHz , an

identIcal in terms of percentages , but the cases increase in the conduct iv i ty of the local reg ion
detected by the two techniques were d i f ferent .  When usually caused a decrease , instead of an increase ,
infrared and microwave thermography were combined , of the absorbed power in that local reg ion . In the
the detection rate rose to 96%. The basic difference microwave frequency range , the absorbed power density
between the two technIques is that microwave detec- in the local reg ion increased I n i t i a l l y  and then
tors can see down to a depth of 10 cm, as compared decreased as the conductivity of the local reg ion
w i th  only 10 urn w i th  infrared detectors. The micro- was continuously Increased. This suggests the
wave receivers are capable of detecting temperature existence of an optimum conduct iv i ty  for the most
changes of about one-tenth of one degree. Wi th  e f fect ive local EM heating . However , m icrowave
xeromavmimography, the true-posit ive rate is 89% and radIatIon w i l l  not be e f fec t i ve  if the local reg ion
the true-negat ive rate is 92%. However , neither Is deep inside the body because of Its shallow
t hermographic method has yet been shown capable of penetration depth.
detecting early cases of cancer.

5310 THE PATHOPHYSIOLOGY OF ACUTE ELECTRIC
5308 RELATIONSHIP BETWEEN THE FREQUENCY OF INJURIES. (Eng.) Hunt , J. 1. (United

HYPERTONIC CRISES AND CHANGES OF THE SOLAR States Army Inst. Surg ical Res. , Brooke Army Medical
ACTIVITY AND THE EARTH’S MAGNETIC FIELD INTENS ITY . Center , Fort Sam Houston , TX) ; Mason , A. D . ; Master-
(Rue.) Bardov , V. G. (A. A. Bogomolets Kiev son, 1. S . ;  Pruit t , B. A. J Traunsz 16(5) : 335-340 ;
Medical Inst., Kiev , USSR) ; GabovIch , R. D.; Nlkberg, 1976. (5 refs)
I. I. Gig Sanit (8) : 11 1—115;  1977. (7 refs)

Anima l experImen ts on the pathophysiology of acute
Correlations were studied between sunspot a c t i v i t y  e lec t r i ca l  injurIes are reported. In a p i lo t  study
and related changes In the IntensIty of the earth’ s wI th  adult mongrel dogs shocked w i t h  60-Hz a l te rna t ing
magnetic field and the frequency of hypertensive currents at potent ials ranging from 125- 1 ,000 V ,
cr ises on the basis of 187, 031 hypertensive cr ises  cutaneous injury was observed at each voltage , but
recorded during the 1968-1973 period in the Kiev deep muscle Injury was mInima l unless 500 V or Immore
area, Diurnal distribution of the hypertensive were used . Sprague-Dawley rats were shocked with
crises was studied In 34,078 cases as a function of 250 V by p lacing electrodes to the distal end of
the astrophysical changes. No correlation was one fore and one hind paw. The shock was continued
found between the sunspot activity and the frequency until the current arced. An inverse relationship
of hypertensIve crIses In data representing monthly was observed between voltage and the t i m e  of shock
and decade averages. However , sIgnIfIcant correla- application necessary for current arcing. Amperage
(ion (a factor of about 0.2) was obtained for diurnal measurements during electrIc shock revealed a slow
periods. Considerable increase was found In the initi a l rise followed by a rap id elevation , which
frequency of hypertens i ve crises on days following peaked and then precipItously fell to zero when the
chroemospherlc outbursts , whIch generate magnetIc current arced. Regardless of the amount of voltage .
storms on the earth. Other parameters of solar the most extensive cutaneous and deep tissue injury
activity showed no correlation with hypertensive occurred when the animal was shocked a sufficient
reactions. Sharp increase was found in the Incidence length of time for the current to arc . The extent
of hypertensIve crises at  the beginning of weak of tIssue Injury both beneath and adjacent to the
to moderate magnetic storms and on the eve of power- contact site was directl y proportional to the surface
ful to highl y powerful storms , end this rise was area of the electrode. The vol ume of tissue trans-
followed by a decline . Sharp Increase was seen In versed by the electrIc current was more closel y
the frequency of hypertensive crIses not only In related to the extent of tIssue injury than toe

4 1
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internal resistance of the Individua l tissues. If limi ts of the sen s i t i v i t y of the Muller-5 technique.
the electrodes were In close enough proximity so Sufficient dosages were not tested to demonstrate
that their spheres of heat injury overlapped , all a dose-related effect.
interposed tissue in the extremity was coagulated ,
and the l imb was mumifled. The rate of tissue
temperature rise paralleled the rate of increased
amperage . The average preshock subcutaneous tempera- 5313 AN ECOLOGICAL SURVEY OF PLANTS EXPOSED TO
ture was 37 C. When the shock was maIntained long ELF ELECTROMAGNETIC FIELDS. (Fi: .- , )  Rosen-
enough for the current to arc , tissue temperature thaI , C. 14. (BiologIcal Sc i ences Collegiate Div . ,
adjacent to the contact site always exceeded 60 C. Univ. ChIcago , I I 60637). 42 pp.; 1976 . iavai lab lc
Arteriogr amns revealed that vascular occlusion throug h Nationa l Technica l Information Services ,
occurred i nunedlatel y at the time of injury, and SprIng field , VA 22161 , Document No. AD A035958I.
there was no arteriographic evidence of delayed or (0 refs)
progressive vascular occ l usion , Althoug h muscle
Injury occurred at the t ime of in i tial therma l insult , A survey of vegetation near the antennae at the
progressive or de novo muscle necrosis was not seen. WisconsIn Test Facility was made during the sumne r

of 1971 as part of a program to determine possible
biolog ic effects of extremely low frequency (ELF)
elec tromagnetic environments similar to those

53 11 CATARACTS AND AVIONIC RADIATIONS . (Eng. ) envisaged In the vicinity of the Navy ’s proposed
Zaret , H. H. (Dept. Ophthalmology and ELF cosmmt unicat lon system (Projects Sanguine and

Physiology, New York Univ. Sch . Medicine , New York , Seafarer) . The antenna array at the f a c i l i t y
NY) ; Snyder , W. Z. Br J Ophtha lnvl 61(6): 380-384; includes a l4 -m i le  long north-south antenna and a
1977, (16 refs) 14—mi le  long east -west  antenna positioned so that

t hey cross at their midpoints. Both antennae
N ine cases of hertzian radiat ion-induced cataracts operate at a maximum current level of 300 A In the
among personnel working in operational avia tion ELF range . Since Jul y 1969, the test facility was
enviro nments , where they were irradiated repeatedly Operated on a 5-day week , 6 hr/day test schedule
at subliminal nontherma l f ie ld  in tens i t ies , are at a frequency of ei ther 45 or 75 Hz. An anal y s i s
reported. The cases included three radar technicians , of the vegetat ion survey data co l l ec ted  in 197 1
f ive a i r  t ra f f ic  control lers , and one a i r l i ne  p i lot,  revea led a norma i pattern of species composit ion ,
The resultant ocular pathology evolved slowly over species d i s t r i bu t ion , and comunity st ructure . No
a period of years in a way s im i l a r  to other forms indication of any ef fect  from the ELF f i e l d  was
of radiation Injury. At the t ime  of examination , noted.
all of the lesions had progressed to a relativel y
late state , exhibiting not onl y capsular cataract
but also veslculatlon and opacification of the

5314 EFFECT OF MAGNETIC FIELDS ON YEAST CELLS .prox i ma l subcapsular lens substance. Histolog ic
findings of scattered areas of degenerated lens (Ger.) Schaar schmldt , B. (FB Biolog i c ,

fibers abnormally adherent to the Internal edge of Institut fur Blop hysik (WE 01) der Freien Un i ver-

.he capsule correlated with slit-lamp signs of sita t , 1000 Berlin 33, Habeischwerdter Ali ce’ 30,

honeycomb capsulopath y ,  the earliest clinicall y W~ Germany) . Naturvias Runde~’h 30(10) : 365-366 ;

recogn i zable stage of hertzian radiation cataracto— 1977. (33 refs)

genesis. The effects of statIc magnetIc field (maximum
intensity 6,000 A/cm) on yeast cell cultures were
studIed . The lowest effective dose was about

531 2 A STUDY OF THE EFFECT OF ELF ELECTROMAGNETI C 4,000 A/cm. While there was no differences from
FIELDS UPON DRO~’OP ~~ M MELANOGASTER. (Eng.) the control in dry weIght . the magnetic field

Bender , H. /4. (Drosophila fies. Lab., Dept. Biology, caused a 12% reduction in the number of yeast c.~I1 s ,

Univ. Notre Dame , Notre Dame , IN) . 18 pp.; 1976. which had increased weight and vo l ume . The ma-1ne tic

Lava i lable through National Technical InformatIon field increased the aerobic metabolism by 20% and

— 
Services , Springfield , VA 22161 , Document No. AD the anaerobic metabol i sm by 15%. No dose-effect

A0359561. (1 refs) relationship was es ta b l i s h e d . Previous exposu re
to the magnetic field had no influence on the

riroaophila 1’7etanogczater (fruit flies) were exposed inactivatIon of the yeast cells by x-rays , but
to 20 V/rn (root mean square) and 2 G (root mean the reactivation rate was considerably hig her than
square) at continuous wave frequencies of 45 and 75 in the culture not exposed to the magnetic field.
Hz for a period of 48 hr as part of a confirmation Exposure to the magnetic field following the x-ray
study to determine biolog ic effects of extremely low exposure had no Influence on reactIvation .
frequency elect .’ornagnetic environments. The clas-
sical Muller- S technique for the detection of sex-
linked lethals was employed to stud y mutation rate. 5315 USE OF SUPER-HIGH FREQUENCY TO HEAT UP
The samp le size was sufficient to detect a moderate DEEP-FROZEN ERYTHROCYTES. (l?iic. ) Z a l l u -
as well as a strong mutagenic effect of the fields bovskala , N. P. (I. I. Mechnikov Kharkov Inst.
tested . No IndIcation of a mutagenic effect was MicrobIology , Vaccines and Sera , Kharkov , USSR) ;
found , suggesting that such weak ELF electromagnetic Kiselev , R. I.: Deviatkov , N. 0. Pr~’1’l rsi(o?

fields have no mutagenic effect at least within the Pcoe-Zit ’ Krot’( 22(8): 56-57; 1977. (I) rels)
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The biochemica l effect of thawing deep—frozen sugar leve l , differential blood p ic ture , elec tro-
erythrocytes by hi gh-energy magnetron radiation phore sis , total oxalate transaminase and creat ine
(600 W , 2 ,400 MHz) was studied. The erythrocytes phosphokinase. The f indings indicate that the
were deep-frozen In polyethylene oxide (molecular exposure had no deleter ious effect on physiolog ic
weig ht of 4,000) to -196 C at a rate of 40 C/sec and biochemical parameters.
and were stored at -196 C for 0.5-24 hr before
thawing. Erythrocytes deep-frozen in the same
manner but thawed in water  bath at 40 C In 40-50
mimi were used for control.  The h i g h  frequency 5318 IMPROVING THE THERAPEUTIC EFFECT OF INDUCTO ’
thawing took 40-60 sec. After high-frequency THERAPY OF THE LUMBAR REG ION IN DERMATOLOGY .
thaw ing the free hemog lobin (Hb) leve l was 432 mg% (Rue.) Skr ip kln , iu, K. (Dept. De rmatology and
vs.  34 0 mg% in the control , and the elect rophoretic Venerology, N. I. Pirogov Second Moscow Medica l
mobility was 1 ,1 7 ± 0.003 tesec/V/cm vs. 1.21 ± Inst. Moscow , USSR) ; Borisenko , K. K. ;  Korotki i , N.
0.002 usec/V/cm in the control. There were no G. Soy F ’~ d (7) : 67-7 1; 1977. (17 refs)
d ifferences between the erythrocytes thawed by high-
frequency radiation and the contro l in Hb frac- The ef fect iveness of inductothe rmia (15.56 MHz,
tions , adenosIne t r iphosphate concentration , and 150-200 ijA , 10-20 ru i n  qod , 10-20 sessions) was
glycol ytic activity of the erythrocytes , nor in studied In 48 patients with psoriasis and 32 patients
erythrocy te vitality. The findings indicate the with lichen p lanus . Al l  pat ients  received dopegyt
su i t ab i l i t y  of this method for thawing deep-frozen (2x ~ table ts/day) starting on the day before theerythrocytes; however , the f ie ld  Intensity should initiation of induc tothermia , and 19 pa tients also
be increased to 800- 1 ,000 W to minimize the thawing received reserpine and raunatin (1-3 tablets/day) .
time . Cl in i ca l  ef fect was observed usual ly a f te r  the

f i r s t 3—5 sessIons , manifesting in cons i derable
alleviation of prur l tus , of lnfianination , and of -

n e u r o t i c  symp toms , and in an improvemen t of the
53lL CURRENT PROBLEMS OF THE BIOLOGICAL EFFECT

OF MICROWAVES . (Rum.) Vasilescu , C. genera l condition of the patients. Clinical cure
and considerable improvement was seen in 56(Laboratorul de biofizlca , I.M. F., Bucharest , Roma-

nia) ; Zaciu , C. Rev Ia [ Pnewrvf tiziol) 26(1): 
patients; improvement in 21 , Inductothermia was

75-80; 1977. (17 refs~ 
suspended in three patients due to pyoderma.

Studies on the biologIcal ef fects of microwaves are
reviewed . While millimeter waves are absorbed by 5319 EFFE CT OF ELE CTRI CAL STIMULATIO N OF THEthe superficial layers of the skin , the depth of BLADDER NERVE IN THE NEURON—CAPILLARYpenetration of centImeter waves is 2-4 cm, and RELAT I ON IN THE BLADDER GANGLION IN FROGS . (Rue.)that of decimeter waves is even more. Exposure to

Pastukho v , V. A. (Lab. Morphology of the Centralhi gh-intensity microwave fields causes hyperthe rmia , 
Nervous System , I. P. Pavlov Inst . Physiology ,which may be fatal to animals under certain circunm 
USSR Acad. ScIences , Leningrad , USSR). Piziol Zhstances. Exposure to low-intensity microwave SSSR 63(8): 1206-1209; 1977. (7 refs)radiation causes reversible morphologic and physiol-

ogIc changes In experimental animals (cutaneous The effect of pulsed electrical stimulation (10 ornerve fiber changes , fine structural changes In the 70 impulses/m m , pulse time 0.5 msec , am p l i t u d ebrain cortex, manifesting in a depression of the 10 V , length of stimulation 15 m m )  of the vesicalconditioned reflexes and reduced sensitivity to
auditory stimuli , and degenerative changes In the nerve of Rana terirporaria was studied , and the

parenchymatous organs). Long—term exposure (more relationshIp between neurons and capillaries inves-

than 12 mo) may produce I r reversib le changes. t igated. Both high-frequency and low-frequency
st imulat ion caused s ign i f i can t  increase of the
capillary lumen after a temporary reduction . The
diameter  of the capil laries and the volume of the

5317 PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS neuron increased in most cases , leading to an
FOLLOWING ‘TWO LONG-TER M EXPOSURES OF MICE Increased cap il lary-neuron contact surface or to

TO MICROWAVE FIELDS (Meeting Abstract) . (Ger.) the reduction of the distance between the capillaries

Koessler , F. (No affiliation given) ; Lange , F. ;  and neurons. Shrinkage of the neuron and increase

Kupfer , J.; Rothe , R. Z Geeønte hyg 23(1*): 250; of the distance between neurons and cap illaries

1977. (0 refs) were seen in some cases fol lowing hi gh-frequency
stimulation.

The physiolog ic and bIochemical ef fects of exposure
to microwave fIelds (2 n*~/cm~ , 6 hr/day , 9 or 12 wk)
were studied in mice. The InvestI gation of the
spontaneous motor activity showed a traini ng effect 5320 ENERGY FLUX ALONG HIGH VOLTAGE TRANSMISSION
both In the control group and in the exposed group, LINES. (Eng. ) Hart , F. X .  ( Dept. Phys-
but it was more pronounced in the latter. The hemo- ics , Univ. South , Sewanee , TN 37375) ; Marlno , A. A .
g l ob in  levels showed a slight decline in the control , IE’EF Trans Biorned ~ tg 24(5) : 493-495; 1977. (2 refs)
but they remained constant In the exposed groups.
Exposure for 9 or 12 wIt had no effect on the body A mathematic calculation of the ground level energy
weight , erythrocyte and iet kocyte counts , blood flux prof i le of a modern three-phase extremely high-
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vo l tage overhead transm iss ion  Is presented . The are cases w he r c Indepen dent investigators have’
method of Images was used to find the e l e c t r i c  f i e l d  come to slmHa r conc lu sions (for examp le . Imp ly ing
of the conductor d i s t r i bu t i on  as we l l  as the magnetic the i mportance of the extended ~e’l l  nrt- rnhr ami ,- ’ m
f i e ld .  A gr aph ic ana lys Is  of the averaoe Poynting d iscover ing  e f f e c t s  on the cen t ra l  ne r v ”~,s ‘. v ’ , T , -
vector as a function of distance from the center the’ overall p l .ture remains Inc ohe rent. III part .
l ine for a proposed Pannell Road-Ster l ina-Volney the problem resu l t s  from important , i l f fer - nces  in
765-LV trans nnlss ion l ine revealed that the extremel y exper hnental des ign , wh ich prohi b i t  d i r e c t  compari-
low frequency (ELF) energy f lux does not decrease sons of the f i nd ings  of d i f f e r e r m t  i inv ’ - ’ . t i q a t o r s .
to the level of the Un i ted States microwave exposure More work of h igh quality is requ ired n augment
standard (10 mW,4/cm2) un til about 108 m from the the evidence that has n t - s u i t e d  froni sever., ! Out-
cen t e r  l ine . The correspond inq d is tance for the s tanding exper imenta l  Inqu i r ies .
Sov ie t  m icrowave exposure standard (0.1 ~~/~~~2) i s
about 210 m. W hfle the Un i ted Sta tes  microwave
standard is based exc l usively on physiolo gic consid-
era tions involving tissue heating , the Sovie t micro- ‘~323 ENVIRONMENTAL EXPOSURES. - . ‘~~~ . 

, 
Sht’Pd’,ird .

wave protection leve l postulat es other possible A. R. Elscnbu d , 14. . ‘: :  
-

mechan i sms . The extent to which such mechanisms -~~
‘
•
‘ ‘~~~ O, Y~~- . ’~~’:.~ a’~J Mz. r : - :  :.‘ F:e i ~s ‘ - x t o ,. -

are also operative at a frequency of 60 Hz and the ~~~~~ .°r’.’qn -’:’~.. (New York : New york Univ. Prc~ -.):

existence of mechanisms peculiar to the ELF reg i on pp (3) 1-9; 1977. (15 refs)
are both present l y undetermine d.

Env i ronmental exposure to natural and man-made elec-
tric and magnetic fields i n  the ex t remel y low fre-
quency range is discussed . At a f’ qut-ncy of 50-ou

532 1 A REPORT ON THE PROBLEMS OF THE DANGERS Hz , the e l e c t r i c  f l c l d  of the natura l backoround is
I NVOLVED IN THE AREA OF ELECTROMAGNETIC of t he order of 1O”~’ V/rn and the natura l a l t e r na t i n g

RADIATION. L~~ l ’ .)  Pots chkat , G. ( I n s t  Itut  fur current  magnet ic background is about lO’~ C. Mann-
Rundfun ktechnik , Munich , W. Germany ) ;  K ienast , 0. made f i e l ds  are stronger than those of natura l
,~:e : ’:~~~- ’~~~s~’h, “itr , ::d~~~”: 21(3): 97-107; orig in by many orders of magnitude. Typical 60-Hz
1977. (13 refs) f i e l ds  vary f rom 3 x lO—~ Vim in rura l areas to

lO ”l V/rn outs ide an e l e c t r i f i e d  bui ld ing to i0’~~~iO”~
Theore tic and model studies of the possible dangers V/rn near electric app lia nces. Persons spending much
of electromagnetic radiat ion in the v i c i n i t y  of t ime near high vo l ta qe equipment or work ing for
high-power t ransmi t te rs  are descr ibed. in  electro- power companies maintaining such equip nnne’nt may be’
magnetic fields , vol tage can be induced between a acutel y exposed for several days a week to fields
conduct ive object and ground , as we ll as between of several  thousand V/m . T yp ical va lues for .i nh ient
sect ions of the conductor. Depending on the f i e l d  60-Hz magne t i c  f i e l d s  range from about 10 ’ to
intensity, the induced vol tage can be hi gh enoug h abou t 10 C , depend i ng on proximity to app l i a n c e s .
to cause skin burn and e lec t r i c  shock upon contact.  Stronger magnet ic  f i e l d s  occur near large magnets ,
Mode l tests simulating moving objects (motor vehi- elec t r i c a l f urnaces , or ot her equipment using high
d es) revealed that the Induced voltage in  the curren ts. The potentIal use of cryogenic or super-
vehicle reaches 20 V at frequencies of up to 1 MHz conducting t ransmission f a c i l i t i e s  would introduce
and a reference f i e l d  potent ia l  of 10 V/rn. At another loca l ized source of strong magnet ic  f i e l d s .
similar reference field potentials , the maximal
active power calculated was 675 mW for frequencies
of 10 MHz and 57 mW for 1 MHz.

5324 SPECIAL TOPICS . (F’n : .  3 Sheppar d , A. R.
E i s e n b u d , Il. .n: F:’~~~~-:’.-~~

’ E’,”~ -~~.’ -
~

‘:~~~‘~ n’ : ’c! ,~n:J ftk~ -n, -~ !~‘ P f , -7~~n cf  E’xto.-” ,-l, ,~~.‘ ~~~~~~
5322 INTRODUCTION . (~~~ ,.)  Sheppard , A. R .; 

~~~~~~~~~ (New Yo rk :  New York Univ . Press) : pp. (8)
Eisenbud , H , In: Pjc!~’71, ’21 PfJ’m ’’ta of 1-32; 1977. (91 re fs )

EZt~’t n’m ’  i n . ?  Mx~pic~~’ ’ F” ,’Zde o~ ~,rtz’,’n ’im !:. ?~c’w Prqn—

~~~, - ‘ - ~ ‘‘. (New York: New York Univ. Press): PP. SpecIal topics dea l ing  d i rec t ly or i n d i r e c t l y w i t h
I~l) 1-7; 1977. (19 refs) the b io log ic  e f f e c t s  of e l e c t r i c  and magnet ic

fields in the extremel y low frequency range are
An introduction to a s c i e n t i f i c  l i te ra ture  review pre sented . The top ics  covered include the e l e c t r i c
on the e f f e c t s  of e l e c t r i c  and magnet ic  f i e lds  in p:ope r t ies  o f ce l l  contact  membranes , the produc t ion
the extremel y low frequency range (0-300 Hz) is of c a t a r a c t s  w i t h  e le c t r i c a l  energy , the b iolog ic
pre sented. EmphasIs in the review is p lace d on 50 e f f e c t s  of aIr  ionIzat ion , surveys of persons
and 60 Hz e l e c t r i c  f i e l d s ,  which cover the range exposed to hi gh -vo l tage  t ransmiss ion l ines , e l e c t r i c
of exposure near e l e c t r i c  powe r t ransmiss ion l ines f ie ld  e f f e c t s  on p lant l i fe , magnet ic f i e l ds  in
( severa l  thousand V/rn and magnet ic  f i e lds  less than the human body, the o r i e n t a t i o n  of deoxyr ibonuc le ic
1 C) and f i c ld s  of the sa me frequencies , which are ac id  in a magnetic f i e l d , the b io logic e f f e c t s  of
typ ica l  of exposures from e l e c t r i c  app liances and large magnetic f i e l d s  (100-100 ,000 C ) ,  proposed
machinery ( l e s s  than .i few hundred V/m and magnet ic  mechanisms for the b io log ic e f f e c t s  of magnet ic
f I e l ds  greater  than I C) .  The l i t e ra tu re  rev iewed f i e l ds , the regu la t ion  of e le c t r i c  f i e l d  exposure
In the report invo lve- , d iverse  biolog ic sys tems , in the Soviet  Union , an d the development of regula-
var ious methods of e l e c t r i c  or magnet ic  f i e l d  expo- t ions for mag net ic  field exposures in the Uni ted
sure , and manY differen t responses. Al thoug h t here S t a t e s  and the Sov ie t  Union .
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53~ 5 BIOPHYSICAL PRINC IPLES AND A BIOPHYSICAL on animals and humans (neurophysiolog icai and
DESCRIPTION OF EXPOSURE TO ELF FIELDS . behavioral , biochemical , c l i n i ca l , phys iologica l

P’- .. - Sheppard , A. R.;  E isenbud , H. In: Rio— and behavioral , and reproductive) , and the effects

~‘ffe~’~~ ~;
‘ 
~l,- , ’ric’ znd M2gneti. ’ Fi -ld~ of strong externa l magnetic f i e lds  on biolog ica l

of i.r’~rerne~y Low Frequeno . (New York: New York systems. A long history of industr ia l  experience
Univ .  Press) :  pp (4) 1—28; 1977. (37 refs) with electric fields indicates that in termi t tent

exposure to even the strongest of such f ie lds  has
B lophys i ca l  re la t ionships associated w i t h  exposure no obvious e f fec t  on health or sense of well-being,
to extremely low frequency e lec t r i c  and magnetic even a f te r  years of repeated exposure ; however .
f i e lds  are discussed. Topics covered include th is observat ion must be tempered by the fact that
energy dens i ty  in e l ec t r i c  f ie lds;  d ie lec t r ic  there has been no fu l l  scale epidemiolog ic s tudy
propert ies and conduct iv i ty  of biolog ic ma te r i a l s ;  of u t i l i t y  workers ,  Compared w i t h  e l e c t r i c  f i e l d s ,
e l e c t r ic f i e ld  d is to r t ion  by human bodies; e lec t r i c  magnet ic f i e lds  associated w i t h  e l e c t r i c a l  currents
f i e lds inside the body; power loss las ide the body;  may be an env i ronmental factor of equal or greater
current flow Into ce l l s ;  ce l l  s i ze , shape , and importance. As with elec tric fields , a long his tory
membrane potent ial in an e l e c t r i c  f ie ld ;  electro- of exposures to magnetic f ie lds of 50-60 Hz suggests
s t a t i c  induction; human capaci tance; discharge that no obvious r isks are associated w it h  acute
effects; electrophoresis and dielectrophores ls; exposures to f ie lds  of moderatel y grea t st ren gt h
electromagnetophoresis ; problems in dosImetry; (below 100 0);  however , no sc i en t i f i c  study among
and electric shock currents. When a body is placed persons regularly exposed supports this observation.
In an externa l alternating current electric field , Evidence from human experimental investi gations
currents f l ow through the body, and the current suggests that there may be biolog ic e f fec ts  of
de n s i t y is uniform to the extent that the body is uncertain significance at fields as low as 1 C.
uniform, The interior electric fields necessary One firm conclus i on that emerges from a review of
only to dr ive the Interior current are smaller than of the ex is t ing l i terature on extremely low frequency
the external field imping ing on the surface of the electric and magnetic fields is that relatively
body. The origina l f ie ld  is d is tor ted , and the weak f ie lds  of this type are capable of evoking
f ie lds  at the body surface may be intensified neurophysio log ical or behavioral effects. This is
severa l fold depending on the shape , position , suggested by behavioral experimen ts on monkeys ,
and orien tation of the particular surface . Reason- biochemical studies on the calcium efflux in brain
able estimates of the properties of cell membranes tissue , the experience of Soviet substation workers
and the division of current between the cell and exposed to electric fields and the experience of
the surrounding solution show tha t only a small other Industr ial workers exposed to magnetic fields ,
f rac t ion  of the current passes through the cell and by pre l iminary evidence for both e lec t r ic  and
membrane so that the cell membrane potential Is magnetic effects on the steroid hormones in animals.
virtually unchanged by any reasonable external
currents or fields. If there is an effect directly
on the cel l  membra ne , it must occur by means more
subtle than a direct effect on the cell membrane 5327 INTERNATIONAL TRENDS IN ELECTROMAGNETI C
potent ia l .  Moderately strong magnet ic f ie lds can RADIATION BIOEFFECTS RESEARCH (MEETING
cause circulating currents in the body comparable ABSTRACT). (E’ng. ) Dodge , C . H. (Science Policy

In magnitude to those induced by strong e lect r ic  Res. Dlv . ,  L ibrary of Congress , Washington , DC
f ie lds .  The magnitude of currents induced by a 20840) ; Zorach , G. R. J Microwave Power 12(1):
magnetic f ie ld  depends ‘n the s ize of the current 4 1; 1977. (0 refs)
loop. For a c i rcu i tous path encompassing the
dimensions of the body, the current density is The internationa l literature (circa 1970-1975) on
greatest; whereas , over a very small vol ume in the biolog ic and clInical phenomena associated with
body, the induced current density is very small ,  exposure to microwave and radio frequency electro-
Because the magnetic permeability of living beings magnetic fields (EMFs) is reviewed. Mechanisms
is essent Ial l y  the same as for free space , the by which EHFs exert thei r  biolog ic e f fec ts  are
body appears transparent to magnetic f ie lds,  becoming better understood as i nvest i gat ive technology
Therefore , the field is not perturbed , and all and methodology improve . Some recent evidence in the

parts of the body experience the same field. West supports Soviet and East European claims that
EMF5 can affect nervous system function and morpholo-
gy in small marnals, birds , and invertebrates at power
levels below those defined as thermogenic i n  the

5326 SUMMARY. (Fng.) Sheppard , A. R.; Elsen— West. These experimental find i ngs coup led with the
bud , H. Tn : Biological Effecta of Flea— pressure of public opinion may eventua ll y lead to

tr ic and ft*z 1ineti,’ Fieldi~ of Extre~rtely Low Frequency, the establishment of revised occupational exposure
(New York: New York Univ. Press) : pp. (2) 1-37 ; l im i t s  and concurrence regarding maximum permiss ib le
1977. (75 refs) exposures . At present , the level established in the

Soviet Union is 0.01 mW/cm 2 for a work day , w h i l e  the
A summary of a review on the biologica l effects of United States adheres to 10 mW/cm2 averaged over
electric and magnetic fields in the extremely low 0.1 hr. However , Russian and East European reports
frequency range is presented. Topics covered of psychophys lologic dysfunc tions and impairment
include electric and magnetic fIelds in the env i ron- of a reversible nature as a result of chronic
ment , fields in the body, fields Involved in normal exposure to EMFs of relatively low power density
biolog ic functions , the effects of externa i fields (~ lO mW/cm2, and occasionally <I mW/cm2) have not been
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corroI- ’--~~ed in the West. Additionall y, there is As a representative , a surveillance Radar LR-23
no evidence to support speculation that modulated used in air-traffic control was examined . The
EMFs can be used to remotel y control human behavior , radar peak power was 2.2 nW , the average power
Interaction between the concerned research and 2.64 kW , and the wavelength 23 cm, As a radiator ,
development comunities in the East and West has a reflector type antenna of hi gh gain (36 dB) Was
increased substantially in the 1970 ’s. Such inter - employed . The space around the antenna could be
a c t i o n  may enable resolution of differences in divided Into two reg ions. The nea r-field or Ray l e i gh
doctrine , experimental methodology, protocol , and region extended to the distance R • 0.3 02/A , where
the interpretation of biolog ic and clinical D was the v e r t i c a l  dimension of the antenna and k ,
phenomena. the wavelength. In tHs reg ion the power density

on the antenna ax is was Constant and equa l to
16P/ mm D 2 , where P was the transm i t ted  power. For
the eva l uated radar , the near-field reg ion extended

5328 EFFECTS OF ELECTRICAL FIELD STIMULATION to 106 m and the maximum average power dens i ty  was
ON ION TRANSPORT BY RABBIT ILEUM IN VITRO 16.6 mW/cm 2 . The power d e n s i t i e s  at var ious

(MEETING ABSTRA CT) . (Eng.) Hubel , K. A. (Dept. d is tances from the antenna in the f a r / f i e l d  reg ion
Medicine , Univ. I owa , Iowa City, IA) . Gastroenterol— a lso were ca lcu la ted . The ca lcu la ted  values agreed
o ::- 72(5,  Part 2): 1072; 1977. (0 refs)  w i th the experimental resu l t s .  i t  is conc luded

that there is no radiat ion hazard in the areas
The ef fect  of e lec t r i c  f i e l d  depo la r i za t ion  of nerves access ib le  to the publ ic , but specia l  sa fe ty
on ion transport was studied in the in t r ins ic  plexus measures should be t ak en  by m a i n tenance an d re pa i r
of fu l l  thickness rabbi t  i leum mounted in a flux personnel workin g in close proximity to the operatin g
chamber. Unid i rect iona l f luxes  (ij Eq/hr/cm 2) of radar antennas.22Na , 36C 1 , potential difference (my), and short
c i rcu i t  current (SCC , pA/ cm 2) ,  measure d during a
20-m m control per iod , were contraste d w i t h  measu e- 5330 MICROWAVE HYPERTHER HIA , CHEMOTHERAPY , AND

ments made durIng a 20-m m period of s t imu la t i on  C0 6O RADIATION IN THE TREATMENT OF HAMSTER

wi th  current passed para l le l  to the mucosa for MELANOMA (MEETING ABSTRACT).  (.~‘m:q.) Traub , R . J.
30 sec of each m m as a b ipo lar  square wave of 10 Hz , (Sch. Pharmacy and Pharmacal Sciences , Purdue Un iv . ,
600 p5cc duration, 600 msec/sec t ra in .  A second West Lafayet te , IN 47907 ) ;  V e t t e r , R. J.; Stoetze l ,
contro l period followed . The SCC increased , Cl C. A. J Microwave Power 1 2( 1) :  40; 1977. (0 re fs )
was secreted , and the net flow of Na across the
jejunum did not change s i g n i f i c a n t l y  (p< .05). Cl The effect of microwave hyperthermia alone and in
wa s secreted because serosal to mucosal f low of combinat ion w i t h  t t Co rad ia t ion and a cy to toxic
Cl across the Jejunum rose. To assess whether ti agent , p—f luoro pheny la ian ine (PFP), on tumo r growth

changes were neura lly mediated , tetrodotoxin ra te and mortality in hams ters was investigated.
(TTX , lO~~ M) was added to the bath fluid. TTX Approximately 106 a r n e l a n o t ic  m e l a n o ma ce l l s  were
a lone reduced the SCC and prevented the changes in jected subcutaneously in the rear f lank of golden
in Cl flux and SCC caused by electric stimulation , hamsters. On the average , tumors reached a volume
TTX did not prevent the increase in SCC caused by of 1 cm’3 10 days after injec tion. In all cases ,

adding glucose to both sides of the mucosa , or t he animals were t reated every other day for f i ve  t rea t-
reduction in SCC caused by epinephrine ( l0~~ ii) .  ments. Animals received a low temperature microwave
E l e c t r i c a l  s t imulat ion did not Increase SCC when treatment (2.450 MHz, 42—43 C for 12 m m ) ,  h i g h tern
only muscularis was mounted , suggesting that the perature microwave treatment (2.450 MHz , 414_47 C for

increment in SCC was not caused by ions moving 12 m m ) ,  25 mg/100 g PFP in traperitoneally, or sham
passively In response to an asymmetric electric microwave exposure (contro l ) .  Microwave t reatments
f le ld.  It is concluded that s t imulat ion augments we re app l ied  l oca l l y ,  and temperatures were measu red
the SCC by increasing serosal to mucosal f low of immediately after treatnment in the approximate
CI across the jejununm . The low concentrations center of the tumor. °re l iminary observations
at which TTX a f fec ts  SCC ( lO 7_ l O 10 H) suggests revealed that the growth c h a r a c t e r i s t i c s  of the
t hat nerves mediate the 1 response. TTX may affect control tumors f i t  the typ ica l si gmo idal  growth
liberation of hormones ~y para cr ine or endocrine curve. The tumo r growth patterns i n  the PFP
ce l l s , or the transport of epithe lia l  ce l l s  t reated an imals  qere s i m i l a r  to those of controls
d i rect ly. if the latte~ is true , TTX does not except the growth rate wa; s l i ght ly acce l era ted
a f fec t  ion transport systems that are sens i t i ve  fo l lowing the f ina l  Pn- .~ in ject ion.  The increased
to glucose or to epinepfm rine. growth rate may have been due to t o x i c i t y  of the

PFP. The microwave tr .-a~ ments s i g n i f i c a n t l y
disrupted the growth pa t te rn  of the tumors.
Exper iments on th~ synerg is t i c  act ion of a l l  three

5329 POWER DENSITY ZONES IN THE V I C I N I T Y  OF agents are in progress.
RADAR ANTENNAS (MEETING ABSTRACT) . (E’n~ .)

Plavc ic , Z. (Coil. Aero nautica l Eng ineering ,
Zagreb Airpo r t , 41 150 Zagreb , Yugoslavia). Y 5331 MORPHOLOGIC ALTERATIONS IN HAMSTER BLOOD-
Microwu; ’c Power 12( 1):  44; ~977. (0 refs) BRAIN BARR IER AFTER MICROWA VE IRRADIAT I ON

(MEETI NG ABSTRACT) , 
~‘: ,  Alber t , E. N. (George

To eva luate po ten t ia l  rad ia t ion  hazard in the Washington Univ . Medica l Center , Wa shington , DC) ;
vIcinity of powerful radar stations , calculations Grau , t.., Kerns , J, ,r , .‘!:‘ ‘n’ ,~~’. P~.’er 12 ( 1 ) :
of power density around the antenna were performed. 43-44; 1977. (0 refs)
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The morpho l og ic effects of microwave irradiat ion on tory vibrational clues on the subjects ’ responses.
the blood-barrier of adult Chinese hamsters were in- The resu l t s  are in terpreted as beiny compat ib le w i t h
vesti gated . The hamsters were divided into sham-ir- either of two conclusions, The human subject may
radiated control and irradiated experimental groups . have a very weak sporadically-appearing abil ity to
Exper im e nta l  animals were exposed to 2 ,450 MHz at 10 perce i ve magnetic f i e l d s , which is not st rong ly
mW/cm2 for 2-8 hr. I mm ediately f o l l ow ing exposure , exhib i ted in any one indiv idual  or in any one 5cr-
the anima ls were anesthet ized w i t h  nembutal and injec- ies of tes ts .  A l t e r n a t i v e l y ,  the subject may have
ted w i t h  horseradish peroxidase via the femora l ve in , no rea l f i e l d  perception a~ a ll but is able over
Five m m later , they were f ixed by vascular perfu- a long se r ies  of t r i a l s  to get t races of mechanical ,
sion w i t h  l~ para forma ldehyde- l .25~ glutaraldehyde acous t i ca l, or ot her undetermined clues that cannot
and stored in situ overni ght at 4 C. The brains be elimina ted comple tely by isolation design, In
we re d issected and incubated w i t h  3-3’ diaminoben- both conclusions , the trace effects do not indicate
z id ine  and hydrogen peroxide in Tris-HC 1 buffer , an i mmedia te health hazard.
wh ich formed a reac t ion  product w i t h  the horseradish
peroxidase. Tissues were subsequently post-fixed
in osmium , tetroxide , dehydrated , and embedded in
Epon-Araid ite. A l te ra t ions  in the blood-brain 5333 MICROWAV E HEATING EFFECT ON THE DOG THY-

barr ier were recognized by locating reg ions of ROID GLAND. (Eng.) Magin , R. L. (Lab.

leadage in the microvascu lature. Brown reaction ChemIca l Pharmacology, D iv .  Cancer Treatment , Nat I .

product was v s lb le  at the gross and l i g ht micros- Cancer Inst.,  Be thesda , MD 200 14) ;  Lu , S-T ,

copic level and appeared as electron dense mater ia l  Michae lson , S. M. IEEE 7~~o:c Bi~-” .! ~~~~~ 24(6):

at the electron microscop ic level. In control 522— 529; 1977. (31 refs)
animals , extravascuiar reaction product was present
onl y in brain reg ions normally lacking a blood-brain Dog thyroid g lands were exposed in vivo to 2,450-

barrier (i.e., area postrema, p ituitary, median MHz continuous wave microwave fields for 2 hr using

em i nence , and chorold plexus) . In contrast , a diel ectr ica ll y- Ioaded waveguide app licator. Spe-

experimental animals showed extravasated reaction cific absorption rates of 58 ± 24, 13 1 ± 44 , and

produc t in additiona l brain reg ions (i .e., cerebral 190 ± 45 W/kg in the center of the thyroid gland

cortex, h i ppocainpus , thalamus , hypothalamus , resulted in temperatures of 38-39 C , 40-42 C and

cerebe liar cortex , and medulla). At the ultra- 44-46 C , respectively. Thyroid g lands heated to

structural level , horseradish peroxidase reaction 38-39 C showed a step-type increase in thyroxine

product was present in the basal lamir sa of brain release rate to twice equilibration period values.

microvasculature and in the extracellular spaces Thyroid glands heated to 40-42 C and 44-46 C

around affected vessels. The effects may have been showed peaks in thyroxine release rate after 50

due in part to alterations in ti ght junctions In mm into the exposure period , which amounted to

the capillary endothe lium , which normally maintain three times the equilibration period value for

the blood-brain barrier. Some g ll a l cells contained thyroid g lands heated to 40-42 C and six t Ime s the

reaction product in their cytop lasm , but this was equilibration period value for thyroid g lands
heated to 44-46 C. After these peaks , the thyrox-not observed in neuronal cell bodies , dendrites ,

or axons. These observations suggest tha t the m e  release rate fell for the remainder of the cx-

normally impermeable brain microvasculature can be posure period. The triiodothyron i ne release rate

rendered permeable to various degrees by microwave followed that of thyroxine for all temperature

irradiation, ranges tested, Unheated control thyroid glands
maintained a temperature between 36-38 C and did
not show significant increases i n  hormone release
rate. A plateau in hormone secretion rate observed

5332 HUMA N PERCEPTION OF MODERATE STRENGTH for thyroid glands heated to 38-39 C indicates con-
LOW FREQUENCY MAGNETIC FIELDS . (Eng.) tinuous stimulation , showing a general increase

Tucker , R. 0. (Ph.D. dissertation , Univ. Minnesota , in the gland ’s metabolism probably due to heating.
1976); 106 pp. (available from Xerox Univ. Micro-
films , Ann Arbo r , M I 48106, Order No. 77-19,068).
(27 refs)

5334 MICROWAVE OVEN I RRAD I AT I ON AS A METHOD FOR

Studies designed to determine whethe r subjects de- BACTERIAL DECONTAMINATION IN A CL IN ICAL

prived of clues incidenta l to the generation of a M ICROBIOLOGY LABORATORY . (l~:. ) Lat ime r , .1. H.

magnetic field can successfull y sense , or be taught (Dept. Pathology and Pediatrics , Univ. Utah Coll.

to sense , the presence or absence of either uniform Medicine , Salt Lake City, UT 84132); Hatsen , .J. H .
or gradient 60—Hz moderate strength magnetic fIelds ~~ Clin ~t!i ’r~Ho1 6(4): 340—342; 1977. (4 refs)
are reported. Two different sets of Helmho ltz coil
systems were used for the experiments. A large The use of microwave oven irradiation for bacterial
coil system was capable of providing a uniform decontamination in clInica l microbiology labora-
magnetIc f i e l d  (7.5 G root mean square , RMS) or tories was i nvestigated. The exposure of 10 fre-
f ie ld ç- radient ( 13 G RNS/m) in a man-sized space. quently isolated clinical pathogens to 2,450-MHz
The second or smal l  co i l  system produced a un i form microwave i r rad ia t ion  resul ted in tota l  s t e r i l i z a -
f iel i  (15 0 RMS) or f ie ld  gradient (70 0 RMS/m) that t lon w i t h i n  60 sec. Whereas , a vegetat ive cu l tu re
was approximately head-sized. The experIments were of 8aciZl-ua Os4bt iUe showe d no v iab le  organisms
conducted under both non i solated and isolated con- after a 30-sec exposure to microwave i r r a d i a t i o n ,
d lt ions to determIne the possible effects of audi- the t ime necessary to destroy 1.3 x J~ T’ . o:~~~”’ :’
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spores/m l extended beyond 11 m m ,  Exposure of laboratory and f i e l d  cond i t ions .  Rad ia t ion  and
~~~~~~~~ 3 ’ ~ l ’ ’th es ~s~~htZu8 strips to microwave therma l profiles showed that heterotrophic bacter-
i r rad ia t ion resuLed In sterilization after 5 m m .  Ia , spore—forming bac teria , fung i , and ac tinomy-
C l i n i c a l  i so la tes  ( inc lud ing En~h,r~~hia coli, cetes were not a f fec ted by exposure to a net micro-

‘-~:~~s ,‘?j r a bj lj s , P. :,~~~~~~o ~:em ’:,.; ~~:~~~:, :_‘r ’ratia wave radiat Ion input of 1 kW i n tens i t y  over per iods
‘1~~’~’8~’~ ‘..~~, 

f ±z ; ~~~lot ’~~~’us aurcus, Stap hy lo~’occus ranging from 0-80 sec. N i t rogen- f i x ing  b a c t e r i a
~

-
~~~“~~~

-“ -‘ !r , and enterococcus ) were k i l l ed  by a 5- and n it r i f y ing bac te r ia  were also res i s tan t  to
mm expo sure to microwave I r rad ia t Ion.  Exposure these doses. Soi l  microorganisms were i nac t i vated
of contam inated petr i  p lates to microwave Ir radi -  by exposure to 1 kW of continuous microwave rad i-
ation resulted in total sterilization within 5 m m .  ation over periods ranging from 80-480 sec. Re-
The above data ind i cate that the utilization of sistance to microwave radiation was primaril y asso-
microwave ovens for bacterial decontamination in d ated with the degree of moisture content of the
c l i nftal microbiology labora tories is entirely microorgan i sm. The radiation appeared to leave no
f eas ib le, residual e f fect  in the so i l , and the m icrowave-

induced effects on microorgan i sms seemed to be non-
selective; the one exception was that fung i appeared
more suscept ible to microwave-induced i nac t i va t i on .

5335 ELECTROMAGNETIC POWER DEPOSITION IN PRO— A heat-shock activation of microbial spores was
LATE SPHEROID MODELS OF MAN AND ANIMALS observed during the experiments. The data imply

AT RESONANCE. (F” :q. ) Bar ber , P. W. (Dept. Bio t hat microwave t reatment of ag r i cu l tu ra l f i e l d s  for
eng ineering and Electrical Eng ineering , Univ. Utah , the purpose of ki l l i n g  weed seeds and insects has
Salt Lake City, UT 84112). IEEE Trans !3~

’omed Eng no e f fect  on the so i l  microorganisms. S tud ies  of
24(6): 513— 521; 1977. (15 refs) the relationship between temperature generated in

dry and wet organisms and the pattern of destruc-
The Extended Boundary Condit ion Method is used to t ion of inoculated bacter ia by microwave rad ia t ion
ca lculate electromagnetic power deposition in pro- revealed that inactivation was a function of cell
late sphero id models of animals and man. The math— hydration. Bacter ia l  c e l l s  do not absorb micro-
ematic models consisted of homogeneous dIstr Ibutions wave energy ; the le thal effect of microwaves is
of musc le t issue , a lthough In the case of the human due to direct  energy transfer to ce l l  water and to
mode l calculations , a mode l consisting of homogen- the tempera tu re i ncrease of the s u s p e n d i n g medi um.
ized muscle , fat , and bone was also considered,
Calculat ions were made for bodies isolated in free
space and irradiated by a plane wave, in general ,
three particular Incident waves were considered—
one from the end-on d i rect ion and two from the 5337 BIOLOGICAL EFFECTS OF X BAND MICROWAVE
broadside direction . In the case of the human I RRADIATIONS ON S. COLI. (Eng.) Hs ieh ,
model , a resonant frequency of about 70 MHz was S. T. (Ph.D. dissertation , Tulane Univ., 1974);
predicted for a 6.34:1 prolate spheroid muscle 155 pp. (available from Xerox Univ. Microfilms ,
tissue model; the corresponding absorption effi- Ann Arbor , MI 48106 , Order No. 77—19,503) .
ciency was 3.7. For a human model of average home- (65 refs)
genized tissue , the resonant frequency increased
sligh tly, and the absorption efficiency increased Theoretical and experimental studies on the inter-

to 4.6. A graphic representation of the average actIon of X-band microwave rad ia t ion  w i t h  ce l l u l a r
power absorption as a function of normalized di- metabolIc systems under isotherma l conditions are

elect r ic  constant (normalized to the d ie lec t r i c  reported . Theoretic analys is  derived a modi f ied
constant of muscle t issue ) for a 6.34 :1 prolate growth rate equation based on a sp herical ce l l
spheroid muscle t issue man mode l due to an E—par- model of Eacheri~thia coli. The aerobic g rowth rate
a l le i  broadside inc ident wave is presented. Over was modif ied to include loca l izat ion of the E. ~c!i
frequencies rang ing from 10-70 MHz , it is suggested resp iratory enzymatic system. Wi th th is model , an
that it is mere reasonable to use a dielectric con- interaction anal ysis with electromagnetics pre—
stant for homogenized tissue than for muscle tissue dicted a radio frequency d i f fus ion  mechan ism , which
alone. This Is espec ia l l y  true at frequencies in inter fered w i t h  the c e l l u l a r  metabo l i sm of E. ~~li.
the high frequency range where the curves are Other mechanisms , such as , radio frequency trans-
steeper than in the very high frequency range. At port and induced membrane potential , were also im-
ID MHz , for example , about 30% mere powe r absorp- pl ied. The incorporation of radio frequency dif fu-
tion would be expected for a model of homogeneous sion effects with modified cellular growth pre-
tissue than for one of muscle tissue. dicted microwave-Induced nontherma l effects on

cellular respiration. Experiments with S. ~‘~)li
cultures , which were exposed to long-term , l ow-
intensity X-band microwave radiation , were per-

5336 EFFECT OF 2,450 MHZ MICROWAVE RADIATION formed to veri fy the theoretic predictions. The
ON MICROORGAN I SMS. (ZY~g.) Wu , J. F. cultures were incubated and exposed to microwave

(Ph.D. dissertation , North Texas State Univ., 1977); frequencIes ranging from 7-12 0Hz at power levels
134 pp. (available from Xerox Univ. Microfilms , of 100, 60, 30, and 5 mW (or less). Microwaves
Ann Arbo r , MI 48106, Order No. 77-19,694). (169 refs) consistently had definite effects on the deceler-

ation growth phase of the cultures in the absence
The effect of 2,450-MHz microwave radIation over a of temperature changes. A mathematic analysis of
wide dose range on soil m lcrof lora was studied under the experimental growth curves showed the frequency
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response of such observed growth effects to be in of tumor s i z e , provided that thc mass of the bolus
good agreement with the theoretic predictions. was much larger than the mass of the encapsulated

tumor and the tumor-bolus Sys tem was on an equi power
sur face in the f a r - f i e l d .  Simul taneous microw ave
treatment o f up to 12 an imals  w i t h  encapsulated
tumors was possible by expo s i n g  the an im a l s on

5338 EFFECT OF H ICROWAVE ON STEROIDS PLASMA equal power densi ty  contours in a 2 . 5  x 2.5 x 2 .5  m
LEVELS IN MALE RATS (MEETING ABSTRACT). anecho ic chamber. The an ima ls  were spaced 2 wave-

(t’ .) Deschaux , P. (Laboratoire de Physiologic lengths apart and conf ined to a f a r - f i e l d  area
Ce l lu l aire , Unive rsite Claude Bernard 69621 , appro cimatel y 1 is2 . One s i t e  was reserved for a
V i l l eu rbanne , France ) ;  Pel is s i e r , J. P. J Microwave range ca lo r ime te r  to moni tor  t e m p e r a t u r e .
? ‘ ,‘s’ 12 ( 1 ) :  46-47 ;  1977. (0 refs)

The effects of microwaves on steroid p lasma levels
in ma le Sprague Ouw ley rats (C.D. s t ra in )  were
studied , The animals (60 days old) were i r rad ia ted  5340 I NTER DISCIPL INARY AND INTERNATIONAL CON-
by m icrowaves (2 ,45 0 MHz) for 24 hr. A f te r  i r rad ia-  TR IBUTI ONS TO ELECTROMAGNETIC B IOLOGICAL-
t ion they were d iv ided into four groups of f i ve ;  EFF ECTS RESEARCH : PAST PERFORMANCE AND CHALLENGES
controls were treated s i m i l a r l y w ithout rad ia t ion.  FOR THE FUTURE . (E’~q . )  Johnson , C. C. ~: ~~~~~~~At sacrifice (10 m m (1st group], 3 days (2nd group], tracts ~ i~~~’ I~: t c rsa t ~ona Z S:~—~~’~s-iui~ on t;;~-8 days [3rd group ], and 15 days (4th group]), the B ’ ~~~-~•’ Ef:’eCts of E o ’r,~rnet- ’ ’ ~~~~~~~~ Spon-
rats were decap itated in an adjacent room within sored ’by The Internationa l Union of Radio Science
15 sec after remova l of their case . Systematic & The U.S. Cormni ttee for URS I , held at Air l ie , VA
blood was collected , centrifuged , and the plasma on October 30 , 1977-November 4, 1977: pp. 2; 1977,
was removed and stored at -20 C until assayed. (0 refs)
Testosterone was determined by radioimunoassay.
The plasma samp les were extracted with ether , and Interdisciplinary and ‘iternational contributions
the dried extract was chromatogr—iphed on a cel l ite to electromagnetic biolog ic effects research are
column to separate the dih ydrotestosterone from t~5 highlig hted . Teams of biolog ist s , physicists , and
tosterone . Plasma corticosterone level was determined eng i neers have developed a variety of small non-
by compet i t i v e  binding rad ioassay .  The plasma tes tos— metal l i c  thermal sensors for measuring t i ssue  tem-
terone leve l was significantl y higher in animals until peratures during electromagnetic radiat m on. Major
8 days (at 3 days p�O .O5; at 8 days p~0.l); at 10 progress has been made in investigating wit h  pre-
mm and 15 days there was no si gnificant difference. cision the absorption of electromagnetic energy i n
The plasma corticosterone level was significantly models of animals and man at d i f f e ren t  f requenc ies
modified by microwave irradiation in the first 3 m m .  and orientations. A reg ion of resonant absorption
I t is concluded that microwaves have specific has been identified near 70 HHz for the case of man
receptors on particular organs In the organism. exposed to a polarized field in free space. Extra-

polation from dcta on animals to man Is now possible ,
allow i ng specifications to be made of fields that
wil l  produce comparable effects In man . In Western
countr ies , nota ble achievements have been made in

5339 BOLUSING TECHNIQU E FOR BATCH MICROWAVE research on therma l effects , instrumentation , and
IRRADIATION OF TUMORS IN THE FAR FIELD dosimetry , and Eastern countries have pioneered in

(MEETING ABSTRACT). (Enq.) Cheung , A. Y. (Univ. and emphasized studies of long-term low-level irra-
Maryland Sch, Medicine , Baltimore , HO 21201); di ation , basic biolog ic mechanisms , behavioral and
McCul loch , 0. ;  Robinson , J. E . ;  Samaras , ~~

. j central nervous system functions , and ep idemiolog ic
Microwave Power 12(1): 42-43; 1977. (0 refs) phenomena. The establishment of interdisciplina ry

research teams and the availability of new engineer-
A technique for batch irradiation of superficial ing tools and techni ques will enable ide ntification
tumors in mice for microwave-induced hyperthermal of hazardous interact ions , discovery of basic
cancer therapy was developed . Tumor-bearIng mice mechanisms , extrapolation of infra-human data to
were enclosed Individually in a shield , with the man , and development and extension of medical
tumor drawn throug h a slot for placement in the applications of electromagnetic energy.
microwave heating f i e l d .  To achieve rep licable and
uniform heating in the tumor , it was encapsulated
in a much larger (60 g) bolus” of tissue—equivalent
mater ial. For the size of bolus used (5 cm diameter
of s imulated brain) microwave energy deposition was 5341 SOME PERSPECTIVES ON RESEARCH I NTO THE
peaked at a centra l s i t e  where f i e l d  grad ients BIOLOGICAL RESPONSE TO NON-IONIZING ELEC-
were sma ll. When a tumor was encapsulated at th is  TROMAGNETIC RADIATION.  (Fiz~ .) Sharp. J. C, TI : :
site , stead y state heating was uniform to within Abstracts ‘f 1? ?? Internationa l ~ jopcs-iw~. c’
± 0.1 C at 45 C. When unencapsulated , the tumor Biological Effects of Ei-ecti’oma~nzct1c hw’ ’± . Spon-
was difficult to heat due to poor field coupling sored by The International Union of Radio Science
and temperature was grossly non-un i form (± 1 C at & The U.S. Coirmiittee for URS I , held at Air l ie , VA
40 C). For batch irradiation , a standardized bo l us on October 30, 1977-November 4, 1977: pp. 3; 1977.
geometry enabled heatin g to be nearly independent (0 refs)
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8 ologwal Effects of Nomoi zuig t leitro,,,agi,et c
CURRENT LI T E R A T U R E  Racial  iOn 11(3) March 7978

The relationship between what types of research are deff and Z eg (ca l ib ra t ion  factor)  were m in im ized  by
sup ported and the soclo —p o litica l milieu of funding coating the probe with a relatively thick in sulating
agencies is discussed . Past and future programs layer of low perm i ttivity . Comparison of theoreti-
are used as examp les of how emphasis is , or could ca l l y calcu lated induced-power-densi ty  distr ibution
be , altered by the chang ing philosop hies of the with those measured by an insulated spheric probe
federal estab l ist’ynent. An attempt is made to In a fini t e vo l ume of  sa l ine so lut ion revealed
demonstrate how the operating philosop hies of past excellent agreement at all locations in the solution .
decades have dampened the desire and ab i l i t y  to The relative constancy of the calibra t ion factor for
investi gate electromagnetic energy coupling with the insulated probe was therefore confirm ed .
b io log ic  mater ial. Some implications of adhering
to these trends for the scientifIc community and for
the public are out l ined,

5344 CARBON ELECTRODES FOR CHRONIC LEG RECORDINGS
IN MICROWAVE RESEARCH (MEETING ABSTRACT)

(Eng.) Chou , C. K.; Guy , A. W. I’- : Abstr~c’tc Y’

5342 AN INVESTIGAT I ON OF THERM I STORS FOR TEM- 1977 Internationa l Sympositon on the 8io ioai~a~
PERATURE MAPPING OF BIOLOGICAL SPECIHANS Effects  of Electromagnetic Waves. Sponsored by The

DURING EM RADIAT I ON (MEETING ABSTRACT). (Eng ) International Union of Radio Science & The U.S.

Toler , J.; Burdette , E.; Seals , J.; Cain , F. In: Consnittee for URS I , held at Air l ie , VA on October

~~sti’-w~s o~
’ 1977 International sy~~osi~~ ~ 

30. 1 977-November 4, 1977 : pp. II; 1977. (0 refs)

O~c’~c,7wal Effects of E’lectr~rr~gnetic Waves. Spon- Conventional metal  e lectrodes can cause serioussored by the Internat ional  Union of Radio Science
& The U.S. Committee for URS I held at A i r l i e , V A on modi f ica t ion  and i n t ens i f i ca t i on  of rate of energy

October 30 , 1977-Novem ber 4 , 1977 : pp, 6; 1977. absorpt ion in t issues dur ing exposures of animals

(0 re fs )  to microwaves. Carbon-Impregnated Teflon w it h  a
conduc t i v i t y  c lose to that of t issue was implanted

A series of experiments was undertaken to determine and maintained for 4 to 6 me In rabbits at cortical
and subcort ical locations. The electroencephalogramthe su tabi ll ty of bead thermIstors as thermometric (LEG) and its spectrum , as recorded from the carbondevIces , Such devices have not been widely used for electrodes , were comparable to those recorded frombioeffect s studies because of the possibility of

excessive interaction wIth electromagnetic (EM) conventional metal electrodes . Histologic examina-

fields. The accuracy and repeatability of tempera— tion showed good tissue comp atab ility . Recordings
during acute microwave radiation (2,450 MHz) atture data provided by both standard and micro—m inia-

ture thermistors were examined. The thermistors had 100 mW/cm2 showed no Interference. The results

conventional l eads , and the frequency of radiatio n indicate tha t carbon electrodes can be imp lanted

was 2,450 MHz. Variables included EM field—st rength , chronically to record the EEG in an imals during

thermistor location , cannula confi guration , and microwave radiation .

electrical properties of the Imp lanting medium. The
results reveal that , for many studies of biologic
effects , bead thermistors provide accurate and
repeatable temperature data.

5345 VAR IABILITY IN MICROWAVE MEASUREMENTS OF
CATARACTOGENIC THRESHOLD (MEETING ABSTRACT)

(Eng.) Hagan , 0. J.; Donovan , G. L,; Carpenter , R.
L. In: Abstracts of 1977 Internationa l Synrposiwn
on the Biological Effects of Electromagnetic Waves.5343 RESPONSE OF INSULATED ELECTRIC-FIELD PROBES Sponsored by The International Union of Radio Science

IN MODELS OF HETEROGENEOUS BIOLOGICAL & The U.S. Committee for URSI held at A I r l i e , VA
BODIES (MEETING ABSTRACT) . (Erzg. ) Mousavinezh ad , on October 30, 1977-November 4, 1977: p. 13; 1977.
H. ; Chen , K. H.; Nyquist , 0. P. In: Abstracts (0 refs)
of 1977 Interriaticreal Synrposium on the Biological
E,~’’ect8 of Electromacinetic Waves. Sponsored by The Measurements of identica l microwave f ie lds were
International Union of Radio Science f. The U.S. Com- performed under identical condit ions using several
m i t tee for URS1 , held at A I r l i e , VA on October 30 , dif ferent instruments. Measurements were made in
1977-November 4, 1977: pp. 10; 1977. (0 refs) a large , elec trica l ly anechoic chamber with contin-

uous wave radiat ion at 2. 45 0Hz. The instruments
The response of an ideal i zed spherical meta l l ic  tested were four Narda Hodel-8100 radIation meters
probe , Insulated by a d ie lec t r i c  layer and immersed w i th  f ive Model-8122A probes , two Narda Model-83l5
in a semiconducting biolog Ic body (both spher ica I broadband-isotrop ic radIation monitors wi th  Model-
and concentric w i th  the probe) was studied . The 8323 probes , and one Holaday HI- 1 500 microwave survey
ideal ized probe was representative of mere general meter. Power-density values y ielded by two of the
e l e c t r i c - f i e l d  probes. Analyt ic expressions for Narda-8100 meters , which were cal ibrated just before
the ef fect ive diameter def f  and equivalent imped— use , Served as a standard of comparison for the other
ance Z~9 of the probe were determined in terms of instruments , which had been cal ibrated at various
the rad i i  and e l e c t r i c  parameters of the insulating t imes during the previous 20 me. In the far-zone
layer and of the fInite body. Numeric results f ie ld , 150 cm from a horn antenna , each set of
indicated tha t var iat ions of the probe ’ s parameters probes and meters that had been cal ibrated together ,
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were tested . Their readings varied 0.4 to 37.7% 5348 IMPROVING FAR-FIE LD UNIFORMITY IN NONIDEAL
from the standard . Near-zone fields were measured MICROWAVE ANECHOIC CHAMBERS BY ADDING
5 cm In fron t of the Director “C” dipole-antenna ABSORPTIVE COLLAR TO FEEDHORN (MEETING ABSTRACT)
applicator of a Raytheon Microtherm diathermy unit. (Eng. ) Olsen , R. 0.; Lotz , W. C. Tn: Abs , -

~Readings of power density at this position with 1977 International S)jmpoaium ‘n th- ’ !liol ;:’~~:!the Narda Model-8122A probes were si gnificantly Effcct8 of Electronrignetic Wav,s. Sponsored by The
lower (30%) than those of the Model-8323 probes. Internationa l Union of Radio Science & The U.S.
The difference may have been due to the differing Committee for URSI , held at Air li e , VA on October 30,
size of the probes ’ sensors or to a long itudinal 1977-November 4 , 1977: pp. 18; 1977. (0 refs)
(or radial) component in the field of the Director
“C” that was not detected by the Model-8122A probe. Improved uniformity of far-field power density
Rotating a probe around its long axis and taking by the addition of microwave-absorbing feed-horn
meter readings at each 90 degrees of rotation collars is described . The addition of an absorptive
resulted in deviations that were more pronounced collar around the aperture reduces the unwanted
for measurements in the near-zone . interference resultin g from the use of fixtures and/

or Instruments that must be located in the irradia-
tion chamber, While the collar contributes some
interference of its own , the net result Is a si gn i-
flcant improvement In the uniformit y of the distribu-
tion of far-field power densities. Two microwave

5346 MINIATURE ANECHOIC CHAMBER FOR CHRONIC chambers were anal yzed . One chamber contained
EXPOSURE OF RODENTS TO PLANE-WAVE MICROWAVE video and lighting equi pment; and the other , In

FIELDS (MEETING ABSTRACT). (Eng.) Guy, A. W . In: addition , an overhead motorized x-y scannin g appa-
Abstracts of 1977 Internationa l Sqmposiwn on the ratus. It is hypothesized that horn collars improve
Biological Effects of Electromagnetic Waves. Spon- uniformity of radiat ion In the far-field by reducing
sored by The International Union of Radio Science side lobe radiation .
& The U.S. Committee for URS I , held at Air l ie , VA
on October 30, 1977-November 4, 1977: pp. 16; 1977.
(0 refs)

An economic system was developed for exposIng large
numbers of rodents to 2,450-MHz plane waves on a 5349 LONG-TERH MICROWAVE EXPOSURE OF MARINE ANIMALS
long-term basis without disturbing their normal HALS (MEETING ABSTRACT). (Ena.) HcRee , D. I.
living patterns. Individual miniaturized anechoic In: Abstracts of 1977 International ~ ,n~-~ciur’~chambers provided a relatively constant and easily the Biologica l Effects of Elc ’efromaon, t~

’ ’ h’a: ’ , c .
quantifiable coupling of microwave fields to each Sponsored by The International Union of Radio Sc ”~ ,e
animal. A food-and-water dispensing system was & The U.S. Committee for URS I , held at Air l i e , VA
designed to prevent the introduction of artifacts on October 30, 1977-November 4, 1977: pp. 19: 1977.when the animai ate or drank. (0 refs)

Long—term (1- to 2—mo) studies of the effects of
microwaves on the behavior of the marine mo llusc
Ap lysia californicus , were performed using three
groups of animals (of four animals each) at three

5347 CIRCULARLY POLARIZED 2450-MHZ WAVEGUIDE different microwave levels (20.0, 2.0, and 0.0 rrM/g
SYSTEM FOR CHRONIC EXPOSURE OF RODENTS at 2,450 GHz continuous wave) within the same 25

(MEETING ABSTRACT) . (En q.)  Guy, A. W .; Wallace , J. gallon aquarium. The animals were placed In flat
In: Abstracts of 1977 International Synrposium on (less than 2-cm thick) plastic screen cages that
the Biological Effects of Electrorreignetic Waves , were suspended at different distances (1.0 cm , 3.0
Sponsored by The International Union of Radio Science cm , and 15.0 cm with respect to the mid-cage p lane)
6 The U.S. Committee for URSI , held at Air l ie , VA from the front window of the aquarium on which
on October 30, 1977-Novembe r 4, 1977: pp. 17; 1977. microwave energy was incident (from a standard gain
(0 refs) horn located 1.2 m away). Microwave energy reflected

from the front of the aquarium was controlled by
A system that was previously developed to expose a the Eccosorb” lining of the chamber. Since mollusc
large numbe r of rodents to 915—MHz circularly tissue is similar electrically to sea water (as
polarized fields was modified to operate at 2,450 MHz, confirmed by reflectometr lc measurements), no
Spec ia l l y designed transducers were retrofitted to reflection occured ‘~ith in the aquarium , and the
each end of the orig inal exposure system , and the animals did not cast “absorption shadows” over one
probes and hybrid transducers normall y required to another. The specific absorption rate for any
operate the iys tem at the lower frequency were vo l ume could be computed irrespective of the an i ma ls ’
removed . The conversion of each exposure ce l l  to location (or even their presence). This exposure
an ot her frequency of operation was accomplished in system also provided therma l stability in the face
a few minutes . The performance of the cells at of large Inputs of microwave energy . The thermci-
2.450 MHz in terms of coupling efficiency and low statisticall y-regulated cooler built into the
input VSWR was found superior to that obtained at aquarium was able to dissipate a maximum of 1 ,000 W
915 MHz , at a temperature swing of 2 C or less, Furthermore .

51 

~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~ - — ~~~--____ — -—-  —rn- .-- -~~ -~~~~~~ — - - 
~~~~~~~~~~~~~~~~ 

-
~~~~~~~~



—~~

Biological Ef/ e i r~ of No,,io,,,.’,,,5~ EIectro,,,jg,,e(,c
C U R R E N T  L I T E R A T U R E  Aad,atio,i 11(3). Mar, -!, 19/8

since the circulating sea water acted as an efficient Sponsored by The Internati onal Union of Radio Science
hea t exchanger , the steady-state temperature differ - 5 The U.S. Committee for URS I , held at Ai r l i c  VA on
ences among groups of animals could be kept to 1 C October 30, 1977-November 4, 1977: pp. 21; 1977.
or les s. It Is conciuu,.~d tI,at this system overcomes (0 refs)
many of the dosimetric difficulties encountered in
the long-term microwave radiation exposure of A facility was constructed for the long-term stud y
terrestrial animals. of effects of un i form vertica l 60-Hz electric fields

on miniature swine, includin g an environmentall y
similar enclosure for control animals ni aint a ir ic d in
a zero-level field . Exposure of thi s genealog ica l l y  -j
homogeneous generation was begun at 30 kV/ni and
p rogressed on a contInuous bas is  as rout ine c l i n ic a l

5350 A SYSTEM FOR THE EXPOSURE OF LARGE NUMBERS da ta were gathered and special phy s io log ic irivesti qa-

OF SMALL LABORATORY AN I MALS TO 60-HZ ELEC- tion s were performed. From the first generation ,

TRIC FIELDS (MEETING ABSTRACT) . (Eng.) Kaune , W . a second was derived (exposed in ulero) th a t was
T .: Decke r , J . R .; Phillips , R. D.; Hjeresen , ~~. L. studied through development to adulthood. The colony.

‘~z :  A~ a~-r,2~’t8 ~~ 2977 ~ntc’rnational symposium on lnclud ing con t rols , ci mpris ed 60 swine in i n d i v i d u a l

(-h e Pjc’lc,,~ cal ~~~~,
- c’t8 of EZ , ’c ’ri ’an r pzetic Waves, s ta l l s . A ground-level concrete pad formed the

Sponsored by The Internat ional Union of Radio ScIence foundation , w ithin which were flush-mounted i~r
& The U.S. Commi ttee for URS I , held at Air l ie , VA recessed recep tac les  for el ec t r i ca l  powe r , w~i ter ,

• on October 30, 1977-November 4, 1977: pp. 20; 1977. and low-profile indirect-li ghtin g fix tures. Two

(0 refs) rows of con tiguous swine stalls ran the length of
the pad on either side of a central walkway and had

Two sys tems for exposure and sham-exposure of large elec trically-grounded embossed stee l flooring. The

numbers of rats and mice to uniform vertIca l 60-Hz stalls were constructed of fiberg lass-r einforced

elec tric fields were constructed . The rat system plas tic (FRP) grating and nonconducting hardware .

contained four racks of four rectangular 1.0 , 2.2 Over the pad and stalls was a quonset-type modular

m exposure—electrodes stacked verticall y wi th a enclosur e consis t ing of prefabr ica ted panels held
0.41 m separation between adjacent electrodes. Any toge ther by ny lon bol t s and sealed agains t mo is ture
two of the four exposure racks could be energ i zed wi th silicone rubber and contact-cemented FRP strips .

to a maximum field strength of 150 kV/m. Each The panels consis ted of two FRP sheets sandwichin q

exposure electrode was equipped with 24 Lexan cages , a 5-cm layer of polyure thane foam , f a c i l i ta t ing
cacti of which housed a sing le rat. The cage floo r control of ambient env vonmental temperature. The

was a sta inless steel screen that served as one panels a lso provided thermal Insulation to prevent

electrode . The system for watering animals was condensation of mois ture , which mi gh t shie ld the
contained entirel y within the electrode and did not ani mals from the field. Above the building were

protrude above the cage ’s f loor , thereby preventing four para l l e l, large-diame ter , cy lindrical elec trodes

dis tortion of the exposure field and electrical that , over the area occup ied by swi ne , produced an

shock or discharge as the animals drank. The total unper turbed field of 30 kV/m when energ i zed to 225

capac i ty of the system was 288 rats. A similar kV by a remotely located transformer. With the

sys tem of two racks of five electrodes each was swi ne absen t , the f i e l d  I m above ground was
used to expose as many as 450 mice to fields at a constant in magnitude within 6%, and , ver tical l y,

max imum strength of 150 kV/m whi le sham-exposing within 2% over the test area . Temperature , rcl ative

an equal number . tieasurements of the electric field humidity, and elec tric-field strength were controlled

revealed an overall uniformi ty wIthin 4% over the and moni tored continuousl y and au tomatically

area to be occupied by experimental animals. The by InstrumentatIon In a bu i ld ing  outs ide a fence
f ie ld  inside a Lexan cage was reduced by about 3%, that surrounded the exposure facility. Environmenta l

No corona-d ischarge was detected . Measurements of data were also recorded automatically by on-line
ozone concentration in the rat and mouse exposure computers that logged extrema and means over present
systems did no t d i f fe r from background levels , in tervals of time , The building also contained a
Harmon ic d i s to r t i on  was eliminated by damp ing and small c l i n i c a l  f a c i l i t y  and a video monitor that was
filteri ng the high-voltage supply. Animals housed connected to travel ing video cameras for monltor in i t
In close proximity were partially shielded from the of exper imenta l  and control  an imals -
electric field; the total body current in a rat
mode l was reduced by 35 ± 5% when rats were p laced
in adjacen t cages .

5352 POSSIBLE DETECTION IN V IV O OF LATENT VIRUSE S
IN TUMOR AND BACTERIAL CELLS AND ThEIR

INDUCTION BY MILLIMETER MICROWAVES (MEETING ABSTRACT )
5351 A SYSTEM FOR CONTINUOUS EXPOSURE OF HIN IA (En/.) Webb , S. .1. T i : :  -l!i~t i ’:,’~ a ~~~

‘ 79~’ •  i ’:~ er ’:a—
TURE SWINE TO 60-HZ ELECTRIC FIELDS (MEETING (,‘ r i c jj  :~~“g’asi14nt ‘i: t~ , Th~~,’~~ - ’1. Ej~r~-~ i~ ,‘,/~

ABSTRACT) . (Es’;.) GI l l i s , H. F .; Allen , C. H .; ft’ -pz,-(f~’ h::’ c. SponSored by The internat ion a l
Beamer , 1. L .: Jeffs . T. W .; Decker , J. R .; Phillips , Union of Rad i o Science f, The U.S. Committee fi~r %JRS I,
R. D. In: Al ’stra ’ts ‘f ’ 1??? Tizte,, ta t~,’na1- •‘~ r ’1posiuri held at Air l ie , VA on Oc tober 30, 1977-November 4.
“~ the Pf ~ l(’/ ~~’,t7 5f ’~ c’~ i~ of Flc - ’fi ’~macrne (ic’ WaVes. 1977: pp. 24; 1977. (0 refs)
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The detection of latent viruses in vivo by microwave microwaves was performed . Wild-type Paris str ai n
spectroscopy and the alteration of their effects o,, and the tumor strain sS-carryinq mela notic tumors in
the behavior of c e l l s  f o l l ow ing  microwave radiation the third larva l staqe , in the pupal stage , and as
exposure were studied . Microwave and laser-Rama n adults were used. Maximum route-mean—square power
spectra of na tu ra l l y -occu r r i ng  tuns)r c e l l s  and of densities were 100 mW/cm~’ for 73— 6Hz energy and about
bacter ia Indicated that , as a resul t of active 60 mW/cm ’ for microwaves at 17 0Hz. After 2 hr of ex—
me tabolic processes , resonances occur in vivo bet- posure to microwaves at either frequency , both the
wet- n IO~ t~~lO~~ Hz. The resonances were not present in hatching rate and the development of irradiated eggs
inac tive cells, dead cells , or homogenates of cells, were normal , Survival rates at vary ing stages of de—
The microwave absorption spectra of norma l human velopment were not statistically different. The
mammary tissue contained five strong peaks between microwave treatment did not induce terato log ic
65 and 95 GHz , four of which were present in mammary changes In adults or alterations in the incidence and
carcinoma tissue and In “norma l tissue from multip licity of tumors. When wild—type females that
diseased patients. Each of these peaks , however , were exposed to microwaves at 17 0Hz for 21 hr were
was sp lit into two or three sub-peaks . In addition , crossed with untreated males , a marked increase in
the spectrum of carcinoma tissue contained a broad , fertilIty was observed . Viability and Incidence of
double-spiked peak at 76 OHs. Simi l arly, the spec- tumors in descendents were not affected.
trum of norma l ce l l s  from the kidney of the baby
hamster (BHK) contained four major peaks between 65
and 95 0Hz that became broadened and double-peaked
as the cells were transformed Into tumor cells by
Infection with mouse sarcoma virus (MSV). The
spectrum of ~~‘h~’i’h i ,i aol K12 (ATCC 12345) also 5354 EFFECTS OF MI LLIMETER WAVES ON LIVING
displayed four major peaks between 68 and 95 GHz , TISSUE (MEETING ABSTRACT) . ii:;,) Gandhi ,
each of which became double- or triple-sp iked when 0. P.; HIll , D. W .; Partlow , L. H. in: •4(’straots
the microbe was lysogenized with a temporate lambda of 1.977 International Symposium on t he Biolo~rl~’~~
bacteriophage . The attenuation of frequencies Effects of Eleotrosc1 ou t i o  Waves. Sponsored by The
depended , however , on the age and nutritive state International Union of Radio Science & The U.S. Com-
of the cells , The laser-Rama n spectra between 10 mittee for IJAS I , held at A i r li e , VA on October 30,
and 200 cm 1 of both the mammalian and bacterial 1977-November 4, 1977: pp. 26; 1977. (0 refs)
cells also conta i ned strong single peaks tha t
shifted and became double- and trip le-spiked when A solid-state computer-controlled system was devised
the cells were injected wi th latent or temporate for swept-frequency measurements of absorption
viruses . This double-spiked nature of the Raman spectra of biolog ic specimens over a range of fre-
lines disappeared when BHI( tumor cells were Irra- quencies from 26.5 to 90 0Hz. Biologic preparation s
diated by microwaves at 76 GHz; the irradiation were held in a thin-walled (thickness less than
caused the cells to lose their oncogenic properties Xg/lOO at the center frequency) rectangular glass
but not their viability. The same loss of double- tube inserted through a nonra diating slot in the
sp iked Raman lines occured when l ysogenic bacterial narrow wall of the waveguide . The samp le , filling
cells were Irradiated at 70.5 OHs; however , many of the entire ç ross section of the waveguide , was of a
the prophages were induced , and l ysis of cells thickness on the order of one-tenth of the free-
resulted. The mechanism of prophage inductIon by space guide wavelength X9. Power levels that pro-
microwaves did not appear to be therma l as no signi- duced less than a 0.1 C temperature elevation during
ficant rise of temperature occurred, Irrad iation of a 2~’min period of irradiation were emp loyed. The
tumor cells resulted In loss of oncogenic characteris- incident , reflected , and transmitted powers were mea-
tic but not viability . These results indicate that sured , dig i tized , and stored at frequency intervals
latent viruses may be detected in vivo by microwave of 0.05 0Hz. The absorptio n of the sample was then
spectroscopy and that their effects on the behavior calculated and p lotted using an on-line X-Y p lotter.
of cells can be altered by exposure to microwave Measurements of the dielectric properties In this
radiation at specific frequencies, band of various biologic proparat ions are reported.

Absorption spectra are presented for relevant biol-
og ic compounds (water , proteins , DNA , RNA , etc) ,
biolog ic solutions (minimal essential med i um , sa line .
Luria broth , etc.), and cell suspensions (norma l
and transformed cells , bacteria , yeast, etc.) in

5353 MiCROWAVE EFFECTS IN L WOSOPH IL.4 MELANO— aqueous solutions. In addition , data concerning

GASTER (MEETING ABSTRACT) . (Fnii.) Dardal- biolog ic action spectra are presented on the
hon M. ; Berteauct , A. J. ; Averbeck , C. In: Ab— viability, growth , viral InfectIvity, and morpholoq~
st ra,~tI ’ of 1977 Tnt, ’r iz, it ional Sympoaii4n on the Biolo~i- 

of irradiated cells.
ia~1 

e ’f,~~ta of ~~~at rerma inet Waves. Sponsored
by The International Union of Radio Science S The
U. S. Commit tee for URS I , held at A i r l i e , VA on
October 30 , 1977-November 4 , 1977: pp. 25 ; 1977.
(0 refs)

5355 MEASUREMENT OF THE ELECTRICAL PROPERTIES
Ir rad ia t ion  of ‘,‘os, ’ri:: ’o ‘i, -~ ,t ni ’~,zstor ’ In the free- OF B IOLOGICAL LIQU IDS AT FREQUENCIES ~~~~

-

f i e l d  of m i l l ime te r  ( 73 0Hz) and centime ter (17 0Hz) TW EEN I AND 100 0HZ (MEETING ABSTRACT) . iv’ ;. I
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Biological Effec ts of No,,,oi,i,ing Eles -tro,,~,,q,i.’r,i -
CURRENT LITERATURE Radiation 11(3) , March 1918

Grant , E. H. In: Abotr ~zota -;f 19?? International respiratory interva ls between exposure period s and
:~ rr~’- - . ::~”: “: the l’ioloai,’z! b ff.’ota of ’ El~sctromag— preceding nonexposure periods were not s t a t i s t i c a l l y
i:,tio Wav,a, Sponsored by The International Union different. Exposure trends at the levels of species
of Radio Science & The U.S. Comm i ttee for URS I and of spec i mens were not apparent. Absence of ECG-
held at A i r l i e , V A on October 30 , 1977-November 4 , changes In intact animals contrasts w i t h  reports of
1977: pp. 27 ;  1977. (0 re fs)  bradycardia In hearts isolated for C’ . p i o f ;~ at an

SAR of 2 W/k g when exposed to CW , 960-MHz radiation ,
Techni ques for measuring the complex p e r m i t tlv i t y  It Is suggested that compensatory mechanism(s) may
of biolog ic f lu ids between I and 100 0Hz are de— be present In the intact anima l to prevent bra~ly-
scribe d, The principal constituent of biologic cardla , or brad ycardia may occur uni quel y in the
li quids , water , has an attenuation coefficient Isolated-heart preparation.
approximating 0.2—1 cm at 2.45 GHz , which increases
to more than 30 Cm 1 at 70 0Hz. The accompany ing
decrease in permittivity is from s8O to 11. These

5357 HEART-RATE MODIFICATION IN VIVO FROM I RRA-radica l variation s over a relative l y small range of
frequencies require the use of method s appropriate DIATION BY ELECTROMAGNETIC ENERGY (MEETING
to liquids of low or medium loss (depending on Ionic ABSTRACT) . (E’ng.) Elchert , E. S .; Frey , A. H. Ti: :

conductivity) at frequencies of a few GHz and , in Abstracts of 1977 International Symposium on

contrast , require traveling wave techniques sped - Biological Effects of  Slectrons2gnetic Waves. Spon-
fic all y devised for hig h-loss li quids at frequencies sored by The International UnIon of RadIo Science

near 100 0Hz. As an example of each type of tech- & The U.S. Committee for URSI , held at A i rlie , VA
nique , data were presented on blood at various con— on October 30, 1977-November 4, 1977: pp. 32; 1977.
centratlons of hemoglobin , as measured at 2 0Hz , (0 refs)

along with results for water , at 70 0Hz. The mea-
surements on blood were consistent with a hemoglobin Heart rate modification was studied in frogs (Rana

hydration (bound water content) of 0.35. The values pipiens) irradiated by pulse-modulated ultra hig h
of permittivity at 70 GHz showed that water at 0 C frequency (UHF) energy . One group of frogs received

has an infInite frequency perm lt tiv lty of 5.05 ± alternate 10-mm perlod s of sham exposure and expo-

0.03 and a Cole-Cole distribution parameter attenua- sure that was synchron i zed to produce radiation of

tion coefficient of 0.05 ± 0.015 that decreases with the heart during the rise of the R-wave of the elec
temperature , trocardlogram. Another group received alternate

10-mm periods of sham exposure and exposure that
was synchronized for radiation of the heart during
the T-wave . The fInal group was used as an absolute

5356 ABSENCE OF ECG AND RESPIRATORY CHANGES IN contro l and received alternate periods of sham
TURTLES AND TORTOISES EXPOSED TO MICROWAVE irradiatIon only. Modulated u1tra~hi qh-frequenc~FIELDS OF LOW DENSITY (MEETING ABSTRACT). (Eng.) energy at 1,25 0Hz with a peak power of 50 rrM/cm’-

Fianigan , W. F.; Lowell , W. R.; Seeiey, R. L . In: and a pulse width of 5 isec produced tachycardla
Abatraots of 1977 International Symposium on the when synchronized with the rise of the R-wave .
Biological Effects of Electronzzçnetic Waves, Spon- Results on T-wave synchronization were inconclusive.
sored by The InternatIonal Union of Radio Science
& The U.S. Co,isni ttee for URSI , held at Air l ie , VA
on October 30, 1977-November 4, 1977~ pp. 31; 1977.
(0 refs) 5358 INTERACTION OF THE N E U R O N  WI TH A LTE RN A T I N G

CURRENT FIELDS (MEETING ABSTRACT) . (v’~:.)
Six specimens each of chrysemus pic ta (all females; Mus il , J. In: Abstracts of 1977 International
15,4-16.5 cm in length) , Gop herus agassiai ( I  male, Symposium on the Biologica l Ef f ects  of
5 female; 17.2-24.2 cm), and Terrap ene car ’olina (4 netic ktzves. Sponsored by the International Union
male , 2 female; 14.7-17.0 cm in length) were Implanted of Radio Science & The U.S. Committee for URS I , held
with carbon-loaded Teflon electrodes for monitoring at A I r l i e.  VA on October 30 , 1977-No vember 4 , 1977:
of electrocardiogram (ECG) and respiration. Elec- pp . 33; 1977. (0 refs)
trode tips were inserted 2-3 mm between upper shell
and underl y ing soft tissue , Fol l owing recovery, To investigate the possibility of a direct inter-
animals were restrained and IndivIdua ll y exposed to action of electromagnetic waves and the neuron , a

• continuous wave (CW) or to pulsed wave (P14) 960-MH z method was devised to stud y properties of the cell
fields (

~ paral lel to spIne) at peak r’ower densities by means of models that treat the cell as a geome-
of 0.1 mW/cm2 (0.01-0.06 W/kg specific absorption tr lcally closed formation with distributed parameters.
rate. SAR), 3.0 m W/cm2 (0.4-1.6 W/kg), 7.0 mW/cm 2 Specific properties of mono- and poly-frequency
(0.9-3.8 14/kg), or 10.0 mW/cm2 (1.3—5.5 14/kg). responses were ver l fied experimental ly. The proper-
Groups of six animals (two/species) were randomly ties were expressed In a form that permited dete r-
assigned to exposure periods of either 5, 30, or mination of equivalent circuits.
90 m m .  Half of each group (one/species) was
exposed to CW and half to PW radiation ; 24 hr later ,
exposure condition was reversed . Exposure periods ,
each at a hi gher power level , were preceded by non- 5359 THE EFFECT OF ELECTROMAGNETIC ENERGY ON
exposure perIod s of the same duration , AnImals were SPONTANEOUS CONTRACTIONS OF SMOOTH MUSCLE
habituated to restraint for 1 hr prior to the InIt I al (MEETING ABSTRACT). (~n:.) Whltcomb , E. R.; We ll ,
nonexposure period , Averaged heart rates and inter- C. M. in: Ahstr,:’ta of i~~~” .‘ v j ( , ’t ’n~ fi r ’to , S~1ri 1- ,’miur:
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Biological Effec ts of Nonioi,izi~ig Elect ron ’ags ,er,
Radiatso,, 11(3) March t978 CURRENT LITERATURE

0’: the ’ Riclo,qicczl -~;‘f. - ’ta or ’ Elcc tromo,qneti ’  Waves. These observations IndIcate that exposure to micro-
Sponsored by The Internationa l Union of Radio Science waves can stimulate thyroldal activity and can
& The U.S. Committee for URS I , held at Air l ie , VA suppress secretion of thyrotrop ic hormone throug h
on October 30, 1977-November 4, 1977: pp. 36; 1977. an “open-loop” mechanism as part of therrnoregulatory
(0 refs) activity.

The effect of radio frequency electromagnetic energy
on the rate of spontaneous contractions of smooth 5361 EFFECTS OF HYPOPHYSECTOMY AND DEXAMETHASONE
muscle of isolated rat gut was measured, A segment ON THE RAT’S ADRENAL RESPONSE TO MICROWAV E

of the duodenum was suspended In a 1O—m l p lastic IRRADIATION (MEETING ABSTRACT) . (l’r:~. ) Lotz , W. 0.
tube that was mounted in a capacitive-p late exposure- Michae lson , S. M. rn: Abs trac ts of ix’ ” ?n t c ~’sa-
device that operated at 1 OHs continuous wave . The tiona l Slimpos ium on the ! it ’o?o~: , - -o ? Ef fectr i  of Els o-

gut segment was continuously bathe d with modified trc i?lckr:e t ic Waves. Sponsored by The Internationa l

Ringer ’s solution (pH 7.5, at 35 C) with a flow of Un i on of Radio Science & The U.S. Comittee for
40 mI/m m as pumped from a 400-mi reservoir. The URS I , held at A i r l i e , VA on October 30 , 1977-Novem-
preparation was equ i l ib ra ted in Ringer ’ s so lut ion ber 4, 1977: pp. 38 ; 1 977. ( 0 refs)
for 1 hr at 7 C and 1 hr at 36 C prior to recording .
Gut segments from four male adult rats were used at In an attempt to determine if microwave-induced

each exposure level. The energy absorbed by the increases in p lasma cortlcosterone of rats are due
medium was calculated by measuring the temperature to a primary stimulation of the adrenal g land ,

rise of the Ringer ’s selutlon In the plastic tube. hypophysectom i zed and dexamethasone-pretreated
Expr’sures were made at specific absorption rates of rats were exposed to 2 ,450 MHz continuous wave
0.8, 1 .7, and 3.6 nM/g . For each trial , 500 con- radiation . The animals were exposed in the far
tractions were recorded with the microwave generator field of a horn antenna for 60 mm at 50, 60, or
in a stand-by poslt on. This was followed by mea- 70 mW/cm 2 , w ith corresponding averaged absorpt ion
suring 500 additional contractIons during radiation rates of 8.0, 9.6, or 11.2 14/kg. Imm ediately after
at selected intensities. I sometrIc contractions exposure , the rats were decap itated; blood was
were monitored by a Statham transducer and were collected ; and co lonic teilperature was measured.

recorded on magnetic tape. A data retrieval corn- Plasma samples were assayed for corticosterone .
puter was used to plot the rate of contraction as The increases of corticosterone that were present
an interval histogram pattern (IHP). The IHP5 did in intact and sham-h ypophysectomized rats after a

not Indicate any si gnificant difference between the 60-mm exposure at 60 mW/cm’ (9.6 W/kg) were totall y
rate of contraction during the contro l and exposure absent in hypophysectomized rats. The effect of
periods. Therefore , exposure of Isolated rat gut dexamethasone on the corticosterone response to
to radio frequency radiation did not produce a a 60-mm exposure at 50 mW/cm 2 (8.0 W/ kg) depended
measurable effect on the spontaneous rate of smooth on the dose of dexamethasone, Admin is t ra t ion of
musc le . 5.6 or 10.0 ig/100 g of body mass effectively

blocked the increases In corticosterone that were
observed in sham-Injected rats.  The resu l ts
indicate that the adrenal g land is not primarIl y

5360 EFFECTS OF MICROWAVE RADIATION ON THE RAT’S stimulated by microwave exposure but Is stimulated
PITUITARY-THYROID AXIS (MEETING ABSTRACT). secondarily by adrenocorticotrop ic hormone that

(Eng. ) Lu , S-T . ;  Lebda , N.; Michaelson , S. N. In: is secreted durIng exposure to mIcrowave radiat ion .
Abstr acts of 1977 International Sy?rq~oaiwn on the
Biological Effects o~ E lectromoqneti-o Waves, Spon-
sored by The International Union of Radio Science 5362 GROWTH HORMONE LEVELS OF RATS EXPOSED TO
& The U.S. CommIttee for URS I , held at Airlie , VA 2450-MHZ (CW) MICROWAVES (MEETING ABSTRACT 1 .
on October 30, 1977-November 4, 1977: pp 37; 1977. (Eng. ) Lotz , W . G . ;  M ichaelson , S.  N .; Lebda , N. J,
(0 refs) In: Abstracts of 1 7 T  Ts : t i -r ~a t f ~’na 1 : : ‘ ~7 osi,e- ”;

the :iiolo~icaZ Eff’ects of ’ F ’otroizo’.,-: f~’
Young adult rats (after acclimat ion to experimental Sponsored by The International UnIon of Radio Science
procedures) were exposed to 2 ,450-MHz continuous & The U.S. Commi t tee  for URSI held at A i r l i e , VA on
wave radIat ion at I to 20 mW/cm 2 for 1 to 8 hr. The October 30, 1977-November 4, 1977: pp. 39; 1977.
increase In colonic temperature of ra ts  was found (0 refs)
to be the most sensitive parameter measured , Eleva-
tion of temperature was observed in rats after Growth hormone (GM) was measured in plasma samp k-s
exposure at 1 mW/cm2 for 4 hr. Circulating thyro- obtained from unanesthetized -,de rats exposed to
tropln (TSH) levels were depressed in rats exposed 2,450-MHZ continuous wave radiation . The rats were
at 10 mW/cm2 for 1 or 2 hr. However , the depressIon exposed in the far field of a standard gain horn-
did not a f fec t  levels of c I rcu la t ing thyroxine (T5 ) antenna for 30 or 60 m m at power d e n s i t i es  of
after as much as 8 hr  of exposure at this power 0, 13, 20, 30, 40, 50, or 60 mW/cn~

’ , or for 120 mm
densi ty .  Rats exposed at 20 mW/cm 2 showed lowe r at 0 , 13, 20 , 30 , or 40 nW/cm ’, The averaged energy
TSH l e v e l s  than sham-exposed rats after 2 and absorption rate , as measured calorimetricall y with
8 hr of rad ia t ion .  The lower TSH l evels were a 290-mi water load , was 0.16 W/Lq absorbed per
accompan ied by T, depression a f t e r  4 and 8 hr mW/cm2 of IncIdent radiation. l mmt ’diately after
exposure. Increased TSH levels were not ob- exposure , the rats (four exposed and two controls)
served . However , there was a transItor y Increase were decapitated ; their blood was collected ; and
In ‘F,, levels in rats exposed at 1 mW/cm2 for 4 hr. colonlc temperature was taken. OH wa s • l s s a v e s t  by
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fisological L lie s 0 of No,sso,,, i, ’s q ( Is ’ (5015

CURRENT LITERATURE Radsat,,,n //s3 1 Mars -I, 7918

radloimmunoassay . Significant increases in colonic POWER (MEETING ABSTRACT) . (t’::.) Fern , E . 5 - :
temperature of the exposed rats were observed after Foti , N. E. 0. Tn: Abstracts ‘f 7~/ i ’ ‘:t r,::’ -:
a ll exposures of 13 mW/cm ” or greater;  larger :~~ ‘~ ‘ ‘ ss i u r :  ‘s: the !l:’? I ’ ‘a? ~~~ f
i ncreases were seen at each successivel y greater ‘:,-t~ 5 ’ W~u ’- ss . Sponsored by The Internat io nal Unio n
power density. For 30- and 60-mm exposure, GM of Radlo Science & The U.S. Committee for URS I , hel d
l evels were lower than control values onl y at 50 at A i r l i e , VA on Oc tober 30, 1977-November 4. 1977:
and 60 mW/cm2 . For 120-mm exposure , OH levels pp . 41; 1977. (0 refs)
were lower than those of controls a f ter  exposures
at l3mW/cm or hi gher , wi th progressively lower The potential risk of lent l cular damage followinq
OH val ues observed at each successivel y grea ter continuous microwave exposure was compared to t ha t
powe r dens i ty .  W i t h  respect to exposure duration , resul ting from pulsed microwave irradiation . The
OH levels showed a trend toward lower values with cataractoqenic threshold In response to puls ed
lonqer exposure durations at each power density microwave radiation at hIgh peak low average paws’s’.

13 mW/cm ’. In contrast , the OH levels of control and at a frequency of 2.9 OHs was ascertained .
ani ma ls  were higher after 120 mm than after the The threshold was compared to that obtained at a
two shorter duration s of sham-radiation. Tt,e frequency of 2.45 0Hz of continuous wave radiation ,
effec ts of microwaves on OH-levels were , In general . There were no significant difference s between
physiologicall y analogous to the influence previously thresholds. It appears that no greater hazard to
reported on the p lasma corticos terone levels of rats . the eye Is associated with radiation delivered via

the pulsed mode as opposed to the cont inuous. A
correlat ional  ana lys i s  of three frequencies and

5363 EFFECTS OF HANDL I NG AND SURGICAL TREATMENT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
OF CONVULSIVE LATENC IES AND MORTALITY OF focused microwaves behind a dielectric lens at a

TUMOR-BEARING RATS TO 2450-MHZ MICROWAVE RADIAT I(’N frequency of 2.9 0Hz was contrasted with that
(MEETING ABSTRACT) . ‘n:,) Jus tesen , D. R. ; obtained at 2.45 0Hz and 10 0Hz . Results further
~~ r an t z , R. A . ;  C lark . N.; Reeves , D. ;  Ma t hews , N. support the previous experImental conclusIon that

I 1;(
~~~ ? - , tt ’rnat:~ma? Symposlw tt catarac togen ic poten t ia l  va r i es  invers e ly wi t h

tne :” :o ? ’ 7 : 1 ’a? F’f ’,’ ’t r s  of Electro ~~netic Waves, microwave frequency .
Sponsored by The InternatIonal Union of Radio Science
& The U.S. Committee for URS I , held it A i r l i e , VA
on October 30 , 1977-November 4, 1971: pp. 40; 1977.
(0 refs) 5365 RADIOFREQUENCY RADIATION DOS I METRY HAND-

BOOI( : DESCRIPTION OF THE SECOND EDIT ION
HyperthermIa as Induced by 2 ,450-MHz whole-body (M EETING ABSTRACT) . (En.;. Durney , C. H .; Johnson ,
radia tion in a multi-mode cavity is being assayed C. C .; Barber , P. W . ; Massoud i , M.~~~~’::as an expe rImental treatment of a surgical ly-seeded ‘ - ‘ T, : t -, ’s ~ ; ;  ~~~~ ~~~~~~~~~~~ -neop lasm in the brain of the Fischer-2-1s4 rat. The ~~“o’to 0 ” F? c ,’trcrs ,or ,Y

~ 

, ;:‘,-a . Sponsored by
ai m of this study was to produce the maximal eleva- The International UnIon of Radio Science & The U. S .
t ion of brain temperature tha t is compat ib le  w I t h  Commit tee for URS I , he ld at A i r l i e , VA on Octobe r
surviva l and non-debili tation. Sixty mature male 30, 1977-November 4, 1977: pp. 44; 1977. (0 rc~s)
rats were assorted in equal numbers to 1 of 12
poss ible t reatments  in a randomized factor ia l  study The f i r s t  ed i t ion of the Radlofrequency Rad ia t i on
that control led for handling (minimal handling ver- Dosimetry Handbook includ~T~~ec i f l c  absorption
sus seven da i l y  periods of “gent l ing” and exp lora- rate (SAR) data as a function of frequency for a
tion of inert cavity) , radiation (0 or 100 rnW/g variety of experImental animals and humans under
dose rate) , and surg ica l treatment (cage contro l vs. various configurations both for plane waves and for
surgery w Ith implanting of vehicle only vs. surgery a l imi ted number of non-plane-wave f i e l ds .  A second
wi th imp lan ting of malignant gl i o ma). The primary ed ition of the handbook w i l l  include exper imenta l
end-point was latency-to—convulsion . Secondary data , modelin g, ex tended frequency range , sca ttering
end-poin ts were body temperature, mor tality , and effects , data on biolog ic response to heating , and
hyg ienic status of the an i mals is Indexed by body ground-p lane effects,
mass, It was found that wh i le  handling re l iab ly
reduced v a r i a b i l i t y  of co nvulc ,ve latencies of caged
anImals . i t combined with th c stresses of surg ical
treatment and radiat ion to produce severe debi l i t a -  5366 A TECHNI QUE FOR CALCULATING ABSORPTION OF
tion. Additionall y, acu te mortality from radIation RADIO-FRE QUENCY IN MODELS OF MAN AT AND
was zero in caged controls but approximated LD50 in ABOVE THE RESONANT FREQUENCY (MEETING ABSTRACT) .
surgi ca l l y treated ra ts .  The Imp l Icat ion of these (Eng.) I skander , N. F.: Durney, C. H,; Barber , P.
findings is that the stresses of near-concom i tant W. ; Massoud i , H. ‘:: .l ! s s t s ~ t ’ fs ’ ~t’ “ ‘ ‘

hand l m a ,  surgery , and r,td Ia t Ion are add i t i ve ;  the 1 t~~naY ::,“,~‘,‘n;:a’~~”: the Pt ’lc ’n, ’t?  E ” ’ ,- ,’t .-s - i ’ 1 , ’ , - . ’—
p rac t i ce  of “gent ling ” can mar kedly l imi t  the t(’s”~t.i,t,~ f~~’ Wa:’’:s. Sponsored by The Internation al
therapeutIc dosage of radiation . Union of Radio Science & The U.S. Committee for URS I .

held at A i r l i e , VA on Oc tober 10, 1977-November 4,
1977: pp. 45; 1977. (0 refs)

~364 CATA RACTO G EN IC RESPONSE OF RABBITS TO A technique to c a l c u l a t e  absorpt ion ~ f ra d i o  t r o ~~si, - ’ s 5 ~
PULSED MICROWAVES OF HIGH-PEAK LOW-AVERAGE energy by a nonsphenical model of man i s  sirs, r i h , -d
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B~oIogical Effects of Nonionizing Electrosssagnetsc
CURRENT LITERATUREAadiat ,on #1(3). Mars-h 1918

The technique is based on combining an anticipated absorption cross-section and for the interna l distri-
solution with the extended-boundary-condition method bution of absorption rates are presented for spheroids
(EBCM) . By utilizing an improvement in the conver- radiated by plane waves at and near resonant freguen-
gence of the solution , the size of the matrix is d es.
reduced , and the ill-conditioning encountered at
and above resonance is avoided, The required Initial
approx imation can be obtained eithe r from asymptotic
techni ques (e.g., geometric optics , Go) or from any 5368 INDEXING ABSORPTION OF ELECTROMAGNETIC

other anticipated solution. The solution for an ENERGY BY BIOLOGICAL OBJECTS WITH PROLATE

Infinite cylinder , which agreed well with the GO SPHEROIDAL MODELS (MEETING ABSTRACT) , (Eng. ) Lin ,

solution at higher frequencies and with experimental J. C.; Wu , C-L . Tn: .4bs traetc of 1977 Intc ’rna. ’

results at Intermediate frequencies as the InitIal tt.0n521 S~nrp omiwn on the 5ioto~iica Z Effeots of
approximation was calculated . On the basis of this E’Zectronsagnetic Waves. Sponsored by The Interna-

initial assumption , an integral equation in terms tional Union of Radio Science & The U.S. Committee

of the equivalent currents on the dielectric surface for URS I , held at Ai r ll e , VA on October 30, 1977-

was derived and reduced to a system of matrix November 4, 1977: pp . 47; 1977. (0 refs)

equatIons using the orthogona lity relations .
Although the main matrix resembled that obta i ned Results are presented of computer calculations that

using the strai ght-forward EBCM , tests using two made use of an expansion of the spheroidal wave

different methods revealed that by Improving the function for wavelengths to and including the f i r s t

convergence by about 20 to 3O~ , the ill condition reasonant frequencies. The results may serve as a

of the matrix could be avoided . Numeric results guide for extrapolating data from laboratory animals

for the averaged specific absorption rate for a to human beings , particularly with regard to peaks

nonsph erical model of man at and above the resonance and averages of absorbed electromagnetic energy .

frequency are presented graphically and are compared
with available experimental data . In the frequency
range where no data were available for comparison , 5369 APPLiCATION OF IMPEDANCE-BOUNDARY CONDI-
the off-center test of validity was emp loyed to TIONS IN PROBLEMS OF MICROWAVE DOS I METRY
check the accuracy of the numeric procedure. (MEETING ABSTRACT) . (En~-~.)  Tay lor , 1. S.; Dao , T.
Advantages of the method as well as other po ssib il- H. In: Abstracta of 1977 In terna t ( ’na ? Sympos ? w’t
it lee to improve its convergence for use at yet ,o~ the Biolog ica l Effects of Electromagnetic Wavee.
higher frequencies are discussed . Sponsored by The Internat ional  Union of Radio

Science & The ILS. Committee for URSI . held a t
A i r l ie , VA on October 30, 1977-November 4, 1977:

5367 ABSORPTION CHARACTERISTICS OF A PROLATE pp. 48; 1977. (0 refs)
SPHEROIDAL MODEL OF MAN AT AND NEAR RESONANT

FREQUENCIES (MEETING ABSTRACT) . (E.’ng. )  Lee , H.; The mathematical basis and validity of approximate

Tr i pathi , V. K. In: Abatra cta of 1977 International Impedance-boundary condit ions in microwave dosimetry

Sysmpo at’um on the Biologs.’cai E ’ffecta of F.’Zectronr.zgnetic problems are briefly reviewed , and the technique

Waves. Sponsor3d by The International Union of Radio of app lication is discussed . The use of the method

Science & The U.S. Comelittee for URSI , held at Ai r l ie , is illu strated by comparing the results obtained

VA on October 30, 1977-November 4, 1977: pp. 46; from the approximations with those obtained from

1977. (0 refs) complete solutions of Maxwe ll’ t equations in several
cases , including point and line sources irradiating

An alytic and numeric techni ques were used to solve iossy dielectric half-spaces and p lane waves irra-

for absorption characteristics of a prolate spheroida l diating lossy d5ele ctr fc spheres and cylinders at

model of man tha t consisted of homogenous biolog ic arbitrary angles and polar izations. These anal yses

tissues as Irradiated by p lane waves at an arbitrary are then emp loyed to derive a number of rule-of-

ang le of incidence at and near the resonant frequen- thumb conclusions with regard to the deposition of

cies. The problem was formulated by expanding the microwave energy in biologic systems via geometries

internal and scattered fIelds in terms of spherical in which no exact solutIons are available. These

and spheroIdal vector-wave functions. The interna l conclus ions are compared with the results obtained

fields were then calculated by app l ying the boundary from thermographic measurements of microwave absorp-

conditions and utilizing suitable techni ques for tion by phantom loads.

computations. In terms of the spherical wave func-
tions , solutions were obtained by matching the
boundary conditions and combining the point-matching
techni que with a least-squa re fit for better accu- 5370 GEOMETRICAL’-OPTICS AND EXACT SOLUTIONS FOR
racy. The accuracy of the computation s was verIfied INTERNAL FIELDS AND SARS IN A CYLiNDRICAL
by solutions that computed goodness-of-fit of boun- MODEL OF MAN AS IRRADIATED BY AN ELECTROMAGNETIC
dary conditions but at points other than those used PLANE WAVE (MEET!NG ABSTRACT) . (Eni.) Massoud i , H .;
to obtain coefficients. in terms of the spheroidal Durney, C. H.; Johnson , C . C. Tn: Ab~traote 1(~

wave functions , the numeric solutions were obtained 1977 Internat icna l Sytsrp oa ium on the Bio ’ ’~7i’-; ’

either by the point-matching technique or by defining Effec’ta of Eteotrs’rss-tgns’tic Wat’,’:s . Sponsored by The
aux i l i a r y  sphero idal-ang le functions tha t resul ted InternatIonal Union of RadIo Science & The U.S.
in coup led simultaneou s equations for the coefficients Coninittee for URS I , held at Air l ie , VA on October
of expansion . Numeric results for the re la t i ve  30 , 1977-November 4, 1977: pp. 49; 1977 . (0 refs)
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Biological Effects of Noissonizing EIeetroni~~ neru-
CURRENT LITERATURE Radiation 11(3), March 1918

A geometric-optics approximation was used to calculate 5372 SOME RECENT RESULTS ON DEPOSITION OF ELEC
the specific absorption rate (SAR) In cy lindrica l TROMAGNETIC ENERGY IN ANI MALS AND IN
models of man and of experimen tal animals that were MODELS OF MAN (MEETING ABSTRACT) . (Eng.) Gandhi ,
irradiated by an elec t romagnetic plane wave at  h igh 0. P.;  Hagmann , M . J. In: .- ‘e~r~~ts of 1971 ‘ s ’ t c r —
frequencies. Comparison of the results with those national Synrposi tcn on t/:c Biolog ical b ,ff’e’ts of
for prolate spheroidal models showed that the relative Electromagnetic Waves. Sponsored by The In terna-
absorption cross section of the prolate spheroidal tional Union of Radio Science & The U.S. Committee
and cylindrical models of man are essentially the for URSI , held at Airlie , VA on October 30, 1977-
same at frequencies above 20 GHZ. The exact solution November 4, 1977: pp. 51; 1977. (0 refs)
is g iven for the SAR In a iossy, infinitely long
cylinder tha t was exposed to an electromagnetic Results on deposition of e lec t romagnet ic  energy
p lane wave in which the vector of the E-f ield was in animals and models of man are presented . Fre-
either perpendicular or parallel to the cy linder ’s quencies at wh i ch Individua l parts of the body,
long axis. Curves are presented tha t show the SAR such as , the arms and the head are at resonance
as a function of frequency for cylindrIcal model s of were ident ified. For the first (geometric) reso-
man and of an i mals, Comparison is made with a com- nance of the head at 470 MHz, 4,5 times the averaged
poslte curve that was calculated from data on prol ate va lue for the rest of the body was measured which
spheroids and from other experimental and theoretic corresponded to an absorption cross-section 3.1
data. The exact solution for the SAR of a cyl in- times the physical cross-section . The experimental
drical model of animals and humans appears to be a values agreed with numeric calculations based on
good approximation at a range of frequencies just a r e a l i s t i c  model of man. The frequency for maxi mal
below the limit of geometric optics , therefore energy deposition in the arms was 150 MHz with an
providing a means for calculating ARs within a range absorption cross-section 2.3 times the physical
of frequencies where calculations were not previousl y cross—section. For certain length-to-width ratios ,
available , the enhancement in energy deposition was 3O-4O~

hig her than that for reflectors of infinite dimen-
sions. These supergain combinations can exist for
all corner ang les between reflectors. Enhanced
specific absorption rates (SARs) due to prox-
imi ty to other biolog ic bodies were observed

5371 ENERGY ABSORPTION BY BIOLOGICAL MODELS: for two resonant , su bresonant or supraresonant
CALCULATIONS BASED ON GEOMETRICAL OPTICS targets close to one another. It was found( ME E T I NG ABSTRACT) .  (Eng.) Rowiandson , C. that antenna theory may be used accurately to

Barber , P.  W. In: Abstracts of j~) 77 Internationa l predic t SARs . For two ta rge ts  separated by 0.65
on the Bto log ica l Effects of Electrosnag— to 0.7 A , the hig hest SAR , which was 1 70% of thenetl. Waves. Sponsored by The International Union free space value , was experimentally observed forof Radio Science & The U.S. Committee for URS I , anesthetized rats and for models of man for the

held at Air li e , VA on October 30, 1977-November ~ I orientation. Hi gher enhancements of the
1977: ir .  50; 1977. (0 refsi SAR by factors as large as 2.5 are anticipated for

the Interposed bodies of three or more targets.
A technique based on geomet’ Ic optics was used to
calculate absorption characteristics for a prolate
spheroidal model. The results provided asymptotes
to w hich data on absorption at lowe r frequencies
could be related. In the geometric—optics formula-
tion , the surface of the prolate spheroid was
approximated by small planer subareas. Parallel and 5373 NUMERICAL CALCULAT I ONS OF ELECTROMAGNETIC
perpendicular components of the incident wave were ENERGY DEPOSITION IN A REAL I STIC MODEL OF
determ i ned for each subarea and a transmission MAN (MEETING ABSTRACT) . (Enij.) Hagman , M. J.;
coefficient was calculated for each component. Gandhi , 0. P.; Durney , C. H. I n :  Abstracts o~

’

The energy transmitted into each subarea was 1977 Internationa l Symposium on t he Biolo~ji~ s
assumed to be completel y absorbed due to the small Effects  of E~eotromagnctio Waves. Sponsored by
skin depth of lossy b ologic bodies at millimeter The International Union of Radio Science S The U.S.
wavelengths. The total energy absorbed by the Coninittee for URS I , held at  A i r l i e , VA on October
prolate spheroid was found by s unwning over all 30, 1977-November 4 , 1977: pp. 55; 1977. (0 refs)
subareas. Extensive validity testing for spheres
wi th a rad i us equal to the minimum radius of A realistic model of man was obta i ned by using 180
curvature of a man-sized prolate spheroid Indicated cubical cells of various sizes for best-fit to the
that the techn i que is applicable for frequencies contour of the 50th percentile “standard man ,”
at and above 60 GHz . Computer-generated results Anatomic cross Sections were used to determine the
for different angles of incidence IndIcated a volume fraction of eleven types of tissue in each
reversal of the behavior seen at lower frequencies, cell. Published properties of the tissues were used
The results also indicate a sl i g ht increase in rate to calculate the volume-we ig hted complex permittivit y
of energy absorp tion with increasing frequency. The of each cell , A moment-method solut ion of the
Increase was attrIbuted to the decrease In permit- electric-field integra l equation with a pulse-
tivity with increasir .g frequency , which effectivel y function basis and delta functions were used for
resulted In a better impedance match between the testing . Numeric solutions previously reported had
spheroid and the surrounding free space. a ratio of 239:1 for energy deposition in one pair
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of adjacent cells at 10 MHz, The arrangement of Such ratios were typicall y within l6~t of the
cells in the present model caused the maximum ratio calculated values of enhancement of SAR due to
of energy deposition in a pair of adjacent cells reflector effects if man was near the resonant
to be 8:1 at the same frequency. Reduced ceil-to- frequency. Numeric results for man at frequencies
cell variation improved the accuracy of the pulse- above resonance also are presented .
function approximation . Accuracy was further
improved by using a three-dimensiona l interpoiat ion
w i t h  the ~ values i n i t i a l l y  ca l cu la ted  for each
cell to account for some of the variaUon of ~ 5375 INDUCED EM FIELDS IN HUMAN BODIES AND
within each cell, The interpolated value was inte- HEADS (MEETING ABSTRACT) . (E~~

q . )  Chen ,
grateJ in calculating t’ie specific absorption rate K-M .; Mousavinezad , H.; Rukspol imuang, S.: Nyquist ,
(SAR) . Calculations using the mode l with the D. P. In: Abstracts of 7 P 7 ?  l s ; t c i ’n : t i o s u ; .  ~~~~~~~
homogeneous approximation of two-thirds the com— B~.Wfl on the Sioiog ’i ’ ; l l- f j ~-o- ’ s ~~“ ~i,’~~(I’ ,rkl :s;, tic
plex perm t t ivity of muscle gave SAR values within Waves. Sponsored by The International Union of
20% of value s calculated for prolate spheroid and Radio Science & The U.S. Committee for URS I , held
ellipsoid models. Unlike earlier numeric models , at A i r l ie , VA on October 30, 1977-November 4, 1977 :
the di stribution of energy deposition agreed well pp. 57; 1977. (0 refs)
w i t h  that found experimental ly for homogeneous
phantom mode ls.  When the inhomogeneous complex The Internal e l e c t r i c  f i e l d  and the s p e c i f i c  absorp-
p e rmit ti viti es were used with the model , a change tion rate (SAR) of electromagnetic (EM) energy as
of less than 2~ occurred in SAR , but the distribution induced by EM waves up to 500 MHz in a realistic

of energy deposition was changed. Figures showing mode l of man were theoreticall y quantified based on
the calculated distribution of SARs in the model the numeric solution of a tensor integra l equation.
are presented. Theoretic results were compared with existing

experimental results and with a measured electric
field In a scale model as determined by an insulated
electric—field probe . The interna l electric field

5374 NUMERICAL CALCULATION OF ELECTROMAGNETIC and the SAR induced by microwaves in a mode l of the
ENERGY DEPOSITION IN MODELS OF MAN WITH human head , which included the eyes and the brain ,

GROUNDING- AND REFLECTOR-EFFECTS (MEETING ABSTRACT) . also were quanti f ied . The SARs in the eyes and in
(Eng. ) Hagman , M. J.; Gandhi , 0. P.; Ourney, C. H. the brain were found to be lowe r than tha t i n  the
T,,.: Abstracts of 1977 Internationa l Sympoaiusn surrounding bony structure at the microwave range.
on the Bio logical Effects of Electromagnetic WaveB. The accuracy of numeric resu l ts  was checked w i t h
Sponsored by The International Union of Radio Science Stratton ’s exact solutions of irradiated homogeneous
& The U.S. Conunlttee for URS I , held at Air l ie , VA dielectri c spheres.
on October 30, 1977-November 4, 1977: pp. 56; 1 977.
(0 refs)

Image theory was applied to calcuiate rates of 5376 FAR-FiELD MICROWAVE DOSIMETR IC MEASURE-
deposition of electromagnetic ene rgy  i n  a realistic MENTS IN A MAN-SIZE PHANTOM (MEETING
model of man in the presence of a ground or ref Icc- ABSTRACT). (E ng .)  Olsen , R. C. In: Abetra cts
tors. The ground p lane or reflectors had perfect of 1977 International Synrpo sium on the Biolog i.’; ’
conductivity and infinite extent , Moment-method Effects of Electromagnetic Waves. Sponsored by
solutions were found for the electric-field Integral The International Union of Radio ScIence & The U.S.
equation using a pulse function basis and delta Conmittee for URSI , held at Air l ie , VA on October
functions for testing. The resonant frequency of 30, 1977-November 4, 1977: pp. 60; 1977. (0 refs)
man standing on a ground p lane was one—haif that
of man in a free field. The specific absorption Measurements of microwave heating were made in a
rate (SAR) of man on the ground plane at the reduced full-size , uprig ht model of the human being . The
resonant frequency was within 2% of the SM for model , encased in and Supported by a two-part mold
man in free space at the free-field resonant fre- of polyurethane , was composed of simulated muscle
quency. At 10 MHz, the SM for man standing on a and bone. The phantom muscle was composed of a
gr~und plane was about seven times that found for ge ll ing agent , NaCI , polyethylene powder , and water.
the same model in the free field. The factor of The major bones of the body were simulated by resin-
enhancement In local energy deposition due to based molded rep licas of human bones. The phantom
grounding varied throughout the model and had a was p laced in the far-field of a standard gain horn
maximum of about 60 in the area of the heel , ins ide an anechoic chamber. Initial rradiation s
Experimental results with phantom models and numeric were In the L-band (1.29 GHz); the source of pulsed
calculations revealed the SAR at differe nt frequen- microwave energy was a military radar unit (AN/TPS-
d e s at various separations from the ground plane. IC). The averaged power density of incident energy
At 65 MHz the computed SAR was 4.87 time s the at the phantom and along the horn ’ s axis was approx-
free-field value when man was 0.1875 wavelengths imately 14 mW/cm2. A smal l , nonmetallic tempera-
in front of a flat refiector and 16.6 time s the ture probe was Inserted into the phantom at various
free-field value when man was 1.5 wavelengths in locations and depths . During irradiation , the time
front of the axIs of a 900 corner reflector, course of temperature changes was recorded to
Antenna theory was used to calculate the ratio of provide for calculation of microwave dose-rate at
effective area of a half-wave dipole with a the probe ’s location. Irrad lations of 10 mm or
reflector to that of the dipole In the free field , less produced elevations that were less than one-
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half a Celsius degree. Initial results revealed a The lowest power density at which radiation was
predominant heating of the front surface with an detected by a rooster was 7 mW/cm2 a t 775 7-IN:.
unejen pattern. Microwave heating occurred at
depths to 6 cm , bu t most of the incident energy
was deposited within the first 2 cm of the phantom ’s
frontal surface. 5379 THE NUMBER AND SPACING OF ANIMALS SIMUL-

TANEOUSLY EXPOSED TO MICROWAVES IN A FREE
FIELD AFFECT THE DOSE RATE (MEETING ABSTRACT). (~n;.)
kinn , J .  B .  In: Abetract a of 1977 internat ional

5377 DEVELOPMENT AND USE OF A CALORIMETER TO Synrposium on the Biological Effects of EZee~romag-
MEASURE SPECIFIC ABSCRPTION RATES IN SMALL netic Waves. Sponsored by The International Union

LABORATORY AN I MALS (MEETING ABSTRACT) . (En g .)  All e n , of Radio Science & The U.S. Conin i ttee for URS I , held

S. J.; Hur t , W. 0. In: Abstracts of 2977 Internation— at Ai r l l e , VA on October 30. 1977-November 4, 1977:
.~~~ Sy ’nr osium on the Biological Effects of Electra- pp. 63; 1977 . (0 refs)
magnetic Waves. Sponsored by the International Union
of Radio Science & The U.S. Coirteittee for URS I , held Whole-body absorption of energy was measured i n  m ice

at A i r l i e , VA on October 30, 1977—November 4, 1 977: and rats exposed either to 2,450-MHz or to 425-MHz
pp. 61; 1977. (0 refs) radiation . Dosirnetric measurements were made with

twin-well calorimeters on mice exposed to 2,450-MHz
Two types of mul t ip le-cel l  ca lor imet r ic  systems were radiat ion in an anechoic chamber. Spec i f i c  absorp-
constructed—one for mice and one for rats—to measure t ion rates (SAR5) for rats exposed to 425-MHz
specific absorption rates (SAR) i n  sm ail laboratory f i e l ds  in a ( t ransverse  e lec t romagnet ic  mode trans—
animals , Thermistors were used to monitor a cab — mission line (Crawford cell) were determined by
rimeter ’s temperature. The current passed by ther- power meters and by calculating the differences
m i s tors was read out through a Mon i tor Labs Model- between forward , reflected , and transmitted power
1200 scanner usin g a Data Precision Modeb-3500 over intervals of time . For the 2,450-MHz exposures ,
di g ital multimeter with a BCD Output fed into an mice were located in rectangular ar rays of e i ther
H.P. Model 983OA computer. The system was small , 4, 9, or 25 animals with the separation-distance
relatively inexpensive and provided automatic between animals halved for each increase in number
ca l i b ra t i on  of thermistors , prec ise measurement of of animal.  The averaged SAR va lues for the di f ferent
temperature , and a printout of whole-body SAR of arrays were then compared. A posItional dependence
each animal. Design and construction of the six- of dose rate was found to exist irs the Z5-mouse
well calorimetric system is discussed . Experimenta l array. Rats were exposed in the Crawford cell to
data obtained from irradiation of mice by 2.6—GHz 425-MHz radiation with the number of animals increas-
f ie lds in an 18-an ima l array are compared wi th those ing from 2 to 12 as separation-distance decreased .
obtained from E— fi el d measurements using the NBS- No relationship between separation—distance and
Model EDM-1B probe . averaged SAR for the 425-MHz exposures was found .

It is concluded that the spacing between an i mals can
affect SARs as can the position of an animal in
the array.

5378 ABSORPTION OF ELECTROMAGNETIC ENERGY BY
PHANTOM MUSCLE-SPHERES AND BY BIRDS OF

DIFFERiNG SIZE (MEETING ABSTRACT). (Eng.) Chou , C.
K.; Guy , A. W . In: Abstra cts of 1977 Interna tiona l 5380 DEVELOPMEN TAL EFFECTS OF MICROWAVES IN
Symposium on the Biological Effects of Electromag- TENEBRIO MOLITOR: EXPERIMENTS TO DETECT
netic Waves. Sponsored by The internat ional Union POSSIBLE INFLUENCES OF RADIATION FREQUENCY AND OF
of Radio Science & The U.S. Cossnittee for URSI , CULTURING PROTOCOLS (MEETING ABSTRACT) . (Eng.)
held at A i r l i e , VA on October 30 , 1977—November 4 , P ickard , W . F.; Olsen , K. G. In: Abstracts of 1977
1977: pp. 62; 1977 . (0 refs) International Symposium on the Biologica l Effects

of Electromagnetic Waves. Sponsored by The Inter-
Phantom muscle spheres (diameters 4, 6, 8, 12 , and national Union of Radio Science & The U.S. Committee
16 cm) and birds (parakeets, quails , pigeons , for URS I , held at Air l ie , VA on October 30, 1977-
chicken , turkeys) were exposed to far-field plane November 4, 1977: pp. 66; 1977. (0 refs)
waves at power densities bCtween 200 and 500 mW/cm 2

at 775, 915, and 2,450 MHz . Patterns of speclflc Pupae of the darkling beetle , Tenebrio molitor~ were
absorption rate (SAR) were determined by thermo- exposed to microwaves in the far-field of a horn-
graphic techn i ques for spheres and birds. Behavioral irradiated temperature—controlled electrically
responses of birds were monitored . The SAR patterns anecholc chamber . Exposed and control pupae were
In spheres were in good agreement with theoretic then allowed to develop into adults and were
predications , while those of birds differed from examined to determine whether the irradiat ion
those of spheres. Absorption in reg ions of the head correlated with an Increased incidence of gross
and neck was much larger than in other parts of the morphologic abnormalities. Pupae were derived either
body. The analogy of a bird to a sphere was not from a colony maintained on ground Purina da i ry meal
a good approximation , since objects shaped like and sliced potatoes (colony-pupae) or from larvae
birds and not those of simp le geometry are needed purchased in an advanced instar and maintained on
for study of absorption. Behavioral response of Kellog ’s Special-K and sliced potatoes (K-pupae).
birds to radiation varIed. Threshold energy was Control pupae from the colony developed into adults
determined for each bird at all three frequencies. wl th a s ign i f i can t l y lower inc idence of developmental
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abnormali ties than did K-pupae controls. The follow- metabolic response to a cold environment was greater
ing experiments were performed at 5.96 GHz. Pupae among offspring of rats exposed during days 0 to 2
w i t h  the long axis of the body paral le l  to the d cc- than among the sham-exposed animals. The offspring
t ric field for 2 hr at 91 Vm 1 root mean square from rats exposed at 40 mW/cm2 showed a significantl y
(rms) in a stand i ng wave and at a nominal dose rate hig her level of corticosterone than sham-exposed
of 130 mW/g exhibited no effects In either popula— controls during the first 24 hr of life , Thyroxin
tion of pupae. Coiony pupae parallel to the magnetic leve l tended to be lower among 1-wk-old rats from
f ie ld  for 2 hr at an H- f ie ld  maximum of 1.53 A ’  dams exposed at 10 mW/cm 2 but increased during the
rms in a standing wave distributIon and at a nominal wk 2 of life. Among pups from dams exposed at
dose-rate of 54 rr*J/g, exhIbIted no effects , but a 40 mW/cm2, there was a statisticall y significant
si gnifican t effect (p — .034) was observed in K- increase in thyroxin leve l at 14 and 16 days of age.
pupae. K-pupae paral le l  to the e lec t r i c  f i e l d  of Brain mass in offspr ing of dams exposed at 40 mW/c m2
a trave ling wave at Il mW/cm 2 exhIbited no effects during day 13 or 20 of gestation did not differ from
a f ter  13-hr exposure. Pupae antipara l le l  to the sham—exposed counterparts. Adrena l wet mass and
Poynting vector for 4 hr in a traveling wave ratios of adrenal-to-body mass In 7-day-old rats
(10.025 GHz at 5 mW/cm2) exhibi ted no effects, were significan tly hi gher in radiated animals.

Following either exposure to microwaves or injection
of ACTH on day 7, plasma corticos terone level s were
moderately increased In radiated animals. Whether

5381 THE EFFECT OF MICROWAVE POWER LEVEL ON exposure to microwaves during gestationa l or early
TERATOGENESIS IN TEiVEBRIO MOLITOR (MEETING neonatal perIods perturbs or actual l y mod i f i es  ontog-

ABSTRACT) . ( E ng . )  Green , D. R.; Rosenbaum , F. J.; eny of neuroendocrine responsiveness requires fur ther
Pickard , W. F. In: Abstracts of 1977 International invest igat ion.
Symposium on the Biological Effects of Electromag-
netic Waves. Sponsored by The Internationa l Union
of Radio Science & The U.S. Committee for URS I , held
a t Ai r l ie , VA on October 30, 1977-November 4, 1977: 5383 REPEATED EXPOSURE TO MICROWAVES AND ENV IRON

pp. 67; 1977. (0 refs) MENTAL TEMPERATURE AFFECT BODY GROWTH OF NEO-
NATAL RATS (MEETING ABSTRACT) . I’En2. ) Lu , S.; Pe tt it ,

Experimental results are presented tha t show the S . ;  Michae lson , S .  M .  In: Abstracts of 1977 int-erna—
existence of a “power” window In which the terato- tiona l. Synrposium on the Biological Effects of Elec—
genlc effect of microwaves on pupae of Tenebrio tronugnetic Waves. Sponsored by The Internationa l
nvlitor is suppressed . Suppression in a waveguide Union of Radio Science & The U.S. Comittee for IJRS I ,
occured at power l evels near 80 mW at 9.0 GHz. By held at Airi i e , VA on October 30, 1977-November 4,
segregating pupae Into two groups based on their 1977: pp . 69; 1977. (0 refs)
external appearance , it was shown that organisms
weakened by prior trauma or by developmental abnor- The effects of repeat exposure to microwave and
ma lit les were more susceptible to microwave-Induced environmenta l temperature on the body growth of
damage than were those of healthier appearance. neonatal rats was investigated. Rats were exposed
Evidence of nonlinear processes In the thermoregu- repeatedly to 2,450-MHz continuous wave radiation
latory behavior of T. s ’vlitor was found , at 20 or 40 mW/cm2 and at 24 C or at 24 and 34 C in

the absence of radiat ion , 1 hr daily for 5 days
during wk 1 or 2 of life. A hig hly sensitive period
occurred during wk 1 of life in which rate of growth

5382 THE INFLUENCE OF MICROWAVES ON DEVELOPMENT was easily perturbed. Repeat exposure to “cold”
OF THE RAT (MEETING ABSTRACT). (Eng.) (24 C relative to a neutral temperature of 34 C)

Michae lson , S. M .; Guillet , K.; Heggeness , F. W . depressed body growth. Microwave radiation at 20
In: Abstracts of 1977 Internationa l Symposium on mW/cm2 counteracted the depressive effects of the
the Biologica l Effects of Electromzgnetia Waves, “cold” envIronment. Radiation at a higher power
Sponsored by The international Union of Radio Science density (40 mW/cm2) accelerated growth. Althoug h
& The U.S. CoeriIttee for URS I , held at Air l ie , VA it is premature to jud ge whether acceleration of
on October 30, 1977-November 4, 1977: pp. 68; 1977. growth by microwave Irradiation is beneficial In
(0 refs) terms of early postnatal development , interaction

between environmental temperature and early develop—
To investigate whether exposure of the developing ment is noteworthy.
rats to microwaves may influence maturation , female
Long-Evans rats were exposed for 1 hr to 2,450-MHz
continuous wave (CW) radiation at 10- or 40 mW/cm2
power densitIes on various days of gestation . The 5384 EFFECTS OF PRE-AND POST-NATAL EXPOSURES TO
dams were permitted to give birth , and the offspring 918-MHZ MICROWAVE RADIATION ON DEVELOPMENT
were studIed for functiona l development through the AND BEHAVIOR IN RATS (MEETING ABSTRACT). (Etki.)
21-day nursing period . In another study, neonatal Johnson , R. B.; Mizumori , S.; Myers , 0. E .; Guy , A. W .;
rats were exposed at 40 rrM/cm2 to 2,450 MHz , CW Lovely, R. H. In: Abstracts cf 1977 Internation,~~
radiat ion for 5 mm each day from days I to 6 post- Sy”rposiwn on the !~iolcg ical Fff ~ cts of Eleotrc ’ri z~’s, - tie ’
partum. On day 7, the rats either were sacrIficed , WavQa. Sponsored by The International Union of Radio
were exposed to 2,450-MHz CW radiation for a seventh science & The U.S. Consn ttee for URS I , held at Air il e ,
time , or were Injected with adrenocorticotropic VA on October 30, 1977-November 4, 1977: pp. 70; 1977.
hormone (ACTH). Among animals exposed in utero the (0 refs)
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Rats were exposed to 918—MH z continuous wave c ircu-  an e l e c t r i c a l l y  anechoic chamber (27 dii return loss)
l a r ly-po lar ized guided microwaves at averaged power and was connected to a remote custom-bui l t  env i ro n-
densi ties of 5 mW/cm2 in two separate studies to mental control unit. The eggs were irradiated in
determine the e f f ec t s  of pre— and postnatal expo the far f i e l d , 1.68 m from a standard gain horn
sures on development and behavior. In the f i r s t  (10.2 x 12.4  cm) at a mean power den sity near 3.3
stud y,  rats were exposed dail y for 7 days , 3 hr/day mW/cm2 . Power den s i t i e s  w i t h i n  the incubator var ied
on days 2-9 of l i fe .  No s t a t i s t i c al  d i f ferences between 1.4 and 6.2 mW/cm 2. At the end of each
exis ted between test animals and control on measures period of Incubation , embryonic tempera tu re was
of body mass through maturity, eye-opening dates , rapidly measured , in ovo , wi th a m icro t her mocoup le.
thermo regulatory-circadian rhy thm, or cond i tioning The embryos were subsequentl y excised , measured for
of an ac t i ve  avoidance response. In the second study , mass , and photographed. Nose-to-crown length was
rats were exposed in utero for a total of 380 hr. recorded , as an index of cranial size from a photo-
The exposure produced s l i ght but consistent d i f fer-  graphic enlargement. Radiat ion was found in most
ences in body mass at b i r th  and in eye-opening dates, cases to af fect  si gni f i can t l y the mass and cranial
The exposure may have accelerated in utero develop- s i ze  of 4- and 5-day embryos. The direction of the
ment . Assessment of thermoregulatory capacity as observed effects appeared to be temperature depend-
we ll as ac t ive  avoidance of adults revealed possible ent. At an incubation temperature of 33.5  C , value-s
long-term developmental differences, were s ig n i f i c a n t l y  higher (P~ .01 ) except for day-5

masses , while at 35.1 C all values were significantly
lower (P< .O5) as compared with controls. Since

5385 EMBRYOTROPHIC EFFECTS OF PULSED ELECTRO- ei ther temperature is considerably below the optimum

STATIC FIELDS (MEETING ABSTRACT) . (Eng.)  for Incubation , the finding of smaller mass and size
of cranium may Indica te an adverse atherma l effectPafkova , H .  In: As ’st~r acts of 1977 Interna i.ona l . . . .

S~rrposium ~‘n the Sic logical Effects of  Elec:r omagne— of microwave i r radiation at low power d e n s i t i e s .

tic W;; ’cs. Sponsored by The International Union of
Radio Science & The U.S. Committee for URS I , h e l d
at A i r l i e , VA on October 30 , 1977-November 4 , 1977: 5387 PRELIMINAR Y STUDIES OF ELECTRIC AND MAGNETIC
pp. 71; 1977, (0 refs) FIELDS AT 27 MHZ : FIELD SURVEYS AND RES-

PONSE OF BLOOD CELLS (MEETING ABSTRACT) . ~~~~
The effect of chronic e lec t ros ta t ic  i r radiat ion Mi ld , K.  H .  Tn: Abstra cts ~~~‘ 1P7 ’ I,:~~-s ’na :i,~’~:t
app lied from days 1-17 of gestation was studied in S~lnrp osium on the B i o l o r i c - F f f E ’cts ‘f E! , - ctror ’ i:s~-mice . The Structure of p lacentas and feta l sacks , ~~-o~s. Sponsored by The Internationa l Union of
the occurrence of resorptlons , the number and Radio Science & The U.S. Committee for URS I , held
structural integrity of dead fetuses , and the mass at Air ll e , VA on October 30, 1977-November 4, 1977:
and structural  in tegr i ty  of mature infants were pp. 77 ; 1977. (0 refs)
eva luated. S ign i f icant  changes were observed In
exposed mater ia ls indicat ing that a pulsed d cc— Human red blood cells were exposed for 3 hr in 27-
t ros ta t i c  f ie ld has an unfavorable influence on MHz f ie lds  at strengths as high as 3, 000 V/rn.
embryonic development , especial ly during ear l ier  Leakage of potassium ions (K+) from exposed ce l l s
stages. The influence of pulsed e lec t ros ta t i c  d id not d i f fe r  from that of contro l c e l l s  maintained
fields of differing repetition frequency and field- at the same temperature. In cells tested for changes
gradient on the development of the chicken embryo of osmot ic res is tance that mig ht resul t  from a change
was also studied. As app l ied once during an ear ly in the amount of bound water , no d if ference was
state of development , the f ie ld  did not influence observed between exposed and control c e l l s .
the v i t a l i t y  of embryos and had no teratogenic
e f fec ts .  However , the body mass of the exposed
embryos was si gnificantly lower than that of controls.

5388 QUANTITATIVE DETERMINATION OF THRESHOLD
VALUES OF MAGNETOPHOSPHENES (MEETING ABS-

TRACT). (E ng .)  Loevsund , P.; Oevberg, P. A. ;
5386 EFFECTS OF CHRONIC EXPOSURE TO MICROWAVES Nilsson , S. E. G. In: Abstracts of 1977 In tcr—

AT LOW POWER DENSITIES ON THE MASS AND national Synrp osiwn on the Biolog ical Effc~’ts cf
CRANIAL SIZE OF DEVELOPING CHICKEN EMBRYOS (MEETING Electro magnetic Waves. Sponsored by The Inter-
ABSTRACT). (Ena .)  Fisher , P.; Lauber , J. K .; Voss , national Union of Radio Science & The U.S. Committee
W. A. IL r.: Abs tracts of 1977 Inz,- rnatj ona l for URS I , held at Air l ie , VA on October 30, 1977-
Sj~-r~’csiwn on the Rioiogica Z Effe c ts  of Electromagnet- November 4, 1977: pp. 81; 1977. (0 refs)
ic Wavea. Sponsored by The Internationa l Union of
Radio Science £ The U.S. Corinnittee for URS I , held To determine whethe r phosphenes (visual Images)
at A i r l ie , VA on October 30, 1977-November 4, 1977: orig inate in the retina , threshold values of mag-
pp. 72; 1977. (0 refs) netosphenes were quantitativel y assessed In norma l

and color-blind human subjects under differing
The effects of chronic , low power density microwave conditions of background illumination and dark
exposure on the mass and cranial size of develop ing adaptation. In production of phosphenes , the
chicken embryos were studied. Fertile eggs from an threshold of magnetic flux density was l owest near
outbred flock of Callus ga llus were I ncubated in 20 Hz and was just above 10 rntes las at an ambient
groups of 36 for I. days in a Plexig las and Styro lum inous intensity of 1.2 candelas/m2. Thresholds
foam incubator , The Incuba tor was located within differed In color-blind subjects. Some subjects
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experienced after-Images that persisted up to 30 m m .  microwaves . It is concluded that current models of
Thresholds rose across t ime In the dark-sensi t ized radio frequency hearing w i l l  require further develop-
eye . The data ind icate that the retina is the s i te  ment.
of generation of rnagnetophosphenes.

5391 QUANTITATION OF EFFECTS OF CHRONIC MICRO-
5389 THE EFFECT OF ELF ELECTRIC FIELDS ON HUMAN WAVE RADIATION ON MUSCLE CELL OSMOTIC

REACTION TIME AND CRITICAL FLICKE R FRE- STATE AND SELECTIVE MEMBRANE PERMEABILITY (MEETING
QUENCY (MEETING ABSTRACT) . (Eng. ) Sug iyama , s.: ABSTRACT). (Eng.) Portela , A. ;  Guardado , M. I.;
Mizuno , K. In: Abstracta of 1977 Internationa l de Xama r Oro , J. R .; Brennan , M .; Tra l notti , V.;

~‘rz t;i,- FioZO 7-icai Effects of Electromag- Stewart , P. A. ;  Perez , K.;  Rodriguez , C.; Gimeno ,

‘:~-t ic Wa:’~’s. Sponsored by The International Union A.; Rozzell , T. C. In: Abstracts of 1977 Int.~r—
of Radio Science & The U.S. Committee for URS I , national Symposium on the t l io lo j ica l Effc’ tc of
held at Air l ie , VA on October 30, 1977-November 4, Electromagnetic Waves. Sponsored by The Inter-
1977: pp. 82; 1977. (0 refs) national Union of Radio Science & The U.S. Committee

for URS I , held at Air l ie , VA on October 30, 1977-
Simple reaction time (motor response to a photi c November 4, 1977: pp. 84; 1977. (0 refs)
stimu l us) and critical flicker frequency (CFF) were
studied in five young men and women. Measures were To invest i gate the effects of chronic microwave
recorded both in the absence and in the presence radiation on muscle cell osmotic state and selective
of a 20-Hz elec tric field that was applied by a membrane permeabili ty, frogs were maintai ned under

conduc t ive pla te 20 cm above the subject ’s head , constan t environmental conditions and subjected

Three root mean square kV were app lied to the over- da i l y  to i r radiat ion by pulsed microwaves (10.41 cm
head plate . The difference between means of reac- wavelength) at a power density of 10 mW/cm for 0.1

tion times (control — 250.7 msec; under exposure hr for 20, 40, 60, 80, or 100 days. At the end of
242,1, macc) was small but re l iable (p< .05) . Simi la r  each of these periods , frogs were sampled and
alterations of CFF were noted. It is concluded dissected. Tib ialas anticus muscles were cut in
that the electric field is capable of influencing pairs from each frog and single-muscle fibers were
the central nervous system. isolated. Control and irradiated frogs were analyzed

for: (a) change of cell volume as a response to an
osmotic gradient: fraction of osmotically avai lable
cell water (Weff) , cell-water permeability (Pw),

5390 SOME PECULIARITIES OF THE AUDITORY SENSA- and consequently, the cellular osmotic state; (b) cell
TION EVOKED BY PULSED ELECTROMAGNET IC membrane “mechan i cal resistance ” and selective per-

RADIATION (MEETING ABSTRACT). (Eng. )  Tyazhelov , m eability to solute and solvent (V = f (t)j, initial
V. V.; Ti granian , K. E.; Khizhnyak , E. P.; Akoev , I. rate of cell-volume change as a function of i so-
C. In: Abstracts of 1977 International symp osium osmolar Concentration of probing molecules (dV/dt
on the Biological Effec ts of Electromagnetic Waves, at t — 0) and Ciso , the concentration of probing
Sponsored by The International Union of Radio Science molecules (dV/dt — 0 at t — 0); the Staverman reflec-
& The U.S. Committee for URSI , held at Airli e , VA tion coefficients (d) and the membrane-equ i valent
on October 30, 1977-November 4, 1977: pp. 83; 1977. pore rad i us (r in A); and (c) the maintenance of
(0 refs) normal cell Volume (Vd0), inferred from the normal

distribution of cell Na+, K”, Ci and water contents
Aud I tory sensations evoked by pulsed microwaves were by normal activity of the Na-K pump . No changes
investigated while observers ’ heads were irradiated were detected in any of these cellular parameters.
at a frequency of 800 MHz and a power density not Results indicate no muscle-cell cumulative effects
exceedIng 2,000 mW/cm 2. The pulse repetition rate for microwave exposure.
(PRR) was 0—10 ,000/sec and the pulse width (PU) was
5-30 usec . The threshold of peak power in production
of an audItory sensation was essentially flat from
1 to a value that ranged from 500 to 1 ,000 PPS. The 5392 IMMUNOLOGICAL AND HEMATOLOGICAL EFFECTS OF
threshold then rose and reached cut—off between 8,000 MICROWAVES AT LOW POWER DENSITIES (MEETING
and 10,000 PPS . Attempts to produce a beat-frequency ABSTRACT). (E n g .)  Shandala , M. G . ;  Rudnev , N. I.;
response in the observers through combined stimula- Vinogradov , G. K.; Belonorhiko , N. G.; Gonchar, N.
tion with microwaves and an aud i tory stimulus were N. In: Abstracts of 1977 Inter -national Synrposium
successfu l but onl y when the latter exceeded B KHz. on the Biological Effects of Electromagnetic Waves.
When observers slowly submerged their heads in water , Sponsored by The International Union of Radio Science
they could still “hear” the microwaves but with & The U,S. Committee for URS I , held at Air li e , VA
diminishing loudness until the head was fully sub- on October 30, 1977—November 4, 1977: pp. 85; 1977.
merged, in other studies , a rise in the hearing (0 refs)
threshold was noted when PWs were Increasing toward
100 to 120 isec . Observers reported that auditory Rats were Intermittent ly exposed to ultra-hi gh-
sensations induced at these longer PUs had a lower frequency (UHF) energy for 30 days at power densities
pitch and appeared to originate from a different of 10, 50, or 500 uW/cm2 to investi gate the immunol-
point In space. While thresholds were higher at og ic and hematologlc effects of microwave irradiation
longer PW~ , some observers who were “deaf” to the at low powe r densi t ies.  Assays of blast Ic trans-
“usual” shorter pulses were able to “hear” the formation of lymphocytes in conjunction w i t h  mito-
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genic stimu i a t ion were performed on dayb 3, 7, 10 , 14 , 5394 EFFECTS OF MICROWAVE EXPOSURE ON I MMUNO-
21 . and 30 days. Exposures at 50 iW/cm2 were asso- COMPETENT CELLS (MEETING ABSTRACT) . ( E n : . )
cia ted with a downward trend in relative numbers of Czerski , P.; Wik tor—Jedrzeijczak , W. Tn :  Abs ts :~~o
transformed T-cell lymp hocytes. Exposures at 50 of 1977 Ir. terna t(onat Syrrpoeiuo on ~M ~~~~~~~~~~and ID -,~W/cm

2 were associated with an ini t i a l  aug- Effects of Electro magn, tic Wa:,,~o. Sponsored by The
mentation of transformation that was followed by International Union of Radio Science & The U.S.
a reduc tion below contro l values. Rats were also Committee for URSI , held a t A i r l i e , VA on Oc tober
observed for con tent of g l ycogen (C) and of alkaline 30, 1977-November 4, 1977: pp. 87; 1977. (0 refs)
phospha tase (AP) in neutrop hils of peripheral blood .
I ncreases of G and AP were observed during day The effec ts of microwave exposure on immunocompetent
3 in ani mals exposed to 10 and 50 iW/cm2, after cells are reviewed . Microwave-induced depression
which the va l ues oscillated below and above control of phagocy t ic ac t i v i ty of macro phages and g ra nu io-
values . At 500 iW/cm 2 , the content of C was sub- cytes has been reported. Impaired release of qranulo-
s tan t i a l l y  l ower durin g the entire 30-day period; cytes and ability of irradiated animals to combat
values of AP rose un til day 7 and then exhibited bacterial infections also have been described . A
the oscillation noted at lower power densitie s . dramatic improvement in survival of mice infected
Au toallergenic activity was observed at 500 aW/cm 2 ; wi th herpes viruses has been reported , with the
specifically, an tibodies of brain and liver were effect dependent on schedule of irradiation. An
de tec ted in ra t s , gui nea pi gs , and rabbits after increased production of protein in the cells of the
exposure to UHF fields, It is concluded that reticu loendothe lial system (thymus , sp leen , and
exposure to UHF fields can induce a primary lesion liver) of mice exposed to microwaves has been
in the immunolog ic system and can also result in described . Sing le or repeated ex7osures of mice have
au toimmune disease . led to an increase In vivo in the percentage of I g+,

I g~ CR~’, and p la que-forming cells among sp ien ic
l ymphoid cells. Changes in the kinetics of i ssnuno-
globulin M production in irradiated mice have been
demonstrated ; the direction of the change is hi ghl y
dependent on schedule of irradiation . Transient
peripheral lymp hocytosis has been seen in many species
following irradia tion . That in vivo maturation and

5393 PRELIMINARY RESULTS ON THE EFFECTS OF func t ion of lymphocy tes are dependent on energy dose
MICROWAVES ON THE RETICULO ”HISTIOCYTIC and schedule of irradia tion is well documented .

SYSTEM (MEETING ABSTRACT) . (Eng. ) Miro , L.; However , i t is not known whether these effects are
Senelar , R .; Draussin , M.; Grasset , C .; Mion , H.; media ted or direct cellular effects. The answe r may
Cos te , J. In: Abstracts of 1977 Interna t iona l lie in the observa tion tha t microwave-induced l ympho-
Symposium on th~ Biological Effects of Electro— blastoid transformation in vitro occurs and that
magnetic Waves . Sponsored by The International l ymphoid cells exposed to microwaves in vitro respond
Union of Radio Scien e & The U.S. Co,mn l ttee for normally to T- and B-cell mitogens .
URS I , held at Air l ie. VA on October 30, 1977-
November 4, 1977: pp . 86; 1977. (0 refs)

To investigate the effects of microwave radiation
on the reticu lo-histiocytic system. 16 rabbits and
S gui nea pigs were exposed to 3.1-GHz microwaves
for a total of 320 hr. The pulse repetition rate
was 500/sec and the pulse wid th , 1 ~Isec . The 5395 PAITERNS OF CHANGE IN BEHAVIORAL REACTIONS
experimen t was carried out in an anechoic chamber TO LOW POWER DENSITIES OF MICROWAVES (MEETING
at an averaged power density of 1.2 ± 0.2 mW/cm2. ABSTRACT). (Eng . ) Shanda ia , N. C .;  Rudnev , N. I.;
Six rabbi ts and three guinea pigs served as controls. Navakatian , N. A. In: Abstracts of 1977 Inter -
During sham radiation and radiation treatments , no tiona l Symposi um on the Biological Effects  of Eie~-
differences in behavior of control and exposed tromagnetic Waves. Sponsored by The International
animals were noted . Necropsy of brain , kidney, Union of Radio Science & The U.S . Committee for
suprarenal g lands , and liver revealed no therma l URS I , held at Air l ie , VA on October 30, 1977-Novem-
disturbance , Metabolic assays of reticulocytes ber 4, 1 977: pp. 88; 1977. (0 refs)
revealed a lower col loidal hematocrit in exposed
animals than in controls (p< .O5) , and up take of Randomly bred albino rats were exposed to 2,375-MHz
colloidal 198Au by Kupfer hepatic cells was slower microwave radiation at power densities of 10 or 50
i n exposed animals (p’.05). The mitotic activity pU/cm2, 7 hr/day , for 90 days to assess changes in
of sp le en . thymus , and l ymph node cells was sign l fi— behavioral reactions. Behavioral measures involving
cant ly higher in exposed animals , and these organs a photically-and sonica lly-cued avo i dance reaction ,
also exhibited greater In f i l t ra t ion by lymphocytes . open-field exp loratory ac t i v i t y ,  and threshold of
Titers of gamma globulin were increased s i g n i f i —  electric shock to the feet , were obtained on days
cantl y 8 days after exposure to microwave irradia- 10 , 20 , 30 , 60 , and 90 of exposure. Af ter  10 days ,
tion . The data indIcate that prolonged i rradiation acquisition of the aversive habit by exposed rats
of the mamma l by pulsed microwaves at 1.2 rrM/cm2 was more rapid (mean number of t r i a l s  at 10 pU/cm2
results In augmented metabolism of reticulocytes 14.2 , and at 50 pU/cm2 — 18.0) than that by controls
and an increased presence of c i rcu la t ing components (mean number of t r i a l s  — 24.2). The differences
of the Imunolog ic system. between exposed groups and controls were re l iable
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(both p’..05) . A f t e r  20 days the dlf fe rencet.  were 5398 MIDDLE-EAR IMPAIRMENT AND MICROWAV E HEARING
neq l igib Ie  and by day 90 they were re l iab l y reversed (MEETING ABSTRACT) . (/- n I .) Chou . C. K - ;
(mean number of t r i a l s  by cont ro ls  — 17. 3;  respect i ye Gal ambos , R. I ’:: -1 ~~ I t ’ :~ t o  j , l - 1~: t ,  ii - , :  T - n :
means at 10 and 50 ~~~~~ — 35. 2 an d 55.7 tria ls; ~~:I’I~ - - c  , ‘t t h, - b / o  ? o o  ‘ : 7  I~:~:

’ fc , t r ~ EI~ 
. t ’ ~ z -,

.iIi three means differed at p .05). Activity of the W~nn ’a. Sponsored by The In te rna t iona l  Union of
three groups in the open-field apparatus differed Radio Science & The U.S. Committ ee for URSI , h e ld
l i t tle on day 1 0 bu t was si gnificantly depressed at A i r I i~- , VA on October 30, 1977-November 6, 1977:
by day 90 in both exposed groups. Thresholds of pp. 93; 1977. (0 rots)
behav iora l reac t i on  to e l e c t r i c a l  shock w ere lower
i n exposed rats on day 10 but eventually rose and Amplitude and latency of maxi,num Urainst e , evokccl
were hi gher on day 90. The data ind i cate the responses (BER5), as recorded front quince j igs ,
existence of phase-dependent chanqes in several were obtained for acoustic and microwave - .t mull
behaviora l endpoints in ra ts  repeated ly exposed under var ious s t imu lus  i n t e n s i t i e s .  The e f f e c t - .
at 10 and 50 iW/cm - ; an i n i t i a l  phase of cen t ra l  of ex te rna l -ear  b lock i nq .  m idd le -ear  damp ing, and
nervous exc i tation is subsequently followed by middle-ear destruction on the BER were studied .
inh ib i t i on .  Resul ts  show that only when the inner ear (cochlea)

is  intact  is the animal capable of hea r ing pulsed
m icrowaves.

5396 QUANTUM MECHANICAL APPROACHES TO THE
MECHANISM OF INTERACTION OF MICROWAVES

WITH LIVING SYSTEM (MEETING ABSTRACT) . (f’::.) 5399 EIGHTH-NERVE DERIVED , SINGLE-NEURONCze rs ki , P. ;  Ach i mowicz , J. in: Ahst i ’ t ’ts ~ RESPONSES TO ACUTE MICROWAVE RADIATION
?‘: /, - “:,: ~~~ ‘.: : : - ~

-
~ . ;,r: j”: / I ~ ?~~‘?~‘::‘s. ’ ~~~~~~~~~ OF THE HEAD (MEETING ABSTRACT) . (- ‘ :.) Leb ovi tz .Sponso red by The I nter— R . M. ; Seaman , R . C. i i i :  , l l c~~,. : . i  - 

~ ?; ‘ j n r , ’r—
nationa l Union of Radio Science & The U.S. Commi t tee n.z tj ona 1 - ~~ ‘c i  u,’n i, th , - B :0 ( t nt  ~c :  -~ ‘ -for URC I , held at A i r l i e , VA on October 30, 1977- Electrormagnetic Waves. Sponsored by The I nterna-Novembe r 3, 1977: pp. 89; 1977. (0 refs) tional Union of Radio Science & The U.S. Committee

for URS I , held a t A i r l i e , VA on October 30, 1977-The e f fec ts of m ic rowave radia t ion on the nervous November 4, 1977: pp. 94; 1977. (0 refs)
system , the imunocompetent and blood-forming cell
sys tems . and on ce l l  d i v i s i o n , cell membrane . The Infl uence of pulse-modulated (PM) and contin-
chromosomes and bac te r ia  are reviewed and exp lained (Cw) microwave rad ia t ion  ( MUR) on e qht-uous wa vein (erms o f quantum mechan ical theory . A genera ll y nerve-re lated a f fe rent  systems was s tud ied dur ing
app l i cab le  exp lana t ion is base d on the Frohl ich phe- acute exposures of cats. MWR at 915 MHz was
nomenon of long-term energy storage in macromolecules applied to the head via a diathermy-type plane-and the emerg ing theory o f c o l l e c t i v e  phenomena ,
as developed by Froh lich , Cope , and others. Super- 

wave applicat or , while ac tivi t y  of a sing le neuron
was recor ded v ia  g lass m icro p ipettes filled withcond u c t i v i t y  in b io log ic  sys tems and mul t ip hoton 2 N NaCI .  The responses of s ing le aud i tory un i tsact iva t ion are a lso Considered . Approaches to to PM-MW R and to t rad i t i ona l  acous ti c s t imu li wer eexper imental v e r i f i c a t i o n  of proposed theory are

disc ussed , 
compared with respect to response threshold ,
response latency , and form of the p r o b a b i l i t y
dis tribution of post—stimulus firing times. In
general , the responses to acoustic “click” s t imu li

5397 THRESHOLD ENERGY FOR HEARING MICROWAVE and to PM-MWR were similar , differi ng onl y in
PULSES OF 10- TO 500-ps DURATION (MEETING ampl i tu de. The PM-MWR influence on sing le aud i tory

ABSTRACT) . (Enc.) Chou , C . K .; Guy . A. U. rn : units appeared to orig ina te from a mechanical
,l~-c: r’:’~c I’, 1iL ’7 .~nro r o. : t &’ona i S~j r’t~ cc fum on tha interaction with portions of the aud i tory apparatus
!ii’o~~,il.~z~ T ’- ’o . / i  o: c~’~r - ’n,o -n-t ic Wo~ , s .  Spon— periphera l to the basilar membrane . However , the
sored by The In ternational Union of Radio Science threshold of averaged microwave dose rate was
& The U.S . Comm ittee for URS I , held at Air l i e , Va severa l orders of magnitude below the current
on October 30, 1977-November 4, 1977: pp. 92; 1977. thermal-safety standard. Pulsed , no t averaged ,
(0 refs) parame ters of MWR appeared to be more significant

In deter mining the nature of the response . Front
Evoked responses from the brainstem were recorded these data an estimate of the relative efficiency
from guinea p igs to s tudy the threshold of microwave and mechanical nature of the PM-MWR effects could
hearing. Microwaves (genera ted by a k lys t ron)  at a lso  be der ived , es ta b l i sh ing  the bas is  for a nove l
918 MHz wi th a pulse-width between 10 and 500 ~,sec commun i cations channel. Similar comparisons of
were fed into a cy lindrical waveguide that was used the responses of ve stibular single units to CW -MW R
to radiate the guinea pig ’s head . For pulses <30 and to traditiona l vest lbu la r stimulation were
.scc , the threshold was i ndependent of the absorbed performed. A MWR-me diated stimulation of cells
energy per pulse. As the pulse -width increased , Innerva ting the semicircular canals , which ~~~~- -

the energy required to reach threshold also increased. consistent with the hypothe sis of  a m icrow av e -
For puls es -70 psec the threshold was I ndependent induced caloric vestibular stimul a tion was dr--tin s-

of the peak power dens ity. The dependence of the trated. The threshold for vest ih ,i ,ir activ a ti on
threshold energy of the hearing effec t on the micro— via CW—M~tR exceeded the dose rate at which therma l
wave pu lse-widt h agreed well wi th the predIction of effects would be expected in the he ad i f  the t e s t
the thermal-expansion theory . animal. However , the basis for a new me t hod f i r
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c l i n i c a l  diagnosis of labyr lnth ln c functioning a maximum incident coot  inuou~ way.- (loot -u (a t  / ,650
was es tab l i shed . A n,aior improvement in the 6Hz) of 1 U or less led to very  s low r i , , - ’ , i t

coup li ng e f f i c i e nc y  of th Is interaction could be temperature (‘2 C/br) , which reil i ste r ,-,I ,,Inxi’.t
achieved by appropriate sel ec t ion of geometrIc equally (within 0.1 i) ,,t orr; spondiiiq j ; o i n t ’ , ioi

and rad i ,,t ion parameter s (‘,uch as frequency and/or each nerve . Both ntr v ,-’, were s t  1,1101,, ted is i Ui i i  in

nx)duiatio,t ch. i r ac t e r isti<S ) . A si g nificant finding pulses (separated by a 5-msec interv a l) i t  a
is  that reliable sp ike—train (firin g- time) data repetition rat;’ of 50 pu lses  per sec  t o  . 1 1 ,  i t

can 1, ’ obtained co i nc j ;Ient w i t h  exposure to MWR . a maxima I (Group A) conipound act ion iii t e n t i.,I ( CA P)
fo l lowed  (at the outset) by a CAP of ,ihi,ut I. ; It -

maxima l size. During 1 —  to li_ hr of ;‘xpiisori - p ,t oils ,
he nerve wa s f i r . t obse rved to ,ind,’ rqn a pro I , - ’;.-

‘~600 THE EFFECT OF MI ( R OW AVE t i  ON CRAYFISH t io n  of i t s  r e f r a c t o r y  pe .riiid an,t , I.it ,- r - i , - . .  ti u,
NEURONS (MELTING AE cTkACT ) , - - n . - . ) decreases in the maxIma I CAP sip . . Pur l -i; the ‘. 1 1 1 ;

Matsimioto , C. ; Yamaura , I . :‘- :  - lt- ~ r tit’tv ‘ “ J ; i . ’ ’  per iods the control  nerve showed l il t  I. ch.,iiqe

t i .:: - - ‘: . t  - . ‘i : -  -c ‘ :e— - - .  ~, - ‘ - - - -
~~~~.- : ~~~~~~ ‘ t  these character  is t i c s . The mi c row.,ve-’.j i- I f I

- -~~
‘ -

, o: - “i~~” , : ~-~ ‘ ‘- :- ‘ , e’. Spet,i orn,t by The I nte r— e f f e c t s  appear to he due to an inter I t- ret , ,  w i ( I I

nationa l Union of Radio Science & The U.S. Comm ittee neural regulatory nt .chanisn”, ra ther  t I c ,  a ,Ii r ,tt
for URS I , he ld a t A i r l ie , VA on 0. tober 30. 1977- effect on the excitation pro ces -..
P4,,v,.’mber 4, 1977: pp. ‘15; 1977. (0 refs)

The ~ffcct~ of mi crowaves on the neuro-impu lse
frequency we’re s tudied in spontaneously discharging 5402 THE VISUALLY-EVOKED ELECTROCORTICAL RISPONSI

neurons In isolated abdominal qanqll a and in’ the OF THE GUINEA PIG AFT [R MICROWAVE-INDUC E D

slowly adapt inq stretch-receptor neuron of the HYPERTHERMIA (MEETING ABSTRACT) . - - ;. Bruce-

Ame rican fresh water cray fish . A few seconds of W olfe , V., Mathews , N.. Jutite se ,i . 0. R

microwave Irradiation (Il GHz) of the abdominal .1 , ~~ 
‘ - J .:t, -;”&flj, ’: :  ‘ “i c: , -- .-‘ :  :‘ . - 

-
-

qanql ii  decreased acutel y the spontaneous discharge — ,‘J Oi ’tli . ‘ :- .‘ . t~ - ‘ : t  .‘::‘ .. Sponsored by The

frequency, which was nearl y constant (within 20 I nte rri .;ti ona l Union of Radio Sciei ,e f, The U.S. Coi l-

i rnpulses/sec) in the normal steady-state . The m i ttee for URS I , held at A i r l i e , VA on October 30 .

efiec t was observed when tissue temperature was 1977-November 4, 1977: pp. 97; 1977. (0 ief’,)

elevated by microwave radiation more than 0.5 C;
with smaller temperature chanqes the effect was Latenc ,es of an early component (N1) of t l e  visuall y-

seldo n; detected . The pattern of the neuronal evoked electro cortica l response (VER) of four young

response to microwave radiation was characterized guinea pi gs were observed as a function of br ai t,

by inhibitory-on and excitatory-off responses , and recta l temperature . Descending s n ,  ,‘s of nteasule-

which were consnonly observed In the nervous System. ments within a dail y session (where rectal i e t , e r . , t u re

SimulatIon of the neuron ’s behavior ind ica tes tha t was i n i t i a l l y  elevated to more than 62.5 C by 1 ,550-

the response pattern is composed of the super- Mfl z energy at an averaged dose rate of 30-40 r, W/,j)

i mposing of two responses. The results compare y i e ldn- iI a number of sing le or niul t i p l e VERs as teili-

well with the static and dynamic characteristics perature fell across t i n e .  Ascending series ,;cr,o.s

of the rmal s t imula t ion of .4 7- l uc i , ,  neurons. The severa l dail y sessions , where rt’,t al temperatur es

d etailed sequential relationship between changes were elevated above basel ine s in increments ,if 1 to

of tissue temperature and impulse frequency was 1.5 C per day , were .,Iso conducted . The pr cvi~tuslv

clearl y revealed when microwaves at 2.45 GHz were reported curvilinear relationshi p between body

modulated by M-sequen tial signals. The results temperature and latency of VER was verified in two

indica te that the impulse frequency of the crayfish of the an~maI s during descending series. However ,

neuron i s a func t ion of the tempera ture change of the function was consist ently (and negativel y)

the tissue. 
- nioncitonic for all  of the data based on ascend i ng

series , i. e ., the shortest latencie s were observed
a t 42.5 C. The imp licati c ’n is that nonletha l
elevation of body temperature to a level between

5401 MICROWAVE EFFECTS OF NERVE VITAL I TY 62 .5 and 43.0 C resulted in a rever sib le alt , - ra t ion
(MEETING ABSTRACT) . i - ” :.) Mc Ree . 0. I . of neu rona l f unc t ion , presumably of chemica l o ri i t i n .

- I l - : :  ‘,:~~
ic if j~ I . ’7 ( ‘: ~~~‘t ’n,:~ (“ .:.‘ :::j,.,T. .,4 :‘:,r: - -n Comparisons of bra in and r,’c t il tt’mpet itur e s t i~~n’

:, - / : ,  - ,‘~~‘ ‘z . ’ Et ’f .otr ‘j’ Lo,.’: t ’ ” .o tn, - :  ‘ ,‘ h~n’,3’ . baseline measures revealed tha t the firm e r wi-ri’
Sponsored by The International Union of Radio consistently be low the l a t t e r  by a’, much as 2 C ,

Science & The U .S. Committee for URSI , held a t but the difference narrow s as temperature w i l s

A i r l i e , VA on October 30, 1977-November 4, 1977: increased by microwave radiation .
pp. 96; 1977. (0 refs)

To study the effects of microwaves on nerve v i t a l i t y ,
pair ed scia tic nerves from large specimens of Em ,: 54l~3 EFFECTS OF UHF EN ERGY ON THE CENTRAL

- - - - i ’ were exposed in a wavequ i de system. The NERVOUS SYSTEM: DEMONSTRATION OF T R A N S IEt1 ~
ex posed nerve crossed the waveguide near (within ELECTROENCEPHALO GRA PHIC (EEC) ABN ORMALITIES IN RATS
2 inn) the pro ximal (to the microwave source) surface (MEETING ABSTRACT). (E l : : :.  

I Klein , M. J. ; M il h aud ,
f the surround i ng Rin ger ’ s solution ; whereas , the C. C . t: .- .-~~~ ,::‘ ;. ‘.:, on.: ’ ‘ . - - 

. - ‘ -  - (  ,--

con t rol nerve was posit Ioned 5-cm distal to the ‘: t i:,- . , : 
,: ( ‘: .  l

~~~~, .:c , .’ i , ’:t’ “ ,: n ‘ ‘ , ‘, . .
-.I I r f 1 C ,’ and was essentiall y unexpoced . Appl ying Sponsored by The Internatio nal Union of R.;dio Sc i- ic-
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& The U.S. Committee for URS I , held at A i r l i e , VA 5405 TWO PARAMETERS AFFECTING RADIATION-INDUCED
on October 30 , 1977—November 4 , 1977: pp. 98; 1977. CALCIUM EFFLUX FROM BRAIN TISSUE (MEETING
(0 refs) ABSTRACT). (Eng.) Blackman , C. F.; Elder , J. A. ;

We l l , C. M. ;  Benane , S. C . ;  Eich inger , 13. C. Tn:
It was previously found that chronic exposure of Abstracts of 1977 International Synmpo.:t’ur: on
rats to 2,450-MHz microwave radiation at a power Biological Effects of Electromagnetic Wauco, Spon-
dens i ty  of 3-5 mW/cm 2 Induced changes in cerebral sored by The Internat ional  Union of Radio Science
elec trogenesis that varied among Individuals: 25% & The U.S. Comm i ttee for URS I , held a t A i r l i e , VA
of irradia ted subjects exhibited electroencephalo- on October 30, 1977-November 4, 1977: pp. 101 ;
graphic (EEC) abnormalit Ies , 30% showed question- 1977. (0 refs)
able recordings , and 45% presen ted a normal EEC .
To selec t sensitive subjects , i.e., those with An attempt was made to verif y and extend the find i ng
dis turbed electrogenesis after exposure , a special of changes in the binding of calcium to the surface
pharmacol og ic technique of electrobiolog ic signa l of brain t i ssue  during exposure to non-ioniz ing
detection was developed . In the first acute electromagnetic radiation , The cerebral cortex of
exper imental run , the technique revealed a transient newborn chicks , separated at the mid-line to prov i de
aspect of t he previously described abnormal i t ies , a treatment/control pair , was labeled in v i t r o  w i t h
Ini t ially, the EEC was questionable for 72% of the radioac tive calcium. The treated tissue was exposed
i rrad iated animals , 50% of which had abnormal EEGs in a Crawford chamber to 147—MH Z rad ia t ion  that was
between mm 5-20 of experimentat ion . The latter amplitude modulated at selected frequencies between
percentage graduall y decreased , and the EEC pro- 3 and 30 Hz at power densities between 0.5 and 2
gresse d toward nomali ty.  At mm 50 , on ly mW/cm 2 . Compared w i t h  nonir radiated controls , a
questionable EEC recordings persisted and in only st otistically significant increase in calcium efflux
25~ of the irradiated subjects. The results are (p< .O5) was found when frequency of amp li tude modul a—
discussed as a function of the possible effect of t ion was 16 Hz and averaged power density of radia-
microwaves on cortical and subcortica l structures. t ion approximated 0.75 mW/cm 2 . The data support
It is hypothesized tha t the transient paroxysma l the concept and location of the previously reported
elements that define abnormali ty are a sign of frequency “window ” as wel l  as power-density window
either functiona l disturbance or of other dysfunc- In which ca lc ium e f f lux  is enhanced due to exposure
tions due to metabolic or toxic factors. to amp li tude-modulated radiation.

5406 ACTIVITY OF MEMBRANE-BOUND ENZYMES EXPOSED
TO AMPLITUDE-MODULATED 2450-MHZ RADIATION

5404 MODELS OF LONG-RANGE ORDER IN CEREBRAL (MEETING ABSTRACT) . (Eng.) A l l i s , J. W . ;  Froinme ,
MACROMOLECULES: EFFECTS OF ELF , VHF AND N. 1. In: Abetraots of 1977 International E~ir1t’O8ium

UHF FIELDS IN CALCIUM BINDING (MEETING ABSTRACT). on the Biologica l Effects of Electromagnetic Wa:’ c ’c.
(Eng.)  Bawin , S. N.; Sheppard , A. R.; Adey, U. R. Sponsored by The International Union of Radio Sc ience
In: Abstracts of 1977 Internationa l Symposium on & The U.S. Committee for URS I , held at Air l ie , VA
the Biological Effects of Electromagnetic Waves, on October 30 , 1977-November 4 , 1977: pp . 102; 1977.
Sponsored by The International Union of Radio Science (0 refs)
& The U.S. CommIttee for URS I , held at Air l ie , VA
on October 30, 1977-November 4, 1977: pp. 100; Membrane-bound enzyme systems were irradiated with
1977. (0 refs) ampli tude modulated microwave radiation in a spec t ro-

photometric apparatus where enzyme activity was
The effects of electromagnetic fields on the rate measured during irradiation. The enzymes l nvesti-
of calcium exchange between isolated chick or cat gated were cytochrome oxidase , a key enzyme in the
cerebral t issue were invest igated . Previous studies electron transport chain located in the inner membrane
indicated that the isolated t issue responds to of mitochondria , and adenosine triphosphata se
st imulat ion by an extremely low frequency (ELF) (ATPase) from red blood ce l l  membrane , whic h is
f i e ld  w i th In  a narrow-frequency band (6-20 Hz) and involved In maintaining the sodium-potassium balance
in an “amp litude window” (5-100 V/rn). Amp litude of the cel l . These enzyme Systems were prepared
riiodu la t lon  of a weak 147-MHz field (0.8 mW/cm2) from rat tissue and were subjected to 2,450-MHz radia-
also elici ted a response but only in the same narrow , t ion that was amp l i tude modulated at 16 , 30 , 90 . and
low—frequency modulation window (6-20 Hz). In a 120 Hz, which resulted In a specific absorption rate
th i rd series of experiments , the root mean square of 26 W/kg . Temperature was control led at 25 0.5
amp l i tude of a 450-MHz f ie ld  that was modulated at C for a l l  experiments. I r radiat ions were begun
16 Hz var ied from 0.1 to 5 mW/cm 2 . Increased ef f lux immediatel y a f te r  i n i t i a t i o n  of the react ion and
of calc ium occurred only at in tens i t ies  between continued for several m m , wh i le  the reac t ion  ra te
0.1 and 1.0 mW/cm2, defining an “amp li tude window” was being moni tored. Cytochronne oxidase activity
in addit ion to that noted for ELF. It is hypothesized was measured d i r e c t l y by monitor ing the change in
that membrane-surface charge-sites behave “coherent- absorbance of its substrate , cytochrome c , at 550 nm.
ly ” over a considerable area and that a coherent ATPase activity was measured using a coupled enzyme
patch may be triggered to change its state by a very system in which the rate of conversion of ATP to
weak t r iggei - at a point. The t r igger ing event may adenos ine di phosphate was fo l lowed at 340 nm by
occur at the boundary between such a patch and a stoichionietr ic oxidat ion of n icotinamide adenine
noncoherent surround . dinuc le ot id e phosphate. Pyruvate kinase and l ac-
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tate dehydrogenase performed the intermediate steps membranes and reversibility were eva l uated at dif-
and were always present in excess so that the activity ferent times after exposure. Heating of cells to
of ATRase was rate cont ro l l ing .  No s t a t i s t i c a l  d i f f e r-  43 C resul ted in a rapid drop of ouabain -sen si t ive
ences in enzyme a c t i v i t i e s  were obtained between ir- inf lux of 86-Rb , fol lowed by decreased binding of
radia ted and cont rol samp les at any modulation frequen- 3H-ouabaln. These phenomena were observed in SV-
cy for eith enzyme. 3T3 cells aft- ’r 5—10 mm of hea ting , whi l e in normal

3T3 c e l l s , 20-25 mm was required to exert  the same
ef fec t .  The changes in a c t i v e  transpo rt of potas-

5407 EFFECTS OF MICROWAVE RADIATION ON ERYTHRO slum .~ere fu l l y  revers ib le , but when heat m g  was
CYTE MEMBRANES (MEETING ABSTRACT) . (Eng. ) cont inued , the cel l  membrane was i r revers ib l y damaged

Liu , L-M.; Cleary,  S. F. In: Abatract8 of 1977 and became permeable to large molec u les . C e l l s
International Symposium on the Biological Effecta maintained at 40 C for 4 hr did not exhib i t  Increased
of  El.~’ctromagnetic Waves. Sponsored by The Inter- per meab i l i t y  to large molecules or increased re leasenational Union of Radio Sc iet ~ce & The U.S. Comm ittee of 51 Cr. No s ignI f icant  di f ferences wer e observed
for UR S I , held at A i r l le , VA on October 30 , 1977- In the sequence and t ime-course of cell-me mbrane
November 4 , 1977: pp. 103; 1977. (0 re fs)  injury between c e l l s  heated In a water  bath and those

heated in the microwave field. It is concluded
Rabbit erythrocyte suspensions were irradiated at that inhibition of ac t i ve  t ransport  of potassium ,
room temperature (23 C) with S-band microwaves in the most early disturbance of metab olism found in
a waveguide Irrad iation chamber for 3 hr or less, cells heated to 43 C , plays a si gnificant role in
The release of K+ ions , of hemog lobin , and the the mechanism of cell injury and Inhi bition of growth
osmotic frag ility of red cells were used to deter- rate.
mine the effects of microwave irradiation on the
erythrocyte ’s membrane. At 3.0 GHz and a power
density at the center of the waveguide that was
equivalent to a free field power density of 10 mW/ 5409 A COMPARAT I VE STUDY OF THE ACTION OF TWO
cm2, the maximum rise of temperature in the Irra- TYPES OF MICROWAVE IRRADIATION ON LIPID
diated sample was 2.6 C during a 3-hr exposure. METABOLISM IN MICE (MEETING ABSTRACT). ‘Pn:~:.)
There was no difference in Ic” fl ux , hemolysis , or Deficis , A.; Dumas , J. C.; Laurens , J.; Piurien , C.
osmotic frag ility between the microwave irradiated In: Abstracts of 197? In torna t iona l : : ‘rn ’ , ’a ’ :~- ’- on-.
sample and the conventionall y heated sample , even- thc Bic ’Zo ~7ioal  Ef :’i’ ’ts of Fl,- ’tri’rI z:o:i:i ,’ W:: ’cs.
though both were heated to the same temperature for Sponsored by The International Union of Radio Sc i ence
the same duration. At an equivalent power density & The U.S. Committee for URS I , held at Air l ie , VA
of 58 mW/cm2 , the maximum rise of temperature of on October 30, 1977-November 4, 1977: pp . 105;
the erythrocyte suspension was 15 C (i.e., from 23 1977. (0 refs)
to 38 C) and the percentage release of Ic” ions from
the Irradiated samp les was slIg htly higher than It was previously establ ished that continuous wave
that from cells heated in a water-bath at the same (CU) Irradiation of the mouse In a cavity at fre-
temperature. The difference was not statistically quencies between 2.35 and 2.50 GHz Increases its
significant at the 5% level as determined by a level of serum triglycerides. The experiments were
t-test. The same procedure was used to determine extended to the free-field condition where mice
the effects of 2.45-GHz and 3.95-GHz microwaves , were exposed in an electrically anechoic chamber to
No apparent effect on permeability of the erythro- 2.45 GHz CW microwaves. The same effect on serum
cyte ’s membrane was found. Data from studies that tri g l ycerides was observed. In this stud y, the
involved shorter exposure times , higher power levels , effects of both modes of irradiation were stud i ed
ouabain-treated cells , erythrocytes of species using 2-mo-old male DBA mice ; 60 animals were
other than the rabbit , and aged red cells also are irradiated in cavities; 94 were irradiated in the
reported. anechoic chamber. Duration of exposure was 60 hr;

126 controls were used . Measured or extrapolated
root mean square power d e n s i t i e s  ranged from )-t i

5408 INJURY OF CELL MEMBRANES IN NORMAL AND SV,,0- (±3) mW/cm~. Measurements of body temperature
VIRUS TRANSFORMED FIBROBLASTS EXPOSED IN revea led no change between pre- and post-exposure

VITRO TO MICROWAVE (2450 MHZ) OR WATER-BATH HYPER- readings. The levels of serum t r i g lycer ides  of
THERNIA (43°C) (MEETING ABSTRACT). (En~.) irradia ted mice were siqnif l cantly hi gher than those
Janiak , N.; Szmig lelski , S. In: Abstra cts of 1977 of  con t ro l s , bu t the elevations were hig hest when
Interna tiona l Symposium on the Biological Effect8 i r radiat ion took p lace in the free f i e l d .  Leve ls
of Electromagnetic Waves. Sponsored by The Inter- of B-llpoprote ins were correlated with those of the
nationa l Union of Radio Science & The U.S. Committee serum t r i g lycer ides.
for URS I, held at A i r l i e , VA on October 30 , 1977-
November 4 , 1977: pp . 104; 1977. (0 refs)

Mouse 313 fibroblas ts and SV,4 0-v l rus  transformed 5410 COMPARATIVE EFFECTS OF WATER BATH- AND
mouse—3T3 fibroblasts (SV-3T3) were heated In a MICROWAVE- INDUCED HYPERTHERMIA ON CELL
water bat h or by 2 ,450-MHz microwaves to 40 or to SURVIVAL AND SISTE R CHROMATID EXCHA NGE (SC E) IN
43 C. At 15-30 mm in terva ls  during and af ter  CHINESE HAMSTER OVARY (CHO) CELLS (MEETING ABSTRACT) .
heating, permeabili ty of cell membranes was evaluated . (Eng.) L ivins ton , C. K. ;  Johnson , C. C . ;  Dethlef-
In other experiments the ce l l s  were heated for sen , L. A. In :  Alts tr.a ,’~nm of 19?~’ Int,’rnati,-- ’~ : , ’

various periods of time ( 30— 120 mm ); Injury of cell S!(mpoe: ’:e~ on the’ i: i ’ ’oI :i. . : .’ i
~~~’ ,~ t .~~ iif ’ ,‘ ‘fr ”st :—
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netic Waves. Sponsored by The Internationa l Union WAVES: A LONG-TERN INVESTIGATION (MEETING ABSTRACT) .
of Radio Science & The U.S . Coesnittee for URSI , (Eng. )  McAfee , R.; Gordon , R.; May, J .; Elder , S. 1.
held at Air l ie , VA on October 30, 1977-November 4, In: Abstracts of 1977 International Sym~-osi um on

1977: pp. 106; 1977. (0 refs) the Biological Effects of  E lectromagnetic Wav~ o.
Sponsored by The International Union of Radio Science

To investigate possible extratherma i effects of & The U.S. Coninittee for URS I , held at Air l ie , VA
2,450-MHz microwave radiation , the response of on October 30, 1977-November 4, 1977: pp. 110; 1977.
Chinese hamster ovary (CHO) cells to equivalent (0 refs)
therma l insults in a microwave field and In a water
bath was compared . Experimental and control suspen- A long—term investigation of the cataractogenic
sions of synchronous cells In the log phase of effects of microwave irradiation Is reported together
growth were maintained at 44 C for 10, 20, 30, 40, with an attempt to replicate certain behaviora l and
50, or 60 m m .  The microwave treatment consisted physIolog ic effects of microwaves In freely respond-
of inserting a culture tube with the CHO cells into ing rhesus monkeys. The treated group (n = 24) and
a waveguide—the longest dimension of the tube the control group (n — 75) were maintained in family
parallel to the E field— and app l ying sufficient groups In outdoor cages along with their Infants.
energy to maintain the desired temperature. Temper- The adults Individually entered an irradiation
ature—rise profiles were matched by mon I toring chamber and depressed a glass drinking tube tha t
experimental and control suspensions with the activated a microwave generator , which irrad iated
lIquid-crystal optic-fiber temperature probe. Colony the monkey ’s face and eyes by energy from a 15-dB
assays tha t were performed 8 days after hypertherma l gain horn at 15-cm distance. Closure of the drInk-
treatments showed no significant differences In ing-tube switch also allowed delivery of app le ju ice
survival of cells. The sister chromatid exchange through the tube on a variable ratio schedule of
(SCE) frequency was also measured after 20-mln re i nforcement. Some monkeys worked 10 mm for j u I c e
hyperthermal treatments. Temperature of mIcrowave reward , while others worked for 20 m m .  The monkeys
irradiated cells was monitored with a thermistor will be irradIated 4 days/wk for 52 wk , with follow—
perpendicular to the E field and i n  contact with up for at least 2 additiona l years. The radiation
the cell’ s monolayer. Hyperthermla elevated the source is an AN-CPN— 6 radar beacon that is operated
SCE frequency above the control value (11.5 ± 0.38/ at 9.3 GHz In pulsed mode (0.5 iasec) at an averaged
cell) but there was no significant difference bet- power density between 150 and 495 mW/cm2 . Power
ween cells treated in the water bath (17.3 ± 0.43) densIty is controlled by vary ing the pulse repeti—
and In the microwave field (16.6 ± 0.69). No extra- tion frequency (i.e., 1 ,000 pulses/sec y ields
therma l effects of microwave radiation were detected 150 mW/cm2). ExamInations of monkeys to date have
in either of the experiments , revealed no evidence of deleterious ocular effects

of the radiation after 40 sessions . Social behavior
and the health and fecundity of the irradiated
animals have not been altered. Behaviora l changes ,

5411 EFFECTS OF MICROWAVES ON SPERMATOZOA AND whIch might be reflected i n  rate of lever pressing,
OBSERVAT I ON OF MOTILITY BY THE LASER—SCAT- have not been apparent.

TERING TECHNIQUE (MEETING ABSTRACT) . (E n g .)  Shimi—
zu , H.; Sakura i , K.; Matsumoto, C. In: Abstracts
of 1977 International Syrap oeium on the Biological
Effects of Electromagnetic Waves. Sponsored by The 5413 HEMATOLOGIC AND SERUM-CHEMISTRY EVALUATIONInternational Union of Radio Science & The U.S. IN RATS EXPOSED TO 60-Hz ELECTRIC FIELDSConisittee for URS I, held at A i r l ie , VA on October
30 , 1977—November 4, 1977: pp. 107; 1977. (0 refs) 

(MEETING ABSTRACT). ( E n g .)  Ragan , H. A. ;  Pi pes ,
N. J .;  Kaune , W . 1.; P h I l l i p s , R. D. In: Abstract -s

The motIl i ty of spermatozoa of a sea chestnut of 197? International Symposium on the Biolog ica l
(Her eicentro tua pulcherrirtus) was studIed after Effects of Electromagnetic Waves. Sponsored by The

International Union of Rad io Science & The U.S .microwave irradiation by a laser light scattering Comittee for URS I , held at Air l ie , VA on Octobertechnique. Two 6—ml samp es of sperm from the same 30, 1977-November 4, 1977: pp. 126; 1977. (0 refs)sea chestnut were prepared in test tubes. One
samp le was exposed to 2 ,450-MHz microwaves for 10 Hematologlc and serum-chemistry eva luations wereSec in a cavity;  the temperature of the radiated performed In twenty young adult female Sprague-
sample was elevated by 5 C. The elevatIon of
temperature of the control sample , which was heated Dawley rats exposed 21 hr da i l y  for 15 or 30 days

to a uniform , ver t ica l  60-Hz e lectr ic  f ie ld  at anby conventional means , was equiva lent to that of unperturbed f ie ld strength of 100 kV /m (± 5*). Anthe irradiated samp le. Measurement of moti l i ty  equal number of rats was sham-exposed under Iden-began immediatel y after heat Ing and required about t i ca l  housing and handling conditions. A third
1 m m .  The motilIt y  of sperm was essentially the
same I n both samples. The acute effect of mIcrowaves 

group of ra ts was maintained in the laboratory and
served as caged con trols. Hematolog ic evalua tions

on motIlity of spermatozoa appears to be due to were made using venous blood obtained from unanes-
therma l effects. thetized rats. For measures of clinical chem istry,

the rats were anes thetized with ether pr ior to col-
lection of blood from the heart ; a ll quots of serum

5412 FACIAL IRRADIATION OF THE FREELY RESPONDING then removed and quick-frozen until assayed. No sig-

~ACACA MIILATTA BY A 9.3-GHZ PULSED MICRO- nificant differences among the three treatment
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groups were observed on any hemato logic end- Effects of Elec tr omagi- ict~ o Wavea . Sponsore d by
point includ i ng volume of packed red cells , The In ternational UnIon of Radio Science & The U.S.
red blood cell Coun ts , hemoglobin concen trations , red Comm i ttee- for URSI , held at A i r l i e , VA on October
cell corpuscular constants , reticulocyte concentra- 30, 1977-November 4, 1977: pp . 129; 1977. (0 refs)
t ions , whi te blood cell counts , absolu te distribu-
tion of leukocyte cell types , pla telet concentra— The slime mold Ph9aarum p olyoep halic-i was exposed
t ions , and bone marrow cellulari ty. No effects of to a variety of low level , extremely low frequency
elec tric field exposure were observed on the serum- (ELF) fields for periods rang ing from 2 mo-5 yr. Re-
chemis try endpoints including blood urea nitrogen , producible changes , si gnificant at the p< .O5 lev el
alkaline phosphatase , glu tamic oxaloacetic transa- were induced in several biolog ic parameters. Changes
minase , serum iron , total i ron binding capacity, were generally about lO~ in magni t ude and cons i st ed
glucose-serum proteins , or the concen trations of of a slowing of cellular processes: the cultures
albumin and the serum-g lobulin frac tions as deter- maintained their capacity to survive and reproduce.
mined electrophoretica lly. The results of these Cultures were exposed to 75- , 60- , and 45-Hz
s tudies using ri g idl y defined and controlled electric continuous wave (CW) and to 76-Hz MSI( frequency-
fields are compared with studies using much lower modulated fields at strengths rang ing from 0.1 to
field strengths In which effects on hematologic and 2.0 x 1O ”~ teslas (root mean square Lr msj) and
serum—chemis try variables have been reported. 0.04 to 0.7 V/rn (rms). In most experiments both

elec tric and magnetic fields were applied , bu t In
some, only one or the other component was app l i ed .

5414 CHRONIC EXPOSURE OF PRIMATES TO ELF ELEC Cul tures were maintained in constant-temperature
TRIC AND MAGNETIC FIELDS (MEETING ABSTRACT) . incubators that were equipped with identical magnetic

(Eng. )  Grissett , J. D. In: Abstracts of 1.17? field coils and other interior fittings. Growth
Intern atwnal Sympos1.wn on the Bwlogi.ca l Effects vessels incorporated parallel plane stainless steel
of Electromagnetic Waves. Sponsored by The Inter- electrodes , which establ ished the e l e c t r i c  f i e l d s
national Union of Radio Science & The U.S. Committee across the medium in which the s l i me mold was
for URS I , held at Air l ie , VA on October 30, 1977- growing. In one experiment , however , all—g lass
November 4 , 1977: pp. 127; 1977. (0 refs) vessels  were used, Changes reported ea r l i e r  during

exposure of the mold to CW f ie lds  were again
The physIologic and clinical effects of chronic observed , including a lengthening of the cycle of
exposure to electric and magnetic fields similar mi totic nuclear division , lengthen i ng of the period
to those near the antenna of the U.S. Navy ’s of spontaneous oscillatory streaming of the proto-
proposed extremely low frequency (ELF) conmiunica- plasm and a decrease in respirat ion.  The magnitude
tions system were investigated. Body currents of effects and the rap id i t y  of their  onset were
induced by th is  system were s im i la r  to those Induced dependent on f i e l d  in tens i t y  and frequency . Data
by some power d is t r ibut ion systems; therefore , the are also presented from experiments In which
resu lts of th is experiment were of value In asses- cultures that combined Physcn ’wn from exposed and
sing the env i ronmental impact of e lec t r i c  power contro l cultures exhibI ted a m i to t i c  cyc le  that
techno l ogy. Thirty monkeys (Macaca mulatta ) were was intermediate in length to that of the parent
exposed to a magnetic f ie ld  of 0.2 m l l l it e s l as  stocks. This was interpreted as evidence for some
(mT) ,  which is 10 t imes greater than the worst  sort of transferable factor or d e f I c i t .  Ind irect
case condit ions at the ELF antenna . The in tensi ty  measurements indicated that no apparent genet ic
of the e lec t r i c  f ie ld was 20 V/rn, which is 2 times differences were induced by exposure to ELF f i e l d s .
greater than, that at the soil ’ s surface near the
grounding terminal and 300 t imes greater than that
at the soil’ s surface along the antenna . Blood
chemIstry and metabolic data were collec ted at 5416 BIOLOG I CAL EFFECTS OF 60-HZ ELECTRIC FIELDS

weekly intervals; comprehensive c l i n i ca l  examina- ON GROWTH AND METABOLIC STATUS OF RATS
tions were given every 6 wk, Statistic analysis (MEETING ABSTRACT). (Ena . ) P h i l l i p s , R. D. ; Chandon ,
of the data was accomp lished with a two-factor J. H.; Lang , L.; Hil ton , D. I. In: Ahs (ra ~’~ s of
analysIs of variance (ANOVA) with repeated measure- 197? Int ernational Symposium on the Piol o,qioa~’ F~’j’~-o~o
ments on one of the factors. The field-level factor of Electromagnetic Waves. Sponsored by The Inter-
contained exposure to the field and a non-exposed national Union of Radio Science & The U.S. Coninittee
control. The analysis was designed to determine for URSI , held at Airl l e , VA on October 30, 1977-
whether the experimental animals responded differ- November 4, 1977: pp. 130; 1977. (0 refs)
ently from controls across time and whether the
overall data from one group differed from the A comprehensive investigation of the possible biol —
other. The analyses are summarized and graphically og ic effects on small laboratory animals of expo-
presented with respect to data gathered after 22 sure to 60-Hz electric fIelds is described. Systems
ma of exposure, have been buIlt for chronic exposure of large numbers

of rats and mice to uniform , vertical electric
fields. A multidisciplinary research team Is

5415 EFFECTS OF ELF FIELDS ON THE SLIME MOLD evaluating possible effects of elec tric-fIeld expo-
PHYSAR(JM POLYCE’PHALUM: EVIDENCE FOR sure on hematology, serum chemistry, Immunology ,

DEPRESSION OF CELLULAR FUNCTION AND FOR A TRANSFER— endocrinology, neurophys lology, central nervous
ABLE FACTOR (MEETING ABSTRACT) . (Eng.) Greenebaum , system function and structure , pat hology, cardio-
B.; Goodman , E . N.; Marron , M . T. In: Abstracts vascular function , bone growth and structure ,
of J9 ? 7 Inf cr n.zt iona l Sympocium on the Biolog ica l reproduction , development , teratology, and growth.
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I n  addition , the effects of electric field exposure of 1 mW/cm’ in a rectangular exposure chamber at
on growth and metabolic status of rats are being 148 MHz . For single exposures, eight groups of
assessed . mice of differIng age , from preweaned to mature ,

were exposed for 1 hr. For repeated exposures,
animals were irradiated 1 hr/day , 5 days/wk , from
day 4—7 postpartum for 10 wk. Animals were divided

5417 ECG AND HEART RATE RESPONSE OF RATS EXPOSED Into two equa l groups to serve as control and
TO 60—HZ ELECTRIC FIELDS (MEETING ABSTRACT). irradiated subjects. Body mass of animals was deter-

(Eng.) Hilton , D. I.; Chandon , J. H.; PhillIps , R. mined daily for 10 wk from the beginning of RF
D .  En: Abstracts of 197? Internationa l Symposium irradiation and weekly thereafter. Groups of four
on the Biolog ical Effects of Electromagnetic Waves, mice were placed either In the control or in the
Sponsored by The International UnIon of Radio Science radiatIon chamber at four standard locations , Blood
& The U.S. Committee for URSI , held at Air l ie , VA Ofl was withdrawn from the tail vessels to make hemo-
October 30, 1977-November 4, 1977: pp. 131; 1977. grams via mlcromethods. Formed blood elements were
(0 refs) not affected to any si gnifIcant extent by RF expo-

sure. The comparable Increments of body mass of
Electrocardiograms (ECG) were recorded , and heart irradiated mice and controls IndIcated that the
rates were determined for rats exposed to uniform anImals remained in good health. Necropsy and
60-Hz electrIc fields at 80 kW/m . Heart rates histopa thol ogic examinations of all organ systems
and temporal characteristics of ECGs of rats exposed did not revea l changes that could be attributed to
for 8 hr did not differ si gnifIcantl y from those radiation , although mInute biolog ic injury at the
of sham—exposed controls. Heart rate values of molecular level could not be discounted .
animals exposed for 40 hr (8 hr/day for 5 days) did
not differ significantl y from values obtained from
controls.

5420 RESPONSE OF LYMPHOf.YTES I N  VITRO TO 30-MHZ
RADIO-FREQUENCY FIELDS (MEETING ABSTRACT).

(E n g .)  Lovel y, R. H.; Sparks , 1. J.; Guy , A. W.
5418 LONG TERM FOLLOW-UP MACACA MUL.4TTA EXPOSED In: Abstracts of 1977 International Sympos ium onTO HIGH POWER LEVELS OF 15- , 20- , AND 26- the Biological Effects of Electromagnetic Waves.MHZ RADIO-FREQUENCY RADIATION (MEETING ABSTRACT). Sponsored by The International Union of Radio Science(E ng .)  Krupp, .1. H. In: Abatracta of 1977 Inter— & The U.S. Committee for URSI , held at A i r l ie , VAnational Synrpo aiwn on the Biological Effects of on October 30 , 1977-November 4, 1977: pp . 138;E’lectrorm3gnetic Waves. Sponsored by The lnterna- 1977: pp. 138; 1977. (0 refs)tional Union of Radio S~ lence & The U.S. Committee
for URS I , held at A l rlie , VA on October 30, 1977- Mltogen— stimulated lymphocyte cultures were exposedNovember 4, 1977: pp. 136; 1917. (0 refs) to 30-MHz radio frequency fields and compared as to

mitotic index and blast—cell percentage with non-
The whole-body thermal response to radiation at exposed cultures , No significant differences were
high power densities (500-1 ,270 mW/cm2) of 15- , observed between exposed and norsexposed cultures.
20- , and 26-MHz radio frequency radiation was However , the number of successful cultures (culturesmeasured in two groups of monkeys (Macaca mulatta) containing at least 106 cells with a significant
that totalled 18 animals. Each animal was exposed percentage of transformations) was sIgnificantly
for 6 hr on at least two occasions, One or two l ower in exposed cultures.
y r  later , standard clinical patho logic techniques
were used to measure various hemato)ogic and bio-
chemica l parameters. Physical examinations were
performed , includIng slit—lamp examinations of the 5421 DI FFERENTIAL EFFECT S OF RF RAD I ATI ON ONlens of the eye and optha lmoscopic examination of SUBPOPULATIONS OF MURINE LYMPHOCYTESthe fundus. No variations from normal values or (MEETING ABSTRACT) . (Eng.) Liburdy, R. P. In:conditions were found that could be attrIbuted to Abstracts of 1977 International Ssinrposium on thethe radiation. Biological Effects of Electromagnetic Waves. Spon-

sored by The InternatIonal Union of Radio Science
6 The U.S. Committee for URSI , held at Air l ie , VA

5419 EFFECTS OF RADIO WAVES ON GROWTH , HEMATOLOGY on October 30, 1977-November 4, 1977: pp. 139;
AND HISTOLOGY OF MICE (MEETING ABSTRACT). 1977. (0 refs)

(E ng. )  Lin , J. C.; Nelson , J. C.; Ekstrom , M. E.;
Nam , S. H. In: Abstr acts of 29 77 International The lymphocyte population in the spleen of mice
Symposium on the Biologica l Effects of Electromag— that exhibited radio frequency (RF)-induced , acute
netic WaVeB. Sponsored by The Internationa l Union lymphopenia was examined for altered heterogene i ty
of Radio ScIence 6 The U.S. Conanlttee for URSI , wIth respect to expression of complement-binding
held at AIrlIe , VA on October 30, 1977-November 4, and spontaneous sheep red blood cell (SRBC)-bindinq
1977: pp. 137; 1977. (0 refs) surface receptors. Mice tha t exhibited RF-lnduced

l ymphopenia showed a relative enrichment of comple-
The effects of sing le or repeated exposure to radio ment—dapendent , SRBC rosette-forming l ymphocytes
frequency (RF) energy on growth , hematology, and (CR1) and a depletion of spontaneous SRBC rosette-
histopathology were investigated in male and female forming lymphocytes (SilL). The relative percentage
C3H mice . An imals were exposed at a power densIty of splenic CRL in RF-exposed mice was 1.5-fold
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grea ter than that observed in sham-exposed mice changes in the rnitogen response of both T- and 8-
(32.0 ± 3. 1/20.8 ± 4.3, n 12). The relative lymphocytes from lymph nodes and T-lymphocytes
percentage of SRI in RF-exposed mice was 2.1-fold from blood. However , there were no changes in
less than tha t in sham-exposed mice (13.1 ± 2.4/ perip heral blood coun ts after exposure at the hI gher
27.3 5.1 , n — 12). In contrast , RF—exposure to frequency . The data indicate that chronic expo-
26-MHz fields at reduced intensity (2.5 W/kg specific sure of rats to microwaves at either 2 ,450 MHz or
absorption rate ISARI). which p roduced no lympho- 425 MHz may result in changes In the mitogen-
penia , also produced no alterations in splenic stimulated response of lymphocytes.
populations of CR1 and SRI. To InvestIgate the
effects of RF radiation on peripheral blood l ympho-
cy tes (PBL), splenectoinized mice were exposed to
26-MHz radiation (2(~.7 W/kg SAR). The PBL were 5423 ALTERATION OF CELL-MEDIATED IMMUNITY BY

collected by cardiac punc ture and isolated on a LOCAL MICROWAVE HYPERTHERMIA (43°C) OF

Ficoll-sod i um metrizoate density gradient. The GUERIN EPITHELIOMA (MEETING ABSTRACT) . s n t .)

PBL population showed an Increase in CR1 and a Szml g ielsk i , S.; Janiak , N. In: Ab8 t i ’a ’t~: ‘f 1977

decrease in SRI that was more marked than tha t Internationa l Symposium on the Biolog io~ ! k j ’j - ~ ta
observed in sp lenic lymphocytes from RF—induced of Electromagnetic Waves. Sponsored by The Inter-

l ymphopenic mice. Lymphopenia accompanied by nationa l Union of Radio Science & The U.S. Committee

increased splenic CR1 and decreased sp lenlc SRL for URSI , held at A l rlie , VA on October 30, l977’

could be induced in quiescent mice by administra- November 4, 1977: pp. 141; 1977. (0 refs)

tion of methyl prednisolone sod i um succinate. The
data suggest that the differential effects of RF- Tumor-bearing rats (Guerin ’s ep i thelioma ) underwent

radiation on mouse lymphocytes may be the result three I-hr sessions of localized microwave hyper-

of an in vivo release of corticosteroids in response thermia (LMWH ) durin g wk 3 or 5 after tumor

to therma l stress from RF radiatIon, im plantation . A rise of temperature in the tumor
to 43±0.05 C was accomp l i shed ; elec t r i ca l sh ie l d-
ing helped main tain temperatures below 40 C in the
remainder of the ra t ’s body . Subsequently, in

5422 CHRONIC EXPOSURE OF RATS TO 425- or 2450- treatments prescribed by a factorial design , ra t s
MHZ MICROWAVE RADIATION EFFECTS ON LYMPHO— were infused wi th Streptolysin S (SLS) i .p ., wI th

CYTES (MEETING ABSTRACT) . (E ng .)  S m i a l o w l cz , R.  ‘J . ;  Corynebacter ium parv sun (CP) lntratu mora lly, wi t h
Kinn , J. B, ; We ill , C. M .; Ward , T. R. In: Aba— both agents , or wi th neither. Eig ht wk after
tracts of 19?? International Symposium on the Bid — Imp lantation , the following results were noted:
ojj ( ’al Effects of E~~i ’tromagnetic Waves. Sponsored (1) LMwH in 12 rats during wk 3 resu l ted in three
by The International Union of RadIo Science 6 The cures and eig ht tumor regressions; in contrast ,
U.S. Committee for URS I , held at Airlie , VA on treatment of 12 rats during wk 5 resulted in four
October 30, 1977—November 4, 1977: pp. 140; 1977. regressions and no cures; and (2) LMwH , when corn-
(0 refs) bined with SLS or CP or both , was even more effica-

cious in eradicating tumors , especia ll y when
Rats were exposed in utero and through 40 days of adminIstered during wk 3. These data and those from
age for 4 hr/day in a temperature-controlled environ— immunolog ic assays indicate that LMwH is not only
men t to continuous wave (CW) microwaves either at a selective killer of cancer cells but acts as a
2,450-MHz in an anechoic chamber or at 425 MHZ (Cw) potent Imunostimulator .
in a transverse electromagnetic mode (TEN) trans-
mission line. The power densities of incIdent
radiation were 5 mW/cm2 at 2,450 MHz and 10 mW/cm2

at 425 MHz . Specific absorption rates (SAR) for 5424 FURTHER CHARACTERIZATION OF MICROWAVE-
rats of different ages were determined by twin-well INDUCED CHANGES IN SUBPOPULATIONS OF
calorimetry at each frequency. At 2,450 MHz, SAR LYM PHO ID SPLEEN CELLS IN THE MOUSE WITH PARTICULAR
values from I to 5 mW/g were calculated for pregnant REFERENCE TO COMPLEMENT-RECEPTOR-BEARING LYMPHOCYTES
rats and for pups to 40 days of age. For rats (MEETING ABSTRACT). (En ~.) WIktor-Jedrzejczak .
exposed to 425 MHz , SAil values between 3 and 7 mW/g 11.; Ahmed , A .; Leach , W . M. Czersk I , P. ; Cyr , H.;
were also computed from measuremen ts of forward , Sell . K.  W.  In:  AhBtVO ,’fB of 79’7 ~~~~~~~~~~~~~~~~~~~~~~

reflected , and transmitted power. Rats were sac- Syf lrpB iu ’i .~~‘; the Biologica l ?ff i ’ ~ t8 c ’f • ‘ti’e~u :~
rificed at 20 and 40 days of age, and blood was netic Waves. Sponsored by The International Union
obtained for complete blood counts. in addition , of Radio Science 6 The U.S. Committee for URS I ,
the in vi tro blastogenic response of blood and held at A i r l ie , VA on October 30, 1977-November 4,
lymph node lymphocytes was measured by 3H- thymidine 1977: pp. 142; 1977. (0 refs)
incorporation Into DNA following stimulation of the
cells with T- or B-lymphocyte mitogens. Exposure Exposure of the mouse to 2 ,450-MHz microwaves
of ra ts at 425 MHz resulted in an absolute neutro- results in an increased number of complement-
penia and a relative l ymphocytosls in two of three receptor-bearing lymp hocytes (CRIs) in the s p leen .
experiments. Si gnificant Increases (p< .O5) In Further characterization of this effect was inves-
the response of lymph node lymphocytes to stimula- tigated through sing le exposures of CBA/J mice In
tion wIth phytohemagglut inin (PHA) were observed in an environmentall y controlled waveguide . An inc rease
irradiated rats. Also , the response of lymp h node of CRIs was observed between day 4 and 10 after
l ymphocytes to B-cell mltoqens Increased si gn l fi- radIation , a p lateau occurring after day 6. Th~
cantly . in animals exposed to 2,450 MHz there were increase was mare pronounced when flow of radiation
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proceeded from tail-to-head as opposed to head-to- generator to a rectangular direct-contact diathermy
tail; Increased variability resulted when flow was applicator with matching through a double-stub
Incident on the mouse’s saggltal plane. The increase tuner. Approximately 50 W are required to obtain
was dose dependent , the strongest response occurrIng a therapeutic elevation of temperature In deep
to a dose of 40 J/g (45-mm exposure); between 10 tIssues to the 42-43 C range. The app licator is
and 20 n*i/g, the leve l of CRLs was Independent of 13 cm x 13 cm and Is fitted with a plastic cover
dose-rate. Amplitude modulatIon at 12 Hz yielded - p late through which cool air is blown to control
results that were similar to those obtained with surface temperature. Surface cooling is essential
continuous wave radIation . Assessment by a coin- to obtain an optIma l temperature profile In the
bined , i imnunofluorescent—ro setting technique tissues . Experiments were performed on tissues of
revealed that the Increased sub-populations were normal animals to gain experience with requirements
predominantl y of CR+ and 1 9+ B—cells. There was for power with the app licator and with thermo-
also an increase In Fc—receptor—bearing B—cells metry. An i mals wI th spontaneous tumors were
that was unrelated to changes of number eIthe r in treated , and significant regression and necrosis
theta-positive or in E-rosette-pos itlve 1—cells, were observed in several cases, The results of

prelimInary experiments are reported , and resulting
des ign-specification s for a 915-MHz hyperthermia
system for cancer treatment are outlined.

5425 THE RELATIONSHIP OF THERMAL STRESS TO
IMMUNE-SYSTEM RESPONSE IN MICE EXPOSED TO

2.6-GHZ RADIO-FREQUENCY RADIAT ION (MEETING ABSTRACT).
(E’ng.) Krupp, J .  H. In: Abstracts of 1977 Inter— 5427 EXPERIMENTAL AND NUMERICAL STUDIES OF
national Symposium on the Biological Effects of TEMPERATURE IN A HUMAN LEG HEATED BY
Electromagnetic Waves. Sponsored by The Interna- DIATHERMY (MEETING ABSTRACT) . (Eng . ) Emery , A. F.;
tlonal Union of RadIo Science & The 11.5. Committee Stonebridge , J.; Sekins , II. In: Abetracts of 1977
for URS I , held at A i r lI e , VA on October 30, 1977- Internationa l Symposium on the Biological Effects
November 4, 1977: pp. 143; 1977. (0 refs) of Electrom~zgnetic Waves. Sponsored by The Inter-

national Union of Radio Science & The U.S. Committee
To investigate the relationship of thermal stress for URSI , held at Air l ie , VA on October 30, 1977-
to immune—system response, hybrid Inbred mIce were November 4, 1977: pp. 150; 1977. (0 refs)
exposed to 2.6-GHz radio frequency radiation at
power densities of 10, 15, and 20 ,v*~/cm

2 for dlf— A section of the human thigh was modeled by a
ferent periods of time . Sensitization by Innocula- finite—e lement thermal analyzer , and the transient
tlon with sheep red blood cells (SRBC) was done at elevations of temperature resulting f rom appl ic a t i on
various time s before and after radiation. Four of dIathermy were computed. Computations were
days after the sensit izing treatment , spleens were performed for normal application , application wi th
harvested and assayed for the presence of plaque— a simu ltaneous cooling of the skin , and app l Icat ion
forming cel ls (PFC) In SRBC f i lms. Increased num— after pre—coo llng of the lImb . The aIm was to
bers of PFC occurred whenever the exposure condl- develop a treatment schedule that would yield the
tions were such as to produce a rise of rectal desired core temperature while not producing
temperature by 3.0 C. The greatest increase unacceptably high temperatures In other reg ions of
occurred when sensitization followed radiation the thigh. Temperatures were measured i n  subjects
exposure by 4 1w, coinciding with the peak of a undergoIng the treatments and were compared to the
shift in peripheral lymphocyte/leucocyte ratio, computations to verify the assumptions used in
Repeated exposures over a week or more did not the computer-model . The results have enabled the
increase PFC numbers so long as the specific absorp- establishment of guidelines necessary for efficient
tion rate (SAR) of any fraction did not exceed diathermy of tissues well below the surface of the
that which produced the threshold temperature. The thig h.
same response could be elicited by the admInistra-
tion of cortisone, which Indicates that the observed
changes were an adrena l-mediated response to thermal
stress. Biolog ic response as a function of SAil Is 5428 A STUDY OF LEAKAGE FIELDS NEAR THERAPEUTIC
dIscussed. 915- AND 2450-MHZ APPLICATORS AS APPLIED

TO MODELS AND AS USED IN HUMAN EXPOSURES (MEETING
ABSTRACT) . (Eng .)  Lehmann , J. F.; Guy, A. W . ;
Stonebr ldge , J. In: Abstracts of 1977 Interna-

5426 A 915-MHZ EXPOSURE SYSTEM FOR IIYPERTHERMAL tiona l Sympo sium on the Biologica l Effects of
TREATMENT OF CANCER (MEETING ABSTRACT). Eiectrorrezgnetic Waves. Sponsored by The interna-

(E ng.)  Johnson , C. C. ; Plenk , H.; Durney, C. H. tional UnIon of Radio Science & The U.S. Committee
In: Abstracts of 1977 Internationa l Syrçoai we on for URS I, held at A Ir l ie , VA on October 30, 1977-
the Biological Effects of A’Zeotrcmragnetic Wave.. November 1* , 1977: pp. 151 ; 1977 . (0 refs)
Sponsored by The In ternational Un ion of Radio
ScIence & The U.S. Committee for URS1 , held at An XYZ tracking system (controlled by a DDP-5l6
Airlie , VA on October 30, 1977-November 4, 1977: Honeywell computer) with a National Bureau of
pp. 149; 1977. (0 refs) Standards EDM-IC hig h dens i ty probe was used to

plot the radiation levels In an anecholc chamber.
A 915-MHz microwave system for inducing hyperthermla Stray radiation resulting from various contact and
Is described. Energy Is supp lied by a mIcrowave noncontact app licators was plotted using models
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that were representative of the electrical proper- national Union of Radio Science & The U.S. Committee
ties of tissues and were shaped according to human for URS I , held at Airl l e , VA on October 30, 1977-
anatomy . The system was calibrated initially by November 4, 1977: pp. 154; 1977. (0 refs)
using microwa ve sources with known theoretic near-
and far-zone fields at 915 MHz and 2,450 MHz. The Eh rlich ascites tumor cells (EATC) were simultaneous—
most cofimon types of therapeutic app lications were ly incubated in vitro at the same temperature
duplicated . For further verification , the same (37.5 or 42.5 C) in either a microwave field (200
plots were made during exposures of human beings , n*~/cm2) or in a water bath. The differences in
which were identical to those used in therapy but release of ~~CO2 due to the metabolism of uniforml y
with low output power for safety. Results obtained labeled g lucose (U- ’~C-Glucose) from the irrad ia-
with the various app licators in the different types ted and nonirradiated EATC were not statistically
of situations can serve as a guide to the physician significant at the 0.01 l eve l at 37.5 and 42.5 C.
who wishes to apply these modalities whIle avoiding The presence of 1 mu ascorbic acid in the incuba-
exposure of sensi t ive organs such as eyes and tion media markedl y stimulated g lucose metabol ism
testes . In addition , this evaluation provides in EATC . The differences In release of 1” CO 2 due
valuable information as to the best technique of to the metabolism of U- 11’C-Glucose with ascorbic
application and the most suitable approaches to acid versus no ascorbic acid in the incubation media
app licator desi gn, were statisticall y significant (p<O .Ol) at 37.5

and 42.5 C in both irradiated and nonlrrad lated
samples. However, the differences in glucose
metabol ism between Irradiated and nonirradIated

5429 LOCALIZED EMBEDDING OF LABELLED MICRO- cells In the presence of ascorbic acid were not
SPHERES BY MICROWAVE HEATING IN TISSUES statistically significant at either temperature .

OF HYPOTHERMIC DOGS (MEETING ABSTRACT). (Eng.)  A number of other labeled compounds were used to
Popovic , V.; Popovic , P. In: Abstracts of 1977 characterize furthe r the effects produced by
Intern a tiona l Symposium on the Biological Effects cellular heating and ascorbic acid on EATC metab-
of Electromagnetic Wav.a,  Sponsored by The Inter- ollsm . 1

~ C02 release from 1-~~’C-pyruva te and
nationa l UnIon of Radio Science & The U.S. Coeinittee l.5- 11’C-citrate metabolism were released at
for URS I , held at Air l ie , VA on October 30, 1977- specific points In the glycolytic pathway and the
November 4, 1977: pp. 152; 1977. (0 refs) trlchloroacet ic acid cycle , respectively. The

release of labeled CO2 from these compounds wasThe hind leg of a dog was profoundly cooled whIle Increased significantly In the presence of ascor-
the graci lis muscle of the same leg was kept bate. In additIon , cells incubated in the presence
slightly hypertherm lc (37-39 C) by microwave heating of ascorbate had a large decrease in their lactate
(differential hypothermia) to study the preferential levels. It has been reported that ascorbate
embedding of radionuc lides. For muscle rewarming, inhibi ts the enzyme, phosphodies terase , which in
a microwave system was used (S-band : 2,450 MHZ) turn inhibits the breakdown of cyclic adenos i ne
that comprised a lOO-W continuous wave magnetron monophosphate (AMP) to AMP. Although the mechanism
with a coaxial dua l -d i rectional coupler to monitor is unclear , cyclic AMP has been shown to inhibit
incident and reflected power. The system used the growth of some tumors in vivo . Since changes
dielectrica lly loaded and tapered wave guides. In nucleotide levels may be related to tumor growth ,
Labelled microspheres were injected as a bolus into future research will determine the effects of ccl-
the left ventricle of the heart. The circulation lular heating and ascorbic acid on cyclic AMP and
measured by trapping of Technetium (99Tc)—labeled the other adenosine nuc l eotides AMP , adenosine
carbonized microsphere in capillaries through the dip hosphate , and adenosine triphosphate.
warmed muscle tissues was 5 to 12 times greater
than that measured through the cold muscles of
the same leg . When differential hypothermia was
used to induce selective embedding of Yttrium- (90Y)- 5431 EFFECTS IN VIVO OF COMBINED MICROWAVE AND
loaded microspheres in the warm graci lis muscle of X-RAY TREATMENT ON A TRANSPLANTABLE MOUSE
the cooled leg , pronounced damage (or even complete MAMMARY ADENOCARC I NOMA (MEETING ABSTRACT). (Pn~.)destruction) of hyperthermic muscle tissue was Clarke , B . J. rn: Abstra cts of 1977 International
observed while leaving undamaged all other muscle Symp osium on ~1w Bi-oio~ivca l Effects of Ele ’tronn :~-
tissue that was protected by cooling . It I s  netic Waves. Sponsored by The International Union
suggested tha t differential hypothermia mi ght be of Radio Science & The U.S. Coninittee for URS I ,
useful in the preferential embedding of medical held at Air l ie , VA on October 30, 1977-November 4,
radionuc l ides whenever a superselective catheterlza- 1977: pp. 155; 1977. (0 refs)
tion of tumors or of other tissues is not possible.

The effects of microwave- and x-radiatlon , alone
and In combinatIon , on the growth In vivo of mansnary
adenocarcinoma (BW 10232) of C57 black/6J mice

5430 THE EFFECTS OF HYPERT HERMIA , MICROWAVE were exp lored . After tumor transp lantation , mice
RADIATION , AND ASCORBIC ACID ON THE were exposed either to microwaves (91.898 ±0. 508

METABOLISM OF EHRLICH ASCITES CARC I NOMA CELLS IN mW/g dose rate) or to x-rays (1 ,000 R) or to both
VITRO (MEET ING ABSTRACT) . (Eng. ) Plontek , C. E.; (84.805 t 2.4 9 rc*~/g dose rate and 1 ,000 R) for
Cain , C. A.; Milner . J. A. In: Abstracts of 1977 2 wk, Both the combined treatment and x-rays alone
International Symposium on the Biological Effects significantly reduced growth of the tumor as com-
of EZGI -.trcire2gnetic Waves. Sponsored by The Inter- pared with the contro l treatment (P< .01). However ,
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the combi ned treatment was no more effective than To study the response to combined x-irradiation and
x-rays alone in retarding growth. The difference microwave heating , 2,450 MHz electromagnetic rad a-
between microwave and control treatments was not tion was app lied to pig skin via a surface applicator
significan t (P> .lO) . A positive correlation was for 1.5 hr at 42 C. The temperature was measured
observed be tween amount of microwave energy absorbed by fine thermocouples , perpendIcular to the electric
and tumor mass. Although there were large areas field and was found to be uniform throug h pigs ’
of necrosis in tumors from both microwave- and dermis. A liquid crysta l thermometer was later
x-radiated animals , all tumors contained cells that used as a check. In contrast to data previously
were undergo i ng mito sis. The in vivo studies indicate obtained with rodents , there was little thermal
tha t x-rays successfully inhibit tumor growth , enhancement on the pig skin. Whether this result
while microwaves appear to stimulate tumor growth. is due to a difference between anima l species or to

different techniques of heating is discussed .

5432 COMBI NED EFFECT S OF PULSED MAGNETIC
RADIATION (DIAPULSE) AND CHEMOTHERAPY ON 5434 DESTRUCTION OF SOLID TUMORS BY HEATING

TUMOR-B EARING MICE (MEETING ABSTRACT) . (Eng. ) WITH RADIO-FREQUENCY ENERGY (MEETING ABS—
West , B.; Regelson , W. In: Abstracts of 1977 TRACT) . (Eng. ) Dickson , J. A. In: Abstracts of
Internationa l Symp osium on the Biologica l Effects 1977 International Symposium on the Biologica l
of Electrora2gnetic Waves. Sponsored by The Inter- Effects of Electromagnetic Waves. Sponsored by The
national Union of Radio Science & The U.S. Committee Internationa l Union of Radio Science & The U.S.
for URSI , held at Air l ie , VA on October 30, 1 977- Committee for URS I , held at Air l ie , VA on October
November 4, 1977: pp . 156; 1977. (0 refs) 30, 1977—November 4, 1977: pp . 158 ; 1977. (0 refs)

The effect of simultaneous treatment utilizing A radio frequency (RE) generator that operates at
pulsed radiowaves and cancer chemotherapy on the 13.56 MHz was developed for use in cancer hyperthermia.
life spans of BDF1 mice with Lewis lung carcinoma The apparatus emp loys the condenser-field technique
was investigated. In comparison to non-treated whereby the tissue Is part of the output circuit and
controls , the combination of hydroxyurea and whole- Is heated between two paddle electrodes that are
body non-ionizing electromagnetic Irradiation (at applied on opposite sides of the tumor. Tuned coin-
27.12 MHz) produced differential enhancement of pensating coils in the handles of the paddles , a
longev i ty of 5 and 102%, depending on output power. connector lead between the paddles , and an inverse
The higher power (38 root mean square (rmsl W) had the direct current feedback loop between the RF output
greatest effect. The lower power (5 rms W) and and the crystal oscillator produce stable and readily
the hydroxyurea administered alone did not signifi- controlled heating of a tumor. One hundred and
cantly alter the time—to—death. Hydroxyurea ei ght subcutaneous murine tumors of three different
combined with the hig her power output (38 mean W types at various sites and up to 3 cm3 in volume
achieved by pulsing the radiation 600 times/sec; were heated to 45 or 50 C for 15 to 30 m m .  A reg-
at a 3.9% duty cycle , peak W.’975) produced a mean ression rate of 100% was seen. Twenty-five intra-
extension of life 67* greater than that of the muscular VX2 tumors (10 to 25 cm3) in rabbits were
group treated with hydroxyurea alone. A second treated at 47 or 50 C for 15 to 30 mm , with a 75*
drug , Cytoxan , when administered 500 hr after regression rate. There was no damage to normal
transplanting of tumor, consistently produced tissues , and temperature of the skin o,er these
significant prolongation of life. A 28% extension tumors rema Ined 4 to 6 C below that of the tumor
of life over that from Cytoxan alone resulted from during the heating.
daily exposure at the lower power output (5 mean W ,
160 pulses/sec at 490 peak W with a 1% duty cycle)
throughout the course of the chemotherapy treatment.
A third drug, bleomycin , did not alter life span 5435 TREATMENT OF TUMORS WITH 69—CM DIATHERMY
either alone or in conjunction with non-Ionizing (MEETING ABSTRACT). (Eng.) Ollendiek , H.
irradiation. Further studies are underway with In: Abstracts of 1977 International Symposium on
L1210 leukemia and with other antI-tumo r agents to the Biological Effects of Electromagnetic Waves.
determine the consistency of the findings and Sponsored by The International Union of Radio Science
whether they relate to drug metabol i sm, thermal & The U.S. Committee for URS I , held at Air l ie , VA
effects, or the action of pulsed magnetic fields on October 30, 1977-November 4, 1977: pp. 159; 1977.
on the host. (0 refs)

Patients wIth advanced metastatic carc i noma were
treated with an Infusion of thymus extract combined

5433 THE RESPONSE OF PIG SKIN TO COMBINED X— with whole-body hyperthermia (‘~4l C) as induced by
IRRADIAT ION AND MICROWAVE HEATING (MEETING focall y app lied 69—cm radiat ion . The treatments

ABSTRACT) . (E ng. ) Field , S. B.; Hand , J. U. In: were administered twice a week , and over a period
Abs tracts of 19?? International Synrp oeium on the of 1+ wk, the duration of hyperthermia was increased
Biological Effects of Electromagnetic Waves. Spon- from 90 mm to 5 hr. Remissions occurred in several
sored by The Internationa l UnIon of Radio Science patients. In some cases , tumors d is ta l  to the s i t e
& The U.S. Committee for URSI , he ld at A i r l Ie , VA of application of 69—cm radiation regressed. it Is
on October 30, 1977—November 4, 1977: pp. 157; concluded that the most important clinical effect of
1977. (0 refs) hyperthermia Is the immunologic unmasking of the
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tumor cell. Heating of the body appears to faci li- for URS I , held at Air li e , VA on October 30, 1977.
tate recognition of the tumor cell membrane as an November 4, 1977: pp. 161 ; 1977. (0 refs)
antigen , thereby provokIng the production of anti-
bodies. In lig ht of this , the authors propose a new The effects of whole- or part-body microwave radia-
course of cancer therapy in which antibodi es from tlon (434 MHz) on the progress of mali gnant tumors
animals previously imp lanted with homogenates of in 380 cancer patients irradiated in the near field
human tumors would be extracted , separated , and were studied. At power l evels exceeding 35 mW/cm2 ,
injected into the cancer patient , who would then the only demonstrable effects were on hemog lobin
undergo whole-body hyperthermia . and male fertility . Changes in pulse rate , blood

pressure , and electrolytes occurred proportionatel y
to the degree of whole-body hyperthermia tha t was
induced by radiation and were similar to changes from

5436 TECHNIQUES AND RESULTS OF USING MICROWAVES hyperthermia induced by conventional methods. Micro-
AND X—RAYS FOR THE TREATMENT OF TUMORS IN wave radiation had destructive effects on certain

MAN (MEETING ABSTRACT). (E ng.)  Joines , U. T.; bacterial colonies and altered the norma l bowe l flora.
Noell , T. K.; Miller , L. S.; Woodward , K. T. In: Norma l repair processes were not impeded , and no

effect on blood clotting and coagulation was observed.Abstracts of 1977 Intcrnationa i Synrposi wn on the
BioZogical Effects of Electromagnetic Waves. Spon-
sored by The International Union of Radio Science
& The U.S. Committee for URS I , held at Airlie , VA 5438 PULSED ELECTROMAGNETIC ENERGY IN THE
on October 30, 1977-November 4, 1977: pp. 160; ENHANCEMENT OF BODILY REPARATIVE PROCESSES
1977. (0 refs) (MEETING ABSTRACT) . (Eng.) Photlades , D. P.; Osamo ,

N. 0. In: Abstracts of 1977 International SymposiumX - rays and microwaves , alone and in combination , on the Biologica l Effects of Electromagnetic Waves .
were used to treat six terminal cancer patients. Sponsored by The Internat ional Union of Radio Science
X-rays and microwaves were administered every second 6 The U.S. Committee for URS I held at A i r l ie , VA
day for a total of four treatmentS. In most cases , on October 30, 1977-November 4, 1977: pp . 162; 1977.
the combined treatment led to a total regression (0 refs)
of the tumor withIn i~4.5 wk of the initial treat-
ment. The same microwave heating ~43.5 C for 30 Pulsed electromagnetic waves in the 14-MHz band have
m m )  and x-ray dose (400 rads), when applied separate- beec~ ~~~ successfully to potentiate resolution of
ly to other tumors of the same pat ient , caused a hematoma and to accelerate healing of wounds exper-
40% regression of the tumor in about 4.5 wk. Theo- imental ly . Clinically, successful shor t-term rernis-
retic and experimenta l data relating to selective sions were achieved In eight cases of chronic
heating and depth of penetration in tumors by micro— leukemia with energy in the 27-MHz band (Diapulse)
waves Indicate that the opt imal microwave frequen- w ithout recourse to spec i f ic  drug therapy.
c ies for heating cancerous tissue lie In a range
that approximates 0.5 to 1 GHz. By using a variable-
aperture contac t app licator a complete system for
automatically controlled microwave heating of 5439 STUDIES OF BLOOD-BRAIN BARRIER PERMEABILITY
cancerous tissue was developed. Heating could be AFTER MICROWAVE RADIATION (MEETING ABSTRACT) .
produced for any length of time at a selected loca- (Eng.)  Merritt , J. H. In: Abstracts of 1977 Inter-.
tion wl thin an accuracy of ± 0.1 C. The temperature national Symposium on the Biological Effects of
was monitored by tissue-imp lantable thermistor Electromagnetic Waves. Sponsored by The Interna-
probes that were oriented at ri ght angles to the tional Union of Radio Science & The U.S. Committee
microwave electric field; sample readings of tern- for URSI , held at Air l ie , VA on October 30, 1977-
perature were made only during I msec periods November 4, 1977: pp. 164; 1977. (0 refs)
(that occurred every 100 msec) when radiation 

-
was not applied . The direct—contact applicator was Since reported alterations of permeability of the
a double-ridge waveguide horn-antenna that operated blood —brain barrier (BBB) by radiofrequency radia-
In the 0.9- to 4-GHz range. By p lacing aluminum tion have Implica tions for the safety of man ,
adhesIve tape dIrectly on the surface between the studies were conducted to replicate some of the
tissue and the horn antenna but leaving an opening investigations. Increased BBB permeation by
that defIned the area to be irradiated , the aperture fluorescein in the rat as a result of microwave
could be adjusted from about 8 by 12 cm to the 17 irradiation at low power den sities (2 mW/cm2 con-
by 22.75 cm opening of the horn antenna , while tlnuou s wave or 0.2 mW/cm2 root mean square (rms)
maintaining a fairly uniform pattern of heating for pulsed radiations) has been demonstrated .
across the aperture. Alterations in the uptake of ~~C-labeled saccharides

of small molecular weight across the BBB of rats
also have been reported . An attempt to replicate
the fluoresce in study was not successful. The study

5437 EFFECTS OF 1+31+-MHZ ELECTROMAGNETIC WAVES was extended to Include chemical assay of fluoresce in
ON HUMAN CANCERS (MEETING ABSTRACT) . in the rat ’s brain after animals were radiated by

(Eng .)  Mol t , J. A. G. In: Abstracts of 1977 Inter— pulsed l.2-GHz microwaves at power densi ties to
national Synrposis+n on the Biological Effects of 38 mW/cm2 rms . Compared with controls , there was no
Electromagnetic Waves. Sponsored by The Interna- si gni f icant Increase in f luorescein in any area of
tlonal Union of Radio ScIence & The U.S. Coninittee the bra in. Animals were also heated in a warm-air
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oven or by microwave radiation to achieve a change Sponsored by The International Union of Radio Science
of brain temperature of 4 C. Under these conditions & The U.S. Committee for URSI , held at Ai r l i e , VA
an increase in permeation of the blood-brain barrier on October 30, 1977-November 4, 1977: pp. 166 ; 1977.
by fluorescein was observed. A study on bra in (0 refs)
uptake of 1

~’C-labeled saccharides at the previously
reported parameters of microwave irradiation also The reversibility of microwave-induced changes in
failed to confirm the origInal finding of increased the permeability of the blood-brain barrier was
permeability . The data gathered from three separate investigated in Chinese hamsters irradiated with
experime n ts on rats that were radiated at 1.2 GHz 2,450-MHz microwaves at a power density of 10 mW/cm2.
indicate that hyperthermia of the brain Is necessary Appropriate sham-irradiated controls were used for
for inducing permeation of blood-brain barrier by comparison . Af ter  I r rad ia t ion treatment , a l l  an ima ls
large or smal l  molecules. The results are discussed were al lowed to recover for periods to 2 hr and t hen
in the context of safety standards for nonionizing were injected with 10 mg of horseradish peroxidase
electromagnetic radiat ion v ia  the femora l ve in .  Two to 5 mm after injection

the animals were perfused with g lutaraldehy de and
then were dissected , sliced , and t reated with 3-3’
diaminobenzidine . Gross and microscopic examinat ion - :5440 EFFECTS OF M1CROWAVE INDUCED HYPERTHERMIA of incubated sections revealed that after 1 hr of

ON THE RAT BLOOD-BRAIN BARRIER (MEETING recovery there was a decrease in the permeability
ABSTRACT) . (E ng. ) Sutton , C. H. In: Abstracts of the blood-brain barrier as compared with Sections
o 1977 Intcrna tio~:~:Z Symposium on the Biological from animals sacrificed immediately after irradia-
Effect s of E~ectr omacmetic Waves. Sponsored by The tion. However , there was little leakage of peroxi-
Internat ional Union of Radio Science & The U.S. dase In brains of animals  that were s a c r i f i c e d  a f te r  a
Committee for URS I , held at AIr l ie , VA on October 2-hr period of recovery. These observations m di-
30, 1977-November 4, 1977: pp. 165; 1977. (0 refs) cate tha t a partial restoration of the blood-brain

barrier ’s impermeability may have occurred wi thi n
The effects of microwave radiation at 2,450 MHz on an hour of irradiation and vir tually comp l ete
the blood-brain barrier were investigated in rats, restoration within 2 hr. These conclusions are
Horseradish peroxidase , a basic enzymatic protein , limited to passage of molecule s of the size and
was used as a tracer and was injected Intravenously properties of horseradish peroxidase (molecular
before heating of the brain by microwaves . After wei ght 40,000), e.g., proteins , such as , serum
heating , ra ts were sacrificed by aortal perfusion albumins.
with iso-osmotic saline at a temperature of 4 C.
Homogenates of brain were then assayed for residual
peroxidase activity, which was used as an indicant
of disruption of the blood—brain barrier. Heads of 5442 DETERMINANTS OF BRAI N UPTAKE (MEETING
rats were heated by microwave radiation to 37, 40, ABSTRACT) . (Enq.) Oscar , K. J. I ’::
42, or 1+5 C for periods of 10, 15, or 30 mm , while Abstracts of 1977 International Symposium on the
the an i mals ’ bodies were shielded with Eccosorb Biological Effects of Electromag netic Waves. Spon-
microwave-absorbing material. After 10 mm , there sored by The International Union of Radio Science
was residual peroxidase activity in brain at 45 C , 6 The U.S. Comittee for URS I , held at Air l ie , VA
indicating disruption of the barrier. There was on October 30, 1977-November 4, 1977: pp. 167;
similar disruption after heating to 42 C for 15 m m .  1977. (0 refs)
To preserve the integrity of the blood—brain barrier
and to permit the brain to be heated safely for The implications of microwav e-induced central
longer periods , the brai m ’s tolerance to microwave nervous system alterations and the extent to which
r,,,.,ation was compared to normothermic (37 C) and changes of permeability may explain recently
to hypothermic (30 C) rats. In addition to an reported effects of microwave irradi ation at low
increase of survival time , body-core hypothermia power densities are discussed . The blood-brain
protected integrity of the barrier for 15 and for exchange of proteins , electrolytes , and large
30 mm at 45 and 42 C , respectively. When brain water-soluble non-electro l ytes is restricted due
temperature was maintained at 40 C , the protective to a continuous layer of cerebro-vascular endo the lial
effect of body-core hypothermia was most pronounced . cells that are character i zed by t igh t junctions
Barrier integr i ty was lost after 45 and 60 mm of and a scarcity of pinocytotic vesicles for transport.
i r radiat ion in normothermic rats but remained intact Microwave-induced changes in brain di s tribution
for 2 to 3 hr in hypothe rmic animals. It is and uptake of blood-carried substances have been
concluded that microwave radiation ls capable of reported in work performed on rats , Chinese hamsters ,
disrupting the blood-brain barrier. The brain ’s and rabbits. Horseradi sh peroxida se , sodium fluo-
tolerance to microwave is dose-related , depending rescein , radiolabeled saccharides of varying
both upon the elevation of temperature and upon molecular wei ghts , and labeled dibas ic phosphate
duration of elevation , salt have all exhibited increases in blood-br ain

exchange. There are Indications that these a ltera-
tions are reversible , which may indicate changes
in t i ght-junction Integri ty or pinocytotic transport

51+41 REVERSIBILITY OF THE BLOOD-BRAIN BARRIER rather than cell-membrane destruction. The blood-
(MEETING ABSTRACT). (E n g . )  Albert , E. N. brain barrier (BBS) has been similarl y opened

t”~: 4hstrao s of ~~~ r e, ’na t~ona l Synrpo siwn an reversibly by treatments involving convulus ions,
the 3~cZc ’ j ~ oeZ Effec ts  of Electromagnetic Waves , cerebra l concussions , hypercapnia , acute hyper-
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tension , Ionizing radiation , and infusion with Indicators with hI ghly diffusIble reference substan—
hypertonic solutions. Many of these conditions ces as a ratio standard . Most of these techni ques
alter the autoregulation of blood flow , which may measure the net influence of several variables on
cause widenIn g of ti ght junctions by endothel ial- brain uptake ; these techniques do not differentiate
cell Shrinkage or capillary dil atation. Investi- the effects of changes in the vascular space ,
gators of effects of microwave irradiation on alteratIons of blood flow, and changes of BBB per-
brain uptake have used several different techni ques meabi lity. These BBS investi gative techn i ques as
of measurement and observation includin g optical- , well as others (e.g., dua l compartment analysis)
ultraviolet- , and electron—microscopy, chem i cal are discussed with emphasis on how each may affect
assay , sing le-radiolsotopes , and double radio—labeled interpretation of results.
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