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PREFACE

Biological Effects of Nonionizing Electromagnetic Radiation
Is a publ icat ion researched and prepared by the Franklin
Inst i tute Research Laboratories , Sc ience Information Serv ices
Department , under contract with the U.S. Navy and adminis-
tered by the National Telecommunications and Information
Administration ,

This digest serves as a vehicle through which current
documentation of research high lights on the biolog i cal
effects and health imp lications of non i onizlng electro-
magnetic radiat ion (microwave and radiofrequency radiation)
are compiled , condensed , and dissem i nated on a regular
basis. Biological Effects of Nonionizing Electromagnetic
Radiation is intended to be a high ly useful current awareness
tool for scientists engaged in research or related activities .
The great number and divers i ty of relevant publications
make imperative the availabil ity of this service to persons
whose work requires that they keep abreast of current
developments in the field.

Biological Effects of Nonionizing Electromagnetic Radiation
is published quarterly. The issues of Vo l ume ii , and future
volumes , will Include materials recei ved during the preced i ng
three months . Each issue will include news i tems and
announcements , a listing of meet i ngs and conferences,
abstracts of current literature , and a directory of current
research. Materials for wh i ch full text is not available
will be Included as summary abstracts .
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ABBREVIATIONS AND ACRONYMS

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

BRH - Bureau of Radiolog i cal Health NIH - Nationa l Institutes of Health
C - centigrade NSF’ - Nationa l Sc i ence Foundation
cm - centimeter(s) NIOSH - National Institute for
cps - cycles per second Occupational Safety and Health
dB - decibel (s) NTIS - National Technical Information
EPA - Environmental Protection Agency Serv i ce
FDA - Food and Drug Administration Ge — oersted(s)
g - gram(s) OSHA - Occupational Safety and Health
G - Gauss Administration
GHz - gigahertz OTP - Office of Telecommunications
HEW - Heal th , Education , and Welfare Policy
hr — hour PHS - Public Health Service
Hz - hertz rad - radiation absorbed dose
IEEE — Institute of Electronic and R — roentgen(s)

Electrica l Eng i neers rpm - revolutions per minute
IMP I - Internationa l MIcrowave Power sec - second(s)

Institute USAFSAM - U.S. Air Force School of
IU - International unit(s) Aerospace Medicine
J - joule(s) USDA — U.S. Department of Agriculture
k - kilo-- UV - ultraviolet

— liter(s) V — volt(s)
m — meter(s) VA — Veterans Administration
m — m i l i l — —  W — watt(s)
N - rnega-- Wb - Weber(s)
mho - unit of measurement of WHO - World Heal th Organization

conductivity wk - week(s)
mm - minute(s) wt — weight
mo - month(s) yr - year(s)

u - micro--
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MICROWAVES AFFECT MONKEY BEHAVIOR because electromagnetic radiation emitted by the
devices presented a hazard of cataract formatIon.

Scientists at 8RH’s Division of Biolog ica l Effects Benewitz stated that “the Vast majority of all
have found that microwave exposure can alter monkey ’s employees may work In safety upon the VOl machines
behavior acquisition , memory , alertness , and reward- at the Timee .” He added , “When al l of the worst
ed performance. They also found that monkeys emission settings for density, brightness and key
treated with neuroactive drugs were more sensitive board depressions were combined (a situation which
to the effects of microwave radiation than were un- does not occur with frequency it might be expected)
drugged monkeys. The results were presented in nevertheless, the medical panel would not find in
February. 1977 at the Bureau ’s Symposium on Biolog- the resulting emission levels an ocular cataract
ical Effects of Radiofrequency/Microwaves and have hazard,”
been published in the symposium proceedings. The Labor ~ Pereonnel Relationa Bull
publicat ion is available from the Superintendent of (6496): 77 89; 1978
Documents,

BRIL B U Z Z  7(5) : 2-3 ; 1978

PASSIVE NONIONIZING RADIATION MONITOR DEVELOPED

BRH APPROVES MICROWAVE OVEN CORRECTIVE ACTION PLAN Researchers at Iowa State Univ. have developed a
novel , entirely passive device to monitor nonioniz-

The SRH has approved a correct ive action p lan sub- ing radiation. The device ut i l izes the temperature—
mltted by Hobart for 4,800 comercial microwave dependent light scattering properties of cholesteric
ovens, models 900 and 1250, manufactured prior to liquid crystals--the substance used in pass i ve dig—
Augu s t, 1974. The ovens were found in noncompliance ital thermometers. The li quid crystal , painted on
because of possible microwave leakage exceeding the plastic disks , indicates power densities as low as
l imits specified in the microwave oven performance 1 mW/c.2 wIthout batteries , moving parts , circuits ,
standard. Hobart service personnel will readjust or meters. The developers point out that the radi
the door latch mechanisms , ti ghten screws as needed , ation mon i tor can be inexpensively produced in
and apply “Locktite” to the screws to assure per— large quantities.
manent ti ghtness. Each oven wi ll be checked for MicroWaves 16(8): 10, 12; 1977
leakage before and af ter the repa i r  i s mad e. Owne rs
wi ll be notified of the problem through a letter to
be delivered by the service representative at the
time of repair , and the repairs will be made free MOTORISTSFINDELEcTRIC FIELDS STIMULATING
of charge.

BR!! Bull 7(5). 4; 1978 Exposure to electric fields improves driving ability,
accord i ng to a team of Munich scientists. Subjects
were placed in a simulated vehicle and exposed to
an artificial atmospheric long—wave electric field.
it was found that unstable persons were influenced

BRH COMPLIANCE CASE LISTING AVAILABLE positivel y to a greater degree than stable persons
by the artificial field. The investigators spec-

A listing of recent BRH compliance cases i nvolving uiate that the empioymen t of artificial atmospheric

electronic products found defective or in noncom- electric fields could have a favorable effect on

p1 lance wi th applicable performance standards is general traffic safety, particularly during tiring

available as a supplement to the BRH Bulletin. The long distance journeys. A great deal of research

suppl ement updates an earl ier listing published in Is still necessary in this area . Nevertheless ,

July, 1976 and enumerates most of the defect and motorists may one day be equipping their vehicles

noncomp liance cases in progress as wel l as cases wi th a type of long-wave transmitter.

In itiated and completed since July, 1976. Dtach Forechungedienet 16(8): 3; 1977
BR!! Bull Suppl 7 pp; March 1978

I.SCIENCE COURT TO SETTLE RADIATION HAZARD CONTROVERSY

ARBITRATOR DECLARES VIDEO DISPLAY TERMINALS SAFE A raging controversy over plans to bu I Id a 400-ky
power line in the state of Minnesota has prompted

V i deo d i sp lay terminals (VDTs) in use at the New the state ’s governor to accept the idea of convening
York Ts~nwe “do not pose any ocular  radian t energy a science court to settle the radiation hazard
hazard” to employees ass igned to work on them, con— question. The line , which would stretch 180 miles
cluded arbi trator, Maurice C. Benewltz, in a Feb— across the state , has evoked vIolent opposition
rua ry 8, 1978 decisIon. The arbitration resulted from farm groups that believe the line will produce
from a grievance filed by the Newspaper Guild of hazardous quantities of electromagnetic radiation .
New York alle ging that the heal th and safety of Various state bodies , including the environmental
employees assigned to the VDTs might be endangered quality board and the state supreme court , have
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approved construction of the line . but farI ,ers re- Defense Department. The pa,ie l w i l l  have the b e n e f i t
main unconv i nced. The scienue court~, fundod by of three d~y~ of testimony g iven by expert,. last
the Ford foundation and the NSF , would have no sumner before the Sen~to subcoeisUtee on c,wrn,erte.
legal standing since the case Is legally settled . scienc$ , end transportation , many of whom will be
Rather , it would rely on the pre sti ge of it s per- recalled. Al so expect ed to parti . ipate .  ac co rd in g
ticip ants and th. evenhandedness of its proceedings to a subco,mnlttee spokesman , are su,.h microwave
to obtain public approva l of It s find ings. The critics as Paul Brodeur and ophthalmo logist, Dr.
stat e environmental quality board may, however . re- Milton Zaret , who links l ow—level microwave radia-
open th. case if it finds tha t a review is warranted d u n  with ce rta in forms of cataracts.
by new evidence . .~!~~~~~C.’Z’ .O 11(2): 23; 1978

N.u.’ S~’I, ’~t~ tit 77(26): 237-238; 1978

DOCTORS DISPUTE THERAP EUTIC VALUE OF MAGNETS
MICROWAVE RADIATION STANDARD MAY BE INADEQUATE

Specialis ts In rheum atic disease’. at the Medical
With the American National Standards Institut e ’s Research Counc i l , London . Eng land war n tha t magnetic
(ANSI) advisory microwave exposure standard duo for necklaces, cl~ lmed to re liev e the wearer ,‘f rheuma-
review In 1979, mounting evidence suggests that the Usn~ and othei aiiiut .nt ... should be t rea t e d  w i t h  the
10 n~ /cm

2 l imi t may be Inadequate. In one recently same susp icion as copper hi-ecelet ’.. The devices .
completed study funded by the EPA and performed by ava ilabl e in England , are sold o~, the basis that
the Stanford Research Institute , Menlo Park , Call— there Is a magn eti .. f i eld Jet ~ ic’Iay ~.~ n.irome” in
fornia researchers found that “of the offs prin g of the human body that needs to be made up. and tha t
.1gM monkeys IrradIated at the ANS I standard of a strong magnetic effect enhances the blood clrcu-
permissible radiation , six died within six months lat ion .” The manufacturer ’s advert ising literature
of birth. In th. control group none of the off refers to “research at leading Japanese hospitals ”
spring died .” as establishing ‘ remarkable results on the effec-

Yew ~.‘iunttat 77(1085): 69; 1978 tlveness of the necklace. ” However , a doctor spe-
cia l izin g In rheumatic disea ses at the Medical Re-
search Council cautioned : “There are no theoretical
grounds to suggest that magnetism plays any part in
the treatmen t of rheumatic disorde ,’.. There Is no

MICROWAVE TREATMENT PRESERVES MEAT evidence published In acknowledged Western medical
Journa ls to support the use of magnetism . The

MIcrowave ovens destroy bacteria on fresh meat and doctor added that rheuma tic pains often disappear

poultry , thereby increasing the foods sh~ If l ife , spontaneously. “If a period of remission coinc i des

•ccordlnq to Kansas State Univ. food scient Ist , with enythlng out of the ordinary, hi’ It wearing a

Frank Cunningham . If newly purchased meat is magnetic necklace or a copper t’r.i..elet or even

placed in a microwave oven for 10 sec . Dr. Cunning- standing on your head , it is templlng to think that

ham says , it will usually keep a day or twO longer you ’ve at last found a cure , when in fac t you ’ve

In th. refrigerator than it would have otherw i se , found only a coincidence.

Dr . Cunningham found that a 10— to 15—sec exposure Net,’ :,‘:.‘:t~at 77(1091): 506; 1978
to microwaves considerably reduces bacteri al counts
in fresh meat. Longer treatments are not recom-
mended because they cause moi sture loss and hii he r
temperature In the meat. Dr. Cunning ham and some
students are presently studying the effect s of m l- RADAR SYSTEMSPARKS OEBATE OF
crowave radIatIon on pure cultures of c r v . p h i l i c  MICROWAVE EXPOSURE STANDARD
bact.rla. ..‘ham A’~i~j News 56(10): ‘.0; 1978 A team of U.S. Air Force radiation experts met in

January wIth Cape t...~d residents concerned about the
pos sible radiation hazards posed by a defensive
radar system under construction at Ot is AIr Force
Base , Massachusetts. The radar system , known as
PAVE PAWS (Precision Ac quisiti on of Vehicle Entry ,

CONGRESS TO INVESTIGATE MICROWAVE RIOEFFECTS Phased Ar , cy Warning S~ stems is designed to detect
se~ launche d b all ist i c ml~ siies . It. Col. Paul

Th. health and environment subcon*nittee of the House Mcfechern , who presented the case for the Air Force .
C~~ iitt.a on Interstate and Foreign Comnerce plans assured the residents tha t “th, power densities will
an ex tensive probe on radiatio n beginning with the t~’ well below the values .it which any health impact
health •ffects of ionizing radiat ion . The pane l , will occur. The predicted radiation levels are
beaded by Rep . Paul Rogers , expects to f inIsh in com pletely safe .” Mctachern exp lained tha t “safe
mld—aun,ner with an examination of h i g h  and low was based on the federal safety standard of 10
level non-ionizing radiation. Due for a dose of mW/cm’. Harvard b io l o g i st , Or . George Weld , stated ,
att.ntlon are microwave ovens, dental and medica l however, that the American sta,,d,srd I’. based on the
equipme nt, and probably radiat Ion hazards at the level at which heatin g of tissues occurs and does
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not account for p ossible nonthermogenlc healt h ITEMS FROM THE COMMERCE SUSINESS DA ILY
hazards. Another Harvard scient ist stressed the
need for further study of nontherma l effects asso-
ciated with low-leve l microwave exposure, especiall y
in the central nervous system. She observed that 

RESEARCH ON THE NATURE OFELECTROMAGNETIC
FIELD INTERACTION W ITH BIOLOGICAL SYSTEM FUNCTION.

the exchange of ions In neural membranes could be
disturbed by very weak electr ic fIelds. “We are
talking about minute disturbances in cell membranes The Office of Nava l Research , Arlington VA will

which could very well be cumulative .” negotiate with Rand cwnline , Inc., Hun tI n~.$c’r V ’lley ,

Ve,’ ~ ‘~ ,~‘i tj a t  77(1088): 302; 1978 PA for the above study. (February 21 , 1978) H

RADIATION CONTROL CONFER ENCE Li FABRICATION OF A MICROWAVE APPLICATOR TO

EXPLORES MICROWAVE BIOEFFECTS DIAGNOSE AND TREAT CANCER USING NONINVASIVE
TECHNIQUES.

The Conference of State Radiation Control Program
Directors held its Tenth Annual National Conference The National Aeronautics and Space Administration

on Radiation Control April 30 to May 4, 1978 in Industry Assistance Office , Lang ley Research Center .

Harrisburg, Pennsylvania. The conference was spon- Hampton , VA w i l l  negotiate with Microwave Assoc iates ,

sored Jointly by the 8RH, EPA’s Office of Radiation 
Inc., BurlIngton , MA for the above study. (March

Programs, and the Nuclear Regulatory Comnlssion, 
6 , 1978)

Issues facing the sponsoring agencies and the
states in the reduction and control of public expo-
sure to unnecessary radiation were explored. Also
discussed were the current status of microwave
b ioeffec ts research , findings of environmental stud— 0 FURTHER RESEARCH ON MICROWAVEEFFECTS
ies . and the need for standards. The featured
speaker , Paul Brodeur , author of The ppi~n~ of The office of Naval Research, Arlington . Virg inia
Araer’ioa , presented a talk entitled “The Unmet has contracted with the Board of Regents of the
Challenge in Radiation Control.” Unive rsity of Washington , Seattle , Washington . for

BRH ..P~ll  12(4): 3—4, 1978 the above study. (April 3, 1978)
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MEETINGS AND CONFER ENCES

CONFERENCE ON PRECISION ELECTROMAGNETIC MEASUREMENTS DURING EXPOSURE TO MICROWAVE RADIATION:
AUTORADIOG RAPHIC EVIDENCE USING (“Cl 2-DEOXY-
0-GLUCOSE.Date: June 26-29, 1 978 B. Wilson , J. Zook, W. Jo ine s , J. Casseday

Pl..c’e: Ot awa , Canada : Government Conf. Cent .
S~one~r: Inst. Electrical & Electronics En- EFFECTS OF RF ENERGY ON THE EEC OF RABBIT.
g i neers--Ins trumentat~on and Measurement S. Takas~iim a , B. Onaral , H. SchwanGroup ; National Bureau Standards; Interna-
tional Union of Radio Science-—U .S . National HI STOPATHOLOGICAL CHANGES IN THE RABBIT LENSCorn, Etee 

- DURING DEVELOPMENT OF MICROWAVE CATARACT .Requeotm f o r  ,: oyw,czt i.o,~: K. Charbonneau , R Car enterExecutive Secretary , d O  National Research
Counci l of Canada , Ottawa , Canada THERMA L CATARACT FORMATION IN RABBITS.K1A OR6 p, Kramar , C. Harris , A. Guy

MICROWAVE I RRADIATION OF GUINEA PIGS AT 2.45
GHz .

IEEE MTT-S INTERNATIONAL MICROWAVE SYMPOSIUM E. Ferr I , N. Fo t I

INCIDENCE OF SISTER CHROMATID EXCHANGE IN BONE

~~~~ June 27-29 , 1978 MARROW CELLS OF THE MOUSE FOLLOWING MICROWAVE

~~~~~ Ottawa , Canada: Chateau Laurier Hotel EXPOSURE.
S5 onmor: Inst. Electrical & Electronics En- 0. McRee, G. Livingston , G. MacNicho ls
gineers . (Microwave Theory & Techn i que)
Reque~ t8 ,“or’ Er’.fc ’ ~i~ion: S. J. Kubina , SURV I VAL STUDIES OF MAMMALIAN CELLS EXPOSED
Publicity Cha i rman , Electrical Eng ineering TO RADI OFREQUENCY WAVES AT ELEVATED TEMPER—
Dept., Concord ia Un iv., 7141 Sherbrooke St. ATURES.
W. , Montreal , Canada H48 1R6 G. Li , I. van Kersen , K. Wh i te, C. Hahn ,

E. Tanabe , V. Vaguine , N. Williams

8.6 GHz ELECTR OMAGNETI C RADIATION EFFECT ON H
ESCJiERICJIIA COLI REPAIR D E F I C I E N T  MUTANT UNDER

1978 SYMPOSIUM ON ELECTROMAGNETIC FIELDS IN BIOLOGICAL CONTROLLED TEMPERATURE.
SYSTEMS S. Dutta , N. Hossain

EFFECTS OF 2450 MHz MICROWAVES ON MOUSE TES—
Date: June 27-30, 1978 TICULA R CYTOLOGY.
Place : Ottawa . Canada: Holiday Inn (Centre) A. Calrnie , K. Harding, H. Assenheim , K. Leach ,
Sponsor: Microwave Theory & Techniques Society, L. Prud’honsne-Lalonde
Inst. Electrica l & Electronic Eng ineers , inter-
nat iona l Microwave Power Inst. with the C00p RADIOFREQUENCY RADIATION AND ENZYME KINETICS.
eratlon of U.S. Consnittee for URS I and Caned- R. Albanese , D. Cohoon
Ian Cornission A of URS I
Requeate for Inf orns3tion: H. H. Repacholi , TECHNIQUES FOR PRODUC i NG STANDARD EM FIELDS
Local Arrangements Cha i rman , Dept . National FROM 10 KHz to 10 0Hz FOR EVALUATIN G RADIATION
Health S Welfare , Env i ronmental Health Centre , MONITORS.
Room 233, Tunney ’ s Pasture , Ottawa , Canada E. Larsen
K1A OL2

A CELL CULTURE EXPOSURE SYSTEM FOR IN—FIELD H
Selected Bibliogr aphy of Paper e to be Prem ented: OPTICAL OBSERVATION OF BIOLOGICAL RESPONSE :

L. Pearson , J. S isken , J. L instrom
RAT HYPOTHA LAMIC TE MPERATU RES DURING WHOLE
BODY EXPOSURE TO 2450 MHZ AND 2800 MHz MICRO- A COMPACT GAUSSIAN-BEAM LAUNCHER FOR MICROWAV E
WAVES AT LOW POWER DENSITIES. EXPOSURE STUDIES AT 2450 MHz.
0. Brainard , E. Postow, N. DeSantis, J. Parker P. Neekiakantaswamy , K. Gupta , D. Banerjee

EFFECT OF 2450 MHz MICROWAVE IRRADIATION ON TEMPERATURE CONTROLLED CAV ITY APPLICATOR FOR
PERMEABILITY OF THE BLOOD-BRAIN BARRIER TO RADIOFREQUENCY WAV E IRRADIATION OF MAMMALIAN
MANN I TOL IN THE RAT. CELLS IN VITRO.
E. Preston , E. Vavasaur , H. Assenheim E. Tanabe, V. Vagu ine , N. Wil liams , C. L i ,

0. Hahn
NEUROENDOCR INE FUNCTION IN RHESUS MONKEYS EX-
POSED TO PULSED MICROWAVE RAOIAT ION. EVALUATION OF LYMPHOCYTE FUNCTION IN MICE
U. Lotz EXPOSED REPEATEDLY TO 2450 MHz (CU) MICROWAVE

RADIATION.
ACTI VITY-RELATED ALTERATIONS IN GLUCOSE R. Smialowicz , M . Riddle , P. Brugnolottl ,
CONSUMPTION AT AUDITORY NUCLEI OF THE RAT T. Ward , J. Kinn
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ALTERATION OF IN VIVO LYMPHOCYTE MIGRATION ELECTROMAGNETIC MEDIATED HORMONA L EFFECTS :
BY WHOLE-BODY MICROWAV E HYPERTHERMIA. THEORETICAL CONSIDERATIONS AND EXPERIMENT ATION.
R. Liburdy S. Hsieh , 0. Wei ssfeld , D. Koltun , J. Lyman-

grover , Y. Seto
FETAL RAT DEVELOPMENT IN RESPONSE TO MICROWAVE
RAD I AT I ON. MONITORING OF ARTERIAL WALL MOVEMENTS BY MI-
M. Chernovetz , D. Levinson , D. Justesen CROWAVE DOPPLER RADAR.

S. Stuch ly, N. Goldberg, A. Thansandote
ADAPTATION TO MICROWAVE EXPOSURE AS A FUNCTION
OF POWER DENSITY AND AMBIENT TEMPERATURES IN USE OF MICROWAVE POWER IN NEONATAL CARDIAC
THE RAT. SURGERY.
It. Johnson , S. Mizumori , It. Lovely C. Johson , C. Durney , 0. Wong , P. Westenskow

INDUCT I ON OF TERATOGENIC EFFECTS IN RATS BY LOCAL MICRO WAVE-INDUCED HYPERTHERMIA FOR
27.12 MHz RF RADIATION. CANCER THERAPY.
P. Conover, J. Lary. E. Foley E. Bowers. J. Walsh , C. Doup le , J. Strohbehn ,

R. Gibson
BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF CHRONIC HEATING PATTERNS OF A NEW MICROWAVE HYPER-LOW LEVEL 2450 MHz MICROWAVE RADIATION IN RATS .

THERMIA APPLICATOR.J. D’Andrea , 0. Gandhi , L. Astle , C. Durney , T. Sandhu , It. Johnson , 0. Kantor , H. KowalJ. Lords , C. Johnson

A NEW 915 MHz DIRECT CONTACT APPLICATOR WITH
ALTERATION OF BEHAVIORAL AND BIOCHEMICAL PARAN- REDUCED LEAKAGE.
ETERS DURING AND CONSEQUENT TO 500 .,W/cm 2 G. Kantor , D. Witters
CHRONIC 2450 MHz MICROWAV E EXPOSURE .
It. Lovely, R. Johnson , N. Mathews THE EFFECT OF LOCAL TUMOR HYPERTHERMIA ON THE

GROWTH OF SOLID TUMOR IN MICE.
FAILURE OF RATS TO ESCAPE FROM AN INTENSE It. Magin
918-MHz MICROWAVE FIELD.
0. Carroll , D. Levinson , It. Clarke , D. Justesen RADIOFREQUENCY (0.5 & 3.3, MHZ) CURRENT IN-

DUCTION OF LOCALIZED HYPERTHERMIA IN TISSUES.
SHUTTLEB OX S I D E  PRE FE RENCE AS MEDIATED BY SOME EXAMPLES.
PULSED M ICRO WAV E AN D CONVE NTI ONAL AUDIT ORY T. Cetas , W. Connor , 0. Cooper , R. Miller ,
CUES . H. Roth
P. Hjeresen , S. Doctor, R. Sheldon

FINITE-ELEMENT CALCULAT I ONS OF ELECTROMAGNETIC
DISRUPTION OF BEHAVIOR IN MAMMALS OF THREE ABSORPTION BY BIOLOGICAL BODIES.
DIFFERENT SIZES EXPOSED TO MICROWAVES : EX- P. Barber , C. Johnson , C. Yeh
TRAPOLATION TO LARGER MAMMALS .
J. de Lorge HEAD RESONANCE: NUMERICAL SOLUTIONS AND EX-

PER IMENTAL RESULTS .
CONDITIONED TASTE AVERSIO N IN RATS EXPOSED TO j. Hagmann , 0. Gandhi , J. U’Andrea , J. Chatter-
2450 MHz CU MICROWAVES. jee
U. William s

SURFACE INTEGRA L EQUATION SOLUTIONS FOR FIELDS
EFFECTS OF HIGH INTENS I TY 60-HZ ELECTRIC I N  B I O LOGICAL BOD I E S OF REV OLUT ION .
FIELDS ON RATS. Te-Kao Wu
0. Koltun , J. Seto , D. W e is s fe ld , Y. Seto

THERMOGRAPH IC COMPARISON OF TEMPERATURE PROBES
EVOKED POTENTIAL STUDY OF RATS CHRONi CALLY USED IN MICROWAVE DOSIMETRY STUDIES.
EXPOSED TO 60 Hz, 10 KV/m ELECTRIC FIELD. R. Olsen , U. Harner
C. Walker , 0. Weissfeld , D. Koitun , V . Seto

EFFECTS OF 60 Hz ELECTRIC FIELDS ON THE BE- TRANSMISSION COEFFICIENT OF NEAR ZONE MICRO-
HAVIOR OF RATS. WAVES INTO PLANAR BIOLOG ICAL TISSUES: HOR I-
D. Hjeresen , J. Chandon , R. Phillips ZONTAL DIPOLES.

A. Kamal , K. Badwaihy and E. Hashish
EFFECT OF HIGH STRENGTH 60-Hz E L E C T R I C  F IELDS
ON GENERAL AND REPRODUCTIVE ENDOCRINOLOGY OF TEMPERATURE RISE IN TISSUE SPHERES INDUCED BYMALE RATS. MICROWAVE RAD I ATION : A GREENS FUNCTIONN . Free , L. Smith , R. Jaffe , U. Kaune , APPROACH.R. Phillips H. Krit lko s, K. Foster , H. Schwan

THE EFFECTS OF CHRONIC EXPOSURE TO A 60-Hz
ELECTRIC FIELD ON SYNAPTIC TRANSMISSION IN THE IMPLICATIONS OF THE RAOI OFREQUENCY RAD iATION
MAMMALIAN NERVOUS SYSTEM. DOSIMETRY HANDBOOK (SECOND EDITION).
R. Jaffe , V . Kaune , R. Phi l l ips  S. Al len , C. Durney, C. Johnson
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NUMERICAL MODELING OF TH REE-DIMENSIONAL ARBI - AMERICAN ACAD EMY OP OCCUPATIONALMEDICINE Thirlsseth
TRAR ILY SKAPED HETEROGENEO US BIOLOGICAL BODIES Annu.IMsibn
UNDER COMPLEX EXCITAT IONS.
J. Wang, F. Cain , E. Burdette

September 20-21 , 1q78

NUMERICAL CALCULATION OF MICROWAVE ABSORPTION ~~~~~~ W illiam sbu rg, VA
IN ARBITRARY GEOMETRY WITH APPL ICATION TO A .:~~‘:.~.r: American Academy of OCcuI- .’io nal

MODEL OF MAN. Medici ne (MOM)

S. Neuder , R. Ke llog ~~~~~~~~ f~r :n r . r ~ &~~:.~ ,: AAOM , 150 N. Wicker
Dr. ,  Ch ica go , II 60606

THERMO GRAP H SC ANALYSIS OF HUMAN PHANTOM MODELS
EXPOSED TO EMISSION FROM A MICROWAVE OVEN.
It . Prucha , 1. Su dan

4 AN ,.iPIRICAL FORMULA FOR CALCULAT I NG THE SAR N INE TEEN TH INTERNATIONAL COPdGRESSON OCCUPATIONAL

OF PROLATE SPHERO I DAL MODELS OF HUMANS AND HEALTH

(I ANIMALS IRRADIATED BY PLA NEWA V tS .
C. Durney , N. Iskander , H. Massoudi , C. Johnson

~~~~~~~ September 25-30, 1 978
APPROXIMATE ANALYSIS OF PLANEWAVE IRRADIATION ~~~~~ Dubrovni k , Yugoslav ia

OF MAN NEAR A GROUND PLANE . 
:~‘omaor: Permanent Cotivnis’.ion & Intarnatlon-
al Assoc . of Occupa tio n al Healt h (PCIAOH)-

M . Is kander , C. Dur ney . H . Missou .i , C . Johnson organ i zed by Assoc . of Occupational Hea lth
of Yugoslavia (AOHY) S Inst. for Medical
Research & Occupa tional Health

~~~~~~~~~~~~~~ •‘~ r ‘L! :~~~’n: Professor M. Sir IC ,

IMPI MICROWAVE POWERSYMPOSIUN. 
Ins t. for Medical Res. & Occupational Health ,
41000 Zag reb. 1 58 Nose Pijade , POB 2 9 1 .
Yugoslavia

:~zr.~: June 28-3D , 1978

~-:~~.‘~~: Ottawa , Canada: Chateau Leurier Hotel

~p~”,a ’r: International Microwave Power
e M ) ~~~~~~ 

W. Wysl ou rli . L~ ca l WESTERN OCCUPATIONAL HEALTH CONFERENCE

Arrangemen ts Chairman , Elec trical Eng ineering
Div. , Natio na l Research Council of Canada , 

~\~~~: October 12- 14 , 1 978
Ottawa , Canada K1A 0R8 

~~:;.‘,~~: Los Angeles , CA: Hya tt Regency Hotel
:~)\“&~h’r: American Industria l Hyg iene Assoc .
Heal th Physics Society; Western Occupational
Medical  Assoc. (WO MA) ; We stern Assoc . Indus

OPENSYMPOSIUM 0N BIOLOGICAI.EFFECTSQF ELECTRO. trial Nurses; American Society Safety En

MAGNETIC WAVES gine ers
Requear ~i ~~~1’ .‘ ‘zsm ;t ~L~’;: B. H. Brav i nder
WOMA , Box 201 , Alamo , CA 94507

Date: August 1-8 , 1978
Plao. : H .lsinki , Finland

“pof l3~) r :  Internat i onal Ra d i ation Protect Ion
Assoc iat ion ( I R P A )  and CommIs sions A S B MILITARY NICROWAVES 7I
R.qi~.ate f~’r rnf~’s.’sst~~’n: S . W. Rosenthal ,
Poly technIc In s tItut e of New York , Farming- •\. - .  o b 25-2
dal i , NY 11735 

. .  . cto er 7, 97
~~~~~~~~~~ London , England: Wemb ly Confer. Cent.
Sponsor: EMC Management Coesnittee , l EE .
I E R E
Requests ~“~‘r :~‘‘“~ttL’n: Dr. 0. E. N. Davies

EIGHTH EUROPEAN MICROWAVE CONFERENCE 
Universi ty College , London , Eng land-

k~te: Septenè.r ~-7, 1978
Pla.,. ’: Paris , France: Motel Me r id len ENQINEE RING IN MEDICINE & BIOLOGY: Thirty-SImS Annu.I
o)~s ”sa~’r: SocI.te des (l ectric i e ns , des Elec- ConSum e,

t r on l c i e ns it RadIoeI.ctrlclens (Groupement
des Indus tr Ies Lla c triques)
.9.qlis.ta f~’t’ :n:~’rrstri ~”l: 

Professor E . Consta nt. . . ~: November 6-9 , 1978
Conf.r.nc. Chairman. Centre tlyperfrequencas at Semi- 2~.? .z,,.: At lanta , GA: Marr iot t

U conducteurs . &Miv .rslte des Sciences et Techni ques , ‘~~~~~‘- , ,“  A l l iancn for Eng ineering In M e d i c i n e
BP 36 , 59650, V l l leneu v e d’As cq . France and Bio logy (AEMB )

~~ a.- 
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8io1og’c~J Effects of Nonionivng EIectrwn~vjnet,,
MEETINGS AND CONFERENCES Radiation /1(4). June. 1918

Requests for Jnfoz, i vt ion :  Mrs. P. I. ho m er ,
AEMB , Sui te 1350 , 5454 W iscon sIn Ave., Chevy
Chase , MD 20015

INTERNATIONAL MICROWAVE SYMPOSIUM

Date : March 30-April 2, 1 979
Place: Oriando , FL: Sheraton Twin Towers
Sponsor: Inst. Electrical & Electronic En-
g i neers (IEEE)--Micros.ave Theory & Techniques
Group
Requests for I nf ox~izticn : R. E. Henning ,
Col lege of Eng ineering , Univ. South F lor ida ,
Tampa , FL 32620

SIXTH INTERNATIONAL CONGR ESS OF RADIATION RESEARCH

Date: May 13-19, 1979
Place: Tokyo , Japan
Sponsor: International Assoc. for Radiation
Research , Science Council of Japan , Japanese
Assoc . for Radiation Research
Requests for Inf o1,na tion : Professor S. Okada ,
Secretary-General 6th Internat ional Congress ,
Dept. Radiation Biophysics , U n i v e r s i ty of
Tokyo , Hongo-Bunkyo-ku , Tokyo ,li 3 Japan
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02 58 THE CENTRAL NERVOUS SYSTEM AS AN IMMUNOLOG- urine Indices w i l l  be assessed. In addit ion , elec—
ICALLY PRIVILEGED SITE. Morantz . R. A.; troencephalographic activity will be assessed after

Rengachary, S. (Veterans Admin. Hosp.~ 
)
~8oi Llnwood the radia t i on sequence is completed. (10/77-9/78)

Blvd., Kansas City, MO 64128).
Supporting Agency :HEW, P155, NIH , Natl. Inst . Environ —

Microwa ve- Induced hyperthermia as a therapy for braIn mental Health Sciences
tumors Is being investigated in rats. Initial ex-
periments found that microwave radiation can induce
a seizure discharge In rats wi th  a brain t umor. Fur- 0261 MICROWAVE METHODS OF LUNG WATER MEASURE-
the r experiments w i l l  assess the effect of mult iple MENT. Durney, C. H.; Bragg, D. G .; Is-
courses of hyperthermia on rat survival. (8/77—7/78) kander , N. F.; Shoff, 0. J. (Utah Higher Education

System , Sch. Eng ineering , Dept. Electrica l Engi
Supporting Agency:U.S. Veterans Adm in. neering, 1400 E. 2nd St., Salt Lake CIty, UT 84112).

The feasib ilIty of measuring the total fluid content
0259 QUANTIFICATION & MEASUREMENT OF INTERNAL in the lung by measuring reflection of microwave en-

ELECTROMAGNETIC FIELDS INDUCED IN FINITE ergy applied to the thorax or the transmission of
BIOLOG ICAL BODIES BY NONUNIFORM ELECTROMAGNETIC microwave energy through the thorax will be deter-
FIELDS . Chen , K. (Michi gan State Univ., Sch. Eng in- mined. Microwave measurements will be made on phan-
eering, Engineering Building, Dept. Electrical Eng in- tons simulating the thorax and on dogs in which pu l—
eerlng & System Science , East Lansing, MI ~s8824). monary edema has been induced. (12/77-1 1/78)

A theoretic basis w i l l  be deve loped for quant l f ica— Support ing Agency: hIEW , PHS , NIH , Nat i . Heart Lung &
cion and measurement of Internal electromagnetic Blood Inst.
fields induced in finite biologic bodies by non-
uniform electromagnetic fields , Experime—tal con-
firmat ion w i l l  be sought by use of implantab le probes 0262 THE EFFECTS OF PRENATAL EXPOSURE TO 915 MHz
in simulated nodels. A theoretic study of implanted MICROWAV E RADIATION IN RATS. Lovely, R.;
probes and their response within the medium will be Guy, A. (Univ. Washington , Sch. Medicine , Dept Re-
made. The Army Is using electromagnetic radiation hab ilita ti on Medic Ine , 500 17th Ave., Seattle , WA
to provide coesnunicatlon links; to probe the battle 98122).
e:.vironment for enemy presence , equipment , and ac-
tivIties; to control defensive ordnance; and to con- Wistar rats were exposed in utero to 915 MHz micro-
trol guidance of ordnance . Individual and cumulatIve wave radiation at a power density of 5 mW/cm2 for a
levels of these radiated energies are becoming a total of 380 hr. Behavior of the rats was observed
considerable concern because of their effects on the from birth through maturation. (10/77—9/78)
natural environment and on man. The theoretic method
will be based on numeric solution of a tensor inte- Supporting Agency:HEW , P155, N I H , Natl. Inst. Environ-
gral equation quantif ying the internal electromag— mental Health Sciences
netlc field induced in a finite , heterogeneous bio-
logic body by an inc ident , non-unifo rm electromagne-
tic field. In this method the body is subdIvided 0263 EFFECTS OF 2450 MHz MICROWAVE RADIATION IN
into a selected number of small sub-volumes , and the RATS. Lovely, R.; Guy, A. (Univ. Washing- V
individua l electric properties determined . Measure- ton , Sch. Medicine Dept. Rehab ilttation Medicinements w ith sample probes immersed in varioás simulant 500 17th Ave . Seattle WA 98122).
media will determine parameters for testing the theo-
retic derivations of probe Interactions . (10/77- 9/78) W lstar rats w i l l  be exposed to 2 ,450 MHz microwave

radIatIon at a power density of 5 mW/cm2 , 8 hr/night
Supporting Agency:U.S. Dep. Oef., Army for 3 mo. Changes in urinary ketosterold levels ,

glutath lone levels , and serum cholinesterase activ-
ity will be followed durIng exposure and a 2—mo me-

0260 BEHAVIORAL EFFECTS OF 915 MHz MICROWAVE covery period. Changes In behavioral response to an
RADIATION IN RATS. Dandrea , J. A . ;  Gan- attention vigi lance task w i l l  also be studied.

dhi , 0. P.; Gehrich , J. 1.; Ast le , L. (Utah Hi gher (10/77-9/78)
Education System, Sch. Medicine , Dept. Med icine ,
1400 E. 2nd St., Salt Lake City, UT 84112). Supporting Agency:HEW , PHS , N I H , Nati . Inst. Environ-

mental Health Sciences
Long-Evans rats are being exposed to 915 MHz micro-
wave radiation at a power density of 5 mW/cm2, 8
hr/day, 5 day s/wk for 16 wk. FIfteen of the twenty 0264 RADIOFREQU ENCY AND HEAT ENERGY FOR SEED
rats are gIven nocturnal access to running wheels. TREATMENT. Nelson , 5. 0.; Stetson , L. E.
The remaining five rats are trained to press a lever (Univ. Nebraska , U.S. Dept. Agriculture , Agricultural
for food pellet reward after each radiation period. Engineering Res. Div. , Lincoln , NB 68503).
Daily measurements of the animals ’ behaviora l per-
formance , body mass , and food and water Intake are The use of radiofrequency (RF) electric energy and
being recorded. Hematology , serum chemistry , and heat energy for treatment of seed to improve germin-

9
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at Ion chara cterIsti cs wfll be investigated. Hot-air an experimental measurement program will be con-
seed-treatIng equipment wIll be devised , and the re- ducted using simulated bio logic models. A dig it al
sults of heat and RF treatment on germination response computer program will be used to quan tify the in-
of .lfalfa and red clover seed will be compared . duced electrIc field InsIde the bIolo gIc bodies in
The economic feasibility of these methods for re- order to obtain theoret ic  predict ions . The then-
ducing hard-seed percentages will be det eum lned . retic methods will also be applied to study posslblr
Othe r kinds of seed will be exposed to SF treatments therapeutic end diagnostic applIcations , such as ,
under known frequency , field—intensity. moisture- local heating In hyperthermia and non-Invasive
content , and temperature condItIons to learn what diagnostics. (2/78-1/79
kinds of seed respond favorabl y. Earlier studies
showed that germ i nation of several kinds of seed Support Ing Agency :NSF , D i v . Enqln ee rln g
can be Improved by exposures of a few seconds to RF
e Iect r ic ~ l treatments In the 10- 40-Mhz frequency
range. These treatments , as well as Infrared radi- 0268 EFFECTS OF PRE-CONCEPTION EXPOSURE TO
atlon , have been especial ly ef fect ive for safely re- MICROWAVES ON THE LENGTH OF GESTATION .
duclng hird-seed percentages In alfalfa seed lots Berman , E. (EPA . Exper imental Biology Div.,
and In other hard-seeded legume s without causing the Durham, NC 27 111 ) .
deterioratIon In seed quality that accompanies niech-
anical scarification processing . In limited tests , VirgIn adult female mIce were exposed to 2.45 GHz
hot-air-oven seed treatment and RE exposures at radiation for 30 days , bred , and examined for
microwave frequencies also e f f ec t i ve ly  lowered hard- length of gestat ion. Pi lot studies indicated tha t
seed percentages in a l fa l fa  seed lo ts .  (10/76-9/77) the application of 10 mW/cm 2 for 30 days increased

the length of gestation up to lOl . (10/76-9/77)
Support ing Agency :U.S. Dep. Aq r icu lture

Supporting Agency :EPA

0265 EFFECT OF EIIVIRONMENTAL AGENTS ON ONTOGEN-
ESIS AFTER PARENTAL EXPOSURE. Stap l es , 5. 0269 TERAT OLO G ICAL STUDY OF M ICE EXPOSED TO

F. ; Nawret . P. ; Cook , R. o. (U.S. Dept. HEW , Natl . MICROWAVES. Berman , E. : Carter , H . (E P A .
Inst. Environmental Health Sciences , EnvIronmental Health Effects Sea. Lab., Durham , NC 27711) .
Toxicology Lab. Durham , NC 27709).

Newly bred virgIn CD1 mice were exposed to 2,450 MHz
This project will determine the developmental toX microwave radiation at power levels of 3, 4 , 10 , and
icity and teratogen lc potential of selected cnviron 30 mW/cm2 for 100 m m /day through gestat ion. An imals
menta l agents on nansnals by app l i ca t i on  of the test were sacrificed , and fetuses examined for morphologic
agents to th. parent(s) before mating or to the dam effects of the radiation. (10/77-9/78)
during gestation . Studies will emp loy various types
of noise up to 130 dB. microwaves , and solvents. Supporting Agency:EPA
(10/76-9/77)

0270 BEHAVIORAL EFFECTS OF 2450 MHz MICROWAVE
0266 EFFECTS OF MICROWAVE EXPOSURE ON IMMUNE RADIATION IN RATS. Lovely, S.; Guy , A.

DEFENSE MECHANISMS IN PERINATAL RATS . (Univ. Washing ton , Sch. Medic ine , Dept. Rehab il i—
Sm lalow icz , R. J.; Kinn , J. B.; Liddle , C . C.. (EPA , ta t ion MedicIne , 500 17t h Ave. ,  Seatt le , WA 98 122).  ‘ I
Experimenta l Biology D iv . ,  Durham , NC 2 7 1 1 1 ) .

W ls ta r  rats arc being exposed to 2 ,450 MHz ml.. rowave
Separate groups of rats were exposed pe r in ata l l y to radiation at a power density of 500 11W , 7 hr/day for
2.450 and 425 MHz microwave radIation for 4 hr/day. 3 no in anecholc chambers. Behavioral parameters
Rats were sacrificed at 20 and 40 days of age , and are being studied during e tposure and will  con-
blood counts were performed. in additIon , the In tinue during the recovery period in an attempt
vitro bla stogen lc response of blood and l ymph node to replicate previous Russian studies. (10/77-9/78)
lymphocytes was measured by ~H- thym Idine lnclorpora-
tion into DNA fo l lowing st imu lat ion of the ce l l s  S*i~iportinq Agt ’ ncy :HEW, P515, NIH , NatI .  Inst .  EnvIron-
wIth T- or B—lymphocyte mitogen s. (10/77-9/18) mental Health Sciences

Support in’~ Agency:EPA
0271 EFFECTS OF 915 MHz MICROWAV E RADIATION IN

RATS. Lovely, S.; Guy , A. (Univ. Washing-
0267 INTERACTION OF ELECTROMAGNETIC FIELD WITH ton , Sch. Medicine , Dept. Rehabilitation Surgery ,

BIOLOGICAL SYSTEMS . C hen , K. (Mich igan 500 17th Ave ., Seatt le , WA 98122).
S ta t e  Univ. ,  Sc h. Engineering , Engineering Bui lding ,
Dept. Electrical EngineerIng and Systems Sc i ence , WIst1lr rats will be exposed to 915 MHz microwave
East LansIng , MI 48824). radiation at a power density of 5 mW/cm ’, 8 hr /n igh t

for 3 no. Changes in urinary ketosteroid levels,
Theoretic methods for determ ining the internal glutsithlone levels , and serum choilnester .se activ-
electromagnetic field inside a biolo gIc body of ity will be followe d during exposure and through a
arbItr ary shape will be developed. In addition , 7-mo recovery period. Changes in behavior al response
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to an attention vig Ila nce task wIll also be ~tUdla d . ous wave and pu l se MWR , respect ive ly .  Th i s  project
(10/77-9/78) w ll i deriv e a more complete quanti tatIv e under-

standing of these Interac t ions , investI gate the
SupportIng Agency :HEW , PIIS, NIH , Nat I . Inst. Environ- underl y ing phys kal mechanisms, and eva l uate the

mental Health Sciences general biolog ic signifIcance of these MWR effects
in cats. Similar studies usin g laboratory primates
will then follow . The response of single vest lbular

0272 THE EFFECTS OF PRENATAL EXPOSURE TO 2450 MHz unIt s and of .lngle aud i tory units to approprIate
MICROWAVE RADIATION IN RATS. Lovely, R. Guy , physiolog i.. stimuli wIll be recorded vi e glass

A. (Univ. Washington , Sch. Mv dic i n e , Dept. Reh abi lit a- microp ipette located in the ei ghth nerve and In
tlon Medicine , 500 17th Ave., Seattle , WA 98122). brain stem vest ib uia r and cochiear nuclei. Once

functionally ident I f ied , the subsequent response of
Wist ar rats will be exposed in utero to 2 ,450 MHz the units of MWR (915 and 2 ,450 MHz) app lIed to
microwave radiation at a power den~~i ty of 5 mW/cm~. 

the head will be noted. for ves t Ibul a, uni t s , the

Behavior of the rats wIl l be observed (ton i birth emphasis will be on their response to physiolog ic
through maturation. All animals will be sacrificed angular accel..~ratio i, of the head as compared with
for pathologic examinatIons . (10/77-9/78) their response to exposure to near field continuous

wave MWR . For auditory unit the emphasis will be
Supp~rtI ng Ayency :HEW , PHS , NIH , Nati. Inst. Environ- on their response to physiologic acoustic stimuli

mental Health Sciences (tone bursts and clkks ) as compared wIth their
response to pulse -modulated MWR. The capability of
pulsed MWR to mask acoust ic s t imu l i  w i l l  also be

0273 TERATOLOGIC AL STUDY OF 2450 MHz MICROWAVE examined. Calibr ation of the MWR dose w i ll be In
terms of reg ional absorbed energy density. Record-

EXPOSURE IN MICE. McRee , 0. I.; Nawrot ,
P. (Environmental Biophysics Lab., Nat l . Inst. 

log slte ~, will be marked and verified by histolog ic
examination. These data will be applied to the

Environmental Health Sciences . U. S. Dept . HEW ,
Durham , NC 27709). 

analysIs of the biologic hazards of pulsed MWR and
of the bIomedica l uti l ity of MWR interac t Ion wIth

Separate groups of pregnant CDI mice were exposed to the central nervous system . (1/78-12/78)

2,450 MHz microwave radiation at power densities of
5 and 20 reM/cm • 8 hr/day for 17 days. Animals were Supporting Agency :HEW , P145, NIH , Nat I . Inst. Env I-

sacrifIced prior to parturit ion , and fetuses were ronniental Health ScIences
examined for developmental effects of the radiation.
A third group of pregnant CD1 mice are presentl y be-
ing exposed to 2,450 MHz microwave radiation at a 0276 NAVY ENVIRONM ENT : EXPERIMENTAL DEVELOPMENT

power density of 30 mW/cm2 . (10/77-9/78) 01 SIMULAT ED BIOTISSUES. Cheunq , A.
(Univ. Maryland , Graduate Sch., College Park. MD

Supporting Agency:HEW , PHS , NIH , Nat I. Inst. Environ- 20740).
ment Health Sciences

An attemp t will be made to develop a systemat ic
procedure to slmu ate any biologic tIssue electr l-

0274 TERATOLOG ICAL EFFECTS OF MICROWAVE RADI- ca lly at any given temperature for mIcrowave dod-

ATION IN RATS. Berman . F. (EPA , Exper- metry studies . Frequency sweep measurement of

imental Biolog y Dlv ,, Durham, NC 271 11 ). dielectric properties of various mixtures of aim-
ulated muscle , bone , and fat will be made at say-

Sprague-Dewley rats will  be exposed to 100 MHz ml- eral temperatures and at frequencies from I to 18

crowava radiation for 4 hr/day during the entire 0Hz . Dependenc e, relatIve dielectric conStant ,

period of organogenesis in a Crawford cell device , and conductivity as a function of frequency, tamp-

fetuses exam i ned for morpholog ic effects of the as complex dielectric propertIes. CompositionsFollowing exposure , an i mals wi l l  be sacrificed and erature , and composItIon will be determIned as well

radiatIon. (10/77-9/78) and physical properties will be tabulated in hand-
book form for different temperatures and frequencIes

Supporting Agency:LPA and other physical properties. (10/77-9/78)

Supporting Agency:U .S. Dep. DeE ., Navy

0275 VEST IBULO-COCHLEAR EFFECTS OF UHF-MICR O-
WAVE RADIATION. L.ebovltz , R. M .; Seaman ,

R. L. (Univ. Texas , Sch. Medic ine , Dept. Physiology, 0277 NAVY ENV I RONMENT : BIOME DICAL EFFECTS OF
5323 Harry Hines Blvd.. Dallas , TX 75230). RADIO FREQUENCY RADIATION. u n . J. C.;

Ki aus , 0. i. (Wayne State UnIv., Sch. Ing ineering ,
This research will document the effects of mIcrowave Dept. I le c t il cal Eng IneerIng , 5950 Case Ave., Dc- hradiation (MWR) on the nervous system by examining troit , MI 48202).
single unit dIscharge In sensory systems that are
respone lve to continuous wave or pulse-modulated Th i’. iesearc h program w i l l  be pert of the Navy ef-
MWR . PrevIous work confirmed that sing le units In fort to determIne the potentIal for human hazaid
the vestibu lar pathway and single units In the in the frequency ,an e Of 30-300 MHz . ThIs study
aud i tory pathway show an acute response to cont inu - will Investi gate the effec t of radio frequency rad-
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I,it ion on the growth , reproduc t ion , and pathology examined . Therma l effects on cardiac metabolism

~ l mIce . The nice will be exposed , both acutely and hemodynamics wi l l  also be observed . Techni ques
and chronically, in a p a ralle l strip transmission of temporary control of c.irdlac rhythm to be devel—
chamber where plane wave fie lds w i t h  variable F/H oped wil l  be quick , effectiv e , entirely safe .,nd

CURRENT RESt AHCH 

8iuk~ual Fftrr ti ,,l Niu,nw,w,,g I i.stnwna.w5,t,,

ratios ,.an be produc.~d. Temperature dIstr ibu t ion painless . and comp letely noninvasiv e . Such tech-
and patterns w I l l  be establish ed and phantom models of niques may supp l ement and possibly supp lant present-
both mIce and man will  be used to establi sh corre- day method s involving externa l cardiac pacemakers
lation s . (10/77—9/78) and intravenous drugs. (12/77-il//B)

SupportIng Agency:U.S. Dep. Del ., Navy Supporting Agency:HEW , P145, N I H . NatI. He.irt Lung
6 Blood I ns t .

0278 THEORETICAL AND EXPERIM ENTAL BIOMAGNETISM .
Far re l l , U. E. (Case Western Reserve 0780 RADIOFR EQUINCY RADIATION INTERFERENCE (Rh )

Univ. • Graduate Sch., Dept. PhysIcs , 2040 Adelbert OF MEDICAL PROSTATIC DEVICES. Mitche ll ,
Rd.. Cleveland . OH 44106). J. C.; Hardy. K. A. (U.S. Air Force . Sch. Aerospace

Medic ine , Brooks Air Force Base , San Antonio , TX
The chara cteri stics of the magnetic signal front th~ 78235).
His bundle In the human heart will be inve stI gated
theoretical ly and experimentall y. A simp le source A biomedical data base on the interaction of A i r
model will be used to compute the external electr l . Force radIo frequency (RI) radiation emitters a,s.j
and magnetic fields and to invest Igate the effects medical prosthetic device s wIll be established .
of torso geometry and intern a l i nhomogenelt ice on and a state-of-the-art techno l ogy watch or, cardia c
the properties of the signal . For the experimental pacemaker Interference will be maintained . Manufac-
work , a SQUID first-order gradiometer system wil i turers ’ progress in develop ing pacemakers tic oper-
be employed having a lower intrins i c noise level ate properly in pulsed Rh f ie lds of 200 roo t mean
than any magnetic detector in current operation. square V/m will be assessed , and the data will be
The major goa l of this research is to provide a app lied to operationa l situations In accordance
clear test of the ex is t Ing t heoret ic framework of with Air Force regulation (AIR) 161-42. New state-
biomagnet lam for a well-defined system of practi cal of-technology pacemakers wIll be accepted on loan
interest. Additionally, a relatively unknown reg ime from manufacturers and evaluated under a variety
for magnetic detection will be explored experiment- of RI emission sources in the USAISAM laboratory .
ally, ~nd the practical limits on such measurement s Sources wIll include radio frequencies between 50-
established. (12/77-11/78) 500 MHz . Field t e s t s w i l l  4150 be conducted usIng

a hi gh frequency tran sm issIon system . AdditIon a l
Supporting Agency:NSF field tests will be conducted In support of speci fIc

operatIonal problems as provided by AIR 161-42.
(10/77-9/7 8)

0279 EXTERNAL CARDIAC STIMULATION WITH MICRO- 
~‘~ipp.n (Ing A~ ccci ~ U .S. flep . Del .. Air hcci ~WAVE RADIATION , loll , P. Ii.; Frank , H.

A.; Bel gard , A. H.; loll , R. H. (8~th Israel Hasp.,
330 Brookline Ave., Boston , MA 02215). 0281 EFFECTS OF MICROWAVES ON IMMUNE DEFENSE

MECHANISMS IN MICE . Huanq , A. (Dept.Researchers will develop the apparatus and tech- Interna l MedIcine , Duke Uni v . ScM . MedIJne , Boxniques by which microwave therma l energy, app lied 3711 , Durham , NC 27706).externally over the precordlum . may be tran smitted
through the chest wall to warm atrt ai or ventr lc- BALB/c mIce are being exposed to ., micr owave freular pacemaker cells In selected areas of the heart quency of 2,450 MHz at a power density of 15 nM/cnr’.to arouse , accelerate , and maintain Intrins i c 

~ mm /day for 3 wk. Followi oq exposure , the mic erhythms at clinically useful rites and time in- are sacrificed and i nseunocompetent cell s are “to-terval s. A microwave generator and matched app li- dIed for morpholoq l~ and bioc hemical changes , sii, ticator will be developed using solid-st ate m icro- as , l ymphoblastold transformatIon , m lr otl c figur eswave techn i ques , computer simulations , optimization and DNA , RNA and protei n synthesis. (10/77-9/78)procedures , and modern fabrication technolog ies to
ii.,llow control of the depth of t~’netration , vo l ume Supporting Ageny:(PA

ccl  tissue irradi ated , and temperature change . The
di strIbution , degree , and temporal course of heat-
ing of th~ target areas of th. heart ond of inter-
vening tt s~ues will be determined in normal anes- 0282 BIOLOGICAI . FFFECTS OF AT RE TR/INSMITT1R
theti:ed dogs by appropriate placenia nt of therm- FIELDS . trazer . J. W .; Barnes . C. (U.S.
istor probes. In dogs with surg Icall y induced AI r Force, Sch. Aerospace Medhlne , Brooks Air

11
atrIov entrIcc ,l .,r hlo c li the changes In atr lal and Force Base , San AntonIo , TX 78235).
ventrIcular rhyt lin icity will be studied . In par-
ticular , acceleration of the norma l sino-atr la l  The se t t in g  of safety standards for Air Force (Ar)
node and of the dominant idloventr icu lar pacemaker , personne l exposed to el.ctrorsaqnetii radi ation (EMR)
and th. arousa l , acceleration , and maintenance of must rest on a foundatIon of known b io e fle ,t s.
r’ct~pic atr l al and ventricular pacemaker will be This •ffort will lnv .,tigate radio frequi.s,c~ (SF)

I)
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fi.ld .ff.cts on blophy sical uuxcdei systems The experIments will use a mo dified reaction tIm. pare-
information gathered will allow the adjustment ‘it dlguic to vI~ ualI y presented stimuli (gratings) in
exposur. criter ia for Al personnel workIng In unI que which spatial and temporal frequency ar, varied
RI radIatIon env i ronments. Fl u id modulet ion at- whIle lum I nance and adaptation Iev~ l are h,ld con-
tacit , includ i ng pulsed fields , on a varIety of stant In an attem pt to differentia te the sensory
centra l nervous system (CNS) ionIc and chem ic al m ,om the motor components. Other experIments will
dl~ trIbutIons will be examined . The e f f e c t s  o~ examine the ef fec t s of select ive (divIded) vIsua l
EMA fields on solvent transport processes In ti ssue at t e n t i o n  our the neuromayne il.. response . (10/77—
and polarlzet ion processes li t na~romol ecuies wIl l  9/78)
also be investigated. Alt eration s in the t ra ce
metal content in various areas ci t the rat CNS will  Supporting Agency :U.S. Dep. t~ef., N av y
b. related with frequency, powe r de ns I ty ,  and ther-
mal stress , and these findIn gs will be extrapolated
to an expected effect on Al personnel c’pema t ln q in 0285 NAVY ENV I RONME NT : THE NATURE OF ILECTRO-
EMR environments. (10/77-9/78) MAGNET IC FIELD INTERACTION WITH BIOLOGICAL

SYSTEM FUNCTION. Frey, A. H. (Randomnl i ne , I nc.,
Supporting Agency:U.S. Dep. Oct .. Air Fot~ r Hunt inqdon Valley , PA 19006).

Naval ‘eu sonurel are expc’se~I in many rel at Ivoly
0283 MICROWAVE CATARACT OGENESI S. thc~t.n , S. N .; u sed space ’. to varying levels of electromagn etic

Mathewson, N. S. (U.S. Dept . Defense , radI atI on , whIch can affec t individua l performance .
Armed Forces Radlobiology Res. Inst ., Bethesda , MD This work will  Inve stigate the effects of exposure
20014). Ii’ electrc’.umagneti.. energy on neural activity and

behavior. Research out the blood-brain barrier will
The effect of mIcrowave radIatIon on proteIns in he extended utili z i ng autoradio graphic techniques
rabbit lens will be determined ox well as the rela- to study events In the brain during exposure to
tlanshlp between expected mIcrowave-Iucdu~ed oltera- electromagn etIc energy. This should enable identI-
tlons of i .ntIcular proteins and duration of cx- ti c a t lo n of the locus of action of the energy and
posure at constant power density. Tr~ t anima ls w Ill the nature of changes that nay occur in the brain.
b. •*poaad to subcataractogenlc and catara ctc ’sjt ”rit Thresholds wi l l  be sought as well as electromagnetic
levslt of 2.45 GlE n radiation. Possible cccl,v.’rSiccuc fie ld af fec t s using fluorescen t dyei. (10/77—9/78)

dur i ng microwave—induced cataractogene sis co Il L’e “uppou t l i n t A ye cuucy:L I S. Dep. Oaf., Navy
Inve st i gated. QuantIty of toluble prote in w i l l
be determine d aft.r extract Ion ci t all s, l uhle lens
proteins In a suitable solvent. Variabl es In ax- ~~~~ COMMITTEE ON RADIO FREQUENCIES -SUPPORT
traction procedure will be studied t ic ‘t,’t ,’rni i, ,e It OF COMMITTEE OPERATIONS . Dow, S. Y.
toluble protein Is converted to insoluble 1 .ri’tei n IN .ctl . Ac ad . Sciences , :101 Constitution Ave. H.W.,
by the ex t rac t ion procedure it s el f . Afteu suit abl e W4 t h i I i c t t i i u u , DC 20031).

of sol uble  l.ns proteins to an inso lub lø torn ’

extract Ion of lens proteins , quantity ~.f alp ha ,
beta, and ganena crystallin e will be uceasui ecl to ihe Coruumuc it lee on RadIo Frequencies (CORF) of the
dat .rnulne p o ssible alteration s In protein concert- National Academy of Scleumc ee and Engineering
tratlon in rabbit lens as a result of microw~vo puovi dee advi ce and recouurmendatlon s to the NSF and IIinsult. Each cry stal lln will be analyzed to deter- other government agen c Ies in the use of the radio
mite, sh i f ts In subunit composition and changes In spectrum for •eseacch purposes. The COR I has t hr ee
chemical/ph ysical properties attributable to micro - ~ubcccucmtI ttes that deal with radIo astronomy .
ways damage. ( 10/7 7—9/78) u cicc l ogi.. lances • am i d atnmospheri.. and space

silenc es , mt ’ s p rc t I ve ly .  At present , the Coasait tee
Supporting Ag.ncy:U.S. Dep. Def. , Def. Nuclear Agency Is p r c c iacl imug th. sl~cct runm needs of U.S. researchers

lou the nest 2t~ years . Findings w i l l  be presented
to appropriate federal channels to formulat. the
U.S. position tom the 1979 World Administrative

O28~ PERSONNEL TECHNOLOGY: DETERMINATION ~ Radi o l omufarence . The Conenltte. works vIa corres-
IDENT IFICAT ION OF EVOKED MAGNETIC RESPONSE pondence and periodic meetings of the maIn and

OF THE HUMAN BRAIN ASSOCIATED WITH SENSORY STIMULA- sutm c onsuuit tees . the Executive Secretary at the
TION. Kaufman , L.; WIl liamso n , S J. (New York Natlo nil Academy of S c i e n c e  I s  the loc al con tac t

let Ave . , New York , NY 10012). tee. (I// l u 12/76)
Univ., Sch. Ar ts  S ScIences , De pt .  Psychology , 421 amid h~ndles admn i nIst u~~t lve matters for the Coammit-

The inve stigators w i l l  attempt t~. re la te  the temporal Simp ~’c ’ i t log Agency NSF
and spatial features of the magnetic field external
to th. scalp to sensory stimulation and the interna l
stat. of the subject. Such informa tion should pro- o.~H/ NAVY INVIHONM 1 PI1 : INVESTIGAT I ON OF THE
vlds a b.tt.r understanding of neurolog l relation- B IO EO G ICA L EFF ECTS OF PULSED ILECTROMAG-
shi ps and lead to Improved st iun..ml ua presentat ion NET1 C FIELDS GENERAT ED IIY NAVAL OPERATIONS , Cl eary ,

al low more prec i s, IdentIfIcati on of brain n.uro- ScM . M •dlcine, 1700 f. Broad St., RIchmond , VA
for Naval equipment di spla y s . Suc h data should also s. F. (Dept. Blophy alci Virginia Ctew~ nwealth Univ.,

logIc problem areas In Naval personnel. Proposed :1298) .
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High frequency, high Intensity electromagnetic pulse generated by p laice wave reflec t Ion front a metal
(Etip) fields can be produced by certa in naval oper- plate at nornral incidence , wi l l  be used to irr a d i-
at lons .  This research Is an attempt to determine ate I- or 2-day old uteaiwornu pupae. Th~ pupae w i l l
If the Instantaneous fiel d strengths and pulse char- be p l aced In regions of the standing wave that con-
acter ist ics of EMP are capable of producing biolog ic ta m predom i nantly one field component or the other.
jI r ec .m t out s ut inter es t to titan. This wil l  be The input power w i l l  be .mdju sted to produce approx~
a three-part stud y. The first will be a study of l unate ly the same microwave dose rate in the Iculu ,mu-

th~ effects of EMP fields on serum proteins , blood as has been used In forme r studie s where irradiation
chemistry, and drug-Induced (pentobarbital) sleeping has produced morpholog ic damage in the emergent
time In the Dutch rabb it. 1ht~ second phase of this adults. (10/77-9/78)
work will be a study of EMP and microwave fields on
an artificial biomenibrane of known res is tance , mem- Supporting Agency:U.S. Dept. Def. , Navy
brane potent ial , and dielectric breakdown potential.
These membrane properties will be i nvestigated as
a f u n c t i o n  of the amplitude and pulse rate of an 0290 NAVY ENViRONMENT : EFFECT OF RF AND MICRO-
appl led EMP f ie ld .  The third stud y will examine WAVE RADIATION ON NERVOUS SYSTEMS .
the effects of low intensity electric field pulses Taicashimna , S.; Kr l tikos , H. N. (Univ. Pennsylvania ,
on erythrocytes. (10/77-9/78) Sch. Electrical Engiu ,eerlng , 203 Logan Hail ,

Philadelphia , PA 1910 4) .
Suppci u ti ng A~tcuu.. y :U.S. Dep . DeE ., Navy

An i nvestig ation of the potenti .m l hazards arid
mechanisms of radio frequency (RF) and micuo wave

0288 BEHAVIORAL CHARACTERISTICS OF MONKEYS AND fields , of the type generated by naval operations ,

RATS I RRADIATED WITH MICROWAVES . Delorge , will be perforcuied on nervous systems of an imals .
J. O. Srlssett , J. D. (U.S. Navy , Biomedical Dlv., Rabbits wi l l  be chronicai i y imp lanted on the dura
Pensacola , FL 32512), mater of the cortex. Electruencepha loqraphic

(EEG) signals wi l l  be recorded and processed under

The e f fec ts  of low power densi ty microwave radia- vary ing experimen tal conditions. Parameters w i l l

tion on monkeys and rats w i l l  be inve stigated by include modula tion (various), field strength , and
measuring their ongoing operant behav ior. Rhesus carr ier  frequencies. An attempt w i l l  be made to
monkeys , squirrel monkeys , and rats trained on cross-corre late signals from c e l l s  in d i f f e r ent
various operant tasks wil l  be exposed for prolonged parts of the brain , both during and after ruclcro-

durations to microwave radiation at low power wave and RF exposure. (10/77-9/78)
levels , pulsed at selected frequencies. The
a n i m a l s , while working , w i l l  be exposed to vertica l- Supporting Agency:U.S. Dep. DeE .. Nav~
ly or horizontal ly polarized radiation at 2.4 and
6 5Hz to demonstrate d i f fe ren t ia l  e f f ec t s  of
polarization and frequency. The exposures will 0291 BIOCHEMICAL EFFECTS OF MICROWAVE RADIA-

occur in essen t ia l l y  non-ref lect ive restraint  TI0N . Grisse tt , .1. 0.; Loti , W. S.
devices . In add i tion , the an i mals , chosen for (U.S. Navy, Biomedical Div ., Pensacola , FL 32412).

size differences , w i l l  per for m on s i m i l a r  tasks
to permit a comparat ive study of an i ma l size and This inves tigation w i l l  provide quantitative ui ’.csure-

microwave parameters u t i l i z i n g  behavior as the uneuct s c i t  neuroendcic r Inc ~.tr ,~ss induced t.~ iii.. ru—

dependent variable. (10/77-9 /78) wave radiation and assess the physiolog ic signifi-
cance of the total Stress response. Neuroendocrine

Supporting Agency :U.S. Dep. Def . ,  Navy parameters w i l l  be measured on Rhesus monkeys for
both acu te and chronic exposure. For acute exper-
iments the animals wi l l  be exposed for 8 hr during
a 2 4-hr period. Blood samp les w i l l  be drawn at

0289 BIOLOGiCAL EFFECTS OF LOCALIZED E AND H- 2-hr In tervals - When the neuroendocrlne response
FIELDS IN THE STANDING MICROWAVE FIELD. is determined for shor t exposure at high power

Olsen , R. S.; Grlssett , .1. D. (U.S. Navy. Biomedical levels , the frequency and pulse parauuceters will tue
Div., Pensacola , FL 32512 ) .  used at moderate power levels for chronic exposure

to determine the to ta l  physiologic s ign i f i cance  of
The a f fec ts  of the appl icat ion of Individua l micro- responses at ,c par t icu lar  set of f ie ld  condi t ions.
wave f i e ld quantu t ies  on small biologic systems will (10/77-9/78)
be studIed . These field quantities are the electric
field Inten sity (E-field) and the magnetic flux Supporting Aqency:U.S. Dep . Def. . Navy
density (H-field). Both fields exist in a traveling - -

plane wave ; however , when a plane wave is reflected
from a conducelnq surface , a ..tandinq wave pattern 0292 MEASUREMENT OF RFR PCWE R DISTRIBUTION.
is created In which one field quantity predon uinates. Guy . A. W.; lovely, R. H. (Univ. Wash
Since these standing waves are found on board ship ington , Sch. Medicine , 500 17th Ave., Seatt le , WA
because of reflections from bulkheads , other con- 98122).
duc t inq structures , and equipment, i t  is Important
to determine whether specific biologIc effects re— Hi gh leve l nati ona l ..m’ncern over the adequacy cit
cult train exposure to one field quantity or the existing radio frequency safety standards has high-
other. A 4.0 5Hz planar stanul in g w,ive pattern , li ghted the need to define experimental exposure
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fields accurately . Insure in torcompar abliity of nuonophosphate and ~.m-u~.taqlandln system w i l l  be
power dep osi t ion and unechaucisnr of injury studies , determined . (10/171/78)
and va l i da te  theoretic predictions with measured
dis tributions in experimental aninu jis. This ef f or t  Supporting A ency: U.S. Dep . Def. , Def. Nuclear Agency
will investi gate ground plane and po sition effects
on power absorption in several man models at the
Univers ity of Washi ngton and at USAFSAM/RA . In- 0294 RADIOFREQUENCY ELECTROMAGNETI C ENV I RONMENT
vestigators will  Intercompare fiel d m easurement SIPIULATION AND MEASUREMENT . Allen . S. J.
techniqu es used at the University of Washington and Hurt . W. (U.S. AIr Force , Sch. Aerospace Medicine ,
tho ,e used at USAFSA M and compare the theoretic Brooks Air Force Base , San Antonio , TX 7 8 2 3 5 ) .

exposed in both fa cilities . In ad d i tl ou c , arc cx- Equipment and methodology will  be developed to per-
posure system w i l l  be designed and construct ed for form the experiments necessary to define radio

and measured distributions In exp~ rlment aI animals

cell or tissue culture s when field s within culture frequency (RF) energy transfer to animals and man.
can be exactly specif ied . Inve stI gators hope to The results of these experiments will provide the
demonstrate the u t i l i t y  of the culture systeriu by basis for modif y in g the personne l exposure criteria
exposing f reshly i solated primate lymp hocytes w i t h  for Ai r  Force (AF) RF operat ions.  Instrumentat ion
and wI t hout simulat i ng antIgens. University cif w i l l  be developed to monitor incident f ie lds and
Washing ton personne l are to brin g the rris ’quaph ls absorbed power for biolog ic systems exposed to RF
equipment and field mejsureuuceuc devices Cit USAFSAII fi eld s in the range of ,çcc .r.itIorc, m i AF systems ,
to compare their measurements wI th those at USAFSAM . name l y, 10 MHz to 10 5Hz. Present power absorption
Killed animal models and physical models are to be techniques are usable fronu 10 to 50 MHz . Method-
examined after exposure to a r.a rlety cil frequencIes ology to be developed wil l  measuru power absorp-
generated by the high frequen Ly band cci.m ’. near tions in the 50 NH: to 10 5Hz frequency range.
f i e ld  synthes izer  and the U n i v e r s i t y  of Washington Modeling of a nI m als wi l l  contInue until a suitable
resonant cavity .st USA FSAM end at the Um si v c rs lty model is found that wil l  be used to perfor n u th e
of Washington. Fields generated try the multip le theore t ic ana lysis necessary to pred ic t  power ab-
frequency exp osure apparatus w i l l  a lso be provision- sorption In the relevant frequency range. (10/77-
ally examined at SAN . An exposure uell Is to be 9/78)
constructed from read i ly  ava i lab le  m a te r l . t l s ,  and
i t s  u t i l i t y  demonstrated by exposure of freshl y SupportIn g Aqency :LI .S. Dep. Def. • Air Force
isolat ed lym p hocytes to f i e l d s  ca lcu la ted for an
equivalent field In man models exposed to a v. urie ty
of f i e l d  geometries. (10/77-9/78) (~‘q’, PHYSICAL SCIENCE COLLABORATIVE RESEARCH.

Atkinson , E. R. (Div.  Cancer Treatment ,
Supporting Aqency:U.S. Dep. Def. , Air Force Nat i. Cancer ln~ t ., HEW , Bethes da , MD 20014).

Physical sc ience col laborat ion is be i ng conducted
0293 MICROWAVE-iNDUCED DAMAGE IN THE MAMMALIAN 

in automated tissue cul ture colony counting , mi l -BRAIN. Catravas, C . N. (U.S. Dept. Do- li nuet er wave spectroscopy of tumor cells , wholefense, Armed Forces Radiobloiogicai Rca . Inst .. body hyperttcermia pat len t treatment, whole body
Bethesda , MD 20014). hyper thermia anima l s tud ies , tox I c i t y  of ch emo t her-

ap cutic agents at elevated temperatures, non-thermal ;~Changes in levels of neurotransmitters and actlv- effects of microwaves , precision measurement of sizeitles of enzymes i nvolved in neuro transmitt er uucetj b- 
of bIolog ic objects. m ass seectroscopy of biapols-

ol 1cm In the cent ral nervous sys C .~nt of ni C r,’w.m ve— 
,.

~ s and rmnn .c t o  r,m I I ~.i u t opes , ncuc I cam nuj. Iir,~tirradiat.4 animals will be determined. East Euro- resonance of membrane speci fic proteIns , human ther-
pean studIes have Indicated tha t microwave irr ad i- moregula tlon , recep tor s i t e  ter t iar y s t ructur e byat ion at low, nontherma l levels results In a number electron spIn resonance , dielectric properties of
of neurologic and behavioral effects in animals and norma l and tumo r tissues, pion productIon at low
humans. To substantiate Russian dat .m . a systematic energies In the laboratory frame , tissue seucsi-
study will be conducted to determine if and to what ti zers for ionizing radiation , microwave imaging
extent neuroch ainmical mechan i sms in man cmalian brain techniques , ultrasonic temperature measurement ,are af fec ted by exposure to low levci microwave liquid crystal effec ts in biolog ic nrater ials, opt lcai
radiation. Groups of ra ts will be exposed to con- and visconue tric techniques for temperature measure-

inuou~ low—level microwave radia t lout of 2 ,450 MHz u~ uut , and .c, tin and icrycis i t t  irrechan i cs  - (tO! 76 4/71)
and approximate ly 10 n*~/cm2 . At var ious post irra-
diated time interval s levels of acety lchic i lne .
norepInephrine , dopamlne , and sercrton l ui w ill be Stuppor tittq Aqerrc y :HEW , PHS , NIH . NCIdetermined in discre te brain areas of exp erim ental
animals and sham—irradiated controls . Radia tion-
I nduced changes in a c t i v i t y  of braIn enzymes , chol-
in. acety)transterase . .cety lcholinesterase . tyro- 0296 EFFECTS OF 2450 MHZ MICROWAVES ON flit
sine hydroxy lase , cryptophan hydroxyl ase and mono- EMBRYONIC DEVELOPMENT OF JAPANESE QUAIL.
amine ox i dase, which are involve d in uleurotrans McRee’, 0. I. ; Hancricts , P. 1.; Thaxton , J. P.;
m i t ta r metabolism , will also be determined. In Parkhurst, C. R. (HEW, Na t I . Inst. EnvIronmental

•nother series of experiments the effect of micro- Health Science • Env i ronmental Biophysics Lab..
way, radiation on ad.nylcyclase-cyclic adenosine Durham , NC 27709).
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Juvenile quail were challenged at 5 weeks c i t  age w itt r a specialized f u mm ~ tion of the neurour . nairieiy syrtap-
sheep red blood cel ls (sRBC), arid the level s of m~~ t ransmIss ion , will  be studied. This effort
ant i-SRBC antibodies were determined . The levels wil l  attempt to quantify changes produced by 1fF
of spetifi c antibodies, determined 4 days after energy in these chemical switching systems , deter-
antigen challenge s , were the sante magnitude for mine thresholds for frequency and power density,
both the exposed and control quail .  Following and Interpret these changes In terms of the expected
th is assessment of humoral i nanun it y , the quail were e f fec t  on man In Air Force operational env i ron m ents.
sac r l t i ced , and the bursa of Fabricius and spleen (10/17-9/78)
were removed , and exposed and control birds
compared. No significant alterations were seen in Supporting Agency:U. S. Dep. Def. , Air Force
the microwave exposed group. Othe r groups of
eggs were exposed to a power density of 5 mW/cm”
for the first 12 days of developnmrent. After 0299 BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF
hatching, the quail were allowe d to mature and MICROWAVE RADIATION IN MONkEYS. McAf r~ ,
nate. Eggs for the matings were hatched in a R. ; Gordon , R. Longacre , A. ; May, J. (Louls an.i
standard Incubator . After colle ct Ing over 1 ,000 State Univ. Systems , Sch. Eng I neering, 1542 Tulane
eggs in each mating group , it was found that the Ave., New Orleans , LA 70122).
exposed unaies when mated with either the control

-
‘ or exposed females produced a lO~ decrease in Rhesus monkeys , Mc ~~ P’r~ !mt t .~, are being studied
I - fertility. The exposed femtral es when mated with for behavioral and physiolog ic effects of 930 MHz

• the con t ro l nmaies resulted in the caine fertility microwave r a dia t i o n . The animal s are being irradi-
rates as matin g the control females with control ated 4 days/wk for 52 wk. The nxrnkeys are main-
males. Mating behavior studies were performed. ta m ed in fami ly groups in outdoor cages where
No di f ferences in the number of matings or mating individuals can enter an Irradiation chamber and
attempts were observed between control and exposed depress a drinking tube that delivers app le Juic e
qu ail. (10/76-9/17) and activates a microwave generator exposing the

animals i faces and eyes to radiation power densities
Supporting Agency:HEW , PHS , NIH , NatI. Inst. between ISO and 495 mw/cm2. Follow-up w i l l  last

Env iro nnrenta l Health S d .  2 additional yr. Animals will be exam i ned for
evidence of ocular damage and will be observed for
behaviora l aberrations and reproductive capability.

0297 BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF (10/77-9/78)
MICROWAVE EXPOSURE IN RATS. Lovely, R.;

Guy, A. (Univ. Washington . Sch. Medicine. Dept. Supporting Agency:U.S. Veterans Adm in.
Rehabilitation Medicine , 500 17th Ave., Seattle ,
WA 98122).

0300 COMPAR I SON OF THEORETICAL AND EXPERIMENTAL
Wistar rats were exposed to a microwave frequency ABSORPTION OF RADIOFREQUENCY POWER .
of 915 MHz at power densities of 2.5 mW/cm2 , 10 hr/ Johnson , C. C.; Barber , P. (Utah Higher Education
ni ght for 3 mo. The radiation was circularly polar- System . Sch. Eng ineering , Dept. Electrical Eng i-
ized by a wave guide to provide constant dosing for neering, lltOO C. 2nd St. • Salt Lake CIty, UT 84112).
whole body exposure. During exposure , serums chem-
istry and behavioral parameters Including eatin g , Methods and data are needed to extrapolate (via
free operant ana l ysis , conditioning situations , appropriate scaling factors) anIma l data to man to
and avoidance tasks were stud i ed . (10/77-9/78) establish more realistic personnel safety electro-

magnetic radiation (EMR) exposure guidelInes for
Supporting Agency:U.S. Dep. Def., Navy Air Force Operations. The specific objectives of

this study are (1) to define adequate models , (2)
to extend theoretic radio frequency (RF) power

0298 RADIOFREQUENCY RADIATION EFFECTS ON BlO- absorption data to assess consequences of human
CHEMICAL SYSTEMS IN THE CENTRAL NERVOUS exposure to 10 KHz to 1,5 5Hz RF radiation fields ,

SYSTEM. Merritt , J. H.; Fraser , J. W. (U.S. AIr and (3) to develop methods , accounting for size
Force , Sch. Aerospace Medicin e . Brooks Ai r Force and orientation effects , to extrapolate animal
Base, San Antonio , TX 78235). exposures to equivalent human exposures. Twenty

phantoms will be constructed to sImulate 3.5 kG
The Department of Defense Tri service Electromagnetic monkeys. Absorbed power will be calculated ut ll ~
Radiation (EMA) Bloeffects Research Program describes Izing thIs monkey model for exposures In free
the central nervous system (CNS) as the singularly space, near field , and on a ground plane. Experi-
most Important area where there is evidence that nrents will be conducted to measure power absorbed
EMR interacts with biologica l systems .’tm The objec- in the phantom and in actual monkeys for six cx-
tive of thIs effort Is to quant itate the radio fre- posure orientations. The best model for man ,
quency (RF) EMR effects on biochem i cal events sub— monkey, rat and mouse will be developed , and cal-
serving nerve transmission in the CNS . The infor- culat ions will be performed to determine power
unatlo n obtained will be app lied to establish more density to whIch these animals should be exposed
appropriate safety standards for personnel working to produce the same average absorbed power as man
in close proximity ~o Air Force 1fF emitters. The when exposed to 10 mW/cm2 at the same frequency .
effects of 1ff radiati on on the CNS , specIfically on The exposure frequency for animals subjected to the
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same power density as man to accomplish equivalent pos i ng individual rats (previ ousl y exposed in utero)
average power absorp tion will also be calculated . of sp ec Ifi c ages to a mild cold stress 25-30 C) amid
These data will be used to compIle a handbook (Re- measuring net abullsnr (O~ consumptIon) and peripheral
searcher ’s GuIde) fn- r use in selecting appropriate venous vas~const ri~ tion . II a deficit appears.
exposure parameters (frequency and power density) substrate . horrununal . or neural factors that m a y be
for animal studies to simulate f loeffects in man. u esp~’rtsibi. w t ~ be examined. Sortie animals will
Power absorption calculations f~-r man and animals be decapit ated for gross amid nurIc rosc~rtr k examine-
will be extended to 1.5 5Hz using wave solut ion , tion of the brain. DurIng the secr’utd yr , power
numeric techniques , or other app licable methods. den~ it y/tInn e relatIon shIps will be developed oh the
(10/77-9/78) ba sis of body surface. (7/77-9/78)

Supporting Aqency:U S. Dept. Del., Air Force Su p i’o r t iutg  Aqency:U .S. be, . bet .  • Nays

~~OI MECHANISMS OF NEUROENDOCRINE RESPONSE TO o303 ISEFLECTI ON AND DIFFRACTION ASPECTS OF
ELECTROMAI.NETIC RADIANT ENERGY . M ichael- BIOLOG I CAL MICROWAVE DOSIMETRY . Olsen ,

son, S. M.; Lu. S. ~Univ . Rochester , Sch. MedicIne R. 5.; GrI ’se tt , J. 0. (U.S. Navy, Biomedical Div. ,
& Dentistry, Dept. Radiation Biology & Biophysics , Pensacola , Fl. 32412) .
601 Elunwood Ave. . Rochester , NV 14642).

The mlcrow,,ve energy absorbed by a reasonabl y ‘cal-
• Studies are performed i n  the rat and dog to relate Ist i c up-ri ght human model of nan-size dimens ions ,

the sequential chanries in hypothalamic and p ituitary g iven an ip u ci den t horizontal microwave beam , w~ I i
function to alterat ons In body metabolism or homeo- be experim t .ntall y deteum ine d. This determinatIon
kinetic perturbatio ns as a result of exposure to can allow .. more accurate estimation of the micro-
various regimens of X-rays . microwaves , or combin- wave energY absorbed by naval personnel and can
ations of these two electromagnetic energ ies during provide a basis for further studies of nrlcrowave
the perin atal as well as adult periods of life , absorption in man in other postdura l and/or beast
Radioimmununoassay techn i ques and competitive pro- configurations. the ultimate aim of this inves-
teln-bi rrding anal ysis are utilized to measure fluc— tigation Is to elucidate the physical parameters
tuations in pituitary, thyroid , and adrena l hor- (beam polarization , bod y posture, ground plan on-
mones; to study homeostasle , impairment of phys- entation) chat cause the largest deposition anj/or
lologic capac i ty, a-rd functiona l Integrity of the concentrat ion of microwave energy in the man-size
neuroendocrine system; and to assess pathophys- model for a g iven frequency and field Intensity.
olog ic sequelae fro ur exposure to electromagnetic An electric energy density meter will be used to
radiant energ ies. Dogs subjected to 11-Irradi ation measure both the magnitude and direction of the
(100 or 1 ,000 R) to the head or 1 ,000 R to the vector electric field Intensity In the reg ion around
thyroId show altered Integration of the hypothalamic- the illumi n ated phantom model. A frequency of 1.0
hypophyseal thyroid and adrena l axes with conupensa- 5Hz will be initially used to extend the results
tory thyroid-stimulatIng hormone, T4, catecho lam i ne, of previou s experIments. Emphasis w ill be on the
and glucocor ticoid response to cold. Alteration economic acquisition of a three-dimensIona l dis-
of the thyrostat set-point is seen In rats 8 wk tni bution of vector C-field values representative
after 400— 1 ,300 R head/neck X- irrad iat ion; thyroid of a close-i surface completely surrounding the man-
and pituitary neoplasms appear in 1-2 yr. Micro- size model. The phantom will consist of a p l iable ,
wave exposure of adult rats induces corticosterone putty—like substance with gross microwave absorp-
increase in relatIon to Increased body temperature ; tion properties adjusted to those of mauninallan
in-utero exposure (40 trW/cm2) r~suIts in ear 11c r tissue. (10/77-9/78)
maturation . (10/76-9/77)

Supporting Agency:U.S. Dep. Def., Nav y
Supporting Agency:ERDA

0304 NAVY ENVIRONMENT : QUANTITATION OF M)CRO
0302 NAV Y ENVIRONM ENT : EFFECTS OF MICROWAVES WAVE RADIATION EFFECTS ON THE HEAD AND

ON MATURATION IN THE RAT. Micheelson , S. EYES OF RABBITS , PRIMATES AND MAN. Kramer , P. 0.;
(Univ. Rochester , Sch. Med icine S Dent istry , Dept. Emery , A. (Dept. RehabilItatIon Medicine. Univ .
Radiation Biology 8 Biophys ics , 601 Elunwood Ave. ,  Washing ton, ScM. MedicIne , 500 17th Ave.,  S e a t t l e ,
Rochester , NV 14642). WA 98 122) .

Research to date has shown tha t microwaves affect Exposure to microwave radiation can cause opacity
the growth and development of the rat fetus when and damage in the eye. The exact conditions under
the exposure is properl y placed durIng the gesta- which these effects occur are Yet to be established ;
t ional period. Brain growth appears to be mos t consequently, there Is a great deal of controversy
affected. This research w i l l  attemp t to Study how concerning the safe level of human exposure to ml-
subsequent neonatal development arid maturat Ion of crowave radiation. The increased use of hig h power
temperature regu lation, which involves neural , hor- microwave equipment by the Navy and other armed
monal and mutationa l facets , are modif ied by the services , as w e l l  as the general population , demands
in utero exposures. The development of the brain we l l -p lanned and expertly executed theoretIc and
and ontogeny of temperature will be studied by cx - experimental invest igat ions.  Rabbits w i l l  be cx -
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posed to 2 ,450 MHz m icrowaves .it above threshold exam i ned in vitro and in vivo at tenmperatures above
power levels , but at subthresPnold time levels. 37 C. Combined treatments of 11 -irradiation (on
\,d i t j o r a I anImals wi l l  be exposed to 300 mW/cnn ’ 

~hemnothenapy) and hyperthernui a will  be quantit ated
inc i dent power levels and subthreshold time periods , in tissue culture systems and in experim ental tu-
bat the Intervals between exposures will be varied sons. Both cell survival studies of EMT-6 tumors
trom I to 5 d .iys . Retr ol eni tal temperatures wi l l  as well as tursor cure experiments with EMT-6 and
be measured in some animals to determine if re other tumors will be performed. Cou nbiu ra t ions that
peated sutmthreshold m’sposures .mlte r the tenuperatur e- prove promising will be exanmni ned for po ssible d in-
requ l jt inm ~ m,uechan i sm of the eye. A fluoresce in ica l applications. Equi pment w i l l  be developed to
dye wil l  be used to determine the effe ct of the canny out laboratory, and e v erm tu all y , c l i nic,n l stu-
microwav es on the blood flow to the eye. A recently dies. (12/77-2/78)
developed heat source will be used to deterun m ne
if merely heat m g  the eye in a pattern similar to Supporting Agency : HEW , PH S , N I H , N C I
microwaves and up to the level known to cause cat-
aracts k i l l  result ru th~ formation of cataracts. 0307 NAVY ENVIRONMENT : MECHAN ISMS OF MICROWAVE(10/77-9/78) NEURAL INTERACTION. Durney , C. H.;  Lords ,

J. L. (Utah Hig her Education System , Sch. Ing i-Suppontinq Aqency:U.S. Dep . Def. , Navy 
neering . Dept. Electrica l Engineering , 1400 F. 2nd
St., Salt Lake City, UT 814112).

0305 LABORATORY AND FIELD EVALUAT I ONS OF HEAT Recent increases In the use of microwave-en nitting
ENERGY TO CONTROL STORED-PRODUCT INSECTS . devices have caused growing concern about the health

Kirkpatrick , R. L. (U.S. Dept. Agriculture , Stoned hazards resulting from exposure of personnel to
Products Insects Res. S Development Lab., 340 1 microwa ve radiat ion. Though there is genera l agree-
Edwin Ave., Savannah, GA 31405). ment on the hazards resulting from tissue heating

by high—level microwave Irradiation , little is
To control stored-product insects infesting grain known about possible damage produced by exposure
on other stoned comm oditie s, practica l techn i ques to low— power microwave radiation. This research
wi l l be developed , and these me thods w il l be will exp lore the mechanisms that cause responses
adapted for field evaluat ions using temperature , at low levels in neural substrates. The research
including infrared and microwave radiat ion. Data will be divided into two phases. F ii s t . the post-
obtained from these laboratory and field tests will synaptic receptor sites will be studied , following
be used to develop a practical and i nexpensive corn- isolation of receptor molecules from nerve remnants.
mercia) unit to control stored-product insects . Once isolated , the binding constants for Ca’’ andThe laboratory tests will determ i ne the repell ancy, acec y lcho l Inc will be determined . Microwaves wi l lattractancy , effect on life history , behavioral then be used to determine effect on these constants.responses , and dosage-mortality relationship of Second , synaptosomes, which are membranous struc-stored-product insects exposed to infrared , micro- tunes that contain transmitter substances , willwave radiation , and other types of heat energy , be studied to determine if microwaves enh4nce tnans-
Exploratory tests have shown that rec i rcula tion of mitten release. (10/77-9/78)hot , dry air within lOO—bu painted (black) met al
bins can increase the temperature of wheat to pre- Support inq Agency :U .S. Dep. tref. , Navyvent Insect infestation if the overhead air space
reaches 33 C or more . Thermoelectronic devices
were used during iaboratory tests to increase the 0308 NON-INVASIVE SENSING OF SUBCUTANEOUS
temperature of wheat to 36 C thereby reducing the TEMPERATURES. Barrett , A. H .; Myers ,
number of rice weev Ils emerg ing  from the treated P. C. (Massachusetts Inst. Technology , Sch. Science ,
wheat. Durin g heat sensitivity studies , complet e 

~~ Massachuset ts Ave.. Cambridge , MA 02139).control of i mmature rice weevils in the egg and
larva l stages was obtained at 35 C . A 66* reduc- Microwave thermograp hy as a means of sensing
tion was observed in mature larval and pupal subcutaneous temperatures in humans In a non- lurva sive
Stages , but no F (l) emergence was observed when manner will be evaluated. This harmless , painless
these adults were allowed to oviposit. (10/77-9/78) techni que sends no radiation into the body . Like

infrared thermography , it measures the natural
Support m g  Agency :U .S. Dep. Agricu lture thermal radiation of body tissue. Unlike inf,r’red

thermography it senses tissue temperature at depths
of several cm. Clinical trials on over 2 ,000

0306 TUMOR RAO IOCIIEMOTHERAPY--EFFECTS OF ULTRA — worsen for breast cancer detection have been
SOUND AND HEAT . Hahn , 5. N .; Marunor, .1. conducted with 3.3-5hz instrument; 26 had biopsy -

B.; L i . 5. C.; Fa~ardo . L. (Dept. Radiology , Stan- proven breast cancer. The resulting true p ositive
ford Univ. • Sch. Medicine , Palo Alto , CA 94305). and true negative rates exceeded 70* arid were

comparable to the infrared rates. The microwave
The interaction of X-irradia ti on and chemotherapy and infrared techniques togethe r detected 96*
with hyperthermia generated by ultrasound and micro- of the cancers. Similar studies will be conducted
waves in affecting tumor cures in laboratory a n —  at 1.3 and 6.0 GHi to determine the best frequency
mals will be Investigated . Specifically, the ef— for microwave detection of breast cancer. Clinical
fects of ultrasound and microwaves in cells will be detection studies of other diseases will be
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pertormed , Includin g cerebrovas cular disease . Effects of long—term low dose microwave exposure on
peripheral vascular disease , and t unors in int e ru n a l the immune response of laboratory anlmal s w i l l  be
organs. Iunprovumen:s In antenn,, resolution , investigat .rd . Mice will be Irradiated with con—
scannin g and Imaging , and thernr,il pattern ana l ysIs tinuous or pulsed 2 ,450 MHz microwave radiat ion to
w i l l  be carried out (9/77-8/78) a total Single dose of 10 rnW/g tissue one or more

times during 1 or 2 wk. The same numbe r (usually
Supporting Agency:HEW , P85, N IH . Nat I. Inst. 9) will serve as a control . The bone marrow arid

G.•nera) Medic u l S d .  peripheral blood picture of nornma l and microwave
irradiated mice will be determined using routine
me t hods. Spontaneous transformation of peripheral

0309 ULTRAST R U CEU RAL STuou:s OF MICROW AVE blood whit e ce l ls  in 6—hr cultures and sp leen cells
CATARACTO-~ENESIS . Simon , D. R. ; McKee , in 6— , 72—hr . and 5—day cultures will be evaluated

A. F. (U.S. Navy Ex ,eriunenta l P.mthology Dept., by incorporation of triti a ted thymidine , uridine ,
Bethesda , MD 20014). and leucine. Mitogen—Induced transformat ion tests

will be performed with spleen cells using phyto-
This research w i l l  Investigate the earliest ultra- hemagg lut ln in , concanavalln A , polm.eweed Mitogen ,
structural changes in manmnalian lens following llpopo lysacch aride B of F.~m , ’~~, n ’f n) m i , ;  ‘oH , po ly— l ,
exposure to ele ctro imm agnetic radiation , with special and poly—C . Mixed l ymphocyte culture tests also
emphasis on definin g the therma l effects. Microwave will be performed. Additionally, spleen cells from
cataractogenesis will be studied using scanning experimen tal animals w i l l  be evaluated for presence
and transmission electron microscopy and light of surface markers : I.e., Fc receptor , complement re-
microscopy. New Zealand red rabbits and owl monkeys Ceptor for quan titation of populations of B cells .
wi l l  be used as experimental anImals. Morpholog ic and theta antigen for quarm t ita tl on of T cells.
changes noted In the lens of aniumm alc exposed to ( lO/77-9/7 3)
cataractogenic levels of electromagnetic radiation
will be compared with those from animals whose eyes Supporting Agency:U.S. Dep. De?.. Navy
w i l l  have been subjected to thermal insult s of
equal magnitude and duration but i nduced by the
local app lication of a heating :oil to the eye .
(10/77-9/78) 0312 INVESTIGATION OF THE FACTORS DETERMiNING

MICROWAVE ABSORPTION IN NORMAL AND MAL lS-

Supporting Agency :U.S. Dep. Def., Navy NANT TISSUE. Grant, F. H.; Sheppard , R. J .; Szwar-
nowski , S. A. (Univ. London, Campden H il l Rd.,
London 418 ~H , England) .

0310 BIOELECTRIC PHENOMENA CONTROLLING BONE
GROWTH. Bassett , C. A . (Columbia Univ. • 

Methods of optimizing the absorption of microwave

Sch. MedIcine , 630 41. 168th St. • New York , NY 10032). energy by malignant tissue as a means of achi e vin g
differential heating will be devised, The project

Methods and mechanisms for the bioeiectrlc control w i ll i~ voive both the development of methods of

of cell function will be defined. The investigators launching microwaves into a tumor and measuring

will analyse potential dependent phenomena at cell the dielectric p ropertie s of normal and malig-

surfaces involving interactions of charged species , nant tissue so that a frequency regIon can

such as, divalent cations and hormones. I nductivel y- be ident ified In which microwave radiation Is

coupled electromagnetic fields will be util ized to absorbed differentially by malignant cel ls at the

provide a variety of bioe lectr ic perturbations , expense of norma l cells. An attemp t will be unmade

This approach will be assessed through in vitro to propegate the microwaves with a probe or atup l i-

studIes of protein synthesis and 55 Ca release by 
cator consisting of a small diameter coaxlal line

osteogenic and chondrogonlc ce l ls  and of dynamic mounted in a hypodermic needle, Matching experi-
ments will be carried out using bolus materi al and

Na ion transport in the toad bladder membrane , as
well as by in vlvo studies of fracture healing In measurements of standing wave ratio made for var-

ious su ed applicators. The measurements of the
a rat radial osteotomy model. Primary emphasis
will be focused upon the elaboration of Induced 

electrical properties of normal and malignant tissue
will be made using a t ime domain spectrometer (h is)

current pulse characteristics , which have biologic
signi ficance durinc bone formation and repair , 

as well as by the more conventIonal frequency domain

e.g., shape , frequency content , amp litude spectrum , techniques. The aim is to determine the electrical

and repetition rate . Quantitative evaluations p ml ttl~n ity and conductivity of solid tissue and

wil l be obtained via i mpedance ; radioactive label- 
cell suspensions over a frequency range of I Mhz—

ll n g ; and radiograp hic , histoieg ic , and mechanical 
100 5Hz and to Interpret the results in terms of

testing techniques. (2/78-1/79) 
the quantity and nature of the free water and water
of hydration. If the current evidence that the we—

Supporting Agency:HEW , PHS, NIH , N I A MDD ter structure Is diffe rent between norma l and malig-
nant tissue Is substantiated , It should be possible
to identIf y a frequency region where cancer cells
absorb more radiowave or microwa ve energy than nor-

0311 EFFECT OF LOW—DOSE MICROWAVES ON THE IN— mel cells . A microwave probe has been devised and
MUNE RESPONSE OF MICE . JedrzeJcaak , 41.; tested on tumor—bearing mice and good localiz ation

Sell , K. 41. (U.S. Navy Medical Rca. Inst., Bethesda , of heat in the tumor has been achieved , Owing to
MD 200l4). the very hig h conductivity of malignant tissue and
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s~ lut a ~~m ms ~ t ~. m m mmrr  ~.‘Ils the first prerequi site 031” DEVELOPMENT OF tLECTROMAGNETIC 141110-

~~~ to jevis~ and t est TDS met hods for th, deter— ANGIOGRAPHY . Kol imn . A. (Un l~~. Calif ornia ,
ml nation of the permitti v ity and condu ctivit y ot Sch . M edi cine , kO~, H ilq ard Ave. • Los Amngel..s , CA
very lossy materi als. ThIs was achieved and solu- 90024).
Cio n~ ~ t jJ~mnosi n~ crlpho~phate of condu ctivity
around I Ohm/nm were suck .-s,, tu l  ly measurem’, (10/ 77’. See Cu m m runt l~rs,~.ml CF .~ 34 and cF31 I t o m  ~~~~ r I ~t On
9/78) of this research. (l2’71-L ~/)8)

Supporc mn~1 .\g.. mm.y :C a n ce r  Res. Campaign , Eng land Supp orting Agency:HEW . PHS , NIH . N a t l . Heart Luumg
,‘. Blood l mm st

O~ I l A STUDY OF DENORIT IC SPINt MORPHOLOGY IN 0316 NAVY ENVIRONM ENT: EFFtC TS OF M ICROWAVL
RAT BRAIN FOLLOWING CHRONIC EXPOSUR E TO RADIATION ON CELLS IN TISSUE CULTURE .

LO~i INTENS I TY MICROWAVE RADIATION . Hos~zu, J. 1.; Chen , s C.; Tay lor , J. 0. (Wayne State Uni , -
Mc kse, A , F, (U .S. Navy, Enqiuneering Support Dept., Sch. Libera l Ar ts . 48 41 Cj. ,5 Ave . ,  Detr o it , Ml
Bethesda , MD ~OO14). 482- 02).

Adul t mule rats and rabbit s hase. beemi chronica lly See Cu rreunt Research 0183 for dcsc mi p t lo n ~ t t h i s
exposed to pulscd uuI ~~row.-mves (10 nw/cm . pulse research. (10/77-9/78)
repe tition rate I LII:, .t~O Juts sc Ic , 2.7 GHj and
3.7  5Hz , respectiv ely) tot 2 hr/day . Attempt s wil l  Support imi~i Agrncv :U.S. Dep. Del . , Navy

F be mad, to assess unorp fmcu l og lc C t t C c t s  described by
the Soviets . Basilar and apical d e n d u i t i c  pro-
~e-s .es of  p~ramvnld a l ..e l ) s  located in ,t l s c r e t e  areas (F1l7 MICROWAVE EXPOSURE EFFECTS ON BEHAVIORA Lo~ the sensory motor s. ’ rtes  w i l l be examined at 

ACTIONS OF PHARMACOLO GICAL AGENTS. Thomjs...m r i c m u s  depths f~ r possible spine degeneration , in
J . R. (U.S. Navy, Behavioral Sciences Dept.

~~ or~tamnce with .mccept eJ rapid Co I I pro~ e~tur,.s . Be thesda , MD ~OOI4).C .ms .. it cat on as to  t~~’e of dendr i t  Ic p roces s
i~m soIved , a rea of t i s s U C , and depth of observation

Se~ Curren t Pese ,irch 0167 t o m  ~~~~~ r p1 I~ u m ot th iw i ’ l  enable quan tI tatis~e ~p in~ counting u til i: Ing
flght microscopic techniques . Efforts will address research. (10/77-9/78)

th~ effec ts of alt,red electromagnetic radiation
(1MB) paraur~~ters on jend rit ic spInes , and ce1 lu~ar 

Supporting A qemn ~
.,~~U .S. Dep. Del . • N.ivs

mechan isms known to modif y de ndri tlc proliferation,
Furthe r , beca use dendriti c sp ine degeneration may
show regIonal sp e ci f i c ity, changes will be corre— 0318 PROBLEM SOLVING IN RHESUS MONK EYS AS
lated with current knowledge of functional neuro— INFLUENCED BY MICROWAVES. Delorge . .1.
anat omy , Sp ine degeneration studies will serve as 0.; Nelson , 1. D. (U.S. Navy , Biomedica l Dlv.,
a tool for understanding EMR effects at the systems Pensacola , FL (~~~I2 ).
leve l , (liV77— ’)’7~~ Se~ Current Research 0170 for description of t h s

S ’por timm ~ Agency:U.S. Dep . Def ,, Navy 
research. (10/77-9/78)

Supp orting Ayen~ y:U .S. Dep. Del ., Nas s

0314 THERMOGRAPHY AT MICROWAVE AND MILLIMETER
MBVELENGThS. l$endee , W. B . ;  Carson , P. Q3l~ LASER EYE MEASUREMENT AND (VALUATION SYSTEM.

1.; Cacak , R, K. (Univ. Colorado , Sch. Medicine , Bruckner , A. P.; Auth . 0. C. (Uni,. Wash-
4200 1. 9th Ave ., Denver , CO 80220). ing ton , Sch. Engineerin g, 206 Guggenheim H a ll , Sc-

att Ic , WA 98105).
Thermographic instrumentation at 30 GHz (lower
milli meter wavelength region) and at 1.5 5Hz (lower Se~ Current Researc h 01/S f~ r de scripti on ot t h Is
microwave wavelength region) Is being developed and research. (10/77-9/7 8)
evaluated pl~ysic alI y preparatory to obtaining pa-
tient images. Because of the increased penetration Supportin g Aqency :U.S. Dep . Def . , Air Force
depth of long wavelength thermography, data relIe d
the rma l pattern s from underly ing tissue s rather
than the skin surface , as is the case with conver’—
t iona l thermography, Primary app lication of the 0~ 2O RE EFFECTS OF IMMUNE SYSTEMS. Lihmmm.t, . R.
proposed Imaging techniques is to detect breast P.; Frazer , J. W. (U.S. Air 1~ r c e , Sch .
cancer , although other app lications , such as , skel— Aerospace Med icine , Brooks A i r Force Base . San An-
etal lnflaevrme t Ion assessment also are being evalu— tonio , TX 78235).
ated, In these applications , normal Individu als and
patients with known or suspected pathology will be See Current Research 0168 for description of this
lnclud,d in clini ca l trials. (2/78—1/79) research. (10/77-9/78)

Supporting Agency:HEU, PHS, NIH , NCI Supporting Agency :1t.S. Dep. Def, . A ir Force
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0 4 1 1  ASSESSMENT OF PERFORMANCE BASED ON FLJNC- 0326 ELECTROMAGNETIC BLOOD WARMING. Sliv .a. J.
TIONA L VISION . Dev ine . .1. V .  (Un iv .  Bent ley.  R. K. (U.S. Navy . Systemmu s Tt’m. tm

Texas . ~th . 1lb.r~ I Arts, El P,mso , TX 79902). no logy Dept., San DIego . CA 92)~,I).

S~~ Cur rent Research 0171 før descrI ption ~f tIn s See Current Research 0186 for descr i p t i on  ol t h is
researc~s . (10/77-9/78) research. (10/77-9/78)

Supporting Aqency :U.S. Dep . Det. . A i r  E~~rce ’ Supporting Agency:U .S. Dep . Del ., Navy

OI .~ ELECTRIC FIELD AND ELECTROMAGNETIC SENSOR 0l.~7 EFFECTS OF MICROWAVE RADIATION ON THE
CAPABIL ITIES OF MARIN E O RGANISMS . Ka Iml In , NERVOUS SYSTEM . Lovel y, R. H. (UnIv .

A. .1.. Sheltemna . B. (W~~ d. Ho l e O~ eanographl~ Inst ., Wa shing ton S~ h. Med I c i n e . 500 17th Ave ., Seattle ,
M.I I Im St., Woods Hole , MA 02543). WA 9 8 1 2 2) .

See Current Research 0206 b r  ~i~~s~~r i p tio n ~ l this See Current Research 0199 for d~ s c r i i ’ ( i t m n m  of th~~research . tIO/77-9/78) research. (11/77-6/78)

Supporting Agency:U .S. Dep. Def. , Navy Supporting Agency :HEW , P115. NIH , NatI . Inst. Envi-
ronmental Health Sciences

~ 423 DEVELOPMENT OF 1L(CTR0MA CN(T ~~C RHEOAN GI-
OGRAPHY . X~ i In , A.; Ma~~A l t. . Im , B , N. ; 028 NAVY ENV I RONMENT : NEUROPHYS IOLOGICAL AND

Steclsel , B. .1 ; Snow , H. 0 . (Univ. C .mlitc ’nms i~~, Sch . BEHAVIORAL EFFECTS DUE TO MICROWAVE ‘1(105.
Medic i n e . 405 Hllg ard Ave., Los Angeles , CA 90024). L~ ve 1’,, B. H.; Guy , A. W . (Univ. Wa shins )tomn , Sch.

Medic Ine ,  500 17th Ave ., Seattle, WA 98122) .
See Current Re search o:i’ jnd O I l ’ . t . m  Jes1. r m p t u o m n

P t h m s  r.s.arch. ( l 0 ’ 7 Y ~~ ‘Si See Current Research 0174 for description of this
research. (10/77-9/78)

Support ing Agenc’, HEW . PHS , NiH , N~rt lea , t L u n g  
- 

-

S Blood l m s t  Supporting Agency:U.S. Dep. Del.. Navy

O4~~. LFFECIS OF MULTI ’ .t RE RADIATI ON EXPOSURES. oug LOW—LEVEL MICROWAVE RADIA TICN EFFECTS ON

~rupp, J. H. (U.S. A m r  l,’r~~e , 5~~h. Ar ro- BEHAVIOR. Thomas, J. B.; Veandle , S. 
F

spec. Medicin,, Brooks Air Force Base , San Am m t ~~m ni ~~. (U.S. Navy, Behavioral Sciences Dept. , Bethesda ,
TX 78235 ) . MD 20014).

See Current Research 0215 for des~ u Ipt ion ~ t t hi , No descriptive Inform rma tlon is available. (10/77-
research. (10/77-9/78) 9/78)

Supporting Agency :U.S. Dep . Dcl.. Air r o r c e  SupportIng Aqe ncy :U.S.  Dep . Def. , Navy

0325 MICROWAVE EFFECTS . Tr ed ici , T. J. (U.S. 0330 EXPERIMENTAL RADIOTHERAPY FOR BRAIN TUMORS
Air Force , Sch. Aerospace Med ic rue. USING FOCUSSED MICROWAVES. Samaras , G. N.

Brooks A i r  Force Base , San Antonio , T’ 1~ 2(S
’l . (Univ. Maryland . Sch. Medi cine , Dept. of Radiology .

1420 N. Charles St., Baltimore , NI) 21201).
See Current Research 0243 for description ~ t this
res.arch. (10/77-9/78) No descrIptive information is available. (l/78-l2’78)

Supporting Agency:U.S. Dep. Bef., Air Force Supporting Aqency:Amerlcan Cancer Society, Inc. 

- 
~~~~~~~~~~~~~~~~~~~~ 

-



CURRENT LITERATURE

5443 CLINICAL EXPERIENCE WITH THE ADJUVANT pW/cm2, 8 hr/day for 4 mo). Exposure to such
TREATMENT OF PSEUDOARTHROSIS WITH ELEC fields caused changes in the distribution of all

TROMAGNETIC POTENTIALS. (Ger.)  W iend l , H. J . metals , largely similar to changes seen in the
(Unfallchir. K Il nik , A ll g. Krankenhaus , Untere Sand- above groups; the copper , manganese , and nicke l
strasse 32, 8600 Bamberg, U. Germany); Str ig I , N. levels usually decreased in the urine and feces
Fortachr Med 96(5): 231-236; 1978. (20 refs) and increased in most organs and in the whole body ,

while the i ron clearance increased. The observed
Twenty— two patients with pseudoarthrosis following disturbances in the turnover of the metals are be-
fractures of the limbs , 5 patients who underwent lieved to play a certain role in the adaptive re-
osteotomy , and 1 pat ient w i t h  fresh fracture of act ions of the body to the electromagnetic field.
the lower leg received postoperative adjuvant treat-
ment with alternating electromagnetic fields accord-
ing to the Kraus—Lechner method (300-500 mV , cur— 5445 MECHAN I SMS OF THE EFFECT OF STATIONARY
rent density 1—2 A/tin2 on elec trode surface , 9-12 MAGNETIC FIELD ON INDUCED CARC I NOGENESIS.
Oe , 20-25 Hz; 2x 120 mm /day for 6-10 wk) in addi- (This.) Kogan. A. Kh. (Dept. Pathophysiology, I.
tion to osteosynthesis. All patients were in the M. Sechenov First Moscow Medical Inst., Moscow,
age bracket 17—70 yr. Most patients were hosp ital- USSR); Kulitskaia , V. I . Patol Fiziol. Ekap Ter
i zed during the treatment. One patient died of Un— (2): 63-68; 1977. (38 refs)
related causes before evaluation was possib le. Com-
plete consolidation and recovery of the full load- The effect of permanent exposure to stationary magnet—
bearing capacity was achieved in 2—5 mo in all Ic field (SMF, 350 ± 30 Oe , gradient 75 Oe/cm) on sar-
patients with pseudoarthrosis, except for a 61-yr- coma induction by 3,4-benzopyrene (BP) and polyviny l
old patient with pseudoarthrosis of the distal chloride (PVC) was studied in outbred male rats.
tibia following open comm uted fracture. Follow— The magnetic field was app lied by means of an d cc-
ing osteotomy , the consolidation took 6—8 wk. The trode imp lanted under the skin of the back; carcin-
cure rate was higher than after exclusive osteo- ogens were app lied to the implanted electrode. Non-
synthesis , because stable osteosynthesis was impos- magnetic electrodes with app lied carcinogens were
sible in several cases , and less satisfactory results used on the controls. Carcinogenesis developed
had been achieved in some pretreated patients with— through standard stages , but the SMF increased
out electromagnetic therapy. Subjective and ob— the latency period from 3 mo 3 wk to 4 mo 2 wk in
jective side—effects and complications of the the group treated with BP (p<O .Ol) and from 12 mo
electromagnetic therapy were not seen , to 13.5 mo (pcO.05) In the group treated with PVC ,

and accelera ted the tumor growth [by increasing the
tumor-to-body weight quotient from 2% to 5.2%

5444 METABOLISM AND DISTRIBUTION IN THE ORGANS (p.cO.05) for BP and from 8.28% to 11.5% (p<O.05)
OF IR ON , COPPER , MOLYBDENUM , MANGANE SE for PVC]. SMF also increased the frequency of less

AND NICKEL UNDER THE EFFECT OF ELECTROMAGNETIC differentiated (polymorphous-cell) sarcomas from
FIELDS OF INDUSTRIAL AND SUPER-HIGH FREQUENCY. 29.4% to 50% for BP and from 9.5% to 19.5* for PVC.
(Rue.) Gabovich , B. D. (Dept. General Hyg iene , Animals that survived the minima l latency period
Kiev Medical Inst., Kiev , USSR); Mlkha liuk , I. A.; (2 mo 3 wk for BP and 7 euro for PVC) were 21/23 for
Koziarin , I. P.; Shutenko , 0. I .  Gig Sanit (7): BP 21/25 for BP + SMF , 17/50 for PVC and 13/46 for
26—33; 1977. (10 refs) PV~ + SMF. SMF potentiated the peroxide free—rad-

ical oxidation of lipIds during all precancerous
The Influence of electromagnetic fields on the cx- stages of the tumor development. The findings m di-
cretion and dis tribution of copper , molybdenum , cate the synergistic effect of simultaneous SMF cx—
i ron, and manganese was studied in male wh i te posure on chemical carcinogenesis.
Wistar rats. Exposure to 50 Hz field with poten-
t i a l s  of 7, 12 , and 15 kV/m , 30 mit/day for 4 no
caused significant reduction of the copper concen- 5446 THE REACTION OF THE IMMUNE SYSTEM TO THE
tration and an increase of the i ron and molybdenum COMBINED ACTION OF CHEMICAL AND PHYSICAL
concentrations In the urine and feces. The copper ENVIRONMENTA L FACTORS, (Rue.) Vinogradov , 5. I.
Content decreased si gnificantly in the liver and (A. N. Marzeev Kiev ScIentific Res. Inst. General
increased in the whole body and in all other organs Communal Hygiene , K i ev , USSR). Gig Sanit (10) :
examined (kidneys , sp leen , brain , myocardium , mus— 28—31 , 1977. (6 refs)
d es , skin , bones, teeth , and blood). The molyb-
denum level decreased In the whole body and in all The effect of electromagnetic fields (5 and 50
organs but the kidneys. The i ron levels decreased pW/cm2 super-hi gh frequency, 7 hr/day for 1 mo)
in the whole body, in the liver , bone marrow , and before or after exposure to formaldehyde (0.038
blood . The manganese clearance and the manganese mg/m3, 7 hr/day for I mo) or carbon monoxide (CO:
leve s of th— spleen , brain , myocardium and skIn 3 mg/rn3, 7 hr/day, 1 mo) on the phagocytic activity,
decreased in animals exposed to 7 and 12 kV/m and serum complement titer , comp lement—binding an tibody F

increased sharply in those exposed to 15 kV/m. The ti ter , basophf I degranulation , and neutroph il Injury
manganese level decreased in the bones and increased was studied in guinea pigs. Formaldehyde alone
in the liver. Similar changes were observed in stimu l~ited phagocytosis and increased the serum
other groups exposed to 1-15 ky/rn fields of 50 Hz complement titer. Previous i rradiation attenuated
for 2 hr/day over A mo. Other groups were exposed the i unmnunologic changes caused by the subsequent
to hi gh—frequency fields (2,370 MHz, 10-1 ,000 inhalatIon of formaldehyde . CO alone Increased
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the i rumnune reactivity. Previous exposure to micro- alone , the lower true negative rate for this combin-
wave radiation protected the i nmrune system from a t ion  should not be objectionable for screening
the effect of CO. The changes caused by CO In patients if the true positive rate is high and if
the i uumnuno i ogic reactivity were eliminated by sub— xerornemrnography I s  used for followup.
sequent exposure to the microwave field of 5 pW/cm2 ,
but exposure to 50 pU/cm2 had a sensitizing effect
after poisoning wi th CO. The findings Indicate 5449 NEW ARTIFACT-FREE ELECTRODES FOR RECORDING
that the combined effect of the chemica l and phys- OF BIOLOGICAL POTENTIALS IN STRONG ELEC
ical factors is determined by the character and TROMAGNETIC FIELDS. (Rng.) Tyazhelov , V. V.
extent of the sensitizing action of the separate (Inst. BiologIca l Physics. Aced. Sciences UnIon
factors. Soviet Socialist Republics , Pushchino , Moscow Re-

gIon , US SR ) ;  Tl 9ranian , R. E . ;  Khi zhn ia k , E . P.
Radio Soi 12(6S): 121—123; 1977. (i~ refs)

5447 IIEMA TOLOG ICA L EXAMI NATIONS ON CHANGES
CAUSED BY MICROWAVE WARMING OF BLOOD. The design of artifact-free electrodes for recording

(~;.‘m’.) Kaagi , P. (Abtellung Hema tol og ie , Kantons— biolog ic potentials in strong elec tromagnetic fields

spita l , Universita t Zurich , Ramistresse 100, CH-809l is reported. Electrodes of high linear resistance
Zurich. Switzerland); Rueegg , R,; Straub , ~~. w. ; (> 100 kohms/m) were designed to minim ize dlffr.c-
Hossli , 5. rnf’usionathcr KUn Erna&tr’ (4): 285- tIve problems and control for artifactua l stimula-
289; 1977. (11 refs) tion by eliminating spurious currents at the junc-

tion between the electrode tip and the biolog ic
The effect of microwave warming on 37 hematoiogic preparation. Proper filtration was used to prevent
parameters was studied on donor blood to be used contamination of amplifier—recording circuits by
for transfusion. The blood samp les were warmed by demodulation artifacts. In one experiment on a
means of a “Haemotherm’ apparatus with a microwave phantom preparation , the Implanted electrode was
generator (400 U, frequency 2 ,450 ± 50 MHz). The a glass rod (0.5 mmmm in diameter and 30 nm In length)
samp les were warmed from 11, 7 ± 2.6 C to 31.9 -t with a platinu m film. The connecting electrode was

2.0 C in 75 t 22 sec. Each characteristic was de- a tube (4 urIs in diameter and 1 mm in length) fill ed
termined in 5-8 samples . Microwave warming caused with Ringer ’s solution. The frequency of irrad-
significant changes in three parameters only: 82.64% iat lon was 0.8 5Hz , end the carrier was sinusoldally
increase of the free hemog lobin leve l (p..O.Ol) In modulated at 50 Hz (80* modulation) . The strength
fresh blood samples , increase In the mean hemog lo- of the E field at the electrode extended to 3 ky/ni.
bin concentration of the erythrocytes (p<O.O5) , and Positioning of an electrode was random with respect
reduction of the partial thromboplastln t ime to the E-field vector. No artifact from demodula-
(p<O.O5) in samples stored for 9-10 days prior to tion of the carrIer was observed , and variations
warming. The erythrocyte surviva l t ime was 26 days of field strength near loci where the electrodes F

before warming and 27 days after warming (normal were in contact with the phantom preparat ion were
range 27 ± 3 days). The findings indicate the no greater than 3dB, These results Indicate that
absence of serious hematolog ic alterations due to simple artifact-free electrodes can be designed for
microwave warming . recording bloeiectrIc potentials of animals during

exposure to intense electromagnetic fields.

51+48 DETECTION OF BREAST CANCER BY MICROWAVE ‘a.
RADI OMETRY. (SIng.) Barrett , A. H. 5450 A METHOD FOR EXPOSING CELL CULTURES TO

(Dept. Physics and Res. Lab. Electronics , Massachu- ELECTROMAGNETIC FIELDS UNDER CONTROLLED
Setts Inst. Technology, Cambrid ge, MA 02139); CONDITIONS OF TEMPERATURE AND FIELD STRENGTH. (Eu9.)
MyerS, P. C.; Sadowsky , N. L. Radio Sci 12(6S): Guy, A. U. (Bloelectromagnetics Res. Lab.. Dept.
167-171; 1977. (8 refs) Rehabilitation Medic i ne , Univ. Washington Sch.

Medicine , Seattle , WA 98195). Radio Sci 12(6S): 87-
A microwave radIometer (3.3 GHz) with a dielectric- 96; 1977. (9 refs)
filled waveguide antenna was used to map therma l
radIation from the human body in an effort to de- A system for exposing cell cultures to broadband
tect 26 patients with biopsy—proven breast cancer electromagnetic energy under controlled conditions of
among 2,000 patIents examined with the technique , field strength and temperature is described , which
True positive and true negative rates of detection is useful for determining whether effects observed
in excess of 70% were found. These rates were in in vitro biologic specimens are atherma l or
comparable with those obtained by infrared tImer- thermal In nature. The system can produce reason-
mography but were inferior to xeromanmnographlc rates ably uniform electric field strengths up to TOO V/cm
of detection for the same set of patients. When in a 5—mi sample. It has a continuously control—
the results of mIcrowave radiomnetric and infrared labia i nput power to 600 U and a frequency range
thormoqraphic data were combined for the 26 breast from direct current to 100 MH~ and beyond. Control
cancer patients , the true , osltive detection rate of the sample ’s temperature over a wide range is
became 96%, which was comparable to the true posi- achieved by the use of a high-rate circulatIng-
tive detection rate of 89% for mammography alone , liquid heat exchanger; the cooling capacity Is
Although the true negative rate of detection for sufficient to maintain one of a wide range of
the combination of radiometry and thermography was steady-state temperatures during exposure of the
less than 70% and therefore inferior to the true sample to a continuous wave field strength In ax-
negative detection rate of 92* for mammography cess of 20 V/cm. Accurate monitoring of the sample ’s
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temperature at frequencies b,l~w 100 MHz is achIeved The fe .slb IlIty of producing an internal electric
during exposures by on-lIne measureme n t of fe.dline fi.ld probe for direct In vlvo electric field mae-
i mpedance. Nonp.rturblng therma l measuremen t of surement was investigat.d by using a let of ,ninia-
th. sample C, FF be made at all frequencies by a ture Isotropic probes to map electric fields with-
Teflon- insu la ted sensor of specia l desi gn. Data in two small spheres of simulated muscle tissue
obtained for a 20-mm sample exposure of a culture (3 .3 cm and 8 curt radii) that were Irradiated by
of mesothermna l cells to 30.0 MHz at a field strength 1+50- , 915- , and 2 ,450-MHz plane waves. A relatively
of 20-22 V/cm show that the average rate of accurate implantab le electric field probe was pro-
energy absorption is 35 U. and the temperature of duced for use at frequencies near 2,450 MHz. By
the sample is Increased approxlmnat .ly 33 C above using a 3-nem dIpole with an Integra l , beam—lead .
th. coolant temperature due to the heating of the diode chi p detector , a degree of independence of
ru ltur e by the electromagnetic fields . The spa- the absolute calibration with respect to effects
c ifi c absorption rate for this case exceeded by of the die lectr I c constant of the medium was
t~a orders of magnItude that normally produced in achieved. Accuracies within 2.5-4,5 dB of theo-
typical in vivo exposures. The system provides a ret ic all y predIcted values were obtained at 2 ,1+50
m.aums for exposing lIvIng m.sotherma l c el l s to MHz us i ng only a free-space calibration and a
field levels far in excess of that which could be suitable dipole insulation thickness , At l ower
app lied to mesotherms but at a temperature not frequencies a significant amount of media depend-
exceedIng the normal range . Therefore , the flex- end, occurred due to the highe r antenna impedance F

i b li ity of th, system in controlled experiments and the hi gh leakage current of the diode. How-
for assessing atherma l effects Is demonstrated , ever , even at the lowest frequency (450 14Hz) a

• lack of boundary effects was observed. The shape
of the spatial distribution of electric fields

51+51 MDIO-FRE~UENCY RADIATION LEVELS IN within the mu scle-equivalent spheres agreed wel l
URBAN AREAS. (SIng. ) Janes , 0. E . (Of- with theoretically predicted value s , even within

fice Radiation Programs , U , S. Env ironm ental Pro- a few mI l lImeters of the boundary at all of the
tection Agency , 9100 Brookvllle Road , Silver Spring , tested frequencies. For operational use of the
MD 20910); Tel l , B. A . ;  Athey, T. U.; f4ankin , N. probe, an imp lantat ion ca l Ibrat Ion factor can be
N. £~Ji, ’ .‘~,‘i l2(6S): 49—56 ; 1977. (18 refa) assigned for a specific frequency. Using this

approach , the uncer tainty of the measurement for ~
Data on envIronmental levels of radIo-frequency wide range of biologic media can be minimized to

V energy obtained for At ia n~a , Boston , Miami , and less than 2.5 dB at 2 ,450 MHz. The In vivo mea-
PhiladelphIa (15-30 sample sites each) are pre- surement capabIlity of the probe was demonstrated

- — sent.d . Median power den s it ies measured at a In an implantation experiment In a cat ’s bra i n .
sampling antenna height of 6.1+ m abov, ground at Smeller probe size and flexible signal leads are
these locations were 2.8 x 10 ~ tuW/cm1 for two required , however , for I mproved bi olog ic suitability
land-mobil e bands (150 and 1+50 MHz), 1.7 x 10 ~nd increased accuracy in complex dielectric media.
uW/crn2 fo r low very—high-fr equency (VHF) televi s Ion
hand (54-88 MHz) 2 . 1  x lO ’~ pU/cm

2 for the ultra-
hIg h- i~rsqu.ncy tm~l.vIslon band (1+70-890 14Hz), 2.9 51+53 MEASUREMENT OF MICROWAVE RADIATION AB-

* lO-~ pU/cm2 for the high VHF television band SORBED BY BIOLOGICAL S’t’STEMS , 2, ANALYSIS

(174-2 16 MHz), and 1 .3  x l0’
~ pU/ cm2 for the fre- BY DEWAR-FLASK CALORI METRY. (Mig ..) Blackman , C.

quency-modulat.d radIo broadcast band (88-108 MHz ) . F . (Health Ef fec ts  lies. Lab., U. S. Envir o nm em nt al
Frequency-modulated rad io broadcast bands contribute ProtectIon Agency, Research Triangle Park , NC 27711).

the most, and the land mobil . bands the least ,  to Black , J .  A. Rusdi o ~ ‘j 12(6 5) :  9-lA; 1977. (Il
environmen tal radIo frequency energy levels between refs )
54 and 900 MHz. Power density values of th. stand-
ard amp lItude-modulated broadcast band were not In- A Dewar flask calorimetric system was used to mea’
cluded in this analysis since current United States sure absorbed microwave energy in a standard tissue
exposure standards do not apply to frequencies be- culture flask and in bodies of dead Chinese hamsters.
low 10 MHz. The maxlmir power d.nslty at any site At microwave frequencies of 2.45 5Hz and 1.0 5Hz
sunmed over all bands was 2.5 pU/cm2. Four sites and power densities of 50 and 100 ur*I/cm’ , measure-

fell within the range of 1-2.5 pW/cm~ so that ~~~ 
ments of absorbed microwave energy In the tissue

m.mb.rs of the populatIon are exp osed to power den- culture flask made with the calorimetric system :1
t i t l e s  in excess of I pU/cm 2 , a va lue that has were In good agreement with those obtained by
been recourmnended as an •xposur. standard for the electrical measurements , direct temperature measure-

general p opulation In the USSR. Differences In ments , and by heating and coolIng curves. The abli-
F power denS I ty levels between the different metro- Ity of the calorlrmm.trlc system to measure ac curately

po iit an areas have not yet been assessed . composIte specific heat and averaged absorbed ener-
gy for bodies of dead Ch1~tese hamst.r. i’~+pos•d to

• 100 mW/cm~ of 2.45-5Hz plane waves was also demon-
5452 EVALUATIO N OF AN IMPLANTABLE ELECTRIC- strated . Good agreement was apparent for the maC-

FIELD PROBE WITHIN FINITE SIMULATED sureurmunt of composi te specific heat of d.ad Chinese
TISSUES. (MV.) Ba,sen, N. (Bureau Radiolog i cal hamster bodies when compared to the value reported
Health , Food and Drug Adm ln ., 12721 Twlnbrook for white mice. Overall , the Dewar flask caior-
Parkway, Rockvlll., MD 20852); H,rchenro.der , P.; Imetric system was demonstrated to be an accurate
Cheung. A . ;  N.ud.r, S .  R.: f s ’,~ ~ ‘i 12(65): l5-25; 

and widely applicable method for determInIng aver-
1977. (II refs ) aped rates of energy absorption in biolog ica l stud -
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ies of electromagnetic radiation. Its app lication those obtained by using a simple ca lo r ime t r i c  meth-
is limited by the inability of the user to measure od. For exposures in the waveguide system , the
smal l increments of temperature and by power input measured absorbe d microwave dose was found to app ly
which must be fairly high. The method does not only to a lImi ted portIon of the samp le in the
provide information on the dIstrIbut Ion of energy region near the probe . In contrast to calorimetry.
deposition within a sample and may distort result s the heating/cooling curve method does not require
to the extent tha t dead animals do not simulate calibration. Perhaps the greatest advantage of the
l I ve  ones. In sp ite of these lim itatl is . the method is that data from the entire curve are used
method is considered a viable accompaniment to to estimate the rate of energy absorption , and
measurements of power density in many laboratories , therefore no approximations are involved . A llmni-

tation of the method for both in vitro end In vivo
experiments is that unless there is unifornm energy

51+54 EFFECT OF ELECTRICAL FIELD OF INDUSTRIAL deposition within the sample the energy absorption
FREQUENCY ON SPERMATOGENESIS. (T~us.) value obtained will depend on where the probe is

Andr lenko , 1. G. (A. N. Marzeev Kiev Scientific placed. The analysis of heating and cooling curves
Res. Inst . Genera l Comrmrunal Hygiene , Kiev , USSR); is particularly difficult to app l y to in vivo ex-
Dumanskii , iu, 0.; Rudichenko , V. F.; Melethko , G. periments because living animals often regulate
I. Vtt; ,h Ptr lo (9): 116—11 8; 1977. (11 raft) their body temperature . A potential disadvantage

of the me thod is tha t Increases in temperature of
The affects of electrical field (50 lIz. 5 kV/m , at leas t 2 or 3 C are needed to obtein reliable

F round-the-clock exposure for 1.4-4.5 rno) on the heating and cooling data.
testicles of adult male outbred rats were studied ,
Unexposed animals served as control , The exposure
caused significant reduction of spermatozoa in 51+56 CHANGES IN CERTA IN INDICES OF METABOLISM
the cell suspension prepared from one testicle after DUE TO RADIOFREQUENCY WAVES OF NONTHERMAL
3.5 no exposure (from 56,000,000/mi in the control INTENSITY . (h’tam.) Demokidova , N. K. (Scienti fic
to 40,000,000/mI , p’O.O5) to the same reduced leve l lies. Inst. industrial Hygiene Occupational Diseases ,
in animals exposed for 4.5 me. The percentage of USSR Aced , Medical Sciences , Moscow , USSR) . i?~y

dead spe rmatozoa in animals exposed for 3.5 mo was &ruit (7): 34—38; 1977. (16 refs)
1+6.4* vs. 23% In the control (p<O.05). Exposure
for 1.5 iso caused an increase in the percentage of The effect of long-term exposure to low-intensity
atyp ical spermatozoa from 15.9% in the control to radiofrequency fields (69.7 MHz , 150 V/rn, 1 hr/day
30.1* (p~0.Ol). SignIfIcant reduction of the rate for 3 me; 14.88 MHz , 70 V/rn, 1+ hr/day for over 6
of phosphorylation of adenosine dlphosphate was mo) on certain metabolic Indices and on the thyroid ,
observnd In the mitocho~dria of the testicles after hypophysaa l and adrenal functions was ttudied in
exposure for 3.5 mo (pcO,00l). Reduction of the 96 adult male rats. Exposure to the hi gh-frequency
phosphorylatin g respiration was also observed after fIeld caused a significant decrease in the relative

-
• 

exposure for 4.5 no, while the adenosine dl phos- weight of the adrenal glands from 16.4 mg* in the
phate ratIo rema i ned unchanged. The findings m di- control to l4.5 mg* (p’~O.Ol), a decrease in the
cate tha t the damaging effect of electrical field reti cu lar ,zone of the adrenal cortex (from 2.32 nirt
on the test icu lar  ml tochondri.u Is due to disturb- to 1.6 ner ; psO.05), a significant increase In the
ances caused In the testicular circulation , height of the fo lll cular epitheliu m of the thyroid

gland (from 9.9 to 12.3 p, p 0.05), and an Increase
of the surface area of the medulla of the adrenal

• 5455 MEASUREMENT OF MICROWAVE RADIATiON AB’~ gland (from 0.6 to 0,96 ass2 , p~0.O2) at the end ofSORBED BY BIOLOGICAL SYSTEMS , I , ANALYSI S the exposure. Sharp increase in the excretion of
OF HEATING AND COOLIN G DATA. (b~n~z.) A ll is , J. U. water , nitrogen , and electrolytes in the urine was
(Health Effects Lab. . U. S. Environmental Protec- observed at the end of the exposure but reduced 

F

tion Agency, Research Triangle Park , NC 27711); diure sl s and Na/K ratio of the urine was seen after
Black ma n , C. F.; Froasse . 14. 1.; Benane , S. 5. Raii~ exposure for 2 wk. The wei ghts of the hypophysis
:‘x l2(6S); 1-8; 1977. (24 rrfs) and adrenal gland were increased s i gnificantly after

exposure for 1 no. Similar , but less marked chanqes.
An ana lytIc met hod for determining microwave energy were seen in the animals irradiated at the l owe r
absorptIon by fully utilizing data from heating and frequency. The findings indIcate that the radio-
cooling curves was demonstratod for in vitro samples frequency field increased the adrenocort lcal ac’
In two differe nt exposure systems. Far field ax- t l v l ty . The observed changes In diure s is and alec-
posure s were conducted at 2 ,450 MHz continuous wave troly te excretion under the effect of radiofrequency
microwave radiation In an anechoic room using 1+0 fields appear to be mediated horuso nally and are the
ml of 0 .15 molar po tassi um chloride (KCI) solution specific manifestations of the unspecific stress
in a plastic tissue culture flask as the sample . effect of radiowave s .
The second exposur e system Involved a wavegu lde
transmiss Ion-line system that was mounted in the
sample compartment of a double-beam ultraviolet- 5457 THE USE OF SHORT-WAVE DIATHERMY AND uLTRA ’
visIble spectrophotometer. In this case , the cam- SOUNDS IN TREATMENT OF PUERP ERAL MASTIT 1S .
pie consIsted of 3 ml of 0.02 molar KC 1 solution (i’c’t.) Oleche , S. (Zaklad Fi zJ oterap li Szp i t al a
contained i n a standard I-cm 2 cross- sectIon epic- Ble lan ski ego , u l .  Ceg lowska 80, 01-809 War saw ,
t ropho tometer cell. Data obtaIned for the far- Poland). W i r i  1..~ 30(19): 1505-1508 ; 1977 . (26
fI e ld exposure were In exc.l lent agreement with refs)

26 
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Combined short-wave diathermy (15 mm /day) and ul- curred in reg ions of small e r cross section and in
trasound treatment (10 mm /day) was given to 246 tissues with l ower conductiv ities. When the m ci-
women with puerperal mast itis. The patients were dent EM field was vertically polarized , a major
in the age bracke t 17-42 yr . There were 98 pa- resonance was observed at about 80 MHz , and weaker
tients with bilateral m a s t i tl s. The durat ion of resonances occurred at 160 and 21+0 14Hz , For the
treatment was 3-6 days In 124 cases , 7 — 1 2 days In case of hor izontal  po la r i za t ion , on ly a s i ng le
86 , and 13-22 days in 36. Complete cure was weak resonant peak was observed near 200 MHz . Over-
achlev.d In 85.37* of the patients and considerable all , the general distribution of specific absorptIon
improvement In 6.5*. Poor results were obtained rates (SAR) of energy compared very well with other
In 1.21*, no improvement in 2.1+4%, and the thera- experimental results based on a 31-MHz field , How-
peutic result was unknown In 2.85%. Six patients ever , the absolute values of the SARs deviated by
developed recurrences that disappeared after a a factor of four to five between theory and ex per-
second course of treatment. The findings indicate l ament. The source of the deviation i s  not known
that combined treatment with diathermy and ultra- at present.
sound should be used sore extem islvel y in patients
with puerperal mestl tis.

5460 STIMULATION OF THE ADRENAL AXIS IN TNt
MICROWAV E EXPOSED RAT. (b’~ j.) Lots . U.

5458 EFFECT OF AIR—ELECTRIC FIELDS ON DRIVING G. (Ph.D. dissertation , Univ. Rochester , 1976);
AND REACTION PATTERNS. TEST SUBJECTS iN 136 pp. lavailabie from Xerox Univ. Microfilms ,

THE CAR DRIVING SIMULATOR. (~.r.) Anse lm , 0. )~nm~ Arbor , MI 48106, Order No. 77-25,5711 (123 refs)
(AlIlanz-Zantrum fur Technik GrnbH , Krausstrasse 14,
0-8045 IsinanIng . U. Germany); Dinner , H.; Ki rmeler , Plasma cortlcosterone (PC) levels were used as an
N.; Koenig. H. L.; Mue lIer-L immnroth , W .; Rile , A.; indicator of adrenal axIs function to determine the
Sch.uerte , U. Mun~vh Mad Wooh~meakr 119(23): 813- physiologic mechanism of the adrenocortical response
816; 1977. (17 refs) in rats to acute continuous wave mIcrowave (2.450

MHz) exposure. Rats were exposed in the far field
The Influence of artificial atmospheric electrical of a horn antenna for 30 or 60 mm at power dens i-
fields (generated by +1 ,000 Von the sun visor and ties of 0, I), 20, 30, 40, 50, or 60 mW/cm2 or for
20 V on the automobile body, 10 Hz) on the driving 120 mm at 0, 13, 20, 30. or 40 MW/cm 2 . The average
and reaction pattern was studied In 48 test persons , energy absorption rate of exposed rats was 0.16 WI
aged 18—54 yr , In a double-blind test in a driving kg absorbed per mW/cm2 incident power. The PC iev
simu la~-r with optic display. The electrical field alt exhibited a threshold pattern of response. For
had practical ly no influence on the reaction ti imme ; 30- or 60-immin exposures , no signifi cant increase
the observed Increase by 2% was Insi gnificant. The over contro l levels was observed below exposures of
electrical field improved the driving behavior 50 mW/cm2 , For 120-m m exposures , PC leve ls were
(Improved the concentratIon and reduced the fre— significantly increased at 20, 30. and 40 mW/cm2.
quency of driving errors , such as , violations of For all three exposure durations , a strong corre-
traffic rules) by 8-10*, especIally in labile test lat ion was evident between mean colonic temperature
persons. The difference from the driving tests and mean PC levels. The PC levels In acutely hypo-
without electrical field ii not signi flcant. The physectomized ra t s exposed to 60 mm*i/cm2 for 60-mm
findings Indicate that the electrIc fIeld has no were below control levels. When other rats were
unfavorable effect on the driving pattern . pretreated with dexamethasone (DEX) before beIng

exposed to 50 mW/cm2 for 60 ma in , the cortIcosterone
response to microwive exposure was completely sup-

5459 FOCAL HYPERTHERMIA AS INDUCED BY RE RAD- pressed by 3.2 pg DEX/tOO g body weight. These re-
lATION OF SIMULACU WITH EMBEDDED TUMORS suits indicate that the microwave-induced cortlco- F

AND AS INDUCED BY EM FIELD S IN A MODEL OF A HUMAN sterone response observed in normal intac t rats is
BODY. (EMg.) Chen , K. -M. (Dept. Electrical Engi- dependent on adrenocorticotrop lc hormone secretion
neerlng and Systems Science , MichIgan State Univ., by the pituitary; that is , the adrena l gland Is
East LansIng , Ml 48824). Guru . B. S. Rtl hO S’t  not stimulated primarIly by microwave exposure .
1 2(65): 27-37; 1977. (10 rife) The evidence obtained in these experiments is con-

sis tent with the hypothesIs that the stimulation
In the fIrst of two studies , distributions of rates of the adrenal axIs In microwave—exposed rats is
of electromagnetIc (Ej4) energy absorption were ob- a systemic IntegratIve process due to a general
served in simulated bIolo gIc bodIes with embedded hypertherm ie . These results suggest that adreno-
tumors In an attemp t to dlscove r effective means cortica l function may be a sensitive quanti fIable
of inducIng hyp.rthermla by high frequency and very ind I cator of the physiologic compensation requir ed
high frequency EM fields in tumors. Part- and of an animal exposed to m crowaves.
wh ole-body sim u lacra IrradIated by EM fields (max-
imum of 1 V/rn) rang ing in frequency from 15-500
MHi exhibited differentially greater heatIng of 5461 THE EFFECTS OF HIGH VOLTAGE TRANSMISSION
tumors , and a reduction of the tumor conductivIty L INES ON HONEYBEES: A FEASIBILITY STUDY .
resulted in an enhancement of th. selectIve tumor ( Y ’i i .  Greenberg, B. (Bioconcern . I nc., 11.63 East
heatIng affect. In a second study , a model of a 55th  Place , Chicago , IL 60637). 61 pp.; 1977.
man irradiated with an IncIdent electric field of leval lah le through E l e c t r i c  Power Research In sti t ute ,
I V/rn over a frequency rang. of 1-500 MHz was •x 3412 Hil lview Ave., Palo Alto , CA 94304. Pub llcatlo m r
armined. Great.r rates of energy absorption oc EPR I EA-4891. (II refe)
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F Methodology for the investI gation of the effects of of 250 mU. The feathe r was d l m c tly coup led to the
e l e c t r ic f ie lds  generated by hi gh-tension power lines antenna v ia  an ell i ptical aperture into wh i..h the
on honeybees (Dadant ’s it alla n -St ar lm n e varIety) is calanmus fitted tightly. When the’ f eathe r  was in
described. Pr el im inar rk h.is es tab l i shed an ex- p l a e , a subs tan t ia l  inc reas e ( two to th ree  t hmme ’.)

perlm nental site under -kV transmission l ine and In t o t a l  power reception in the f..mward d i m e ’. (ion
,m control  s i t e  nearby. Inc C f i e ld  strength ranges along w i th  a 20-50* decrease in half -powe r br,~mn
from 7.0-1.1 kV/m under the 765-kV lin e at the ex- width was observed . These changes in ret c’p tlt ’ m were
p.rirnental s I te  and from 10—i l  V/m et the control probabl y due tm . microwave f ( m ’ Id ~iu id i mm u Cmid f... tss ’.ing
s i te .  Parameters to be measured include colony pop- by the feather.  Some eviden ce that an amp litude-
ulatlon , honey stores , the amount of acoustIcal modulated or pulsed microwave eIec tr i~ field r .lmm al’...
noise generated by bees, in-hive temperature , m ci- elicit ple:oele ctrlc resonance in the feather rc.ci v-
dence of queen cell production , and tendency to ing system was also obtained ,
swarm. Accompanying dosimet ric support inc l udes
in-hive e l e c t r i c  field measurements , the development
of shielding to e l imInate th~ e l ec t r i c  f ie ld  fronm 5461+ OR IENTATiON EFFECTS ON MI C ROW AV E INDUC ID
selected colonies , an analysis of the acoustic al data , HYPERTHERMIA AND NEUROCHEMICAI. CORRELATES.
and per iodic checks on the ambient electrIc field 

~“r :
1.) Merritt , J. H. (RadI ,mt ion Science s D iv . ,  USA F

present under the line and at the control site. Sch. Aerospace Medi cine . Brooks AFB , TX 78235); Cham-
ness , A. F.; Hart .rell , R. H.; Al ien , S. J. .1. Mm’,’r.’-
ootm.m ~~~~~~~~~ 12(2): 167-172 ; 1977. (Il r e fe )

51+62 THE PROPERTIES OF BIRD FEATHERS AS P1(10-
ELECTRIC TRANSDUCERS AND AS RECEPTORS OF The effec t of microwave field orIentation on body

MICROWAVE RAD IATION . . “~m , . ) Bigu del Blanco , J. core and brain hyperthermia end on neuroc hemica l
(Anatomy Dept. ,  Queen ’ s Univ. , Kingston , On tario changes in the basa l hypothalamus of macIc Sprague
Ku 3N6, Canada) ; Rornero Ste r ra , C. (. ‘,‘rci,m ~~~~~~~~~ Dawley rats was invest iq .sted. The an ima l s were In-
57(8/9): 532- ’~36; 197/. (11 ret’.) d lv idu ill y irradi ated with 1 ,600 MHz continuous

wave radiation so that the long ax i s  of the rat was
The properties of bird feathers as diel ectric re- parallel to either the C- or the H-field. In all
ceptors of nmicrow .mve rad iat ion were invest igated cases , increases in recta l and brain temperatures of
Radiation pat tern measurement ’ . were conducted us ing rats  exposed i n  the I-orient~;tion were greater than
the calamus of feathers from the Canadian goose as a in rats exposed in the H-or ientat ion ,  Rats exposed
receiving aerial for a l6-GHz microw ave signal (In- in the H-orient ation to 20 mW/cm~ microw ave power
tern ally modulated by a l-ieHz square wave) generated for ID mm did not show increases in either brain or
by a klystron tube of 250 mU t o t a l  power output. recta l temperature compared w i t h  controls; whereas ,
The length , diameter , and wall thickness of the re- modest increases in both brain and rectal tempera-
ce ivincm specimen were 6.95, 0.1+3, and 0,32 time s the lures were observed in rats exposed at this powe r
operating free-space wavelength. The receiving sys- leve l for 10 m m In the E-or i entat iomm . No changes
tern consisted of a section of rectangular waveguide In rectal or br ain temperature were seen in E-ori-
to which the feather was directly coupled by a tIght ented or H-oriented rats exposed to a power of 10
F i t t i n g  e l l i p t i c a l aperture. The wavequide with the mW/car . When rats were exposed for up to 2 hr to
ellIptical aperture acted as a prIm ary transducer. 20 maW/car of 1 ,600-MHz radiation , brain amid rectai
A substantial increase in the power rece i ved in the temperatures remained fairly constant from 1-2 hr
forward direction along with a dec rease In radiation after the coasnencement of radiation. Upon cessation
pattern beam width occurred when the feather was in of power , both brain and m e tal temperatures de
place. The power olle cted by the feathe r p lus the d ined rapid ly, and the animal ’ . were normsot hermi.
primary transducer was sligh tly larger than twice within IC m m .  In rats exposed to 1 ,600 MHz radla-
the power collected by the prim ary transducer ,mione , tion in the E-orien tati on , noreplnep hrine Ievel~ in
and the radiation pattern beam width was reduced by the basal hypotha lamnus were significantly reduced
about 43*. It also appeared possible to induce froem a control va l ue of 1 ,463 191 nq/q brain ti’.-
plezoelectrlc effect’. In feathers by audiofrequen cy— sue to levels of 1 ,225 155 , 1 ,043 86 , and 1 .0/5
pulsed microwave radiation. t 211 ng/g after a 10-ma in exposure to 20 mW/cm’ • a

60-mm exposure to 20 mW/cm’ , and .1 lU-mm exposure
t o  80 maW/c ar . These same exposures resu l ted in

5461 TIlE PROPERTIIS OF BIRD FEATHERS AS CON- insign i f i can t l y reduceti dopamlne level ’ .  of 665
VERSE P I EZOL LE CTR IC TRANSDUCERS AND AS 138 . 680 t 175 , and 641+ m 195 ng/q. respect ivclv ,

RECEPTORS OF MICROWAVE RADIATION. II. BIRD FEATHERS compared w i th  a contro l value of ~29 230 nu/’m.
AS DIELECTRIC RECE PTORS OF MICROWAVE RAD1ATION. ~~~~~~ The content of scrøtonirm in the basa l hypothilamun
Blqm m-d el -Bl an co , J. (Anatomy Dept ., Queen ’s Univ., was unaltered at the hIghest power level (80 mW/c m n-’).
K ingston . Ontar io , Canada); Rom mmero-Si. rra , C~ ~~~~

‘ whIch resulted in a S C Increase icr brain t empera-
,‘ . 2 :  354-364; 1975. (13 refe) tore.

Th. characterIstics of bird feathers as dielectric
receptors of microwave radiation (10 and 16 GHz) 51+b~ THIRMOGRAPHIC AND BEHAVIORAL STUO1tS OF F

were Investigated. A standard rectangular wave- RATS IN THE NEAR FIELD OF 918-Mhz RA DIA
guide , actin g ,“ a primary antenna was used as the TIONS . 8Yi~. t in , J. C. (Dept. Electrical Eng i-
receiving system for 10- or 16-GIl: microwave signals nearing , Wayne St at e  UnIv. , Det r o i t , Ml 48202); Guy ,
(!nterna lly modulate d by a 1-kit: square wave) qen- A. W .; Caidwe ll , L. ~~~~~~~~ .“msm’i.’ Mt’,’ri ’:.~m :’,- -:-‘ ,-

~~~~~,

crated by a klystrnn tube with a total output power “‘,‘)m’ci~ u,im 25(20): 833—836 ; i~ 77. (10 refs)
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Incident end absorbed energy were measured In female 51+67 A SIMPL E RA DIOENLY MA TIC PROCtDURL FOR THE
Spraque-Dewley rats to determine levels that disrupt DETERM INATION OF CHOLINE AND ACETYICHOL INt
operant behavIor . After base-line performances were IN BRAIN REGIONS OF RATS SACRIFICED BY MICROWAVE 1R
recorded , rats were exposed to four levels of 918 RADIATION. (

~
tYtt7.) Eckernae~ , S. -A. (Dept. $eurm’i-

MH z radiation (0 , 10 , 20, 40 mW/cm 2). The distance ogy , Univ. Hosp., Uppsala, Sweden); Pm qu ilu n Iu s , 5. -N.
between the proximal surface of the animal’ s body A,’ta Ph~,sio! : . ‘.p,.J 100(4): 446-451; 1977. (22 rels )
•nd the radiator was 8 cm. Rat s  were kIlled , and
each reassembled rat carcass was Irrad iated for 30 A rapid and sensitIve rad l oenzymatic method for tI,,~
Sec at l ,500 Im*J/cm 2. The temperature patterns were analysIs of choline (Ch) and acoty lcho line (ACh)
determined using computerized thernsographs . Peak ab- concentrations in brain tissue froam rats sa cr i fim ed
sorptIon of energy In the body was estimated to be by microwave Irradiation Is described . The met hod
0. 8 U/kg per 1 mW/cm2 of incident energy, while is a mo dIfication of a previousl y used rad loe nzyam atlc
the value for the ta ll was 0.9 U/kg. Operant re- procedure for Ch and ACh deternmi nat ion based on en-
sponses of irradiated rats to schedules of fIxed- zyinat ic ecetylat ion of free Ch w i th  1” carbon-Iaheied
rat io (food ) reinforcement under the same condit ions acetyl-coenzyme A using purified choline acetyltrans-
as the dosimetric test were observed to occur for ferase. After Ion-pair extraction of 1” carbon-labeled
30-mm exposures to averaged power densities of 30- ACh formed , which is performe d directly in the sm .in-
ItO mW/cm . This range of densities corresponds to t i l l a t l on vial using tetraphany lboron , radioactivity
absorbed peaks of energy of 27-36 U/kg. No change is measu red by liquid scintillation counting . in one
in behavior was observed for Incident power densi- aliquot of a braIn extract , endogenous ACt, is specif-
ties and peaks of absorbed energy rang ing from 20- ica ll y hydrolyzed by means of ACh-estera se . and the
30 mW/cm2 and 18-27 U/kg, respectively. All be- total Ch concentration of the samimp le is determined.
havioral changes at hi gher values were reversIble. The concentratIon of endogenous Ch is measured In amc

unhydroiyzed allquo t , and the ACh level I~ them i ob-
t a ined  as the difference In Ch concentration between

51+66 MODIFICATION OF REPAIR OF X- IRRAD IAT ION the two a)iquots. About 120 determInations can be

DAMAGE OF HEMO P O I E T I C  SYSTEM OF M I C E  BY performed In 1 day. Measurements of Ch and ACh in

MICROWAVES. (~h~j. ) Rot kovska , 0. ( inst.  BiophysIcs , the brains of rats killed by 5 kW of 2,45O-MH~ micro-

Czechoslovak Aced. Sciences , Brno , Czechoslovakia); wave Irradiation for 1.7 sec revealed that the ACh

Vacek , A. I. Mi ’rossjve Po~mer 12( 2 ) ; 12 0—12 3. 197 7. content was 16 ± 1.0 nmol/g In the cortex and 76 1

(7 refs) 2.1+ nmol/g In the striatum ; the corresponding Ch
values were 23 t 2.5 and 33 1 1.2 nmol/g , respective-

MIcrowaves (2,450 MHz . 100 mW/cm2) were used to lv .

modi fy X-Irradiat ion damage of the hemopoletic sys-
tem In C57B1/lO strain mice . Mice exposed for 5
mm to microwaves 30 mm after X-lrradiatl on (600, 5468 FURTHER STUDIES ON THE MICROWAVE AUDITORY
650, 700, or 750 R) had a signIfIcantly higher sur- EFFECT. (Eflg.) u n , J. C. (Dept. Elec-
vlval percentage then X-lrrad iated controls. At trl ca l and Computer EngIneerIng , Wayne State Univ.,
the lowest X- ray dose, the survival percentages on Detroit , M i 48202). rA~’~ 2’mana Mt~~’z’om,szr’w Th.i~’m ’~
day 30 after X-ray exposure were about 100* for mIcro- ~

‘,~‘h m,i.1s4ii~ 25(11): 938-943; 1977. (26 refs)
wave-treated mice and about 75% for X-irrad late d
controls. At the highest X-ray dose, the surviv al A theoretical study of the acoustic signal generated in
percentages of microwave-treated and contro l mice the heads of humans end laboratory animals irradIated
were about 30 and 0*, respectively. Microwave-treated wit h rectangular pulses of mIcrowave energy Is pre-
mice also manifested an increased number of survIvIng sented. AssumIng that audItory sensation results
hemopoi.tlc stem cells and heightened erythropo lesls from acoustic waves generated in the tissues of the
and myelopolesis. Si gnificant Increases in the num- head by rap id thermal expansion of the tissues upon
ber of hemopoletic endogenous spleen colonIes (ESc) microwave absorption , the amplitude and frequency of
in the spleens of mice exposed to microwave Irrad i- the auditory signal are derived for a homogeneous
atlon at 0.5, 6, and 12 hr after a 300-R X-ray expo- spherical mode l of the head under constra i ned-surface
sure were seen in relatIon to controls , and these conditIons. The results indicate that the frequency F

increases support earlier observations of an eleva- of the auditory si gnals generated Is independent of
tion In the number of stem cells in the spleens of both the frequency of the incident microwave and the
Int act m ice after microwa ve exposure alone . These absorbed energy distribution; rather , the frequency
results Indi cate that microwaves may Influence the of the Induced auditory signal is only a function of
mechanism s tha t activate the pool of Stem cells, head size and tissue acoustic property (ve l ocity of
Since (SC grow from the hemopoletlc stem cells that acoustIc wave propagation). The smaller the head
survIve X— I rr a d l at i on . the incre a se In their number size , the hi gher the frequency of the microwave-
may be due either to an improvement of the repair induced auditory sensation . For examp le , in guinea
of subletha l radiation damage of the Irradiated p igs wIth a head siz e of 1.5-2 .5 cm , the frequency
stem cells or to Increased proliferation of the stem of th. Induced auditory sensation Is predicted to
calls that survive X -l rrad l a t ion. An acceleration range from 1+0-70 kHz as compared with 10-15 kHz for
of the repa ir processes of radiation damage of an adult human head w i th  a s ize  of 7 - t O  cm. Althoug h
hemopolatlc cal ls  appears to occur following mIcro- the amp litude and frequency of microwave-Induced
wave exposure, end this acce leratIon Is depend.nt sound are highe r when predicted by the above method
on the stage of In tr.ce ll u lar repair at the tIme of than when predIcted by stress-free boundary condition
microwave exposure. formulation , they are com patible with exp erim ental

29 

~~~~~~~~ 



r 

- - - 

. ~~~~~~~~ 
- —--

~~~~~~~~~~

-.- .—

~~~

-,—- -

~~~~~~~~~~~~~~~~~~~~~~~~~

—- 

~~~~~
--- 

~~~~~~~~

8lolo9~ca1 Effec ts of fvoauona,sng tl.s emwn~~ wts
CURRENT LITERATURE Rathatson l l (4~. Jun.. 1919

results reported to date. It is also shown that piles glucose for resp iration. The most likel y pat h-
there Is an optimum pulsewidth for the efficient way affected is that of phosphory li ti c breakdown of
conversion of microwaves to acoustic energy . For a stored starch. This pathway is active at the stage
3-cm radius sphere exposed to 2,450 MHz radiation of germination investigated , involves a number of
at a peak absorbed microwave energy of 1 ,000 mW/~m

3 , intermediate steps to produce glucose , and has a nurn-
an optimum puisewldth of about 2 p5cc Is predicted ber of potential microwave targets. in general , the
for pressure generation to occur. data indicate that the 10-mm irradia tions at low

intensIties (5 mW/cm ) of 3,300 MHz microwaves affect
the ability of germinating peas to util i ze and evolve

5469 NEW CLASS OF MICROWAVE SHIELDING MATERIALS. carbon dioxide.
(~‘vm.~.) Dc Bruyne , R. (Centrum voor On-

derzoek , N. V. Bekaert S.A.. 8-8550 Zwevegen , Bel-
gium) ; Van b ock , W. J. Mioro,.smve Power 12(2): 11+5- 5471 ELECTROMAGNETISM , MAN AND THE ENVIRONMENT .
154; 1917. (12 refs) (i~mg .) Bat toc le t t i , J. H. (Boulder:

Westvlew Press): 89 pp.; 1976. (150 refs)
A new class of microwave-shielding materials based
on the use of fine stainless steel Beklnox fibers A review of the effects of electric , magnetic , and
Is discussed. These metal fiber products show con- electromagnetic fields on human physiology is pre-
trol lable microwave reflection and absorption prop- sented . TopIcs covered Include specific sources of
ertles. By chang ing the dIameter , length , Concen- man—made electromagnetic fields; obvious thermal
tratlon , and total quantIty of the shIe lding mater - effects on amen , particularly from ultra-high fre-
id , a large range of shieldIng effectiveness (SE) quency radiation and mIcrowaves; lesser known non-
va l ues can be covered , while the ratio between ab- therma l physiologic effects in ‘nan; therapeutic
sorption end reflection can be changed. Needle uses of ele ctric and magnetic fields , and electro-
felt materials , which show higher SE values than web magnetic exposure standards in the United States ,
materials , can be produced with SE values of >30 Russia , and other countries. The effects of therma l
dB for S-band and >60 dB for X—band radiation . electrica l pollution are distinguished from the
Noncompressad webs with fiber diameters of 4, 8, 12, effects of atherma l pollutIon , and the results of
and 22 pm and surface weIghts between 100 and 280 several surveys on the atherma l effects induced by
g/m show SE values of greater than 25 dB for S-band electromagnetic fields are presented , such as , the
and greater than 50 dB for X-band radiation. tk,ven phosphene phenomena or sensation of light flashes
materials of the nmesh type give SE values greater in the eye (800 0, 30-40 Hz); radiosounds (250
than 30 dB for a metal content of 12*. Products mW/cm2 peak; 1-7 mW/cm2 average ; 200-3,000 MHz mod-
made from metal fiber niaterials can be used in ep- ulated); cardiovascular effects (1 ,nW/cm 2 ultra-high H
p licat lons such as radar camouflage , radiation pro- frequency; 10-100 V/rn shortwave; 100-1 ,000 V/m mad-
tection , and gasket construction . lum wave ); conditioned vascular ref lex (10 .000 V/rn

hi gh frequency); and reaction t ime effects (5-17 0

5470 SOME EFFECTS OF 3300 MHZ MICROWAVES OH [direct currentj modulated at O .10.2 Hz).
OXYGEN UPTAKE IN GERM I NAT ING PEAS. (Eng.)

Carley , A. L. (Ph.D. d isser tat ion , Univ. Wisconsin-
MIlwaukee , 1976); 138 pp. (available from Xerox Univ. 5472 NEURONAI. AND EXTRANEURONAL OUTFLOW OF 3H
Microfilms , Ann Arbo r , Ml 48106, Order No. 77-15,9891. NORADRENALINE INDUCED BY ELECTRICAL-FIELD
(145 refs)  ST IMULATION OF AN ISOLATED BLOO D VESSEL. (Eh~.)

Schrold , J. (Dept. Pharmacology, Univ. Odense , Den-
The effects of low—level 3,300-MHz microwave irred- mark); Nedergaard , 0. A. #t~ ta Physiol ~ ‘rnd 101(2):
iatlon for 10 mm on oxygen uptake In germInating 129-11+3; 1977. (32 refs)
seeds of peas (Pismum aativwa) was InvestIgated. A
dose-dependent reduction in the rate of oxygen con- The adrenerg ic nauronal selectivity of tr ltium (3H)-
sumption was observed during IrradIation. At an m c i -  outf low e l i c i ted  by e lec t r ica l  f ie ld  s t imulat ion of
dent power of 5 mW/cm2, there was a 49.6% decrease in rabbit isolated pulmonary artery preloaded with 3H-
oxygen consumption rate. At incIdent energies of 3.5, (-)-noradrena llne (3H-NA) was examined . Following
2 , and I mW/cm2 , the oxygen consumption rate was re- IncubatIon (45 m m )  of arter ial  rings at 37 C w ith
duced by 27.9 , 25. 1 . and lk . 4~ , respectively. There 3H-NA (1O 6 molar) and a 100-rain washout period , the
was no observable rate difference between peas ir- sympathetic neurons were stimulated selective l y and
radiated at 0. 5 mW/cm ’ and nonirradlated control supramna x imally w i t h  a constant current (250 mA; 300
germinating peas. Older peas were less affected monophasic pulses; 10 Hz; 0.3 msec). The in i t i a l
than younger ones by the Incident microwaves. The stimulation-induced 3H outflow was 39 plcomoles/g,
microwave effect was dIminIshed by the presence of whIch was higher than the subsequent fIve outflows
an external source of glucose. The microwave effect that remained almost constant (20, 19, 17, 16 , and
was a nontherma l one , and any microbIal f lora pres— 16 p icomoles/g , respectively). 314—NA end ~i4-0-
ant did not noticeably affect the peas’ gas exchange methylated plus deaminated metabolItes constituted
patterns during Irradiation . Externall y supp lied 11 and 74* , respective ly, of the total ~I4 outflow
glucose was absorbed and utilized by the rapidly me- Induced during the In itial stimulatIon period and
tabo lizlng germInating pea seed . When external 38 and 38%, respectively, of the tota l ~H outflow
glucose was supplied before microwave irradiation , during the second stimulation period. The omIssion
this effect was diminished , Indicating a microwave of calcium ion in the phy siologic al salt solution
effect somewhere irs the metabolic pathway tha t sup— reduced the six stimulation-induced outflows to 67,
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40 , 35, 24 , 21 , and 21* , respec t i ve ly ,  of untreated or near the apex. Current f i b r i l l a t i o n  thresholds
preparations. Brety lium (3 x l0~’~’ molar ) or tetro- were found to be exponent ia l ly  re la ted to the number
dotoxin ( lO~’~ mnoiar) reduced the 3H outf low to ap- of 60-Hz cyc les f lowing through the heart. Current
proximately the same extent. Stimulation-In duced fibrillation thresholds were increased with greater
outflow s from artery rings preloaded with 38-NA in electrode surface areas. However , as the number of
the presence of cocaine (10 ~ molar) or in the cold 60-Hz cycles was reduced , the dependence of fibr ii -
(3 C) approximated the c a l c i u m  ion , brety lium , and lation thresholds on electrode area w,,s also reduced
tetrodotoxin insen sit ive release. These t reatments so that at one cycle of 60 Hz current fIbrillation
all completely blocked the neurogenic contractile thresholds were approximately equa l for the above
response. When artery rings were pre l oaded with range of electrode surface areas. At current flowm N_ MA in the presence of normetanep hrlne (10 ~‘ m o l a r ) ,  durations of 10 cycles of 60 Hz or less , smal ler
the stimulation-induced ca lciumn ion Insensit ive oUt electrodes required more energy to f i b r i l l a t e  the
f lows were markedly reduced. These resul ts  Ind icate heart because of polarization phenomena. There was
that 3H outflow represents release from neuronal and an amplitude dependent fibrillation window that had
extraneurona l sit es , an upper and l owe r limit between which fibrillation

was most likely to occur. The ratio between the
average upper and lower level values for 16 cycles of

5473 VOLTAGE-iNDUCED PORE FORMATION AND HEMOLYSIS 60-Hz and less was 3:1. The ratIo difference in
OF HUMAN ERYTHROCYTES. (&c~.) Kinoslta , fib r iil ati ng Current thresholds between rheobase va l-

K. (Dept. Physiological Chemistry , Johns Hopkins ues and values at one cycle of 60 Hz was in excess
Univ. Sch. Medicine , Balt imore , MD 2120 5) ; Isong , T. of 100: 1.
Y . l~i~’~’him E~i~’p~:~sm Aøta 471(2): 227—21+2; 1977. (22
ref s)

5475 ELECTROMAGNETIC POLLUTION. (FOp;. ) Becker ,
Isotonic suspensions of human erythrocytes were ex- R. 0. (Veterans Admin. Hosp., Syracuse ,
posed to single electric pulses of a few kV/cmn in- NY); Marlno , A. A. S,~ienc ’ea 18 (1):l4-l5, 23 ; 1978.
tensi ty and of microsecond duration to study hemol- (0 refs)
ys is  and pore formation. Upon pulsatIon , the cell
membranes became permeable to sodium and potassium , The biolog ical effects of 60-Hz nonion izlnq elec t ro-
and the erythrocytes eventually hemolyzed through magnetic radiation are discussed with part icular ref-
the colloid osmotic effect of hemoglobin. The en- erence to high-voltage transmission line sources .
hanced permeability was attributed to the formation Rats exposed to a 60-Hz electric field for 1 ‘no cx-
of pores in the cell membranes. These pores were hibited hormonal and bioch emIcal changes similar to
formed within a fraction of a microsecond once the those caused by stress. The electric field used in
transmembrane potential Induced by an applied d cc- this study was comparable in strength to that pro-
tri c field with a pulse duratIon of 20 psec reached duced at ground level by a typical high-voltage
a critIcal value of 1.0 V. Increased field intensity transmission line. In another experiment where
or pulse duration or pulsation at low ionIc strengths three generations of rats were continuously exposed
resulted in an expansion of pore size , leading to an to the electric field , Increased infant mortality
accelerated hernolysis reaction. In contrast to this and severely stunted growth were observed. These
expansion process , the i nit i al step of pore formation results appear to indicate that the applied electric
was governed solely by the magnitude of the trans- field primarily affects the central nervous system
membrane potential , the critical value of which re- and activates the stress-response mechani sm. Hi gh-
mai ned essentIa lly constant In media of different voltage transmission lines currently be i ng construc
Ionic strengths and did not change appreciably with ted will operate at 765,000 V compared with the
varying pulse duration. An abrupt increase In meal- present maximum of about 500,000 V . end the electric
brane permeability at a transmembrane potential of utility industry has begun develop ing the technology
about 1 V has been observed irs many cellular systems , to operate at more than 1 ,000,000 V. It is sug-
end it Is suggested that a similar mechanism of pore gested that this may be the t ime  to halt such tech-
formation may apply to these systems as well. nology until studies establIsh safe levels for hum-

ens and for the entire ecosystem.

5474 INTRACARDIAC CATHETER FIBRILLATION THRESH-
OLDS AS A FUNCTION OF THE DURATION OF 60 51+76 BIMANUAL BIPOLAR DIATHERMY FOR TREATMENT

HZ CURRENT AND ELECTRODE AREA. ( p y . ) Roy, 0. Z. OF BLEEDING FROM THE ANTERIOR CHAMBER
(Natl. Ret. Council Canada . Ottawa , Ontario , Canada); ANGLE. (En~;.) Mictsels , R. G. (Wilme r Inst., Room
Park , 0. C.; Scott , J . R. rEFE T~rana ~icaned Eng 116 , Johns Hopkins Hosp. , Baltimo re , MD 21205); Rice ,
24(5): 430—435; 1977. (12 refs) 1. A. Am ,J Oph tha l~’s ’1 84(6): 873-871+; 1977. (12 ref> )

FibrIllation thresholds and their relationship to A modified bimmsa nua l bip olar diathermy technique was
the duration of 60—Hz current f low (expressed as used to treat bleeding vessels In the anterior chain-
the number of 60—Hz cycles applied to the heart) are ber angle of the eye in two patients. One lead of
described . ExperIments were performed on 50 healthy a Mentor Wet Field coagulator was attached to an
beag). and labrador dogs using catheter electrodes instrument positioned in the anterior chambe r ang le
rang Ing In surface area from 0.224 aIim2 to 90 minim2 , at the bleedI ng site , and a second lead was attached
The electrodes were introduced through the azygous to a needle posi t ioned external l y at t he corneosc le-
vein into the right ventricle and were located at ral limbus in the sanw meridian . Repeated appll c.s
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tions of diathermy current (approximately I-sec dur- microwaves (parameters not given). Reduction of the
ations) between the ins t r ument tips were used to visual acuity from 1.0 to 0.4 was seen in two of
coagulate the bleeding vessels. No undesirable ef- them. Radiation with wavelengths of 1-100 as has not
fects involving the corneoscleral limba l tissue been found to be in~urious to the eyes. At an energy
were noted after diathe rmy applications in these density of 20 mW/cm , such radiation levels caused
cases. stress in experImental animals.

5477 REGIONAL LEVELS OF CYCLIC AMP IN RAT 5479 A GAUSSIAN-BEAM LAUNCHER FOR MICROWAVE ElI-
BRAIN: PITFALLS OF MICROWAVE INACTIVATION . POSURE STUDIES. (Eh~.) Neelakantaswamy ,

(lOIg.) Lenox , R. H. (Dept. Medi cal Neurosciences P. S. (Dept. Electrical Engineer ing , Indian Inst.
and Endocrinology and Metabolism , Walter Reed Army Technology , Madras , India); Gupta , K. K.; Banerjee ,
Inst. Ret., Waiter Reed Army Medical Center , Wash- D. K. IEEE Dr’ana Mi~’ r W ~zVm~ Th~’~sry 7’~’. hm .~

’qum ’~ 25(5):
inyton , DC 20012); Mayerhoff , J. 1.; Gandhi , 0. P.; 426—1+28; 1977. (10 refs)
Wary , H. L.  ~1. y~’li,’ .V:, ’lc ~’ti i,’ ?~‘a 3(5) : 367—379;
1977. (40 refs) A method of producing a focused microwave beam by

means of a launcher , consisting of a homogeneous
Various microwave systems were evaluated for their dielectric sphere illuminated by a corrugated cy lin-
ability to inactivate i n  vivo regional levels of drica l waveguide aperture (scalar horn), is described .
cyclIc adenosine monophosphate (AMP) in rat brain. The corrugated p i pe has quarter-wave teeth and car-
The microwave inac t iva t ion  techni ques evaluated n e t  the hybrid (HE11) mode . The field distribution
were whole body /oven cav i ty ,  whole body/restricted at the aperture of the corrugated pipe is used as
area In oven cjvity, head i minnobilized/wavegu ide the sphe re- illum Inat ing source, and the dielectric
c hamber , and head/waveguide chamber. Forward powers sphere is p laced in front of , but disp laced from ,
ranged from 1.25-5.2 kW, and exposure times for this aperture. The waveguide’-to-sphere offset can be
c y c l i c  AMP inact ivatIon ranged from 2.25-60+ sec. the optimum value for which the input stand i ng wave
The rate of inactivat ion varied in different brain ratio is a minimum . This launcher produces a near—
regions (hypothalamus , cortex , and cerebellum) and circular Gaussian beam in the proxImity of the di -
was reproducible only with (mobilizatIon of the electric sphere with a high on-axis gain factor.
rat ’s head during exposure . As the exposure dura- Near- f ie ld  measurements performed at a frequency of
tion required for cyclic AMP inactivation decreased , 9.651+ 0Hz with a dielectric sphere having a relative
the levels of cyclic AMP in some brain reg ions were permitt ivity of 2.35 (polyvinyl chloride) and a di-
significantly reduced , while levels in other regions ameter equa l to 8.5 cm confirmed theoretIc expres-
were unchanged. As the t ime for adequate cyclic slons derived for the electromagnetic fields of the
AMP stabilization was decreased , the cyclic AMP val- focused beam wave. The results indicate that by
ues throughout the bra in reg ions generally decreased prope r choice of the sphere diameter to wavelength
and became less variable from reg ion to region . It ratio and the scalar horn dimensions , a specified
is suggested tha t with slower microwave inactivation Gaussian beam can be produced for localized exposure
systems sign i ficant enzyme-mediated postmortem arti- of biologic subjects.
fact nay pers is t .  These findings demonstrate that
different regions of the rat brain require different
durations of microwave exposure to stabilize the 5480 REACTIVITY OF BONE MARROW MEGAKARYOCYTEScyclic AMP levels , suggesting a gradient of enzyme IN ALBIN O RATS EXPOSED TO LOW—INTENSITYi nactivation within the rat brain. The reliabil i ty MI CROWAVE ELECTROMAGNETIC FIELD. (Rue.) Obukhan ,of a particular i nactiva tion method for use with E. I. (ScIentific Res. Inst. General and Municipala specific metabolite is dependent on both the Hygiene , Kiev , USSR). Taito l Genet ll (1): 27-29;l ab i l i t y  of the enzyme systems and their activity 1Q77 (9 refs’I
during the postmortem period. At present it is
feasible to use microwave techn i ques to study The effects of exposure to microwave electromagneticcyclic AMP levels In rat whole brain or specifIc field (2,375 MHz) on bone marrow megakaryocytes wereregions. if tne exposure durations are based on a studied in adult white Wistar rats. The animalsconsistent known sequence of regional inactivation were exposed to 500 mW/cm2 field for 6 hr or to a
under the particular microwave parameters emp loyed. 50 mW/cm2 field for 6 hr daily on 3, 7, or 10 con-

secutive days. The animals were killed 1-16 days
after exposure. Most mature megakaryocytes were

5478 RADIATION-INDUCED INJURIES OF THE EYES . found In the state of thrombocytopolesis. Part of
(.“.‘e.) Tengroth , B. (Karollnska sjuk- the mature megakaryocytes were destroyed within 16-

huset , Oegonkliniken , Sweden). Tidssskr M’s’ L~zm ’;e— 24 hr after irradiation; their cytop lasm became oxy-
f ’r’~m 97(23): 1158—1162 ; 1977. (13 refs) ph i l l c and swollen ; the nuclei were pyknotic and

eccentrical. Enucleatlon was observed. Phagocytosis
Studies on the effects of ionizIng and non-ionIzIng of lymp hocytes , normoblasts , mature granulocytes ,
radiation on the eyes are reviewed. Microwave energy and erythrocytes by megakaryocytes was seen . In-
(0.3-1 ,000 nsa) is transformed into heat , as it is tensification also caused proliferat ion of megakar-
absorbed by the tissues of the eye and the eye cat- yocytes and promegakarocytes. The number of throm-
aract is caused by this thermal e f fec t .  Discrete bocyte producing megakaryocytes was reduced consid-
changes in the lens and injury to the ret ina have erably 7-16 days after exposure , and no destroyed
been observed in a group of engineers exposed to forms were Seen after 16 days. These changes were
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most pronounced after single exposure to 500 mW/ synerg istic effec t of UV and UHF I r rad ia t ion . The
cm- and correlated with the number of exposures to findings Indicate the usefulness of the proph ylactI~
SO mnW/cm~ . UV treatment of sub lect s exposed to UHF radiation ,

especially In northern reg ions and during the fall
and winter periods.

~48i X-RAY DIFFRACTION ANALYSIS Of’ BEEF SUE T
EXPOSED TO STATIONARY MAGNETIC FIELD.

Ntis. I L~pshev , Iu. A. (Voronezh Correspondence 5483 CALLUS FORMATION IN TROCHANT ERIC FRACTUR ES
ScM . of C omsamerce , Voronezh , USSR) . ‘h~s~z Ls DUR ING ELECTRIC STIMULATION OF 0STIOGFN-
“.‘k ~2 ’c :.)~ ? i.z (5): 11 2— 11 6; 1977. (6 refs) ISIS. ~‘s.ms . I umashev , G. S. (Clinic Traumatoloqy

Orthopedics , I . H. Sechenov First Moscow Medica l
The effect of stationary magnetic field (0.155 or Inst., Moscow , USSR) ; Kriukov , B. N. ¼~~~’.~”: i i ~s
0.22 tesla , exposure for 3 m m )  on the structure of (M’sk’ (12): 62-66; 1977. (18 refs)
melted beef suet in liquid and solid forms was stu-
died by x-ray diffraction anal ysIs at — 10°C. The The efficienc y of electrical st im im u l at ion of repar .~-
exposure caused a reduction of the mean width and tive osteogenesis with weak direc t current (parameters
of the overall intens ity of the diffraction lines, not g iven) was studied In 50 pa tients (as sue ‘3.2
Shifts of the intensity maxima , the disappearance yr) with tro~hanter ic fracture of the femur. All
ot some diffraction lines and the appearance of patients were in skeletal traction , and el ec trical
others were seen in some cases. These changes in- stimulation was begun 1-2 days after hospitalization .
dicated the development of defects in the crystal Three hundred and forty-eight patients (av age 7
lattice , changes in structure , and consequently of yr) with similar fractures , who were put into skel-
changes (Increase or decrease) in the reactivity of etal traction wIthout stimulatIon , served as con-
the compounds forming the fat due to the electron trols. The average length of the hosp ital stay of
shifts. TM. structural changes were slightest in stimulated patients was 47.7 days vs. 69.4 days in
speci mens exposed In l iquid form to a magnetic f i e ld  the control; It was possible to remove the t rac t ion
of 0.22 tesla and in those treated in solid form with of stimulated patients after 35.2 days vs. 52.4 days
0.155 tes ia. in the control. Fle ctrost imul at ion reduced the

length of traction by 2 wk in nearly 70* of the pa-
tients. Callus formation was observed in the stim-

c482 THE EFFECT PRODUCED BY THE ULTRAHIGH- ulated patients 3-4 wIc after hosp italization . (Con-
FREQUENCY EP4F ENERGY ON THE ORGANISM OF trol data not given). The inc i dence of i nsnobiIira-

TEST ANIMALS UNDER DIFFERENT CONDITIONS OF ULTRA- tion-related complicatIons was 121. vs. 24.51. in the
VIOLET IRRADIATION. (Rs~a.) Gabovich , R. D. (Med- control. Earlier normal ization of the ele ctrical
ical Inst ., Kiev , USSR); Shutenko , 0. I .  ~~ 1’s’ resistance of the fractured zone was observed in
(S~ f ~~~~ (9): 3l—37; 1977. (6 refs) the patients who receIved electrost imulation cue-

pared w i t h  the control. The therapeutic resul ts  in
Effects of ultra-hig h-frequency (UHF) fields (2,840 the stsmulated group were excellent In 21 cases ,
MHz, field intensity lOO or 1 .000 jW/cm2, exposure good in I4 , satisfactory I n 8 (contioi data not
3 hr/day for 1* mo ) were studied in male white rats g iven). The findings Indicate the favorable effec t
treated with low (20—25 m cro-erythema l units/cm 2), of electrical st imulat ion on osteogenesis .
optimal (400 mlcro-erythemna l un i ts/cm2) and hI gh
(1 ,600 micro—erythema l units/cm2) doses of ultra-
violet (UV) radIation. Group 1 receIved only low 5484 TREATMENT OF CHRONIC INFLAMMATORY DISEASES
UV dose; Group 2 received low UV dose with UHF (100 OF THE FEMALE GENITALS BY PERMANENT MACNE-
tM/cm 2); Group 3 receIved low UV dose and UHF (1 ,000 TIC FIELD. (1(148..) Suvorova, N. H. (Inst. Obstet-
uW/cin2); Group 4 received optimal UV dose ; Group 5 rlct Gynecology , USSR Acad. Medical Sciences , Lenin-
received optimal UV dose and 100 tM/cm2 ; Group 6 grad , USSR ) . Akuah ~~~~~~~ (9): 62-63; 1977. (2
rece ived optimal UV dose and 1 ,000 siW/cm ; Group 7 raft)
received hig h UV dos.; Group 8 receIved high UV
dose and 100 tM/cm2 ; and Group 9 received hIgh UV Forty-nine women wit h chronic salp ingo-oophor it is
dose and 1 ,000 tsW/cm2. The effects of the UHF field and 25 with chronic per imetr ltls were treated with
and UV irradiation were assessed on the bails of a permanent magnetIc field (100-300 Dc) by rubber
such physiologic parameters as weight gain , perfor- sheets embedded wIth barium ferrite powder , for 3-
mance capacity,  latency of the uncondItioned defense 1+ wk in the hypogastr ic and lumbosacral reg ion.
reflex , blood serum cholinesterase activity, blood The patients were aged 21-1+2 yr , and the length of
SM-group content , l nsnunological reactIon s, and color the disease before the magnetic therapy was 1-1+ yr
sensitivIty of the eye. The harmful effect of UV l m  26 cases , 5 yr or more in 48. All patients had
deficIt was aggravated by UHF Irradiation , especial- rather frequent acute exacerbations of the disease ,
ly at th. 1 ,000 gW ’cm2 Intensity, and the harmful and all had been t reated with drugs and physical
effec t of UHF Irradiation with sM/cm2 w3s lessened therapy . The magnetic therapy led to the cessati on
by treatment wIth the optima l UV dose considerably, or alleviation of paIn In 12-l5 days In 62/74 pa-
compared with Group 2. The optIma l UV dose offered tient s . Objective clinical improvement was seen In
significantly less protection against the harmful 60 cases. The magnetic therapy did not modif y the
effect  of UHF of 1 ,000 tM/cm2 (Group 6). The un- character of the menstrua l cycle , and It reduced
favorabl, changes in physiologic parameters were the blood loss In nine patients who suffered from
most pronounced In Groups 8 and 9, indicating the menorrha gl a befo re the treatment. Normalization cml
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the erythrocyte sedimentation rate was seen after A miniature isotropic probe for measuring electro-
therapy I n a l l  38 patIents who had Increased sedl- magnetic fields induced insIde finite biolog Ic hod-
mentat lorm rate before t reatment. The peripheral ies that is neither location dependent nor calibration
blood leukocyte count averaged 5,4601324 per nsa3 dependent with respect to the dIelectric properti es
before treatment , and 6.l67~3l2 per mm3 af ter of the surround i ng media is described . Thin-film
therapy . C-reactive protein , found in 25 patients m imicr onminia turi zed circuitry was used to produce an
before the treatment , was not seen at al l  a f te r  e l e c t r i c a l l y  sm i ma ll dI pole (2.5 minim tip-to—ti p) with
therapy. Follow—up at 9 mao after therapy showed an integral beam-lead diode chip detector.  No bond-
complete cessation of pain in 36 patients. Eleven ing w i res  were present to resonate w i t h  the very low
patients showed exacerbation of the inf la mm atory reverse bias capacitance of the diode (0. 1 plcofarads ) .
process shortly after the therapy. Placebo treat- A layer of low-dielec tric Constant encapsulation ,
mnent, performed on 10 patients , was ineffective , less than one-quarter wavelength in the medi a, su r-
The findings indicate the value of ambulant magnetic rounded the dipole. The performance of the probe
therapy in women with inflamm ation of the internal was evaluated by performing continuous scans w i thin
genitalia , muscle-equivalent spheres rradiated by a plane wave

at a frequency of 2,450 MHz. Good agreement of the
spatial distribution of fields existed between the

5485 HAZARDS OF HIGH-FREQUENC Y ELECTROMAGNETIC experimental data and theoretically predicted va l ues. 
- 

-

FIELDS IN INDUSTRY . i\’.’. I Karczmarzowa . The authors conclude that th is pract ica l  probe d im-
T. (No affiliation g iven) ; Lioowczan. A. ; Teng ler , m ates the problems detailed by Guru and Chen. In
H. )X ’i ’JVna ~~s z. ’:m 31(9): 12-13, 1977. (5 refs) a second co4msnent, the authors point out tha t the

proper size is critical In the design of an accurate
An inquiry was conducted dur ing the 1975- 1976 perIod internal f i e ld  probe. The extent of min ia tur izat ion
in industrial plants , inst i tut ions . and hosp i ta ls  possible w i t h  a probe antenna is l im i ted because an
in the Katowice area to determine the number of excessively small probe ’s impedance will greatly cx-
sources of hi gh-frequency electromagnetic fields. ceed the equivalent load impedance of evc rm a micro-
Four hundred and two sources of electromagnetic miniature diode chip, even If the antenna is insulated .
fields were found in 335 of the 985 industr Ial An optimunm size for an antenna Is about 0.1 wavelength
plants , Institutions , and hospitals queried. The in the highest d ie lec t r i c  constant medium to be en-
frequencies ware under I kHz at 6 sources , under 100 countered. D i f f i c u l t i e s  in making probes response
kH~ at 57, under 1 MH. at 52, under 10 MHz at 275, I ndependent of the media at frequencies below 1 ,000
and under 100 MHz at 62. Two hundred and eighty- MHz have been encountered due to the above limitation.
nine sources were found in hospitals; their fre-
quencles were in the range of 1-100 MHz, and their
outputs ranged from 100 W to $0 kW. The inquiry 5488 USE OF SINUS-MODULATED CURRENTS ANO ULTRA-
will be continued to establish the number of persons SOUND IN OBLITERATIVE DISEASES OF THE
exposed to electromagnetic fields . LOWER LIMBS . (!t~ms. ) Nesterova , V. P. (Dept. Ther-

apy , Kuban Med i cal Inst. • Kubarm , USSR); larova la , N.
K. i’zss~ : ‘~ L (7): 28-30; 1977. (0 refs) .

5486 NATIONA L. CONFERENCE ON THE EFFECT OF ELEC-
TROMAGNETIC FIELDS ON THE BODY . ~~ 

Twenty-nine patients with endarter ltis obiiterans

Puijak , I . (No affiliation given). t.. ~~~~~~~~~~~~~~ 
and nine patients with arteriosclerosis obflterans

c’m zsc’pi8 28(9): 704; 1977. (0 refs) received physiotherapy with sinus-modulated current
(80-100 Hz , modulet ion factor 50-751..’ 20-35 nsA, 2x

Papers presented at tht, Nationa l Conference on the 3 mm /session , 10-12 sessions/course). All patients
Effects of Electromagnetic Fields ( on the Body, held were aged 31—50 yr. Considerable improvement was
on May 11-12 , 1977 in Prague , Czechoslov ak I a , are achievee In 28 patients , improvenent In 7, and no

reviewed. Papers on the physical aspects of the effect was seen in 3 cases. Improvement was defined

problem were concerned mainly with the measm%ement . by the a l l ev ia t i on  or disappearance of pain and
of electrostatic and eiectromr-agnetic fields. Papers tremo r ,S by Improved gait , and by a reduction of ul-

on the biological and medical aspects of exposure ceratioft ,

dealt with the effects of electrostatic and electro-
magnetic fields on atmospherIc Ions , with the cir-
cadlan rhy thm of humans in the geomagnetic fIeld , 5489 ASSESSMENT OF EFFECTIVENESS OF MUSCLE ELEC-
with the Influence of magnetic fields on the ~~Rb TROSTIMULAT ION TO PREVENT HYPOKINESIA-
distribution in mice , and with the possible mach- INDUCED DISORDERS IN MAN. (Rue.) Cherapakhln , M.
anism of the influence of the geomagnetic field on A. (No affiliation g iven); Kakurin , 1. I. ; ll ’in a-
sleep. Ka kueva , F. I.; Fedorenlto , G. T. K~a’: Piol 4~’i’~.~’”

M,’d 11 (2): 64—68; 1977.

51+87 COMMENT ON ‘ EXPERIMENTAL AND THEORETICAL The effectiveness of electrost iniulatlon of the mus-
STUDIES ON ELECTROMAGNETIC FIELDS INDUCED d e s of the shin , hi p, abdomen and back , physical

INSIDE FINITE BIOLOGICAL BODIES” (LETTER TO EDITOR). exerc i se, and a combi nation of both was studied In
(Ptia.) Batten , H. I. (Div . Electronic Products , healthy men. The men were placed In a prone posi-
Bureau Radiolog i cal Health , Food and Drug Adm in . . tion (with the feet higher than the head by 4_ 6 0)
Rockvi l )e, MD 20852); Cheung, A. ~A~1( l’t’ims Yi.’i~’- for 7 wk. Elect rostimula tion was achieved with I?
.sn’a ~

‘)eomi’ Tt~4i’,i~juea 25(7):623-624; 1977. (8 refs) or 20 electrodes of a “Tonus-Zm ’ apparatus app lied
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l-2x , 2 5-30 m n  dai l y. (iectrostimu lat ion alone A report on the possible biolog ic and ecolog ic effects
prevented the atrophy of the muscles and increased of electric and magnetic fields associated with the
their tolerance to stat Ic load compared with non- Seafarer conmiun i cat ion system proposed by the Navy
stimulated controls, but it failed to prevent the Is presented . The Seafarer is a system designed to
impa i rment of cardiovascular system from lack of cx- prov i de communicat ion with submarines and other cii-
ercise (there was no significant difference in the itary facili ties from a sing le transmitting location
incre ,sse of the heart rate after physical load be- in the Un i ted States. An operating frequency of 76
twe en the stimu lated ~nd non-stimulated groups). 4 Hz and maxima l field intensities of about 0.1
S imi la r  e lec t ros t imu la t ion  in conjunction w i t h  phys- V/rn  arid 0.37 G directly over antenna cables are spe-
ical exerc i se prevented the decondit loning of the cifie d for the Seafarer system. For ground terminal
cardiovascular system (physical load caused onl y in- areas , the maxima l fields would be 15 V/rn and 0.11
s ign i f i can t  increase in the heart rate , and It in- G. Potential effects of the Seafarer system are
creased the oxygen consumption per kg of body weIght reviewed in terms of harm to plants , animals , and
by lOt vs. a 12% reduction In the control). Further humans, it is concluded that w i t h  the except ion of
experiments will be necessary to determine the role possible electrica l shock hazards , the fields gen-
of muscle electrosti rnulati on in the prevention of crated by the Seafarer system w i ll not cause signif -
hypokinesia-induced disorders . icant and adverse biologic disturbances. No Spe-

cific biologic effects that will defInitely result
from exposure to the proposed Seafarer f ie lds  can

5490 A STUDY OF ENVIRONMENTAL ELECTROMAGNETIC be identified .
RADIATION LEVELS. j. Wan9, J. C.

(Applied Propagation Branch . Res. and Standards Div .,
Federal Coiminunications Commission , Washington , DC 5492 ELECTRICALLY INDUCED LESIONS OF THE EYES.
20551+). 15 pp; December , 1977. [Technical Memo- (Nor. ) H e t l a n d - Er i k s e n , J. (Ullevee)
randum , Federal Communications Commission . Serial sykehus , Avdeling I I , oye, Norway ). -,~‘id sskr. Nor.
No. 4~ . (9 r.fs ) L.z.’;~’forvn 97(23): 1157-1158; 1977. (7 refs )

The Federal Communications Commission ’s work in eval- Observations and studies on eye injuries caused by
uatlnq electromagnetic radiation levels is reviewed , electric shock, short-circuit , and lig htning are
and calculate e and measured electromagnetic radi- reviewed . Injury of the eyes is observed in about
ation levels in the vicInity of standard broadcast 5% of all accidents. The electric inJuries of the
transmitters , frequency-modulated (FM) transmitters , eyes, as describe d in the literature , include per-
televis ion (TV ) transmitters , microwave relay sys- foratlon of the tarsus , hemorrhag ic chemosis . kera-
teems , devices using small linear antennas ( w s l k l e  t l t l s , Irido cyclitis , miosi s , mydriasis , dislocation
talkie t), transmitting earth statIons , and radars of the lens , electric cataract , detachment of the
are presented . The calculated field strength for a vitreous body, damages of the retina and chorioid
50-kW amp litude modulated broadcast transmitter var- with edema , hemorrhage , pigmentation , and white
ies from about 20 V/rn at more than 200 m from the spots. While retinal edema is temporary , p igmenta—
antenna to about 1 ,000 V/rn at about 1+ em from the tion and wh i te spots are permanent . Injury of the
antenna. For a 5,000-kW TV transmitter , the calcu- optic nerves , paresis of ocular muscles , nystagmus ,
iated field strength varies from about 4 V/rn to 1 ,000 and ptosis were also observed . Electric cataract
V/rn at distances of about 200 rn and 20 rn , respective- develops usually 2—6 mu after the accident; regres-
ly, from the antenna . Power densities In the vicinity slon is observed in few instances only. Electric
of a microwave relay antenna , whIch Is 50 feet above cataract appears to be due to the injurious effect
ground , range from 0.01+3 mW/cm2 at 0 m from the tower of the current on the capsule of the crystalline
base to 0.0037 mW/cm2 at 50 m from the tower base. lens with subsequent permeability changes and alter-
For 5.625—GHZ radar with an average power of 157 W and ation of the proteins of the lens fibers. There is
an antenna diameter of 1.82 m , the maximum near-field no evidence of the cataract-inducing effect of d cc-
power density Is 95.5 mW/cm2; the near field extends troshock therapy.
to apprr.wl’nately 24 m. In the far field , the power
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;t~ - 5493 MICROWAVE RADIATION NOT KNOWN TO BE TERA-

tion operatIng at a frequency of 6 GHz with 6,744 W TOGENIC (LETTER). F’m-m~.) Wheater , R.

of power fed to a 30-rn circular dish antenna , the H. (American Medical Associat ion Dept . Environ-

maximian power density is 3.82 mW/cm 2, neg lecting mental , Public , and Occupational Health , Ci~micago ,
ground reflection. As the distance from the earth IL); Howen , 0. G. ,IAP4A 238(8). 895; 1977. (1 ref)

stetion antenna doubles , the power density decreases
b 6 dB The possibilIty of teratogenic defects in the h uma n

fetus resulting from the use of a domest ic micro-
wave oven Is discussed , .nd rnicrowave- induce d tera-
togenesis is reviewed . Experiments with microwave

5491 BIOLOGIC EFFECTS OF ELECTRIC AND MAGNETIC radiation on lower animals have demonstrated the
FIELDS ASSOCIATED WITH PROPOSED PROJECT likelihood of induction of chromosoma l aberrations

SEAFARER. ~8~ia.) Conmmittae on Biosphere Effects of in the form of inhibited cell differentiation. Ab-
Extremely—Low—Frequency Rad iation . (National Research norma litles were noted in the brain , eye , wing buds .
Council , Washington , DC). 41+0 pp; favailable through and heart of chick embryos that were exposed to 2(
Nation al Technical information Services , Springfie ld , vm~ /crn2 for 280—300 m m ;  there was also suppressed
VA 22 I 6 l , Document No., AD A-42515J . (5 refs) development of the hind limbs , tail , and allantois.
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Anomalies in c el l u l ar development also were observed ‘,4~)6 RAT LYMPHOCYTES IN CELL CULTURE E~ P OSL D
im i the pupae ol the “meea l wcmrm” beetle. However , TO 2450 MHZ (CW) MICROWAV E RADIATION .
U~em c is no ev iden~e that ui ~ ruwave radiati on causes - ~~~~~ . ) Hamrick , P. F. (Nat I. Izm ~ t . Environment al
teratogenic et fec t s In the hmjnan fetus under con- Health S~ iences , P.O. Box l.~ 33, Re..earch Tri an~)li .
di t I~ ns that are li ke l ’, to be encountered in the Perk , NC 27709); Fox, S. S. ‘ M~,!\ .,s:.’. ~~~~~~~
vi~~ini t~ of Jo.nesti~ emLrowavt’ ovens. An im m cr e ~sed 12 (2); l,~5-I32; 1977. ~ tI ~~~~~
l m ~. iden~ e of Down s syndrome was attrIbut ed in one
‘.tudy to occupati onal exposure of the fathcr to The stimul ati on øf cu ltu red  lyimiphocytes by nm kuo-
radar~ the stat i s t i c a l  v a l i di t y of the study, how— wave irradiati o n was invest igated , and t h~ upt~k~
ever , I. questioned . With respec t to the repro- of tritiated thymi dinø by these cu ltur es was .~.m-
duct ivt organs , microwave radiation is presumed to pared with that of control cultu res. Rat l ym~,ho-
affect oni , the sale gonads, resulting in a tempo- .vces were exposed to comm tinuou s wave 2 . 45O-MH.~rary a d  reversible reducti om in testicular fun~- m im.rowavt, rad iat ion  at inten sities of 5, 10 , amid
lio n (i .e ., depressed sperm count). 20 mW/cnr . and the corresponding rates of energy

absorption were 0.7. 1 .4 , and _‘.8 mW/y. respectke-
l’v . When l ymphocytes were exposed b r  ~~. .~4 . or

‘~4’)~ RADIO ENERGY HEALING--MEDICINE OR MYTH 44 hr to the above microwave Int~ n sl t les , w i t h  om
(LET TER TO EDI TOR ) .  ~~~~~~~ Ll ght wood . with out the addition of phytohemag9 lu t l m i n , the

R. Wueen Eli ~~beth Hosp., Emiqbaston . Birm ingh am trans formatio,m of lymnp~o~~ tes into l ymphob las ts
815 ,~TH , Eng land) , ~~~~~~~~~ :,,‘~: 1(4): 231 ; 1977. was monitored by the .mddi tiomi ot t r i ti a t e d t hvn mi—
( 7 ref s )  dInt’ . Ni., s i .imm i f i cant differences (P. . CI c)  were

observed in the uptake ol tri t i a t ~ d th ym i dine
A more thorough i nvestigation Into the therapeutic between rnicrowave-esp,.’sed su ltur es and control cul-
benefits of athermic pulsed radio trequency is tures. Based on these neqat iv:  r e s u l t s  and neqa-
urged. Th~ author notes that a vari et y ~ f ailri m ents tiv. results reported by others , there is s t i l l
and in urie s have improved under the influence of considerable que sti on as to whether mi crowaves c.mn
athe rmi c radio frequency therapy including arth— cause In vitro lymp hoc yt e transformation or .‘If~~~t
n tis , soft tiss uC injuri es , and burns and that no the response of lymphocytes to mit c ’ .ienv.
serious contraind i cations to treatment at a fre-
quency of 27 M14z have been found .

~k97 EFFECTS OF 2.6-4.0 0HZ MICROWAVE RADIATION
ON E—COLI t. Y~~. Corel ‘I J. C.

(Rensselaer Polytechnic Inst. , Trc~ , NY 12181 ); Gut—
~‘.‘~S PRELIMINARY CLINICAL RESULTS OF COMBINED mann , R. J .; Kohazi , S.; Lev~ . J. .: ‘!~, :.\:‘Y ~~~~~~~ “

433 MEGAHERTZ MICROWAV E THERAPY AND RAD 12(2): 141-144; 1977. (8 refs)
IATION THERAPY ON PATIENTS WITH ADVANCED CANCER.

Hornback , N. 8. (Dept. RadIation Oncology , The effects of 2.b-4.O-GMZ microwave radia tion on
Indiana Univ. Sch. Medicine . 1100 Wes t Michi gan St., colony formIng ability (CIA) and molecular structure
Indianapolis, IN 46202); Shupe , R. F.; Sh idn i a .  ~ of liv ing .~‘.“:~~ :,°:f.: ~~~~~~~ S bacterial c~ lls in an
Joe , B. T. ; Sayoc . F.; Marshall , C . . ‘~: ‘:. ‘. i ’  40(6): aqueous suspension were investig ated. Alterations
2B54-2S63~ l’L’7. (5: refs) in molecular struc ture were investi gate.1 by ~om-

paring the infrared spectrum of irradiated and
The efticacy of combining microwave radIa tIon with uni m radi ate d cell cultures. When ce lls weme es-
ioni zing radiation for the trea tment of 70 patients posed for 10 hr to micr owave radiation .it absorbed
wi th fdr-sdva nced h isto log icall y proven malignanc ies power levels of about 19 mW (specific absorption
refractory to standard forms ~f treatment was Inves- rate of 20 W/kq), no microwave-Induced effects
t i qated. Each patIent rece ived 20 rnin of 433.92- were observed jn terms of eithe r CIA or molecular
MHZ microwave radiation to the loca l tumor area structure , It was conc l uded that microwave espo-
im m eiediately prior to rece lvliig Ioni zing radiat Ion sure at the above parameters affected neith er v ia-
at a total treatment dose that did not exceed . b il it y  nor the molecula r Integr i ty  c i  thi s ~‘ar tic-
mIdline tumor dose of 3,000 rads in previousl y in- ular strain of ‘: ! ‘ .‘~~~:.: .‘v’~~ .radiated areas or 6.000 rads in previousl y unirrad-
lated areas. Of ~0 patients who completed the
p lanned course of treatment and were fo l lowe d for 5498 BIOLOG I CAL EFFECTS OF FXTREMELY LOW IRE”
at least me, 90% experIenced comp le te subjective QUENCY ELECTRIC AND MAGNETIC FIELDS : A
relief of their symptoms and 10% receIved partial REV I EW. “:~~ . Marino , A. A. (Veterans Adm in.
pain relief. Ex cell ent local tumor regression was Hosp. , Syracuse , NY 13210) , Becker , R . O.~~~~~sm ’.’.’
no ted in the major i ty  of pa t ien ts , and 16 (80*) had ~~~~ ~~~~~~~ 9(2): ltl )4’; 1977. (12.~ reis~
complete regression of all t u n ’r in the treated
area. Of these 16 complete responders , 9 are alive The biolo gic effects of extreme ly low t requcir s
9-14 mo after treatment without evidence of disease . (less than 100 Hz~ electric and magnetic lieU’. a”e
All patients tolerated the treatment well. Th. revIewed . Acute electric field exposure is qen-

average rise in skin surface temperature after the erall y assocIated with effects on behavior , and
20 mu of hyperthermlc microwave treatment was 3.5 there are reports linking such exposure with alt em a -
C. Although definite conclusions from this small tions In human reaction time . Chronic electric
nonranidomniz ed study can not be drawn , the result s field exposure is generally found to affect growth,
confirm the Impression that the effects of radiation often produc I ng retardation in development . For
are enhanc.d by microwave-Induced hyperthermia . example, day-old chicks exposed to a non-un i form
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~ire ’.sed body wei ghts , which were significantl y lower transmission through the lung . Single frequency
maximum s elec tri c Ht’Id of 35 V/cm exhibite d de- microwave refle ction from the l ung and microwave

than those ~f controls after 2 days of exposure to reflection Imeavurements at frequencies of 850 and
1m5 Hz or 28 days of exposure to 60 Hz. There i s 900 MHz in 20 heal t hy human subjects indicated
a ls ,’ evidence that chronic exposure is a biolo g ic that correlation ~ t the meas u red re f l e~ tion coefti-
stressc’r. Acute exposures to magneti c fields have d ent w i t h  lung water content iv d i f f i c u l t , as the
been a..soc iated with the production of phosphenes , m ’e flec t ion coefficient is pr edowni namitly det,’rmmlne d
changes in reaction time and cognitive function ny the superficial tissue layers. However , re-
in humans , and locomotor activit y leve l changes in flect ion imeasuremments on one dog at a frequemicy
animal ’.. Chronic exposure to low-strength magnetic of 915 MH~ and on another dog at 870 MHz i n d i c a t e
fi eld s is generally associated with some effect on that the single-frequency reflec tion techn i que is
growth or physi ology . For example , si gnificant in- feasible for mo nitoring app lications. Exp er ismemit s
creases in serum trUlycerides have been observed with three-layer phantom models of the human thorax
l-~ days  a f t , ’r the exposure of human subjects to provided direct eviden ce of detecting changes in
I G at 45 Hz f~ r 1 day. Soviet epidemiolog ic total l ung water with transmission mea surepimemits .II
s tud ies  have ind i cated the presence of neurolog ic and the agreement o f ex per imenta l  data with theo-

ii or cardiovas cular disorders in high-voltage switch- reti ca l calculations demonstrated that absolute
y- .ird workers during , and shortly after , field cx- measurements of tota l l ung water can be made in

- - posure. Exposure to ex t reme ly  low frequency d cc- phan toms . A correlation of theoretic ca lculat ions
tromagnet ii. f ie l ds  has a lso  been assoc ia ted with for microwave transmission through the human chest
ch ange’. in bird Or I .’ntat ion and alteration in plant with experimental data on norma l human subjects
growth . Since neither extreme l y low frequency exposed to frequencies swept over the range of 800
electric field s appiied in air nor extreme ly low to about 950 MHz indicated that the transmission-
frequency magnetic field’ , up to at least 200 G can line model may provide a sufficientl y accurate rep-
induce Joule heating in biolog ic t issue , the ob- resentat ion of the transmission measurement process.
served biolog ic effects are not therma l in orig in. Overall . t is concluded that low intensity micro-

wave radiatIon may have value as a non invas i ve di-
agnostic tool.

‘~.99 
COMPARISON OF NATIVE AND MICROWAVE I RRAD-
IATED DNA . ~“i.;. Varma , M. M. (Blo-

Envi ronmental Eng inee r ing’ 
and Sciences Res. Lab.,

Svh . Engineering . Howa rd Univ.. Washington . DC 20059): 5501 USE OF MICROWAVE IRRADiATiON TO PREVENT

Traboulay . E. A . Y ’ ,’m’ .’~~i.t 3 3 ( 1 2 ) :  1649-1650 ; 1977. POSTMORTEM CATECHOLAM INE METABOLISM : EVI ’

t ’~ refs) 
DENCE FOR TISSUE DISRUPTION ART I FACT IN A DISCRETE
REGION OF RAT BRAIN . ~~‘.p:. Sharpless , N. S.

Changes induced in test icular deoxyribonucleic (Dept. Psychiatry, Albert E in stein Co Il. Medicine,

acid (DNA) from Swiss mice irradiated (testes only) Bronx , NY 10461); Brown , L. 1. . S i ’ : .,’,’tm 140(l):

for 30 mm wIth l.7-GHZ microwaves at a power 171— 17 6; 1978. (19 refs)

density of 50 mW/cm ’ are reported. Althou gh there
was no difference in the DNA base ratios between Microwave radiation was used to inactivate rat bra in

irradiated mice and sham-irradiated control mice , tissue enzymes in an attempt to obtain value s for

the asyimvietry ratio for irradiat ed mice was 1 6  dopamine (DOP) and norep inephr ine (NfP~ leve ls con-

compared with 1 .32 for controls. A hyperchromuic sistent with true endogenous concent’- a t ions. In

shift from a control va l ue of 30* to a value of the septum of rats ki lled by a 6-sec exposure to

24% in  irradiated testicular DNA samples was ob- 1 .3 kW of focused microwave r,di-mt ior at a frequency

served along with a change in the melting tempera- of 2,450 MH z , the mean DOP l eve l (27.1 2.b ng/ mg

ture of DNA from a control value of 87 c to a value protein) was markedly and siq nif icant ~~ higher than

of 85 C for irradiated samples. These observations level , in the septum of rats ki ll ed by either decap-

support the p o ssibility that microwave radiat ion i t a t ion ( 12 . 5  1.0 rig/mg ) or liquid n itrogen (11. 0

causes DNA strand separation , s ince changes in the 1 .2  nq/mng). When the rats were kil led 10 mm

opt ica l  density of DNA re f lec t  a decrease in hydrogen before microwave irradiati on , allowing t ime tom ’

bond ing In the molecule. Consequentl y. i t  is sug- postmortem metabo l ism. DOP levels  in the septum

ge sted that a point mutation could Occur i f  there (34. 5 t 3.9 ng/mg ) were also increased. In con t ras t ,
were imprec Ise base pair match ing. the mean NEP leve l in the septum of ra ts  k i l l e d  by

micr owave rad ia t ion  (7 .2  ‘ 0.7 rig/mg) was s i qnit-
icant ly decreased w i t h  respec t to  tha t ct ra ts

5500 MICROWAVE REFLEC TION AND TRANSMISSION kil led by decapitati on (11.7 ‘ 1 . 1 rig/mg ) or by

MEASUREMENTS FOR PULMONARY DIAGNOSIS AND liquid nitrogen (11. 4 1 .0 ng’’sq l . In the cauda;e ,
MONIT ORING . ~~~~~~ 

m Pedersen , P. C. (Dept. E lec-  the mean 001’ level for rats killed by microwave

tr ica l Eng ineerin g , Drexe l Univ. . Philadelphia, PA irr a diation was si gni ficantly l ower (86.4
l9lOk) . Johnson , C . C.; Durney , C. H.; Bragg , 0. G. rig/m i  .han that in rats ki l l e d by liquid ni t r c i ie i

:
~
‘Fr’ ,‘~‘.:~;,‘ s’! ~‘Vr~z 25 ( 1): 4 0—4 8 ; 1978. (3~ re fs) immers Ion ( 119 .2  10.8 rig/mg), w h i l e  NIP levels

were not d i f fe re n t .  Using a se n s i t i v e  h is toc he mica l
Tie feasibility of using low intensity microwave fluorescence “eth~d to determine the ce l l u l a r  lc... al-
energy for ear ly  detect ion of lung diseases , such i :at ion of the catecholamines . evi .ience was found
as , pu lmonary edema and emphysema as w e l l  i~s for suggesting that the increased pop lev~is in micro-

monitor ing changes in tota l lung water was inves- wave -k I l l ed  ra ts  were not caused by rap id inac ti v -

tiq.t..l . Two separate technique s were evaluated: at ion of catec ho lamine degradatory enzymes hut

3,
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Biological Effects of Nonicoizing Electromagnetic

rather by disruption of cell membranes and pressure- and other symptoms. Howeve r , these investi gators
induced spread of DOP from the caudate to the ad- report a maximum leve l of 27 kV/m in their 500’kv
jacent septum . It is conc luded that l.3-kW micro- switchyards; whereas , the maximum field levels in
wave irradiation Is not a suitable method to pre- the United States are below 9 kV/m. Also , the
pare brain t issue when reg ional catecholamine 1ev- Soviets may have ignored or not reported other
cIa are being measured , factors present In tt~e switchyard , such as , ozone

concentration , infrasonic acous tical noise , and
gaseous pollutants that could cause s im i la r  e f fec ts .

5502 BEHAVIORAL AND THERMAL EFFECTS OF MICRO- A review of various studies on the ef fects  of tHy
WAVE RADIATION AT RESONANT AND NONRESONANT insta l la t ions a lso reveals the need for an inter

WAVELENGTHS . (Eflq. ) D’Andrea , J. A. (Dept. Elec- d isc ip l ina ry  approach to better understand and
tr ical Engineering, Univ. Utah , Salt  Lake c ity , UT assess the l im i t s  of stress wi th regard to EHV
84112); Gandhi , 0. P.; Lords , J. L. Radio Sci 12 fields .
(65): 251-256; 1977. (12 refs)

Behavioral and thermal effects of microwave radia— 5504 ENVIRONMENTAL CONSIDERAT IONS CONCERNING
t i on  In Long-Evans rats  were investigated at d lf -  THE BIOLOGICAL EFFECTS OF POWER FREQUENCY
fering wavelengths and at various power densit ies. (50 OR 60 liZ) ELECTRIC FIELDS. (Eng.) Bridges , J.
In one study five rats were trained to perform a E. (liT Res. Inst., lO West 35th St., Chicago , I L ) .
lever-pressing task and were rewarded with food on 2555 T,’ana Poa,er Appal ’atum Bystema 97(1): 19-32;
a variable interva l schedule of re inforcement.  1978. (71 refs)

Rats were individually exposed In random order to
400 , 500 , 600 , and 700-MHz continuous wave (Ct!) rad- A comprehensive l i terature survey of studies on the
iat ion at a power density of 20 mW/cm2 wi th  the long biologic effects of 50—60 Hz high—voltage e lec t r i c
axis of the rat s body parallel to the vector of f ields is presented to i l lus t ra te  that conf l ict ing
the e lect r ic  f ield. Radiation at al l  wavelengths findings may be due to the fai lure of investigators
produced rises of body temperature and stoppage of to consider other possible biologically signi ficant

lever pressing , wi th the averaged rise in body environmental influences. Research results

temperature being the greatest and work stoppage Western Europe and America have failed to ovide

being most rapid during exposures at 600 MHz. In any evidence that human exposure to prese evels
a second study, six rats were exposed in random of electric fields from high voltage c-dr cad
order to 600-MHz CW radiation at power densities of power lines , as normally encountered , my harm-

5, 7.5, 10, and 20 mW/cm2 while performing the same ful biolog ic effect. On the other hand , Russian

lever—pressing task. Exposures at 10 and 20 mW/cm2 and Spanish studies report complaints , such as ,

resulted in work stoppage , while exposures at 5 and excl tabfl ity, headaches , drows i ness , fatigue , and

7.5 mW/cm2 did not. In addition , three of the rats nausea among workers in hi gh—vo l tage switchyards .

were subsequentl y exposed , while responding, to However, the disparity of results may be attributed

600—MHz pulsed radiation (1,000 pulses/sec . 3- or to differences between the environments found near

30—psec pulse durations at a peak power density of high—voltage lines and within switch yards . Hi gh-

170 mW /cm2 , averaged 0. 51 and 5. 1 mW/cm2). No work levels (104 dB) of 120— Hz sound have been measured
stop ia.~p occurred in response to this pulsed radi- in switch yards , and this noise could produce symp-

ation . Osi rall , the data show that the mature toes s im n i Far to those reported for switcliyard work-
Long-Evans r.” 1., resonant at a frequency of near era. Other possible biolog ically si gnificant en-

600 MHz and t h .mt aw, r~ stoppage during short-term vironmental influences include repeated spark dis—

exposures to 600-M u , rud ia t  ion occurs at a power charges and the chemical environment. A review of

density between 7.5 and 16 “-V/cm 7. 
numerous other studies on the biologic effects of
low-frequency e lec t r i c  fields reveals that the
total environment has been similarly neg lect ed.

5503 ARE THERE BIOLOGIC AL AND Psyt o ‘(~t iA L
EFFECTS DUE TO EXTRA HIGH VOLTAGI ,-;T AI - 5505 CHANGES IN CHROMOSOME MORPHOLOGY DUE TO

LATIONS? (Eng.) Atoian , G. F. (SSL Eng ineers MAGNET I SM. (25::. - Goswam i , H. K. (Sec-
affiliated with Sargent & Lundy, 6151 W. Century t Ion Genetics , Sch. Biol ogical Sciences , Bhr’pa l
Blvd ., Suite 920, Los Angeles , CA 90045 ) .  TEEE U n i v . ,  Bhopa l, India). (‘y t ~~~o; r1’a 1 .” k ;. ’ ’ 42(3/4)~
Trana Power Apparatia Syatema 97(1): 8—18; 1978. 63 9 -644 ;  1977. (17 ret’s)
(76 refs )

The effect ‘1 a strong un i form magnetic fi e ld (7,400

Laboratory and field invest igations on the biolog ic Oe) on the morp hoio. y of chromoSomes in roots of
and psychologic effects of extra high vol tage (tHy) Piaten eativum and 4~~~ ’” ~ra ti ~’uri was invest igated .
electric power instal lations are reviewed. The When the roots were exposc t n tn rm i t tent l y to the
bulk of these investigations suggest that there is magnetic field for periods of 10.1’ , sin , u n c o i l i n g
no conclusive evidence supporting the hypothesis of the genome and a piercing of f l , ’  “romo’,ome ends
that there might be significant long—term biologic in the cell wall (probab l y the plasm.m ~u’i”lir
and psychol ogic ill effects from EHV instal latio ns were seen i n  the case of Allis.— art linen. Such
using the present comm ercial frequencies of 50-60 celIa did not show ti e sI gns of a nuclear membrane .
Hz. Russian investigators have reported that a indicat ing that the uncoiling of each chromosome
number of switchyard workers have complained of an started during late prophase and prometaphase.
increase in excitabi l ity, headaches , drowsiness , SplittIng and separation of chrononemata m~~re also
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observed. Th. abov, observatIons resemble the usua l (10 usec) microwaves, For laboratory animals cx-
features of prokaryotic cells , and these observa- posed to 2 ,450-MM: re, (angular microwave oulses at
tions in a eukaryotic cell Indicate’ the strong im- a peak absorption rate of I Wig, the predicted
pact of the inter m ittent magnetic f i e l d  on the fundamental frequency, induced pressure , and dis-
chromosomes. The magnetIc field also brought about p lacement are 45 kHz , 4.08 dyne/cnt~

’, and 2.16 .
an uncoiling of chromosomes at later stages of the lO”~~ cm , respectively, for the guinea pig and 30
cell cycle. In !‘:‘a:an rm,i~ l:’s.”~ root , long uncoiled kliz. 3.69 dyne/cm1. and 1 .51 x cnm , respective-
chromosomes with parallel chronatids were drawn ly, for the cat. For humans exposed to 918 MHz
opposite to each other (pseudo-anaphase) due to rectangular microwave pulses at a peak absorption
magnetic field exposure. Chromosome breaks were rate of I WI9, the predi .. ted fundamental frequency,
frequently observed after magnet i field exposure. induced pressure , and disp lacement are 18 ku: , 9.61
When exposed i’iau”, ,srti:’:e’, ce lls were placed in a dyne/cnm ” , and 9.34 x I0~’ u1 cm , respe ctivnly, tor a
glucose solution , a small mue tacentri t. chromosome human infant and 13 kH:, 6.82 dyne/cnm ” , and 3.91
was often seen. This type of chromosome is not * 10 ~ cm , respectively, for an adult human. The
found in the karyotype of l ’ i, m : . ’, ,‘. ; t i ’ : c ’ ~, and its above data w ill be useful for threshold studi es on
presence is assumed to be due to the ma gneti c exposure to microwave radiation and may al.,’ serve
exposure. as a guide to the desi gn of laboratory experiments

aimed at resolving the exact mechan ism of Int~ rac-
tion in terms of the signal level s and Frequency

5506 HAZARDS OF NON-IONIZING RADIATIONS . ~~~ responses of test instrumen t s .
Anonymous (No affiliatio n ..1i veil).

)‘m:~ 100(1): 60—61; 1978. (3 refs)
5508 INHIBITION OF TUMOR GROWTh IN MICE BY

Hazards of nonionizing radiation are discussed in MICROWAV E HYPERTH ERM IA . STR E PTOL Y SIN S
relation to the increasing numbers of man-made AND COLCE MIDE . (i”i;7. 3 Szm ig ie isk i  . S. (Center
sources of such radiation . There were about 250,000 for Radiobio logy and RadIoprotection , 00-909 War-
microwave comeunlcat ion towers in 1972, and the av- saw, Poland); Pulverer , G. ; Hryniew icz , W. ; Jania k .
erage power output capabilitIes i t  3-GHz microwave M . 3kr,ll,’ ;i,’j 12(65): 185-189 ; 1977. (35 refs)
generators increased by a factor of about lO~ since
the end of World War II. About 2,000 ,000 peop le The effec t of whole-body microwave hyperther nmi a on

are treated annua l ly w i t h  microwave diathermy . By tumor growth in mice was invest igated.  CFW mice
1980 about 5,000 ,000 microwave ovens are predicted w i th  transplanted Sarcoma 180 were i r rad iated w i th
to be in use. Also , solar power stat ions beamIng 3-GHz mIcrowaves at a power density of 40 mW/c m
energy to the earth via microwaves have been pro -  for 2 hr/day from day 1-14 a f ter  tumor tranaplanta-
posed. American investi gators have found no con- tion. The irrad iation resulted in ami increase of
clusive evidence for hazardous e f fec ts  of nonlon” 3-~ C in rectal temperature. Sonic of these i r rad
lu ng radiation in man at levels of 100 mW/cm2 , and lated animals received dai ly intraper l toneal in iec-
there appear to be no effects at a tenfold lower t ions of Colcemide (1 mg/kg) and/or pur i f ied Strep
leve l of 10 mW/cm2 , wh ich has been adopted in the tolysin S (0. 5 mg/kg). An examination of d issected
United States and many other western countries for tumors on day 14 after transp lantation revealed
continuous exposure. However , the standard for that microwave hyperthermia resulted in about a
safe continuous exposure In the USSR and other 40* reduction in the t umo r mass. This reduction
east-European countries is 0.01 mW/cm7 because of was enhanced when microwave hyperthe rmni a was ccci-
the belief that mIcrowaves have a direct nontherma l bined w i t h  Colcemide and/or Strepto lys in 5; the
•ff ~ct on the central nervous system that man I fests tumor mass was reduced by about 70% when al l  three
itself In symptoms , such as , headaches , fatigue , agents were comb i ned. Inhibition of tumor growth
general malaise , and neurasthenia. Even if i.~~— was accompanIed by reduced uptake of t r i t i a t e d
leve l ef fec ts  do exist , one cannot conc lude that thymldine and t r i t ia t ed  uridine into the tumorous
the mechan i sm Is nontherma l merely because the tissues. It Is concluded that whole body microwave
average body temperature has not changed; local radiat ion , even if repeated dai ly for 2 wk , is a
teml,.ratur. rises could be produced by microwave safe and noninvesive treatment that leads tnt lnhib-

alisorpt Ion , and these local thermal effects may ition of tumor growth and that this inh ibIt ion can
cnn~ tltu te the mechanism rather than a direc t con- be enhanced when microwave hyperthermla is combined
tral ne rvous system effect , wi th nonspecific bacterial products and aVents that

inf luence the ce l l  cyc le.
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(discriminative operant reward conditioning and Interval between hyperthe rmia treatment and Cloetr ’i —
Sidman avoidance) In female Sprague-Dawley albino dia admin is t ra t ion was spec if i c  to the type of tumor
rats were investi gated. Exposure to 2.45-GHz rad- treated (data not indicated).
iation at an averaged specific absorption rate of
2.3 mW/g produced a pronounced increase in loco-
motor activity relative to both preirradlation 55li CHANGES IN THE SHAPE OF HUMAN ERYTHROCYTES
baseline values and to activity levels of sham- UNDER THE INFLUENCE OF A STATIC HOMOGEN-
irradiated controls. Ilicrowavo irradiation also EOUS MAGNETIC FIELD. (EYig.) Leitmannov a , A.
disrupted differential responding during tests of (Humboldt-Universi tat zu Ber l ’ n , Sektlon Biologi c ,
an appet itively reinforced operant behavior. lr- Bereich Biophysik und Sektion Chemie , Bereich
radiation had no differential effects on the per- Magnetochemie , 104 Berlin , W . Germany); Stosser ,
formance of a Sldmnan avoidance response . The ob- R.~ Glaser , R. Acta Biol Med Ocr 36(5/6): 931-
served effects emerg€d almost I mmediately after the 934; 1977. (5 refs)
initiation of microwave irradiation and persisted
throughout the course of a 22-wk sequence of cx- Changes in the shape of huma n erythrocytes exposed
posures to radiation. Periodic rectal temperature to a static homogeneous magnetic field are reported.
measurements revealed no indicat ion of whole-body Over a magnetic field strength range of 1- 11.1 k0e,
temperature elevation In irradiated rats. The ob- a transformation of echinocytes into discocytes ,
served behavioral effects are consistent with a stomatocytes , and hemolyzing cells occurred . The

-

~ I genera l activation hypothesis and suggest microwave- number of transformed echinocytes depended on both
induced alterations in the function of the centra l the exposure time and on the magnetic field strength ,
nervous system. and the ratio of newly formed discocytes to newly

formed stomatocytes was dependent on the f ie ld
strength• The transformation effects observed can

5510 PROGRESS IN CLOSTRIDIAL ONCOLY SIS AND be divided into three ranges of magnetic field
DIAGNOSIS. (Eng.) Gericke , 0. (Hoechst strength. The first range extends front about i-4 . 6

— AG , Frankfurt/M., W . Germany) .  Rev C~~ Bj o~ 36 k0e, with a maximum occurring at 2.5 kOe, This
( 3): 195—20 3; 1977. (17 refs) range Is typical for f ie lds causing phase transitions

in fluid—crystalline systems and analogous struc-
Tumor-bearing animals were conditioned wit h short- tured biologic model membranes . In the second range
term microwave-induced hyperthermia at various time s (4.6-8.9 kOe), there is a minimum in the number of
before the administration of CZostri dj uj i, o~,olyt i~~rii, 

erythrocyte transformations . The third range (8.9-
strain butyriawn (H 55) to enhance the oncolytic 11.1 koe) is characterized by a strong increase in

action of the Cloatridia strain. Ehr li ch carcinoma the number of transformed cells, In this range

Cloets’vdia administration showed statistically sig- components with a large anisotropy of the magnetic
nificant increases in the degree of oncolysis and the susceptlbiiity. Based on the field strength and

that were subjected to hyperthermia 12 hr prior to the f ie ld begins mainly to influence macromolecular

percentage of animals w i th  oncolys is.  Oncolys is was t ime interval required for echinocyte transformation ,
observed in 61.3 ± 2.9% of the animals receiving this it Is assumed that it was not the primary influence
combined treatment compared with 27.6 ± 1.5% of an i — of the magnetic field on the erythrocytes that was
mals receiving Cioatridia alone and 0% for animals observed in these experiments. Rather , the shape
receiving hyperthermi a alone or no treatment (con- of human erythrocytes must be regarded as a meta
trois). The tumor volumes measured in the above stable state , which is determined by the surface ,
experimental groups were 1.27 ± 0.10 , 2.36 ± 0.07, volume , and plane inhomogene ities of certain mechan-
2.04 ± 0.14, and 2.85 ± 0.11 ml , respectively. The ic membrane parameters , such as , bending elasticity
enhancement of the oncoi ytic action of Cloetridja and viscos i ty.
by pretreatment of tumors with hyperthermia was
also observed in methy lcholanthrene-induced fibro-
sarcoma and in Harding-Passey melanoma . Hyperthermia 5512 OPERANT BEHAVIOR AND COLON IC TEMPERATURE
piu s Cio~ tridia treatment in the former tumor re- OF SQUIRREL MONKEYS (SAI MI RI SCIURE(JS)
suited in oncolysIs in 22.4 ± 3.17% of the animals DURING MICROWAVE IRRADIATION. (Rhp.) de Lorge . J.
treated compared wi th  1.16 ± 0.36% for animals 0. (Naval Aerospace Medical Res. Lab., Naval Air
treated with Clostridia alone and 0% for animals Station , Pensacola , FL 32508). 33 pp.; 1977.
treated with hyperthermia alone and untreated con— tavai lable through National Technical information
trols. The tumor vol umes measured in the above cx- Services , Spring field , VA 22161 , Document No.
perimental groups were 1.85 ± 0.19, 2.29 ± 0.15, AD A043706]. (6 refs)
2.07 ± 0.51 , and 2.48 ± 0.18 ml , respectively.
Similar treatments in Harding-Passey melanoma resul- Squirrel monkeys (Saimiri Bc’i ureua) on a v ig ilance
ted in tumor volumes of l.6;4 ± 0.13, 2.487 ± 0.10, task were exposed for 30 or 60 mm to various powe r
3.231 ± 0.20, and 2.606 ± 0.13 ml , respectively, levels of 2 ,450—MHz microwaves amplitude modulated
and oncolysis rates of 89.41 ± 3.03, 14.77 ± 2.42, at 120 Hz to investigate the effect of this radia—
0, and 0%, respectively. A dose-dependent effect of tion on their behavior. Vigilance task behavior
hyperthermia was demonstrated . After 60 sec of was disrupted by 30- or 60-mm exposures to 50
microwave-induced hyperthermia , the number of com- mW/cm2 and hi gher power densities . This disruption
pleted lysed cells in the Harding-Passey melanoma increased with Increases In power dens i ty .  Under
was only 30% compared w i th  84% after a l80-sec both durations of exposure , behavior was not con-
treatment. It was also observed that the optimum sistent l y perturbed until colonic temperatures
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exceeded I C. Colonic temperatures regularly in- w i l l  be an essential part of the satellite develop-
creased beginning at a power density of 10 urM/cm2 ment program. Possible effects on birds flying
and were related in a nonlinear fashion to the through the microwave beam will have to be estab-
power density, with a marked accelerat ion occurring lished along w i th  the effects of microwave expo-
between 1.0 and 50 mW/cm2 , The observed behavioral sure on aircraft flying through the beam. The
changes were conc l uded to be directly related to shielding effects of the metal fuselage of an air-
hyperthermia in the squirrel monkey, since only in craft and the very short time of flig ht throug h
those cases where colonic temperature increases the beam make it unlikely that significant human
exceeded 1 C was behavior consistentl y affected. exposure will occur. Scattering of the microwave
The effects of the microwave radiation were prob- beam by rain or haIl is not expected to signifi-

- - ably temporary because the monkeys generally recov- cantly increase sidelobe levels or broaden the
ered previous response rates when the exposure con- main  microwave beam.
dit ions were removed.

55i5 INDUCED EM FIELDS INSIDE HUMAN BODiES
55 1 3 FiXED INTERVAL BEHAVIOR OF RATS EXPOSED IRRADIATED BY EM WAVES OF UP TO 500 MHZ.

TO MICROWAVES AT LOW POWER DENSITIES. (Eng. ) Chen , K. -M. (Dept. Electrical Engineering
I - u~ i . )  Sanza , J. N. (Naval Aerospace Medica l Res. and Systems Science , Michigan State Univ., East

Lab., Nava l Air Station , Pensacola , FL 32508); Lansing, MI 48824); Guru , B. S. J Microt.xsvc Power
de Lorge , J. Radio Sci 12(6S): 273—277; 1977. 12(2): 173—383; 1977. (15 refs)
(6 ref s)

The Internal electromagnetic (EM) field and the
Rats in a response chamber were exposed for 60 mm specific absorption rate (SAR) of EM energy induced
to 2.115-GHz microwaves (100% amap litude modulated inside human bodies by EM waves of 30-500 MHz are
at 120 Hz) at averaged power densities of 8.8, 18.4 , theoreticall y quantified based on a tensor integral
and 37.5 mW/cm2 of incident radiation to investi- equation method . Numeric results for a realistic
gate the affects of this radlation on their behav- model of a man with a height of 177 cm irradiated
b r .  Lever pressing by four Sprague Dawley rats by EM fields of various frequencies and of vertical
was reinforced by food pellets on a fixed-interval and horizontal polarizations indicate that the meg-
50-sec schedule and produced high rates of respond- nltude and distribution of the SARs in a body of
ing ln two rats and low respondIng rates in two fixed dimensions are strongly dependent on the fre-
other rats. Radiation at 37.5 mW/cm2 disrupted quency and polarization of the incident EM wave.
the lever response of the two rats that responded Hot spots are generally more often created In re-
at high rates during baseline studies. Radiation g ions with small cross-sectional areas , such as , the
at the two lowest power densities had no observable neck , arms , and thigh-leg regions. Greatly enhanced
effect on the rate of responding. No effects on SARs are predicted In regions of low conductivity
the rate of lever pressing were observed at any of and permitt ivity , such as, the lungs , where a ver-
the power densities in the two rats that responded tlcall y polar i zed EN wave of 80 MHz is predicted to
at low rates during baseline studies. Howeve r , result in an SAR of 117 n*J/m3 compared wi th  a pre-
ambulatory activity of all rats decreased durlng dlcted va l ue of 31.4 mW/rn2 for the same region of
irradiation at 18.1. and 37.5 mW/cm2. This decrease a homogeneous body. A comparison of the above theo-
was assocIated with a tendency of the rats to re- retic results with previousl y reported experimental
stain In areas of the response chamber with lower results indicates that the theory agrees q u i t e  wel l
power densities of radiation. These results are with experimental data over regions of high power
believed to be due to an interaction between higher absorption. The above theoretIc results are con-
metabolic rates In the more frequently responding sidered to be more accurate tha,m previously re-
rats and exogenous heating by microwave radiation , ported results based on a simp ler homogeneous model.

5514 ECONOMIC AND ENVIRONMENTAL COSTS OF SAT- 5516 POSTMASTECTOMY PAT I ENT WITH SENSITIVITY
EL LITE SOLAR POWER. (E.’ng.) Glaser , P. TO MICROWAVE OVEN IN OPERATIVE AREA

(Arthur 0. Little . Inc., Cambridge , MA). Mech Eng (LETTER TO EDITOR). (Eng. ) Michaelson , S. M.
100(1): 32-37; 1978. (10 refs) (Univ. Rochester Sch. Medicine and Dentistry, Ro-

chester , NY) ;  Appleton , B. .JAMA 239(4): 350; 1978.
Possible biolog ic and environmental effects associ- (0 refs)
ated wi th microwave beams from satellite solar
power stations are reviewed. Projected solar sat- The report of a postmastectomy patient with sensi-
ell ites would beam mIcrowave energy to a 52 km2 tivity in the operative area to a microwave oven
receiving antenna on earth for conversion Into is discussed. A 52-yr-old woman who had a right-
electric powe r transm ission grids. Such satellites sided mastectomy reported that after turning on a
wi ll incorporate several fa i l -safe features to recently purchased microwave oven she experienced
assure control of the microw ave beam pointing and a strange sensation in the operative area as she
instantaneous shutoff of power to the mIcrowave approached the oven. Shielding the operative area
generators. Failure of the microwave beam-pointing with an alumInum pan or foil seemed to prevent the
system would not result in exceeding the interna - sensation. The mastectomy had been performe d us i ng
tional standards for microwave exposure. Pradic nonmet allic si sutures , and healing was complete.
tlons , analyses , and measurements of the microwave- In view of the ‘act that the microwave oven was
induced biologic affects from solar satellites recently purchased and that its emission was prob- 
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ably well below the emission standard of 5 mW/cm2 or after radiation using differing time intervals.
set by HEW , there is no po ssibility that the pa- For tumors treated simultaneously, the radiation wac
tient could have sensed the microwave radiat ion , app lied at the midpoint of the 30-m m heating period.
since probable exposure levels were certainly three When heat was app lied before irradiation with be-

- : and probabl y four t imes below threshold levels for tween-treatment in terva ls  of 4, 8, 12 , 24, and 48
sensation. However , if the oven is leaking at a hr . the cure rates obtained were 0/8 , 2/8 , 2/9, 0/9 ,
noteworthy leve l, the microwave energy imping ing on and 1/5, respectively. The simultaneous application
the patient ’ s operated area could possibly be of hyperthermia and radiation resulted in a cure
sensed as heat , but the likelihood that a closed rate of 1/7. When heat was applied after irradiation
microwave oven would leak that much microwave energy w i th  between-treatment in terva ls  of 4 , 8, 12 , 24 and

- I is extreme ly small .  It is recommended that a local 48 hr. the cure rates were 1/6 , 2/lI , 2/9, 1/8. and
or state health physics agency be contacted to mea- 3/7, respect ively.  The app l ication of heat alone
sure the leakage of the oven . (42.5 C for 30 m m )  or radiat ion alone (800 rad)

resulted in cure rates of 0/10 in each instance.
The differences between the various combined treat-

5517 INCREASE IN THE FREQUENCY OF Fc RECEPTOR ment schedules were not statistically si gni t icant.
(FcR) BEARING CELLS IN THE MOUSE SPLEEN These resul ts demonstrate that the action of hyper-

FOLLOWING A SINGLE EXPOSURE OF MICE TO 2450 MHZ thermia when combined with radiation in vivo is
MICROWAVES. (E’ng.) Wiktor—Jedrzejczak , W. (D i v. not necessarily due to a radiosens itizing effect.
Cellular Immunology , Dept. Clinica l and Experimenta l Examination of a section of tumor 48 hr after treat-
Immunology , Naval Medical Res. Ins t . ,  Bethesda , MD ment at 42.5 C for 30 mm revealed that this heat
20014); Ahnted , A. ;  Czerski , P.; Leach , W. M .; Se l l , was sufficient to produce necrosis in the center
K. W. Sioin. ’ / , ’- jn, ;  (Expz ’e881 27(7): 250—252 ; 1977. of the tumor, leaving onl y a few peri phera l ce l l s
(11 refs) viable.

Changes in the absolute frequency of cells from dif-
ferent lympnoic populations in the spleen of CBA/J 5519 EVIDENCE FOR NON—THERMAL EXC I TATION OF
male mice exposed for 30 mm to 2,450-MHz microwave ENERGY LEVELS IN ACTIVE BIOLOG ICAL SYSTEMS .
radiation at an average absorbed dose of 13.7 ± 1.2 (Eng.) Webb , S. J. (Dept. Physics , Univ. South Flo-
n’M/g and in sham—exposed mice were Investi gated. rida , Tampa , FL); Stoneham , M. E.; Froehlich , H.
There was a significant (p’~O.0l) increase in the PhYB Lett 63A(3): 407—408; 1977. (7 refs)
frequency of spleen ce lls bearing a receptor for the
Fc portion of the i nsaunoglobulin molecule (FcR) 7 The ratio (R) of the intensities of anti-Stokes _and
days after microwave exposure; the percentage of Stokes Raman shift lines of 125 cm 1 and 118 cm of
FcR-positive cells in irradiated mice was 44.8 ± a c t i v e  Eacherichia coli B (glucose nutrient) was
1.5% compared with a control value of 36.5 t 1.6%. measured to invest i gate if the Raman lines represent
Simu l taneous l y, a si gnificant (p<O.O5) increase in excitations beyond therma l eq uilibrium. Spectra
the proportion of complement receptor-positive spleen taken 40, 50, and 60 mm after the beg inning of in-
cells was observed (30.4 t 1.8% for irradiated mice cubat ion at a temperature above 25 C indicated an
versus 23.7 ± 0.8% for controls). The fr,~~uencies R value of 1.01 ± 0,10 for 118 cm~ 

1 and 0.93 ± 0.13
of theta—positive and imunog lobulin-p ositive cells for 325 cm 1

~ 
These experimental values are far

and the tota l number of spleen cell s remained un- above t~,e expected R va l ue of about 0.55 for an c
changed af ter  microwave i r radiat ion.  The proportion ci l la ting system in thermal equi l ibr ium, indicat in9
of imunog lobulin-posltive , FcR-p ositive cells in that this system is excited strongly above thermal
the sp leens of microwave-exposed mice (29.0 ± 0.7%) excitation. These exci tat ions should be interpreted
was siqnif icantly hig her (p<O.Ol) than that in the as arising from certain activities of the cell that
spleens of control mice (21.2 ± 0.9%). This differ- change with its age.
ence quantitatively corresponded to the increase in - :
total FcR-pos itive cells suggesting that the in-
crease in FcR-positive cells was due to a selective 5520 STIMULATION OF DOG THYROID BY LOCAL AP

increase in i ninunog lobulin-positive , FcR-posit ive P L I C A T I O N OF HIGH INTENSITY MICROWAVES.

cells. The above results confirm the preferential (Enq. ) Magin , R. L. (Lab. Chemical Pharmacology .

action of small doses of microwaves on B l ymphoid Natl . Cancer Inst., Bldg. 37, Room 5Al3, Bethesda ,

cel ls  in the mouse MD 20014);  Lu , S-T,;  Michaelson , S. H. A~n J Ph~~-~ ot
233(5):  E363—E368 ; 1977. (25 reft )

5518 THE EFFECT OF SEQUENCE AND TIME INTERVALS The effects of local irradiation with 2.45-GHz con-
OF COMBINED HYPERTHERMIA AND RADIATION tinuous wave microwaves on thyroxine release in the

TREATMENT OF A SOLID MOUSE MAMMARY ADENOCARCINO MA dog thyroid gland were studied. Both of the pa i red
IN YIVO (LETTER TO EDITOR). (Eng.) Overgaard , ,i. thyroid glands of the dog were surg icall y exposed ,
(Cancer Res. lnst. and The Radium Center , DK-8000 and the ir caudal veins were cannulated. The first
Aarh us , Denmark). Br ,T Ra1ik’ l 50(598): 763-765; hour after cannulation was used as an equi librium
1977. (11 rafs) period to establish a base-line thyroxine release

rate for each gland . During the subsequent 2 hr .
An isologous moderately differentiated mouse mammary one gland was locally heated with microwaves to
adenocarcino~na was treated with a combination of temperatures of 39, 4 1 , or 45 C , while the contra-
27.12 MHz diathermy (42.5 C for 30 m m )  and 250 kv lateral gland was used as a control . The specific
x-rays (800 rad). The heat was applied either before mIcrowave absorption rates in the microwave-exposed
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thyroid g land at the above temperatures were 58 ± 5523 MICROWAVE IRRADIATION : A NEW RAPID TECH-
24, 131 ± 44 , and 190 t 45 W/kg , respect ively;  the NIQU E FOR SEPARATING EPIDERMAL TISSUE
corresponding inc i dent power densities at the sur— FROM MOUSE SKIN PRESERVING RNA , DNA , PR OT E I N , AND
face of the exposed gland were 72 t 29. 162 ± 54, PUOR80L ESTER-INDUCED 0RN1TH1NE OECARBOXYLASE LEVELS.
and 236 ± 55 mW/cm2, respectively. The thyroxine (Eng. ) Mufson , R. A. (McArdle Lab, for Cancer Res.
release rate of the i r radiated g lands was increased Un iv. Wisconsin , Madison , W I 53706) ; Dc Young , L. H.
during the 2-hr exposure period to 200 , 350 , and Boutweil , R. K. J rnv ’st !) I~i,ntt ~ l 69(6): 547-550;
1 ,000% of the equilIbration period means for the 1977. (20 refs)
three temperatures studied. Blood flow was increased
to 140 and 1 70% of the equilibration period means A microwave separation procedure and its applications
in glands heated to 41 and 45 C , respectively. Con— are described. The exposure of mouse skin (CD-l mice)
tralateral control glands and sham—exposed glands to 2,450-MHz microwave radiation for 10 sec allowed
maintained a constant thyroxine release rate. These for the separation of the epidermis from the dermis
results demonstrate that local microwave heating of by gentle scraping of the skin with a scalpel. At
the thy roid g land can stimulate both thyroid gland the end of the irradiation period , the subcutaneous
blood flow and thyroxine release , temperature was 55 C. H i s t o l o g i c a l l y ,  the microwave-

irradiated skin resembled skin exposed to an estab-
lished heat separation procedure (immersion in 55 C

5521 CONSIDERATiONS ON THE MEASUREMENT OF THE water followed by immersion in 0—4 C water). The
ELECTRICAL CHARACTERISTICS OF MICROORGAN- recoveries of deoxyribonucleic acid , rlbonuc leic acid

1 57-iS. (Ito.)  T iberio , U. (Un ive r s i t a  di Pisa , and protein extracted from ep idermis harvested by
Pisa , I ta ly ) .  A i t i  Prequenza 46(7): 313-318; 1977. microwave separation were 22.4 ± 3.5, 13.1 ± 2.6,
(11 refs) and 422 ± 76.0 pg/cm2 , respectively; these values

were not significantly different from those observed
Problems of the measurement of the electrical char— in epidermis harvested by conventional heat separa-
acteristics of microorgan isms suspended in culture tion (20. 6 ± 2.2, 13.0 ± 1.0, and 390 ± 40.8 pg/cm2 , —

medium in a l ternat ing and d i rec t  current f i e lds  are respectively ). Phorbo l ester-induced ornith ine de—
discussed , with special reference to the use of carboxylase levels in irradiated and heat-separated
electrical and electromagnetic fields for steri liza- epidermis were comparable and not significantl y
tion. different , being 6.1 ± 1.3 and 3.8 ± 0.4 nmoles

of carbon dioxide/mg protein/30 m m , respectively.
The reduced amount of manipulation and the short
irradiation time required by the microwave separation

5522 MICROWAVE FIXATION OF BRAIN TISSUE AS A technique can result in a considerable time savings.
NEUROCHEMICAL TECHNIQUE—A REV I EW. (Eng. )

Merritt , J. H. (Radiation Physics Branch , Radiation
Sciences Div ., USAF Sch. Aerospace Medicine , Brooks 5524 BIOLOGICAL EFFECTS . (P/c�’.) Lein , H.
AFB , TX 78235) ; Frazer , J W . Microwave PozJer 12(2): (No affiliation gIven). Tekniak (Jk cb?.a d
133—139; 1977. (36 refs ) 124(48) : 3; 1977. (0 refs)

Neurochemicai studies , which have used microwave—fix-  Current f indings on the biological ef fec ts  of micro-
at ion techniques for the inact ivat ion of brain en- wave radiation are reported. There has been reported
zyme s are reviewed , and the suitability of these a higher Inc i dence of memory impairment , motor co-
techniques is discussed. The rap id enzyme inactiva- ordination disturbances , and cancer among persons
tion by microwave f ixat ion of brain t issue prevents work ing in a Chicago business d is t r i c t  w i th  high
postmortem changes and permits the measurement of microwave energy levels. The cancer incidence of
neurochemicals , such as , acety lcho line , at concentra- U.S. Embassy personnel In Moscow is believed to be
t ions c lose to those obtained In vivo. It is we l l  higher than that of the staff  of other U.S. embas-
established tha t acetylchollne content in whole brain sies because of the microwave bombardmen t of the
fixed by microwave radiat ion Is higher than i n  the U.S. embassy by the Russians. The maximum permis-
brain of an anima l ki l led by decapitation or cervlc— sible microwave exposure in the USSR has been set
al d islocation . Freeze-blowing techni ques arrest at 10 pW on the basis of the biolog ical effects of
enzymic activ ity, but they destroy the brain archi- microwaves. Further reduction of this standard is
tecture , making dissection impossib le and allowing pl anned.
enzymlc ac t i v i t y  to be restored , if the t issue thaws .
Early app lications of microwave fixation were slow
(10—20 sec) and post—mortem changes occurred; how— 5525 COUPLING BETWEEN SMALL THIN-WIRE ANTENNAS
ever, recently several devices have been described AND A BIOLOGICAL BODY. (Ena . ) Nyquist ,
that are designed to focus microwave powe r on the D. P. (Dept. E l e c t r i c a l  Engineering and Systems Sd-
heads of small animals through a waveguide. Brain ence , Michigan State Un iv . ,  East Lansing , M I 48824 ) ;
temperatures of 90 C can be achieved in as little Chen , K-H.; Guru , G. S. IEEE z ’~ ; Ant c ’z~is Pr -;-;-

as 300 msec. Enzyme systems such as adenyl cyclase, ~ii tion 25(6): 863-866, 1977. (5 refs)
phosphodlesterase , cholineste iase , choline acetyl—
transfe rase, and reduced nlcotlnamide adenine d l— A theoret ic ana l ys i s  of coupling between the electro-
nucleotide—diaphorase are completely and i r revers ib ly  magnetic (EM) f i e l d  of a sma l l  t h i n-w i re  antenna
inactl”ated at th is  temperature. Microwave t issue- exc i ted at a frequency of 50 MHz and an adjacent
f ixa t ion also permits easy d issect ion of the f ixed f in i te  biologic body (140 cm In heig ht and 40 cm in
brain into discrete parts. diameter) selected to model the torso of a human
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radio operator is presented. Short antennas excited smaller quantity of cartHage and fibrous t issue in
at 50 MHz are typica l of those used for man-pack the callus than was observed in control animals.
radio sets. ~t is shown that the electric field in— The degree of mineralization of newly- formed bone
duced In a finite biologic body by a nonun i form microstructures was comparable in experimental and
EM field of an adjacent antenna is very sensitive control animals. it is concluded that by app lying
to the relat ive antenna—body location. Potential l y a pulsed e lectr ic  current during reparative bone
hazardous induced fields may occur at antenna input regeneration , osteogenesis can be stimulated and
powers as small as 20 W for certain practical an— made to predominate over f ibrogenesis and chondro—
tenna locations. Proximity e f fects  of the body on genesis.
the antenna input impedance are very strong, and
the ratio of dissipated to input power depends
strongly on antenna location. The body acts as a 5528 US ARMY TEST AND EVALUATION COMMAND-TEST
reflector in i ts prox imity effects on the antenna OPERATING PROCEDURE : ELECTROMAGNETIC MD-

Sands Missile Range , ANN: STEWS-TE , Wh i te Sands

radiation fie ld and produces some d irec t i v ity  in IAT ION EFFECTS AND/OR HAZARDS TEST. (Enq.) U. S.
the H—plane of a short d ipole. Army Test and Evaluation Command (U.S. Army White

Missile Range , NM 88002). 16 pp.; 1976. [available
5526 SELECTIVE RADIOFREQUENCY HEATING OF FERRO through National Technical Information Services ,

SILICONE OCCLUDED TISSUE : A PRELIMINARY Spr ingfield , VA 221 61 , Document No. AD A0 397O3 1. (0
REPORT . (Eng. ) Rand , K. W. (UCLA Sch. Medicine , refs)

90024) ; Snyder , H.; Elliott , D. ;  Snow , H. Bull LOS Procedures for instrumenting and testing United
Angeiee Neuro l Soc 41 (4): 154—159; 1977. (29 refs) States Army materiel  containing e lectr ic  in i t ia tors

and/or electronic components to determine the effect

Dept. Surgery, Div. Neurosurgery, Los Ange les , CA

Selective radiofrequency heating of ferrosiiicone of an electromagnetic environment on the operation
occluded tissue was invest igated in relation to i ts  and/or sa fety of the materiel are presented . The
possible ro le in the hyperthermic treatment of can- testing fac i l i t i es  are capable of generating test
cer. Glidden B-2 33 iron powder in a ferrosil icone f ields of ~OO—2 00 V /m over a frequency range of 100
mixture was injected into the renal arteria l bed of kHz through 18 GHz. At each test frequency, for
dogs , a model of vascular tumors wi th a selective each configurat ion of the specime n in i ts stock p i le—
blood supply. Once the mixture vulcanized , the to-target sequence , and from al l  aspect angles , the
animals were sacri f iced , and the kidneys removed, test spec imen is exposed to continuous wave electro-
Injected kidney sections exposed to 500 kIlz radia- magnetic radiation environments star t ing at the
tion susta ined a heating rate of 8 C/mm and pla- frequency at which the maximum dimension of the
teaued in 5 m m .  Control sectioned kidneys sustained tested Item is a quarter wavelength. The f ie ld  In—
a heating rate of 2 C/mm and also plateaued in 5 tens i ty of the environment is graduall y increased
m m .  When tested at a frequency of 20 kHz , control until any of the following conditions are met: the
unsectioned kidneys underwent no measurable heating ; cr i ter ia  f ie ld intensity is reached; an adverse
whereas, injected unsectioned kidneys consistently effect is indicated on recording instrumentation;
sustained a heating rate of 10 C/m m in the cortex the capabi l i ty  of t he test fac i l i t y  is reached . If
and 12 C/m m in the medulla and then p lateaued in the test specimen may be exposed to modulated envir-
5 m m .  onments , the tests should be performed us ing amp l i —

tude modu lated , frequency modulated , and pulse mod—
ulated electromagnetic radiation.

II
5527 EFFECT OF A PULSED ELECTRIC CURRENT ON

THE COURSE OF REPARATIVE OSTEOGENESIS.
(Eng. ) Landa , V. A. (Lab. BiophysIcs , N. N. Priorov 5529 HYGIENIC PROBLEMS OF THE INDUSTRIAL USE
Central Scientific-Res . Inst. Trausnatology and Ortho- OF NON- IONIZING RADIATION. (Ito.) Gran- I
pedics , Ministry Health USSR , Moscow , USSR); Poiy— dolfo , H. (Laboratori dl Fisica , Istituto Superiore
akov , A. N.; Baranov , V. K. Bull Exp Bfol Med 83(5): di Sanita , Italy); Guidon i , L.; Viti , V. Ann lat
700-702; 1977. (12 refs) Super Sanita 12(4) : 24 1-24 7; 1976 . (31 refs)

The effect of pulsed electric current on reparative General hygienic problems of microwave , laser , in-
osteogenesis in rabbIts was studied. A portion of frared, and ultraviolet radiations are reviewed .
the middle third of the radial diaphysi s measur ing The biologic effects of radiofrequency radiation
0.5 cm was resected , and a platinum electrode was are determined not only by mean field intensity but
inserted perpendicu larly to the long axis of the a lso by intensity peaks in cases of intermittent
bone into holes dri lled Into each of the two bone radiat ion. Apart From the direct therma l effect ,
fragmen ts. Another electrode was placed in  the the effects of radlofrequency radiation include
gap between the fragments. A pulsed electric cur- functional disturbances of the central nervous
rent with an optimal strength ranging from 6-15 pA , system (neuralgia , eye pain , vertigo , Insomnia ,
a pulse duration of 1 sec, and a between-pulse in- somnolence during daytime), reduced libido and po-
terval of 4 sec was app l ied to the electrodes five tency in men , menstrual disorders , and increased
times/wk for 3 wk after bone resection. Osteogen- Incidence of abortion in women. Young women are
esis was stimulated in bone treated with electric more sensit ive to radiofrequency radiat ion than
current , with the stimulating effect being manifested older ones. The maximum permissib le exposure levels
by a larger quantity of newly-formed bone and a are 10 mW/cm2 in the frequency range of 10-100 ,000

44 

— _ _ _ _ _ _  
,



— _ _ _ _ _ _ _ _ _ _ _  

- .1.- ,--
~
,--- ~~~~~~~~~~~~~~ - -~~ - - -- ..—- -

8iolog~~ Effects of Nen,~niiing Elect,om~~n.tk
Rad,etion 1114). June . 1978 CURRENT LITERATURE

MHz in the USA; in the USSR 1 mW/cm2 is the permis- 5532 ELECTRICAL STIMULATION WITH PT ELECTRODES:
sable level for a da Ily exposure of 10-15 mm , 0.1 I—A METHOD FOR DETERMINATION OF “REAL”
mW/cm2 for 2-3 hr/day, and 0.01 mW/cm2 for 8 hr/day. ELECTRODE AREAS. (Eng .)  Brummer , S. B. ((IC Corp.,

Newton , MA 02158); Turner , H. J. IEE1? Trans ~iomed
Eng 24( 5 ) :  436-439 ; 1977. (9 refs)

5530 BIOLOGICAL AND MEDICAL PROBLEMS CAUSED BY
UHF RADAR WAVES . I. PHYSICAL PRINCIPLES. An electrical method for determIning exposed areas

BI OLOGICAL PROBLEMS (EXPERIMENTS IN AN IMALS). (Fre .)  of p latinum stimulation electrodes prior to imp l an-
Delahave , R. (Ecole d’application du Service de tation for neurophysiolog lc studies is described.
Sante pour l’Armee de l’ air , Paris , France). Radio— The method I nvolves using the hydride formation
~‘t ’~’t ~~’t ion 12(3): 199-216; 1977. (0 refs) charge as an Index of the rea l area of the electrode ,

which is exposed to simulated cerebrosp ina l fluid
The physica l principles and experiments on the bio- (CSF) solut i on after hydrogen evolution Is reached.
log ic effects of radar waves are reviewed. Radar The best solution is buffered saline containing glu-
waves have thermal or unspecific and nonthermai or cose (0.45 g/l) and egg albumin (0.20 g/ l) .  No dlf-
specIfic effects on biologic organ i sms. The thermal ference was noted between the use of i norganlc-sImul-
effect is due to the absorption of the energy by the ated CSF and organic-simu lated CSF. There was also
tissues. It is possib le to generate lethal hyper— no signif icant difference between the use of increas-
thermia in animals by whole-body or brain irradia- ing pulse widths and decreasing pulses. Nor was any
t ion , which fails to cause any morphologic changes. difference found after leavIng the electrode without
The depth of penetration of radar waves into the pulsing in the organic-simulated CSF for 3 days.
body is estimated at 1/10 of their wavelength. The These data show that with pulses employed to reach
testIcles and crystalline lens are especially san- hydrogen evolution , there is no Significant effect of
sitive to hyperthermia generated by radar waves , blockage of the surface of the electrode by organic
Minimal energy density capable of producing opaci- materia l in the CSF , that is , pulsing effectively
f icat ion of the crystal l ine lens of the rabbit is keeps the electrode clean . This is signif icant be-
0.59 W/cm2 for 5 mm exposure or 0.29 W/cm2 for 90 cause no special precautions are needed to attain
mm exposure at a frequency of 2,500 MHz. Various the ultra-high purity conditions normally needed
experiments have revealed spec If ic ef fects , such as , for accurate electrochemical measurements and because
changes in the ratio of exc i tation to Inhibition of the method appears sui table for subsequent adaptation
the cerebral cortex; changes in biochemistry (cho- for use in vivo .
Iinest eras e , nucleic acid , and amino acid levels) ;  -j
changes in blood pressure (tachycardia) and heart
rate, hyperplasia of the reticuloh istiocytic system 5533 ELECTRICAL STIMULATION WITH PT ELECTRODES:
of the spleen , l i ver , and thymus of animals; and I l—ESTIMATION OF MAXIMUM SURFACE REDOX
I ymphocytosls. Radar treatment has a protective (THEORETICAL NON-GASSING) LIMITS. (Thig.) Brunimer ,
effect against x-rays in mice and against gamma S. B. (EIC Corp. , Newton , MA 02158); Turner , H. J .
rays (24,000 R and higher) In bacteria. The spa- IRRE Trans Biomed ENg 24(5): 440-443; 1977. (6 refs)
c i f i c  effects of radar waves are currently exp lained
w i th  various hypotheses (pearl chain ef fect , alec- The maximum bip haslca ily  app l ied Charge , wh ich can
tri cal exci tat ion of b i ological  membra nes , macro- be injected without electrolyz lng water , was deter- I’
molecular resonance , and Osipov ’s mlcrotherma l mined for p la t inum electrodes in simulated cerebral
theory). spinal fluid at 37 C. The method involved the use

of electrical transients. With lead (anodic first)
electrodes , the theoretic non—gassing limi t was 300

5531 SELECTIVE LOCAL HYPERT HER M IA OF TUMOR T I S  t 20 pcoulombs/real cm2, i ndependent of current den-
SUE. HOMOGENIZED ENERGY SUPP LY TO DEEP- sity In the range of ± 50 to ± 450 mA/cm2. For lag

SEATED TISSUES BY HIGH-ENERGY DECAMETER WAVE COIL (cathodic first) electrodes , the theoretic non-gassing
SECTION PLUS DUAL SYSTEM RASTER MOTiON. (Ger. ) limit was 350 ± 50 pcoulombs/rea l cm2 over the same
von Ardenne , H. (Forschungslnstitut Manfred von current density range. In both cases only part of
Ardenne , Zeppel instr . 7, DDR-8051 Dresden , E. Ger- the additional charge beyond these limits resulted
many); von Ardenna , TM. ; Boehme, V. G.; Reitraue r , In water electrol ysis. Microscopic observations of
P. G . Arch Geachwuistforsoh 47(6): 487-523; 1977. bubble formation indicated that these limits were
(41 refs) conservatIve. These limits are sufficiently large

for most purposes and do not restrict the use of
The achIevement of selective local hyperthermia of platInum electrodes for neurologic stimulation.
deep-seated tumors was studied on gelatin phan tom
as an i mportant element of von Ardenne ’s Cancer Mul-
tistep Therapy. It was found that sufficient and 5534 DOSE RATE AND OXYGEN CONSUMPTION RATE IN
rather homogeneous therma l energy for deep-seated MICE CONFINED IN A SMALL HOLDER DURING
tumors could be provided by the use of divergent EXPOSURE TO 2450 MHZ MICROWAV E RADIATION. (F~i:.
rotary magnetic field (wavelength 11.06-22.12 m , 5 Ho, H. S. (Food end Drug Adinin., Bureau of Radio-
kW) with a relative raster motion of the applicators lo9icai Health , 5630 Fishers Lane, Rock v i l l e , MD
parallel to the body surface by means of a dua l 20B57); Edwards , W. P. Radia t ‘i~s’.’n 8ior hye 14(3):
system array (CMT Selectotherm System). Therapeu- 251-256, 1977. (5 refs)
t i c ally •fflclsnt selective hyperthermia of deep-
seated tumors can be achieved without crItIca l Radiation dose rates and oxygen consumption rates
superheatin g of tissue s near th. skin , were measured in 3-nm-old CF I male mice indiv idua l ly
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ir radiated w i th 2 ,450 MHz continuous wave iiiLrowave nwnts . In addition , It appears that annoyance duc
radiati on (I.! W forward power) for 30 nti n in either to spark discharge is not I i ke iy  to occur at dis-
ssna )l ( 3 . 3  s 1 0.0 s 2.2 cm) or large (9.5 x 9.5 x tances greater than 100 feet from the center of the

~.O cm) holde rs. Duri ng Irradiat ion in large hold- power line rig h t-of-way , and then only for powe r
er’.. (h~ microwave energy absorption decreased from l ines that are ~OO kV or greater.
28 iW /g to 21 mW/g a companied by a decrease in
‘.)‘ec i t i c  metabol ic  ra t e  from 18 to 14 mW/ q. When
an i mals were irr adi ated in sils all holders , the aver- ~,c36 THE RESPONSE OF SEA URCHIN EGGS AND EMBRYOS
age radiation dose rate remained ,e l a t iv e i y  constant TO NON-UNIFORM AC FIELDS. “:,- . Cohen .
at 31.0 mW/q. The spec it i . metabolic rate, however , R . A. (Ph.D. dh.sertatlon , Northeastern University .
de~ r,~as~,J from 18.7 to  16.3 mW/g durin g irradiation 1977); 89 pp. (availabl e from Xerox Univ. Microf i lms ,
compared wi th a swan va l ue of 24.1 mW/q during a Ann Arbor , M i 48106 , Order No . 77-24 ,425j. (c7 refs 3
30-m m pre-irr a d ia t i on period . A comparison of the
oxygen consumption rates of animals in small and The response of sea urchin eqq~ and embryos (::~~
large holders revealed a con t inual ly hi gher oxygen ‘ont v~~~m ~~~~~~~~~~ ~~~~~~ - , : ‘; ; ~consumption rate for am , mn ~aIs in the small holders. z u’;,’ ( ? : t a , : 75 ’L, ’ : , . , . ”~~Y~~ f : ~ . ! - ,‘!~ :.‘:j,” : m ) to
A reduction in oxygen consumpt ion rate of animals non-uniform al ternating current fields rang i ng in
in the small holders during irradiation indicated frequency from 30 Hz to 100 kHz was invest igated
that the ani ma ls were compensating for the Increased to determine If changes in dielectric properties
heat load by reducing their own heat production , can be detected in a dynamic developmental system .
However , th is  reduction in oxygen consumption was Eggs and embryos in these f i e l d s  exhibi ted mot ion
not more than that of animals i r radIated in large and or ientat ion , and the t rans la t iona l  motion was
hol ders. Hence , the lack of ability of tightly- dielectrophoretic in nature . Since d Te~lect ropho r-
constrained mice i r rad ia ted  in sma l l  holders to re- es is  involves the d i e l e c t r i c  propert ies of mmma tter ,
duce microwave absorption was not compensated for s tage-spec i f i c  d i f ferences In this behavior Imp ly
by an additional reduction in oxygen consumption changes in the embryo ’s dielectric properties as
rate. deve l opment proceeds . The col lection of un fe rtil-

ized eggs at the electrode depended on the frequency
and vo ltage of the applied f ie ld and on the con-
ductivI ty and temperature of the dielectrophoretic

553c AN EXAM INATION OF ELECTRIC FIELDS UNDER medium . In some species , unfer tilized eggs showed
EHV OVERHEAD POWER TRANSMISSION LINES . no movement whatever. Changes in ic i l y  coat con-

T e l l , R. A . ;  Nelson . J. C. ;  Lamb di n , D. L. duct ivity probably were responsible for differences
A they. T. V.; Hankin . N. N.; Janes , D. E . (Environ- observed In unfertilized eggs ’ behavior at various
menta l Protection Agency, Office Radiation Programs , t imes a f ter  spawning. The colle c tion of develop ing
Elec tromagnetic Radiation Analysis Branch. 9100 Brook- embryos at the electrodes fell into three dis t i n c t
v i l l e  Road , Silver Spring , MD 20910). 46 pp.; 1977. intervals of positive response to the field. The
(Environmental Protection Agency Report IPA-520/2- firs t response interva l occurred during the first
76-oO8~ . (c refs) 10 mm , probabl y as a result of the surface events

associa ted with fertili zation. The second response
Measured data on electric tie l ds under extremely in terva l occurred from 10-40 m m after insemination.
high voltage (EHV) overhead power transm ission lines Between response Interva ls , there were short per-
are presented. The measured naximum electric field iods during which diel ectr ophore tic movement could
streng ths beneath 765-ky and 510-kV sing le c i r c u i t  not be induced. The third response interval showed
lines were approximately 10 kV/m and 5 kV/rn at about varia tion in dlelectrophoretic collection tha t
3 feet above ground ; these f Ie ld  strengths occurred correlated w i t h  the phases of the cleavage cyc l e ’ .
Just outside the outCr phase conductors. The max- These changes in dielectrop horetic behavior may be
i mum measured elect r ic  f ie ld strength beneath a 3~5 a function of the rate of change of embryonicKV double c I rcu i t  l ine was about 4 kV /m at the center surface charge.
of the right-of-way and decreased to 1 kV/m and 100
V/rn at distances of 69 and 160 feet , respectively,
from the center of the r ight-of-way . Short c i rcu i t
currents of 2 mA were measured from an (PA radiation 5531 A REVIEW OF CURRENT AND PROPOSED STANDARDS
analys is  van and 0. 6 n~A from an Intermediate s ized FOR OCCUPAT IONA L EXPOSURES TO RADIO FRE-
automobile when they were located in a posit ion QUENCY ENERGY. °‘y. Odland , 1. T. 2. : . ‘

~~~‘-

where the unperturbed f i e l d  wos about 9 kV/m. An ‘,~~. ‘t t~~ ~“
‘ the -l’;’;u,:.’ L ’ F ~

’m t ’ ”~~’, .‘ ‘ 
~-3. -~ ~‘!

average value of induced body current of about 18 ~~~ r ,’torB, ~‘ i ’ z  pt,’ t t t 1 ~!,. ;? th e .’

~mA /kV/ m was determined for several individuals io- ° f f ’o ,’ ~~~~~~ ~~~~~~~~ Sponsored by the National
cated in the e lec t r i c  f ie ld  beneath a 765— ky line . Ae ronautics and Space Adminis t rat ion , pp. 267-278 ,
For humans insulated from ground , the threshold 1 977 , (0 refs)
for annoy-~nce from t ransient spark discharge was
about 6 kV/m . This is the maximum f ie ld  strength The fol lowing essent ia l  aspects of an acceptab le
at 3 feet above ground unde r the outer phase con- radiofrequency (RF) occupational exposure control
ductors of a 765-ky line w i t h  60 feet of clearance, program are reviewed : the setting of exposure
It is on~ luded that under norma l conditions eiec- limi ts or guides . the surveillance of the work
t r ic  f i e l d  strengths under EHV overhead powe r trans- environment , the med t ca l surve i l lance of wo rker s .
miss ion l ines can be calculated with sufficient the investigation of actua l or suspected acc identa l
accuracy to prec lude the necessity of f i e l d  measure- overexposures , and the documentat ion and proper
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maintenance of records of all pe rtinent data appl i- both nondisjunction and errors of DNA repl Icat ion
cable to a rea l or suspected overexposure. A re- may be indiceted , and gene expression should be
view of exposure standards adopted or being con- exam ined.
sidered by six groups in the United States reveals
tha t for continuous exposures 10 mW /cm 2 has become
a consensus , whi le there is v i r tua l ly  no consensus 5539 ASSESSMEN T OF THE HYGIENIC SIGNIFICANCE
for permissible brief exposures. With regard to OF ELECTRIC FIELDS GENERATED BY POWER
work environment survei l lance , only the Un ited TRANSMISSION LINES IN INHABITED AREAS. (Rue.)
States A ir Force has a definite goal—oriented pro- Koziarin , I. P. (Dept. General Hygiene , Kiev
gram , which involves the inventory , classific ation , Medical Inst., Kiev , USSR) ; Popovich , V. M. I rac’h
and on —s i te  survey of RF emi t te rs .  Only the 0e 2,:1c ( I i ) :  120 -124 ; 1977. (7 re f s )
partment of Defense addresses the question of med-
ical survei l lance among various agencies concerned The effects of exposure to electrical fie lds (50 Hz ,
wi th RF exposures; emphasis is placed on eye exam- 120 days) similar to those found along powe r trans-
Inations. However , an American National Standards mIssion l ines were studied in male r a t s .  Of a l l
Institute proposal represents a first attempt to the animals , 200 were exposed to 1-1 5 kV/m- t Ie lds
eva luate changes other than those involving the 2 hr da i l y ,  and 100 an imals  were exposed to 7, 12 ,
lens of the eye. Regarding the Investi gation of and 15 ky/ rn- f ie lds 30 mm da i l y .  W i t h  exposure
accidental overexposures , the Air Force requires for 2 hr dai l y, sI gni f icant  changes were found
inve stigations whenever there is a suspected over- only in the groups exposed to 7 and 15 LV/m .
exposure; if subsequent Investigation indicates Compared with the nonexposed controls , si gnificant
an actual exposure of over 20 mW/cm2, the patient changes were seen includ i ng increases in the latent
is referred for a complete medical evaluation and period of uncondItIoned reflexes , blood choiinester-
followup. The Navy requires reports of exposures ase , lactate and succinate dehydrogenase activities ,
in excess of 50 nM/cm2 for any time period and residual nitrogen , urea and g lucose levels of the
followup medical evaluations at 2- and 4wk inter- blood , lysozynie level , and reductions were seen in
vals. Provisions for reporting and maintaining the chronaxy ratio of antagonistic muscles and of
records of RF exposure investIgations are made by the iodine storage capacity of the thyroid gland ,
both the Air Force and the Navy, and in weight. - Change In the color of the fur and

loss of hair were also observed at the end of the
experiment. The field intensity of 4 kV/m was

5538 ON MUTAGENESIS WITH MICROWAVE RADIATION established as a subthresho ld level. In the groups
(MEET I NG ABSTRACT). i/n- . Leach , V. N. exposed for 30 m m d a ily, si gnifican t changes

(BRH, HEW , 5600 Fishers Lane , Ro c kvml le, MD 20857); were found in the above characteristics during
Gillesp ie , L. J . H~o:th Phya 33(6): 661-662; 1978. exposure to 12 and 15 kV/m. The findings indicate
(0 refs) that the biolog ic effects of electrical fields of
The p o ssibility of microwave-induc ed mutagenesis Is 50 Hz frequency are a direct function of the
discussed. Although photon energ ies in the microwave length of exposure and the field intensity.
range are not sufficientl y large to break chemical
bonds In DNA , three lines of Ind I rect and incomp lete
evidence suggest that microwave radiation may be
mutagenic. F i rst , absorption of microwave energy 5540 ENV I RONMENTAL BIOPHYSICS BRANCH : SUMMARY
can result in a temperature rise in tissue. STATEMENT. (/n:. I Chlgne ll , C. F. (No
Temperature elevation has been shown to cause aff Iliation given) . E~iv(~’me:  !k’aZth re-:’~ -.’’t 20:
mutations In D-roeophilo . Second . microwave radia— 202-203; 1977. (0 refs)
tlon at 2.450 MHz has been reported to Induce
chromosomal aberrations. The occurrence of aberra— Research be i ng conducted by the Env i ronmental Bio-
tions In Irradiated tissue culture cells and in physics Branch on the effects of non ionizing radi-
Irradiated Chinese hamsters suggests a relationship atlon Is surmarized. The research includes the - -

between chromosoma i stickiness and aberrations in development of new microwave exposure systems as
studies that utilized acute the rmally stressful well as instrumental and analytical dosimetric
1eve~s of radiation. Chromosomal aberrations have techniques . In the health effects area , studies
also been observed in tissue culture cells after are being conducted on the biophysical mechan i sms
long—term Irradiation at microwave powers not of the Interaction of continuous, pulsed , and mod-
assoc iated wi th  thermal St ress.  Third . types of ulated 1-10 0Hz microwave radiation with biolog ical
chromo soma i changes have been observed that are samp les at the cel lu lar  and molecular levels.  The
not amenable to standard cytogenetic ana lys is .  ef fects of continuous wave and pulsed 2. 45-0Hz
Cel ls  w i t h  chromosoma l stickiness , which are induced radiation on the embryonic development and repro-
w i th  high microwave powers , and po lyploid ce l l s , ductive funct ions of animals are also being stud-
which appear after both acute and long-term irradia- led. Also being examined are the effects of con-
tion at 2 ,1150 MHz show irregularities that are tinuou s wave and pulsed 2.45- 0Hz radiation on the
sim Ilar to the staining of heterochromatic regions development of the Inmunologlc response In animals
associated w i th  d i f ferent ia l  gene ac t i v i t y,  and the effect of continuous , pulsed , and modulated
Althov--’h mutagenesis with microwave radiation has 1-10-0Hz waves on the central nervous system and on

not b’ ‘n shown , several areas of research are animal behavior. Studies on the biologica l ef fects
promIsing. After single acute exposures , tests of 2 .45-G Hz rad ia t ion  on various in v i t ro  systems
for chromosomal nondisjunction may be appropriate , have failed to reveal any significant changes other
For repetitIve or chronic exposures , tests for than those directly attributable to thermal heating .
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However , a small decrease in fertility has been was observed , increa ses i n the number of chromosomal
observed when male quails exposed in ovo to micro- aberrations were observed in the sporogenous liss u~ ml
waves were mated wi th either control or exposed anthers exposed to a magnetic f i e ld .  Anther s of l i l y ,
females. Othe r research involves an exam ination after treatment in a homogeneous magnetic field ~‘fof the e f f e c t s  of microwaves , e lec t r ica l  f i e lds . 5, 000 0 for 4 hr , s howed a s i gn i f i can t  number of dis-
and magnetic f i e lds  on the biolog ic rhythms of rats turbed Anaphases I and Telophases I imed la te l y a f ter
as we l l  as on conditioned behavior of primates and the exposure. The deviations were more nunmerous 18-24
on urinary excretion of various mn etabolites and hr after the magnetic treatment , with the number of
other indicators of neurohormone secretion. The disturbed Anaphases II and Telop hases II being
ef fec ts  of chronic exposures to low leve ls  of ml- s i gn i f i can t l y  higher than in contro ls .  Synchronism
crowave- s are also being invest igated , since data of the meio t ic d iv is ions  was a lso reduced so that
on lon~-term effects are needed for the formulation various stages were observed at the -.anme t ime in one
of microwave radiation safety levels. loculus. However , 48-50 hr after magnetic field

exposure , the number of chromosoma l aberrations was
reduced , with no significant difference between

~541 BIOLOGICAL EFFECTS OF STATIC AND LOW- exposed anthers and controls ; therefore , a ‘~e1f
FREQUENCY ELECTROMAGNETIC FIELDS : AN restitution can be conc l uded. The aberrations

OVERV I EW OF UNITED STATES LITERATURE . (Pn.z. observed were mostly bridges , fragmen ta t ions , and
Ph i l l i ps. R. 0.; Kaune , W. T. (Batte l le  Pac i f i c  isolated chromo somes. It is  suggested that  the
Northwest Laboratories , Richland , WA). 39 pp ; explanation for the biomaqnetic effects on mei otic
1977. (available through Electric Power Research division includes disorder of the nuc le ic  . c i d  and
Ins t., 3412 Hlll v jew Ave . • E~’RI EA- 490-SR~ . protein synthesis , since it has been shown that
(106 refs )  nucleic acids are d iamagnet ic  an iso t rop ic  substances.

A review of Uni ted Sta tes  l i terature on the biolo g— 5543 EFFECTS OF ELECTR IC FIELDS ON LARGE ANI-ical e f fec ts  of s t a t i c  and low-frequency e lec t ro — KALS ( I NT E R I M  REPORT ) . / “ : : .  P h i l l i ps .magnetic f ie lds  is presented and discussed in rela- R. 0.; Gi l l i s . N. F.; Richardson , R. L. ; Allen , C.
tion to 60-Hz power transmission systems , d i rec t H.; Kaune , W . T. Beame r , J. 1.; Jef fs , T. W.
cu rrent powe r transmission systems , and extra—low- Decke r , J. it. (Battelle Pacific Northwest Lab.,frequency coninunicat ion systems . Based on a long Richland , WA) . 65 pp., 1977 . j av a i l ab le  throug h
history of experience w i t h  e lec t r i c  f ie lds by the Elect r ic  Power Research Inst . .  341 2 H I l l v iew  Ave . ,
ut t l i t ’~ indus try, i t appears that intermittent and Palo Al to , CA 94304, Document No. EPRI EA-458j.repeated exposures to strong 60-Hz electromagnetic (4 refs)
fields from present powe r t ra nsnmiss ion systems
have no obvious adverse effect on the health of The p lanning and construction of housing and exper-
man . However , this belief must be tested by care- in~ ntal f a c i l i t i e s  for the chronic exposure of the
f u l l y designed and execu ted experiments under lab— Hanford Minia ture Swine to uniform , sin gle-phase ,
oratory conditions where precise control can be vertical 60-Hz electric fields of at least 30 kV/m
exerc ised over coex is t in g environmental fac tors .  in intensi ty are reported. The oal of the p r o j e c tThere is only one direct current t ransmiss ion is to ensure constant wel l-def ined exposure of
system current ly in operation in the United States , large test subjects to e lec t r ic f ie lds ,  wh i le
namely, the 400-ky C e l i l o - S y lmar In ter tle  between holding al l other parameters constant for test and
northern Oregon and southern Ca l i f o rn ia .  L i t t l e  control an imals .  The electrode system , w i t h  v i bra-
meaningful biolo g ical research has been conducted tion damping , is complete . Using a test-transforme r ,
tha t simulates exposures to such a system. Factors the field over the area to be occup ied by swine is
in addi t ion to the s t a t i c  e l ec t r i c  and magnetic vert ical  to w i th in  2 degrees and consta nt in muagn i-
f ie l d s  such as ion currents , a i r  Ions , and possibly tude to within 6*. Breed i ng of the F, generation
ozone must be considered. A comprehensive research of swine is nearing comp letion , and prel iminary
program to assess the possible bloeffect s of expo- growth data ,and blood chemistry are be i ng collected.
sure to low level , extra-low-frequency radiation The goal is to obtaIn 40 female piglets of similar
from coem unication systems , such as . the Navy ’ s s ize  and shape so that dosimetry w i l l  be comparable.
proposed Project Sanguine , is in progress. The Using ful l -scale models of p igs,  surface f ie lds  and
result -. of this research program are tabulated in dosimetry are being characterized. This data p lus
terms of e f fects  on physio logy , growth and devel — data co l lected for a related study on small animals
openent. behav ior , genet ics , and biochemistry,  w i l l  provide a basis for def in ing the internal

dose of rad ia t ion received by the sw ine and for
ex t rapo la t ing resu l t s  to man .

5542 INFLUENCE OF HIGH MAGNETIC FIELDS ON
MEJOSIS. (Vns. , J linskens , H. F. (Dept.

Botany. Section Molecular Deve l opmental Biology , 5544 GROWTH OF BARLEY IN MAGNETIC FIELD OF
Univ. flijinegen . Netherlands); Smeets . P . S. ~

‘.rpm ’ ( ’f -  VERY LOW INTENSITY. ~~~~‘. 
I Lebedev , S.

~‘i~ ia 34(1): 42; 1978. (5 refs) I. (Kiev , USSR); Baran skli , P. I. ; L i tv nenko , L.
0.; Shi Ian , L. 1. /~‘Z,’kttv’p :,;f : j ’i ’ ’~~’.: “:,‘r-i.;.~ ’,

ExperIments on the influence of high magnet ic fields (3) : 7 1-73 ; 1977. (20 refs )
on meiotlc division in plants are reported. Whereas
no s ign i f icant  influence of a 10 ,000—0 magnetic The effect of permanent magnetic field of very low
f ield  on mi tot ic  freouency in root t ips of l’(,’i.~ ,‘~th; intensIty (8 x lO~~ Amp-turn /m) on the growth of
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barley plants was studied. The plants were exposed system for exposing isolated nerves to microwave
for 3 wk after sowing. Control plants were exposed radiation has been fabricated and tested , and a
to normal geomagnetic f ie ld  (~

. 32 Mip turns/m) 2,1*50-14Hz absorber-li ned horn system has been modi-
under otherwise identical conditIons . The wet fled to permit the exposure of pregnant mice. Equip-
weight of the aerial mass of one p lant was 414-433 ment has also been built to measure the colonic
mg vs. 465—555 mug in the control (p<0.O5). The temperature of mice during microwave exposure.
dry weight of the aer ia l  part of one p lant was Studies on the biolog ical e f fects  of 2 ,450-MHz rad i-
29.8-36.7 my vs. 35,7-46.1. my in the control. The ation on various in vitro systems have failed to
wet weight of the root of one plant averaged reveal any s ign i f i can t  changes other than those
36. 9—67 mg vs. 49.9—93 mg in the control (p<O.O5) , which are direc tly attributable to heating . How-
and the respective dry weights were 4.8—5.78 mg ever , a small decrease in fertility was observed
and 7.2-8.2 mg. The numbers of p lants with three when male quail that had been exposed in ovo to
leaves were 39.4— 50* vs. 58.7-87% in the control , microwaves were mated with eithe r contro l or exposed
The findings indicate the si gn i f i can t  growth- females. Preliminary results from studie s on the
stimulating effect of the geomagnetic field long—term effects of 915-MHZ radiation on rats
compared with the artificial low-intensity field suggest that the exposure of pregnant rats to such
and suggest the pos sibility of the considerable radiation does not alter the relative numbers of
consequences of the exposure to zero magnetic v iab le  o f fspr ing and s t i l lborns .  Studies on the
field in astronauts . long-term effects of microwave exposure on the cen-

t ra l  nervous system and behavior of rats are s t i l l
ongoing. The effect of the long-term exposure of

551.5 ENVIRONMENTAL INFLUENCES ON THE IMMUNE rats to 60—Hz f ie lds is also being studied.
SYSTEM AND ALLERGIC REACTIONS . (Eha.)

Adkinson , N. F. (Div . C l in ica l  Immuno logy , Dept.
Medicine , The Johns Hopkins Univ. Sch. Medicine , 5547 BACKGROUND INFORMATION ON HIGH VOLTAGE
The Good Samaritan Hosp., Baltimore , *40 212 39) . FIELDS. (Ehq.) Janes , 0. E. (United
Eswipop Ye .zlth Per ’epeor 20: 97—1 03; 1977. (18 refs) States Environmental Protection Agency, Of f i ce

Radiation Programs . 9100 Brookvil le Road . S i l v e r

Environmental influences of physical agents on the Spring, MD 20910) . E~tvirvn H~~ :th Perspcot 20:
i mmunune system are discussed . Although It has been 141-11.7; 1977. (24 refs)
long recognized that appreciable doses of ionizing
radiation may result in insnunodef iciency states of A review of the biolog ical effects of high voltage
various degrees , the effects of nonion izlng electro- fields is discussed in relation to the increasing
magnetic radiation , including m icrowave transmiss ion , use of hig her vo ltages for overhead powe r trans-
are less studied. At present there is no reason to miss ion l ines. Only a small amount of work had
suspect that the routine use of roentgenography in been done to exp lore the possible ef fects , espe-
medicine or dentistry or radiation exposure from c la l ly  long term ef fects , of transmission line d cc-
app liances , such as, color television sets and t r i c  f ie lds on biological systems. Research in
microwave ovens can induce s igni f icant  states of the United States and Western Europe has not iden-
inseunodeflc lency. It is suggested tha t studies of t i f ied  any acute or promp t effects from such expo-
the ef fect  of chronic low—dose exposures to envi— sures othe r than spark and electric discharge ef-
ronmental agents on immune responsiveness be pur- fects; no permanent ef fects have been observed .
sued In careful ly selected areas , such as , studies Effects such as excitab il i t y ,  headaches , drowsi-
of physical and chemical agents for which there is ness , fat igue , and nausea have been reported for

— 
some indication of selective toxicity for the im— workers In Soviet and Span sh hig h voltage switch-
mune system. yards. However , these ef fects have not been seen

in workers who perform maintenance on Soviet extra-
high—voltage transmission lines and therefore nay

5546 LABORATORY OF ENV IRONMENTAL BIOPHYSICS: 
~~ due to a unique switchyard environment rather

SUMMARY STATEMENT. (Ehg.) Fouts , J. R. than exposure to intense electr ic f ie lds.  The
(No affiliation given). E~n.ir~n &j a ?th Perapect results of current and planned research , supported
20: 200-201 ; 1977. (0 refs) by both the United States Government and by the

private sector , should reso lve a number of the
The nonion lzing radiation research program of the present uncertainties concerning the potential ef-
Laboratory of Environmental Biop hysIcs is outlined . fects of high vol tage fields.
The objectives of the program are as follows: to
develop microwave exposure systems for bioeffects
research; to develop and test techniques for meas-
ur ing m ic rowave energy absorption ; to determine 551.8 BIOMAGNETIC EFFEC TS: A CONSIDERATION IN
the effect of microwaves on Isolated nerve prepa- FUSION REACTO R DEVELOPMENT. (°‘;,~ .

ra t ions; to determine how 2,1*50 MHz microwave radi- Mahlum , D . 0. (Bat te l le , Paci f ic  Northwest Lab,.
at ion Intera cts with biological systems at all 1ev- Ri ch la nd , WA 99352). !~‘~ ‘i ~~’n Health re t’ ~~~~~ 20:
els; to study the effect of long-term exposures of 131-140; 1977. (65 refs)
expmr lmental animals to 915 MHz and 2 ,1*50 MHz ra di—

• at ion it. terms of the central nervous system and A literature review of the biolog ical effects of
behavior; and to ascertain the effect of 60-Hz magnetic fields Is discussed in relation to the
fields from high voltage transmission lines on the hazard potential of occupational exposures to sub-
central nervous systems of mammals, A waveguide stantial magnetic fields In nuclear fusion power

1.9
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• p lan ts . M.*yncti,. fielj, at up t~’ 450 0 ~ma~ be The effec t of 811 .~Lm IIatin q cle~ t ri ~ 7 m ~ ld on
encoun tere d In som~me working ar’as. The available deoxyribonuclei c ac id (DNA) ~~~~~~~~~~ in cartilage
data injicate that mnaqn etim . fi~’I Js ~jmm Interac t .e’i is was invesIigate~1 t~~ ~e ,o tm but t’ to the under—
with bi le~q ical ma terial to produce ett ec t ’., al- standing of epl genetic control of growth and d i?-
though the reported effects are ’ usual t’, sn.ali in ferentiation . A pulsed d~ ree t m.mmrren ( ~~~~~~~~~
magnitu de and often um em ,ont l rm eel . Changes in the electri c field of 1 ,166 V /e m ,m o’.~ il l a t i n q  .‘t ‘ H:
eiec tr Lal ac t iv i t ’ ,  of the bra in and heart have stimulated the incorporati on of radiolabt ’tee l (h~-
been observed atter th~ ex posure ot humans , monkeys , mldi n e in to the DNA ~ f c heandrocstes isolat ed $,,,m
rabbi t s , and pigeons to field s of 500-91 ,000 G . the proliferat iv e ’ layer of embryonic (16 da~ s) chick
O ther effects observed in humans exposed to magnet- epiphysi s by 53 l3) Th~ effec t appeared to be
Ic fie lis in clude the ~ i sua llzation ot li ght flashes tissue specific , since’ it was not observed in some
and transient rises in serum t m ’i qlyce ride levels , other tissues, such as , skin fibro blasts obt ained
The exis ting data base is concluded to be totally by collagene ’.e di gestion frewm 10-day-old chick
i nadequate for the assessment cml the potential embryos. Tetraca l ne hydrochloride at a concem? tra-
heal th and environmental consequences of magnetic tion of 1O”~ molar partia l l y  inhi bited the m~c m ~r po-
fields and for the establishm ent of appropriate ration of thyrnl dine in both control and e lee tr icai h
standards. Requisite studies to provide an ade- stimulated cells , and Verapamil or tetrodot oxin at
quate data base are outl ined , concentrations of 1O~~

’ molar comple tely blocked the
elec tric field effect. The above findings support
he hypo t hes I s that sod i urn and cal c i urn ion fT axes

5549 LNKANCED CYTOTOXIC EFFECT OF HYPERTHERP4IA genera ted by the electrical p e rtLmr ha t ion t r i ~~;~ 
-

(43 C) FOR COLCEMIDE-TREATED NORMAL AND DNA synthesis In these cells.

SV~~ -TRANSFORMED CELLS GROWN IN VITRO . Y’:.:.)
‘e :,lm ile lski , 5, (l i/ I  Pulawska . 02-515 Warszawa ,
Poland). l~~bus, M . ; Janiak , *4. A :’ ”: ,;, -

~ ‘; :,:at- 5551 MICROWAVE HLAR ING IN MAMMALS AT 3,) GHZ.

• ,“‘:‘~‘- ‘~~ 1*7(5): 396-399 ; 1q77, (13 refs) 
-

, ~~~~~~~~~~~~~~ C. A.; R i s s rnann , ~ ~~~

. ‘ O e ’’ ~
‘. ,‘ ‘ ,‘“:,::‘:, t~ .’ 

,, , : : ‘ ,~ e:

The effect of microwave- and water bath-produced ‘, ‘~~~~‘“  ~~~~ ~ •~~~~ -‘: •i~~’~ -

hypert hermia on ccmlc emide-treated norma l and trans- ~~~~~~ ~~~~~ • 
‘
~~~~~

- ‘ ~‘ ~~~~~~~ • ~~~~
‘.‘ . Sponsored by

formed mouse fibr oblas ts grown in vitro was inves- U.S. National Coem:tttee of the International Union
tlgated in relat ion to the p otential use of h’,per- of Radio Sciences , National Ac.eelvimr~ of Sciences

thermia In cancer therapy. Normal mouse fibroblasts (Washing ton , DC): Vol . 1 , pp. 9-SS , 1976. (15 refs)
• (L- 929 c e l l s )  and transformed (SV.,~

’? mouse fibro-
blasts grown ,n vitr o were treated for 1* hr wi th ~ 

The effects of 3.O-GH: microwave pul ses on the

~Q-’Inl of coicenmide and heated for 2 hr by means of auditory systems of cats , dogs , c h l n c h i l l a s, and
a .3 C water bath or by 3-6Hz-microwaves. Norma l humans were Invest igated to determine m icrowave
cul tures and co lcee nide-treated cul tures grown at hearing threshold parameters for different maimm alian

37 C served as controls. Hyperthe rmia Induced by sp.cies . The average energy dens i ts’ per microwave
water bath heating or by irradiation lowered the pulse at the threshold of producing an ~udlto ’’,-

viability of normal and transformed tibrob lasts and ev~ Led response in the anima ls stud ie ’~ e,a~. 10.

i nhibited the Incorporation of thymidine . urid ine , cm~ at pulse widths of less than 20 :.se~~. The

.snd g l yc i ne into the cell s . Transformed tibr o— average threshold ener- .:s dens i ty of microwa\e

blas ts pretreated with m ,olcem ide were mno ue sensitive pulses that could be heard by human subje’~ ts was

to hyperthermia than ccslcemide-treated norma l fibro- 10.6 iJ/cm ’ for pulse widths of less than 20 5 C c.

blasts. The difference in the reaction of norma l However , three of eight subjects could nor hear

and transformed flb roblas t s to hyperthermia wa’, pulses be l ow 20 ~msec im , wi dth at mm a\ ii:m um peak power

more pronounced i n ~icrowave-ht’ate,1 cells than in settings. There was no clear correlati o n between

cultures heated in a water t’at’~. It i .. su,i qested abili ty to hear microwav e’ pulses and hear i ng

tha t the stronger In h ib I tion cm ’ c e l l  ~‘etat ’cmii sm n In threshold as measured by standard audiogram s .

cul tures heated with -“icrowaves may be due to the However , these aud l ograms did not test hearing

specific molecular effec t of m i~~rowaves in Nic ~log- 
th resholds above a frequency at 8 kH:. and it is

ical materials and that ~ol~~em i de treatme nt enhances possi ble that am~ i nahil i t’, to near “,icmome ,eve ’ puts ,”.

the thermo~ens i t i s i t s  .‘f t r a ’~ fcmrn ed cells to a can be correla ted w i th hearin g I oss r’ .  at hi~~hcr

hi gher degree than normal m.,’i l ... ThR observ.~t on frequencies.
may be of interest when icianni asi a potent scheme
for the selective m I ,~~u m y  of caa~er c e l l s  by hsper- ‘,‘,‘~2 RELATIV E CATARACTO GENIC POTENCIES OF TWO
the m- ia comb i ned w i t h  drug’. that im i flu en ce the MICROWAV E FREQUENCIES (2.45 and 10 6Hz).
cell cycle. 

~“i : . - Hagan , 6. J.; Carpenter , it. L . • ‘;:

1.’ ~;:‘e~’: .‘ .- ~~~. -

rq’.’rs ‘f the -~T, ‘- I ‘Ne : ,4’:’::,,: 1 ~‘.
- .- i’;.:. .~. ~

~~ Sm) DNA SYNTHESIS IN CART ILAGE CELLS IS STIM ,\‘. i’,’~~,’!’ ,-t ’  :~
‘— ,, • 

‘~~~ ‘,s , Sponsored by U.S.  Na t iona l
ULATED BY OSCILLATING ELECTRIC IILDS . Coninittee of the Internat iona l Uni om i of Radio S~ i,’m,

,,~e’s,

Rodan . 6. A , (De p t. Oral Biolo~ ’y and Ortho - National Academy of Sciences (Washington , DC): Vol .
dontics, Univ. Conne cticut , Sch. Med icine and Dental I , pp. 143-155 , 1976 . (26 refs~
MeJic im ’c . Farminq ton . CT 36032); Bourret, 1. A ,;
*‘mr te ’m , . 1. A . i.oio,’ l4’1~)e329): 690-692; 1978. The role ot microwave frequency in the experimental
(28 refs) induct Ion of lens opaci t ies was invest igated b~
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i r radiat ing the eyes of rabbits for 30 mm w i t h  5554 EFFECTS OF A FIELD FREE SPACE ON THE
ei ther 2 .45- or lO-GHz continuous wave radiat ion at CIRCADIAN ACTIVITY RHYTHM OF THE HOUSE
vario us power levels. A d ie lect r ic  lens was used SPARROW , PASSER 1k)MESTtCUS. (b ’na .J  Bliss , V. L . ;
to focus radiation on the eye reg ion , w ith  distances Heppner , F . H. In: l ’io loqi aa ? ~‘,

1’ .~~te k -:’
from the emitting horn to the dielectric lens and magne’~ ic’ Mii ’ee : Sel, ’cm t e ’ ,i Paper’ ee .sf  the USRI~/UR:

’:
from the latter to the eye kept the same in al l .4nni~at Me’ c mt if l q , !~‘~,?d,’r Ct’, 0~’t..’ie ’t’ 70 - $ , 197:- .
e x p e r i m e n t s .  The i nduc t ion  of lens opacities Sponsored by U.S. National Comm Ittee of the Inter-
required less power at the l ower frequency. At national Union of Radio Sciences , National Academy
2 .45 6Hz , the lowest power density at which of Sciences (Washington , DC): Vol. I , pp. 225-237,
opaci ties developed in more than 5l~ of the experi- 1976. (24 refs)
ments was 295 mW/cm 2; wherea s , at 10 6Hz, the lowest
power dens ity for a corresponding effec t was 315 Experiments war-’ performed to test the hypot hesis
mW/cm 2 , At 2.45 6Hz. all eyes exposed to power that cyclic changes in the intensity of the earth ’ s
densi ties of 325 mW/cm2 or grea ter developed magnetic field can entr ain the circadi an activity
opaci ties; whereas , at 10 6Hz , this occurred oni~ rhythm of the house sparrow , Poseet ’ .br’:~-et ioua .
when the power density was hi gher than 410 mW/cm’. Two sets of Weber coils were constructed: one Set
A t a frequency of 10 6Hz, more heating occurre d in for experimental birds and one for controls , The
the aqueous humor of the anterior chamber in front set of experimental coils was regulated by a power
of the lens , wh ile heating was grea~~r in the supply that compensated the intensity of the earth’s
vitreous body behind the lens at the lower frequency . magnetic field within the coi l  to 0 6 ~ 200 gammas.
The focusing factor of the dielectric lens used was Eight nonmnagneti c cages (one bird per cage) were
grea ter for the hig her frequency. The lower p laced wi thin each coil. The perch-hopping activity
frequency clearly possessed greater cataractogenic of each bird was monitored by an event recorder.
potency desp ite the fact that the tO 6Hz frequency Both experimenta l and contro l birds were entrained
had a considerably greater heating effect on the to a light-dark 8-hr:16—hr cycle for 2 wk. For 2
aqueous humor. more wk, the light cycle was maintained , while the

experimental birds were exposed to a near 0 6 field
for 8 hr a day; these 8 hr of near 06 field were
synchron i zed wi th the lig ht period. For the last

5553 SANGUINE EXTREME LOW FREQUENCY ELECTRO 4 wk of the experiment , all birds were placed in
MAGNETIC FIELDS : EFFECT OF LONG”TERM constant darkness , wi th the magnetic field cycle

EXPOSURE ON SOIL ARTHROPOOS AND OTHER ANIMALS IN bei ng maintained for the experimental birds.
NATURE . (E~:~:.) Greenberg, B. In: Bioiogio:i Enright ’s periodogram analysis , analysis of covar-
E’f ’~’,’te of E tzvmaneti., i,tzzsr a: $e ’Z8;’te~ PapeX’B lance , and circular s t a t i s t i c s  s howed a significant

f-h. - La’YC -’IJRSI AnnuaZ. ?deettng, &‘ul.der CO , 0ot~’i ’er difference between the two groups of birds. The
i’-23, 1 d :~5. Sponsored by U.S. National Committee periodogram showed tha t the period lengths of the
of the International Union of Radio Sciences , control birds were longer than those of the
Nationa l Academy of Sciences (Washington , DC) : experimental birds. Analysis of covariance showed
Vol.  1, pp. 187-200 , 19$ . (12 refs) tha t control birds were significant l y more active

between 1800 and 2400 hr of the day compared wi t h
Demographic analyses of soil arthropod s and metabolic experimental birds . Circular statisti cs Indicat ed
studies of five animal species are being conducted that the midpoints of activity ti’r c were signifi-
at the Wisconsin test facility contaIning the cantly later for controls than for experimental
Navy ’s Project Sanguine extreme low frequency low birds.
energy communica tions system to determine the long-
term biolog ic impact of this system. Since 1972,
there has been considerable overlap in predator-prey
proportions in paired test and control plots , 5555 THE INSOUCIANT SPARROWS OF CONSTANTINOV :
suggesting similar population structure and function , A CASE STUDY OF ELECTROMAGNETIC ETHOLOGY .
These proportions have shown less annual variation (Ehg. ) Beei , 0. J.; Trzaska , H. In: Biotc ’ ’ioaZ Ef—
in exposed p lots than in control p lots. After 6 yr foote of Elem,tr oinagnetic WaV9B: Selected Papere -‘f’
of exposure to extreme low frequency radiat ion , the the USNC/LFRSI Annual Meeting, Boulder CC, Oc’tober
ratio of yptosttgmota to m,o7l~rib,’l~ in the 20-23, 2925. Sponsored by U.S. National Committee
ori g inal Hazieton test plot is almost exactly the of the International Union of Radio Sciences , Na-
same as in 1969, before antenna turn—on. A total t ional Academy of Sciences (Washington , DC): Vol.
of 2 3 tests  measuring oxygen consumption and 1 , pp. 284-288 , 1976. (5 refs)
resp iratory quotient in earthworms , redworm s , slugs , I:
woodlice , and redbacked salamanders has revealed Observations on sparrows nesting wi thin a pseudo-
two marg inally signi ficant differences in the coaxial line of an antenna used for transmitting
metabolic rates of exposed animals. In 1 972, longwave (277 kHz) radio signals are reported . The
exposed woodlice had a higher metabolic rate , but antenna , located In Constantlnov , Poland , was a
six tests performed in subsequent years have vertical anti-fade type with a height of 646 m and
disclosed no si gnificant d if fe re nces. The metabol ic  a capab i l i t y  of radiating radio frequency energy
rate of exposed redworms w as lowe r in 1974 , but not in excess of 2 MW. The sparrows built a nest with-
before or after.  Field and laboratory observations in the inner array of wires of the pseudo-coaxial
of the above animals have produced no evidence of l ine near the feed point of the antenna, The avian
abnormali t ies in behavior , habitat selection , or parents made frequent tr ips f r xs  nest to beyond,
external features and pigmentation, from Inner through outer conductors of the pseudo-
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Mice and rats exposed to 19-MHz radiat ion wI th  a the .,bcsss s e t  usn~~el I .’s ’ci(v Ii 4 t’iPS. I I - -

magnetic f ie ld of 55 A/nt and an e lectr ic  f ie ld  of ts~ se r ( i s . , ) b s  40,1 hum i l .w’ta h~ p i .~ s ;e ,t — ,  ‘Cc’-

8.000 V/rn In a near field synthesizer were compared imla ut ie lts w an es 41 s ., .555.5 ‘ ‘e g u e t m s  s i . ’. - hi.

with similar anImals exposed in a thermal environ - nu,tteris , . j lsuI~~t is,,, ,~t t he  tens’,’ ‘m,t.qt ’ m’ ilu4li,Hi .
ment that produced a comparable rise in bo dy su fficientl y as.cura te  r~~c s l t ’, we r e i s t t s t i c . - , the
temperature to measure physiolog ic systems known size of the se lls Wd S kept s s s w l t c ,  ( I s - , ’  soc

to be effected by hyperthermIa. The growth of mice of the free- s pace wave length. Ah(housth w i t h  t h i s
exposed to radiation on days 5 through 10 after cell size it is not possibl e to p re d i s .t t he exar t
bir th was not affected , After the exposure of adult pattern of the stand i ng wave Ins ide t hi’ body , it
mice for 40 mm /day for 5 days , a substantially was accurate enough to predi ct the induced rles (iit .
higher death rate was observed In both Irradiated f ie ld a: the centers of the cells. if 4 lure

and thermally heated male mice compared w i th  accurate pattern of the standing wave is ncpdcd .
similarly treated female mice and male control mice. it is onl y necessary to reduce the cell sIze at
The irrad iat ion and thermal treatments produced an the expense of Increasing the computing tIme . The
dverage rise in rectal temperature of approximatel y numeric tensor integral equation me t hod can produce
1 C. After irradiatIon , ~% of the male mice died , exact solutIons for the i,,duced electric field in
while onl y 5% of the female mice died . Therma l any arbitraril y-shaped bIolog ic body, with the
exposure produced a death rate of 21% in male mice only l im i ta t ions  being computing tinie and Computer
and 3% in female mice. After sing le 40-m m radia- storage capac i ty .
t Ion or thermal exposures of rats , the average
rise in rectal temperature was approx imately 1 C.
No letha lity was observed In either Irradiated or
thermally heated rats and no remarkable changes
were seen In the levels of acety i choline or 5561 MEASUREMENT OF RADIOFREQUENCY POWER AB-

catechol ammnes after irradiation or thermal exposure. SORPTI ON IN MONKEYS , MONKEY PHANTOMS , AND

Al though no changes were seen in cyclIc aderiosine HUMAN PHANTOMS EXPOSED TO 10-50 MHZ FIELDS. (A’ng.)

nonosphosphata after irradiation , some irradiation— Alien , S. J.; Hurt , W. P.; Krupp, J. H.; Ra t l i f f ,
related changes In high energy phosphates were seen, .J. A.; Durney, C. II.; Johnson , C. C.  to: l uu5 s 7s s~i-

Si gnificant changes were seen in the concentrations t , ~c i1  Itffes,ta of tleotr ’xzgnetz.o ls,ztl,,’e: $s e / , . ’ t ~es~

- 
- of several cations in the brain after irradiatIon; P~~5tt1’8 of the USMC/IJRST Arou sal Meeting, &‘uZ,iet ’ i’&),

most notably, the z inc concentrat ion In the cerebral 0,’t~’~’~~’ 20—23, 197.5. Sponsored by U.S. National

cortex increased from 0.2 8 timole/mg to 0.53 pmole/rng Coemnittee of the international Union of Radio Sci-

after irradiation. By far the most striking effect ences , Nationa l Acadenmy of Sciences (Washington ,

of the radIat ion exposure of rodents in these DC ) :  Vo l. II , pp. 63 95. 1976. (7 refs)

experiments was the increased death rate of male
mice. Perturbation anal ysis theory was applied to the

prolate spheroid model to determine the theoretic
power absorption over a broad range of frequencies
and to check tha va l i d I t y  of these calcu lat Ions
using prolate spheroid phantoms to represent man

5560 QUA NTIFICATION AND MEASUREMENT OF INDUCED and monkeys . Power absorption measurements in
FIELDS INSIDE FINITE BIOLOGICAL BODIES. live monkeys were made to determine the va l id i t y

( Ehg. ) Chen , K. -M .; Guru . B. S. ;  Nyqulst , 0. P. of the prolate spheroid model. The perturbation
.‘‘t :  H~~~l~’g is ’s i l  Effeota of b? l. ’~’tnomagne tf .  Wcwea: analysis when coupled with an ellipsoid model suc-
,-:i.!e,’t,~,i Papera of the USN/IIRG’I Annua l Meeting, cesfully predicted absorbed powe r in animals.
llouide ” CO, October 20-23, 197.5 . Sponsored by U.S. Prolate spheroid theory and measurement predicted
Nationa l Coiminlttee of the international Union of low levels of power absorption for man exposed to
Radio Sc i ences, National Academy of Sciences 10-30 MHz radlofrequency fields. For 50 mW/cm2

(Washington , D C) : Vo l .  i i , pp. 19-14 3 , 197 6 . exposures w i th  cross polar i za t ion , only 12 W of
(13 refs) total power absorption was predicted at 30 MHz; at

IC 11Hz, s l ight ly over 1W tota l absorbed power was
Elec tric f Ie lds  induced in f i n i t e  biologic bodies predicted. Compared w i t h  man ’ s basal metabol ic
by incident electromagnetic radiation were theoret” rate of 80 W at rest to 600 W for heavy labor,
Icall y quantified by a tensor integral equation 50 mW / cm 2 at frequencies below 30 MHz represents
method and experimental ly measured by insulated an almost Insign ifIcant thermal Insult. Power
fie ld ; r s s h e , For the experimental measurements , absorptIon measurements for monkey phantoms and
a s i m m . ,  of .‘ .i’e ,  im’menta l models w i th  various l i ve  monkeys over frequencies of 10- 50 MHz revealed 

slom s .‘.r. ‘s”,stru , test with plex ig las and that the absorbed power decreases approximately as
- 

~i . . . f P ,  a ,.alint. ~~s~~) - i ~ , s s m ’ T he ,mm,s,h et~ were the square of the frequency decreases for all
- i.i .’.I .‘ 9,•.~,,,.,,. -.‘ c ~~~~~~~~~ 

t r w , ,  1. 7 - 3 . 0  Sit s phantom as wel l  as monkey exposures. These data
- I .‘., 55t 5 1 S 1  - - - . •IIe~ t .tee”m.n t was Ind icate the need for frequency-dependent radio- - -

- p. -..- ,.‘.“s s - .- ‘ - ..-.,t ’.’e’,. ,,m lnt’, f . es It ,C nt . y radIatI on hazard standards.

_ _ _______
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-~ ‘scs.~ ~ .54 5. t’ç ~ I • A~ I~’s4 ~5i ~t j At s ‘I I “me u t  cd 5 s I ‘s’s lid ’s imp l i s .It ions no t on ly Is’, the pen—
ms uPlAN ~~t °  dil l t~ 5ISO~C- ‘S N(* ‘. i ‘ S ti c m  S ~ I is, ii • s t  •Ip~. t rswsist qimt’t ic radiat  isin into aqueous
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Short , R. t . ; C,ss-4 . A . - 
, • - • 

s ~, • ~ ~~ j  ~ ~ 5 ~~~ 
,, ,, , ‘5, i ~ ~~i ., i s,, ‘ ~ ~ ,,t r,,red frequt’n—

:‘~ : i~: ‘ , : i ’ .~.’ i ’ ,- ’: a .‘~?‘ s’:,~ -~~~~ ~~~~~,-—-  . . . ~ ~ ‘ci an’, heq,. r I -c r a d 4 s ~~te t ,  ~ ,s , s m Ihernugraph y s i t

.-:,- .‘ - ..r5 - f .‘‘.ç - .- i ’;s . ‘.‘~ f):. - :~~
‘, :‘.~.i I ’ . ’ • ‘. “. ‘ . . vs  a n • i.e.,.. • , 5 - i s s i ~ n. y I l

~
,I s im s

-~ - :, ‘ j . 5 ’ ~~~~~ ~~~~ ~- s - i ’  ~~~~~~ ~ . . ‘
~ i s s ’ ’ ’ s I I i U.S
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K.t, l i s s  S. 5 ’ik ,‘s • Nationa l Academ imy of Sc i r s ’ s  C ’s
- lss In ~tA 

5 — - W i ’ Ns~~ I I 
~ 4 ‘i~ t ~~t At. -

s~~~.s~~~5 I s I - l t s s i i , DC); Vol. II • pp. 96—1 lo , 1976. ~~ -~~ ~ - 1 ~ . -

- “I ..l ’s I 
~,s. hi s i t  • J • mta., I - - C - ‘ , .  -

,

FIt. bo,t~ wa’s n amers th y s imulated to deter-  ~~~~~~ 
V 

Ii.

‘s or Its.’ - ‘ i e ’  sisa l s C- s~
s ,sis ’,~’ of the body to the - 

.
. 

- ‘ ‘~~~~~~~••i

- - “, .~~ • . ‘ 5 l ’s  U ‘~~- 5 ’  - ‘“ ‘il Ca - • lIm e? -~~s si~ ’I -s s f l  .1 non to n s : -s. i  radi., tlon . with particu lar The lnter n at i omel U n s s s s  s i t  R,,d , . s  S,.se,s. ,’.. 5, ss- ,,.,I
5 *  sitS ( Psi. , P ci. I - 4  d i t m , mu ’t,t sweat rate Academy of Sc irm m s , ’ s I W l , I i . s i s i I s sss . DCI Vo l - II ,

sod? I~~ Tb,.. sases w e r e  ,s ’ i s ’ .ss l t ’ , ed : energy pp. l84~192 , 1976 . (13 n e t s )
t s’d lfl t ’ s,~~~’’~ 5 ,5 .5,  s I~~~s , ( s s  (P it  ssi ls i t  ion for

i.tW,i.- t t rtsI st,he’., ems.r - 4s I. , ’ ,. . Ii’s1 In m,,’ bss siy In . -Latency to t on ic - c l o nmc  convu ismsis i  s,,- i,Wa’s ssiest so
s I’S’’’’ I s~Ii I, ’ I se i i ,, - ‘  • Sod em mr, .i~ -I’ •s ’s’s I ted mice (25—30 g) ,  sma ll rats ( 100-125 g) , ~nd l . ss sj , ’

- .15 
~~ ( 5 ’  i ’s-s’ ’ - ’ ,V.,,1C i and so.- ,,- - i s  r r’sJ I ’, -

-‘ St i s s i  .• Pissiis.iit t.tn, rm .IimsI is,nq t im i~ C~~,s, -’ssjrc, 
rats (380—1+20 ~) as they were indiv s tl u ahl v ~~~~~~~~~~

wer e  -‘ is’ ,‘ I,d by 4.ermm it ls ,.~ t I’s, bloo d I ,’,. to tar 
to a 1 5O-nmW/cn,’ cont I ,,uous wave mic rowave  Ii s - I s ,  I - -

.l~~ . - s  1 tq  to s -  - ‘~~~‘ s  s - ne t o t a l  ‘s.~~t 
,m... i,. .‘i.s justi~~n 

i nve stigate the interaction of microwave frc’guent.y

~ubst . , s il i a I  . I i P I r . r s s , r ., w, - ‘  ‘ ‘st by 05 1 0 1  - t i t t e ’ r ” (  ~~‘-~ po l a ri za t i o n  with anima l sizo . Groups of an,-

.‘- s .m, ’ I~~~, i” ’i~~- ’ .i Z i ’ i ,i the s I s s m  I ‘-tIt.r 
5. , 4 S  sni.ri exposed to different conmb inations of

work in .i,- t i n j  5,3 ( s i~ , s i , ’ , i s, i l l  ra sm ‘swi. ‘I  I n
~ 

I i’,~is~ iis and iso I ,,r I za t ion. Frequencies of 710 .
i t s  ru’’sponse Is ’  ex t e s  .1 ‘st i s m ~j I i  Cals. u lati s ,ns ~~‘ , I , ‘O i ’ , . 450, and 3.000 MHz were used and at
made assum i ng (h~( the blood I~~

,st, can .t ,s s s t  ~~~ 
‘
.
‘ ‘  

5 Is, ’ siss,’ is, . t IPsi. eIe s. tr ms. field was polarized

the apparent local smt,tabol is . s - s t ,  su.Isfe’.t ‘si t sus h ~~ I s  ‘h - s  s ion s.. ! 5 s ss  s r r t  m s .31 ly and a l i gned par—
adjustments wii i  increase the s.ei~tr al core te mpeta - a I Is I sit .sei i - e’ s s ’ , s. u lm r ls , re ’spes tmv el’,. with the

tures , thus aggravating the problems as’ssss . s a l i ,I w i t h  
Lsii~3 i s i 5  s l i P s , -  s s s s s i s t S h, ’,h 31it’ results showed

the absorption of non-ionizing radiat ion. 
t th.I ‘ - s I c ’  ,~ s i ’ s , , ”  do ‘s i,, he t ,wermi - s . ‘s.s.ss.s ’ he-

,,,. ,i~ • ,- - , -  - ‘ I  si IC Ptst, mi?’. mis s 1 t,w,m its i I i t  y

— s su s. a, red - ,  - ‘sic s ,‘si,sr’, , S r ’ s  a’, ,ss s Ass I s i  ze in  -

5563 THE ATTENUATION FUNCTION FOR BIOLOGICAL rC4sVd m i - I  ‘ - .s 15,1 .‘ss s, ~~.~~l i 5  1iss1.ic - :,‘ .I d c i .  i r s ,

FLUIDS AT MILLIMETER AND FAR-INFRARED t m ~~Ist (he an - si sal ’s m m ,  -.5 s r n s i t , s r  ‘ - -

WAVELENGTHS . i~~,:;.) Il l inger , K. H . rn: li:’,’ l’ :  length we’s sibsssi. s I ‘si r hs t h t  P I n5’ wavel.nqth ‘ s . -

~~~~~~~~~~~ , ‘J ’ i” . s ’,’f l’t s?’kZ,pZi ’ f - ’ W,n’,’si ~~~~~~~~ 
hor i zont~ I 1 pim Isi r ‘F,- S e l. ~ 11 Is. I i i .  Id ss ’ n s ‘ S I . ’ ’ ’  I I s

T s :- ,.’s ’ s ’ s f ’ ths ~N.
’ !‘~~? 4; s :c;.’ ~,‘,‘r;

’,:,,’, ~“~‘ts ~~.i. s’ ‘ , 
produced the s~~ s i s ’ s t  • s,, ,, slon I i i  ~ ‘s P u.

Sponsored by U.S. National thermore, as an i sss ~s l  Si:,- n,.reas rd . 5 ,,. ‘ se ld
Con’mii ttee of the International Union of Radio S d -  paranmete rs in terac ted Is’ p s s ’smus s- I .s s -

~
, , p,’l  ,.

ences, Nat iona l Academy of Sciences (Washington , t ion d i f f e r e n t i a l s  at lowe r f req u e nts r - . T i ,.

DC); Vol .  Ii , pp. 169—182 , 1976, (27 refs) results support arguments I, ’r the s.a~~e P s s I ciw~~~isI

erat Ion of both field parameter s and lam ,j ,’t d i ’ s . - - .

An attenuation function for biologic f luids at sions in hazards evaluat ion.
millimeter and far-infrared waveiengths exhibiting
relaxation and resonance absorption of electro-
magnetic radiatiom i is described via a theoretic 5565 PERFORMANCE OF THE LCOF PROBE IN CALORI-
model , which evades the (physicall y) Incorrect limit METRIC AND TISSUE TEMPERATURC MONITOR I NG
for the attenuation function for a Debye-type relax- APPL I CATIONS. (Pii~:. Livingston , S. K .; Rozzell ,
at ion process. The collisional interruption of 1. C.; Johnson , C. C . ;  Durney . C. H . :‘s : .”~.’ .’,’s -
absorption and ens ’s ss ion of e lectromagnetic radi — 

~.‘.3 I l’ff
’
s ’.’tii 5 ,f ’ ~~~~~~~~ l~ ”k ; :sS , ’ t  f ,  k’ ;:’,~~s :  ~ s -‘ s ’. f

atlon by molecular fluids is  treated in terms of I~s i ’ s ’r ~ , ‘i ’ f : . - ‘. ‘N. ’.-~~.5’: 7  ,l’;,’;u,s ’ 15- , ‘ i ’:.~, 1 ’:, ’i ,
a formulation describing the e f f i c i ency  of cof l I-  ‘{~~, 5s ’ts~) s ’i’ :: -:‘,~, !;~~

‘
:-. Sponso red by U . S .  Na -

slonal perturbation as a function of the field tional Com ttee of the International Union of
frequency. The attenuation function , and hence the Radio Sciences , National Academny of Sc i em ces
depth of penetration , is computed on the basis of (Washington , DC ) ;  Vo l .  II , pp. 239-248 . 1 976.
this mode l, and the results of the theory are (4 refs)
compared wi th ex ist ing experimental results for
liquid water and typical biol ogic tissue . Whereas Performance parameters obtained during a sc’rir’s. sit

the Debye assumption precludes the existence of calorimetric and hyperthermic experiments are me ~
windows in the attenuation function for a polar ported for a liquid crystal optic fiber (LCOF)
liquid lIke water above the microwave reg ion , the probe designed to obviate perturbation problems
present model Is consistent with a rap id increase induced by meta l l i c  sensor components during tern-
in the relaxat ion contr ibut ion to the attenuation perature measurements In microwave heating exper-
distance for frequenc ies of about 10 ” 5Hz. This Iments. The temperature probe has two shortcomings:

5
’ 514
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hysteresis and agelng of the sensing medium , Ex- isolat e nontherna l effects of micr owave ra diatIon
perimental results have consistently shown that on mansnailan cell cultures from those effects
reflectance for the body temperature probe (32-45 C) resulting from cell temperature rise. The system
heated to 45 C does not remain constant over the allows for more precise calibration of the Incident
cou rse of one da y ’s experiments but drifts gradu- and absorbe d microwave energies . The capability
ally downward. If the shift in the probe ’s response of the system was damonst rated on Chinese hamster
Is monitored by periodIc calibrations , the accuracy somatic cells irradiated for 20 mm with 2,ie5O-MHz
can be held to 0.1 C and often less. Othe rwise , microwave radiation at power densities rang ing
the dr i f t  problem results in errors of 0.2 5 C when from 1-500 smM/cm 2 . No sign i f icant  di f ferences
only one calibration Is performed. The agelng were found between cells exposed to 100 n*S/cm 2 or

ef fect  of the probe ’s sensIng medium results In less and controls. At these power dens ities , the
progressive decay in the response curve over a t ime  cell temperature stayed constant at 37 C. Clearcut
period of Intensive use. However , in terms of cytotoxic effects were seen however when an i n c i d e n t
useful lif, of the sensor , many months of rel iable powe r density of 500 n*i/cm2 (1 ,100 sm*i/g absorbed)
performance hav* been demonstrated w ith one such was app lied. The cells exposed to this powe r
probe b.iny accurate (0 0.1 C after 9 no of use in densIty had a temperature rise of abou t 5 C due to
hyp .rth .rmIa experiments on several hundred mice . the l imited pump ing capacity of the exposure
Overall . th. shortcomings of the probe can be con— system ’s c i rcu lator, Qual i ta t ive l y,  a slower growth
troll .d or minimized so that this therma l sensing rate , changes in cell structures , and differences
s t e i s I tC  has considerabl e practical value . in the size of indivIdua l colonies after a 12-day

Incubation period were observed in cells exposed to
500 mW/c m 2 of radiation. Irradiated ce l ls  a lso

~‘~6t* I~PIRIMENTAI. CALIBRAT I ON OF A MINIATURE showed Increased vacuol lzatlon in addition to
ELECTRIC FIELD PROBI WITHIN SIMULATED morpho l ogIc transformations . in more recent experl-

MUSCULAR TISSU ES. - ~~~~~~ ) Cheung , A. ; Bassen , H .; ments In which a constant temperature circulator
Swicord , N.; W i t t e r s , D, . ‘; ; “ - ‘ ! ‘ : i . ’. ; . ’ f’,t~ft’- ’te with refrigeration capability was used to control

~ç ~‘:~ ~~~~~~~~~~~~~~~~ 1 ’  .-:,- , -. ~ r , ’. f~q-,’r.ts .‘s ’ ~~~ t he temperature of the exposure system ’ s bat hing
‘II’.’~1 ‘IlS’i;,,z ’ s ’,’ , - ? i ’s 1; , ‘~, - , i. -r - ‘ , ‘ .~~ - t- .5 ’ I’ ’ — ’.f , solution to within ± 1 C, irradiated cells dId not

ii ’.’ . Sponsored by U.S . National Ccve n it tee of the show any morpho l ogic change. Wi t h fu r th e r Improve-
International Un Ion of Radio Sci e nc es , Nationa l mentS in the apparatus , the exposure system may
Academy of Scle ns.es (Washington . DC ) ;  V o l . II , serve as a prototype for future studies of the
pp. 324-337, 1976. (8 reVs ) therma l and nonth,rms,a l Interact ion mechanisms of

im ,ieruwave-induced biologic changes in living
A miniature Isot ropic electric field probe ,,s m i s i s t i n g  s,rqanisssms at the cellular level.
of three orthogonal dipoles (each 2.5 miii in length)
with Integra l diode detectors was theoretical l y
and experimentally evaluated for its capability c’,b8 MIASURIMINI OF EL ECTRIC AND MA G N E T I C  FIELD
to accurately determine electric field strengths STRENGTHS FRO+t INDUSTRIAL UDIOFREQUENCY
within multilayered biologIc systems . Us i ng a 

~~~~~~~~~~~~ MHz) POWER SOURCES ±5 s , j .  ‘ Conover . D.
well-established bur ied transmissIon line theoretic I... Par r , W . N .. ~esssinta ffar , t - L . Murray , U. F.
model , the antenna ~mpedance was analyzed wIth
respect to varIous imp lantation situations. I t ~

‘‘~ ~~ ‘~~~‘ .~~ : 
s. - ”- ..~. - ~

‘ -
. . ‘ tm- ”s.z 1pn5t s - ’

...‘:.km t;,5J 11 ; .m’e ‘ i+t. ~~~~~~~~~~ . 5 , 
wa, demonstrated both analytical ly and experimental- 5 i . .:.i..sr , -s ’ s  ‘~‘.-r  !O-2,’, 19- ’~- . Sponsored by
ly that for deep imp lantat ion In muscle very l i t t l e  

~~~~~~ ~~~~~~~ Cu mitt.. ~sf t im. Int e rnat io na l Union,
s.hange (~ 10$) In probe response occurs with respect Radio Ssi.nce~ , N.tion~~I A, ademy P S t i e s i t e s
Is ’  t he fr.. space response of the probe over the (Washingt on , o t I -  v i  m l  ~s, t ’,~

, 162 . P’l ’(s
‘req ~e s ss range s.sf 0.9 15-2 . 1.5 5Hz. In addi t Ion , (9 reV s )
when i rs very  s Isis e proximity to the muscle—fat or
‘ . s*s il. 4 4 !  m i s ’ s - S t ,assi ) boundary, no observable Measure me nts of rodlo fr.qu.ncs II I m c ~o tiN Pits)
c4sang In pr ,s(.. ’ r , ,ons. s ’ cu u r r e d  because of ~~~~~ e l e c t r i c  and m gn •t i s. f i e l d  str e ngth esposur?s

s at kins A Iai k it significant elec-

~r is. field ~m .’tur”st ion P’S the ,-rub, i t se lf was a l s o genemated by power sourcss having app t iCa t  ion in
the tex t i l e, l umber , and p ia, t l s .s n d u st r l~ s. ai r

d~~~n st rated in a miUss te  e qu i valent slab , presented. Measurements were tak .n at ,t i si ~ ns.~~s
less than I m from sources where ope rat ing person
rsel were located using monItors that were cons t ru,t r’ l

“sti’ A NEW ‘5 5 S 1 1 M  rOR N~~1S 1 ,A f ING NOfIINIAMAL m d  calibr ated for near-field exposure mmmeasuremem,i’.
EFF (CT OF MPCROWAVIS -* CPUS “ - A s.sissmparlson of the field strength exposures w ith

(in , J , C ‘ ‘~l . ’l i . 5t~’! ‘~~ - “5. ‘,~ 
‘ “ ““s the Amp . can National Standards institute C95. 1-1 914

nszgn~tCs., h~~ ’. s m  :4’,’ .-” .’,f I-i ~’” ’ ,‘ ‘j ~~’ ~ s ~- Ri Ml ssswave Personnel Exposure Standard radi ation
Anpnisal ~~~.ftt&,, - s .  i,’, ‘ , 5 ’ , -.r I’- ’ .i , .5 . s np.’tUte gs a sd s revealed that 90* of the sources
Sponsored by U.S. Nationa l Cosiusi tm ee .~t (Ii. tote ’ - P - .‘.tr il ‘“I’ • I ,s Ir l,  41. 1 1  ‘strength gu ide of 200
nat ional Union of Radio Si. I es,,. s ’s . Nat I “si I Au adeley V ’ -- and NOt ,.t the .ss,s, ces ess. e.d.d th. maqnet Ic
of Sciences (Was h ington . DC): Vo l . I1 ~ pp ISO- fm.ld ‘ s I ’ pns l tP *  ,0iá. - m  O S  A/is . The,, guides
355, 1976. (10 r.fs) we’P ,..i...d.,1 t’y P si, t O~ % at ‘ . - ,i~ - as  iv. for th.

Ci r ,  i r i s  ‘s p U d  s,.- 5’, at h I g h as 25 tss. (tSP ma gneti c
A fl uId—fill ed waveguida exposuie s~mS tem with a ‘ ‘ r i d .  Th,t~ ‘m4*s,f~~~~Ot 5 ,$~~~ W i s I ! a i e  t ’ - .’s a ver ’ s
mlcrcpip .tte sample holder h~s been d.velop.d to ssq ss ’ttanI ~~~~~~~~~ ‘ s r s d  Im P’ s’’ - p.cs’.wwm.I
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8iolo9ical Eff ec tz  of Nonionizismg Elecrr omagnersr
CURRENT LITERATURE Radiation 11(4) , June, 7918

exposure can be comp letely neglected , If coimmercial constant and easily quan t i fl able coup ling of the
far-field powe r density monitors (with dipole fields to each animal regardless of their position ,
antenna elements) that respond onl y to the electric posture , and moving patterns. The standing wave
field component of an RF f ie ld  are used. It is ratio to each cell is sufficiently low that any
important not to neg lect the magnetic f ie ld number of ce l ls  can be coupled to the single power
strength component of the RF field because magnetic source through a power splitter without the need
field—Induced power absorption (In biolog ic phantom for Isolation circui try. For instance , a low cost
models of man) predominates for near-field exposure 70041 microwave source built from parts of a micro-
conditions, wave oven power supply can be used w i t h  the system

to expose as many as 200 anImals to an average
power density as high as 10 mW/cm2.

5569 BR OADCAST RADIAT I ON: A SE COND LOOK.
(Eng. ) Tel l , R. A.; Janes, D. E. In:

B j iou l Effects of Electromagnetic Waves : 5571 MAPPING OF FREE SPACE AND SCATTERED FIELDS
Seii.~’ted Popera of the USNC/URSI Annu,al Meeting , I N M I CROWAVE DI ATHER MY. (E vsg. ) Kantor ,
Boulder CO, October 20—23, 1975. Sponsored by 5.; Bassen , H. 1.; Swicord , H. L. In: Bio logical
U.S. Nat ional Cosmss ittee of the International Union Effects  of  Electromagnetic Waves: Selected Pap ere
of Radio Sciences , National Academy of Sciences of the IJSNC/IJRS.T Annual Meeting, Boulder CO. Octo-
(Washington , DC ) : Vol . ii , pp. 363—388 , 1976. her 20—23, 2975. Sponsored by U.S. National Cam-
(1.7 refs) mittee of the International Union of Radio Sciences ,

National Academy of Sciences (Washington , DC): Vol .
Data obtained from f ield measurements and theoretic II , pp. 411-1.22, 1976. (3 refs)
calculations on power densit ies near radio and
television broadcast stations are reviewed. Hazard Near-field measurements of external 2,1.50—MHz d cc-
surveys at various broadcast insta llations indicate Eric fields around a Type B microwave diathermy
that broadcast stations are a major source of applicator were performed in free space and in
radio frequency exposure in the env i ronment , and if conjunction with simulated biot ssue to obtain
t he circumstances are right , env ironmentally typ ical maps of f ie lds  around diathermy app l icators
si gnificant exposures (1— 10 mW/cm2) may occur. In presently in clinical use. The Type B applicator
particular , an analysis of 326 frequency-modulated was found to be relatively ineffect ive , since the
(FM) broadcast stations revealed that the maximum major portion of Its near-field (longitudinal) is
computed powe r dens ity is about 21 mW/cm 2 for a inefficient in generating tissue heating. Also ,
roof top location In Oklahoma Ci ty .  Moreove r , the transverse component of the near f ie ld  con-
86 of these 326 statIons could potentially produce tr ibuting to the heating pattern in the center was
a power density of 1 mW/cm2 or higher. It is about five t ime s lowe r than that at the off-center
suggested that the currents and local f ields on f ie ld maxima (30 mW/cm 2 and 11.0 mW/cm 2 , respectively) .
energized broadcast towers should be investigated Scattered fields , which could expose unprescribed
further to determine actual exposure and absorbed tissue to microwave radiation , were measured in
dose data for personnel working on these towers. conjunction with a phantom arm , and it was found
Careful cons ideration should also be given to that large longitud inal f ie ld components can con—
work on towers or buildings Immediately adjacent stitute a hazard at grazing incidence; for grazing
to high power broadcast stat ions , especial ly ultra- lnc idence , the aperture of an applicator is defined
hig h-frequency television. At present , no environ— as being non—parallel to the surface of the phantom
mental standard exists for RF or microwave or patient. Under these condit ions , the Impinging
exposure , although careful examination is being longitudinal field Is the maIn source for micro-
given to the range between 1 and 10 mW/cm 2 . wave heating s ince it Is oriented at a shallow

angle with respect to the surface of the biologic
material . The above fIndings lead to the conclusion

5570 SYSTEM FOR QUANTITAT IVE CHRONIC EXPOSURE that for fiat surface irrad iation special applicator
OF A POPULATION OF RODENTS TO UHF FIELDS . designs w ith minimal longitudinal f ie ld components

‘‘i,:. Guy , A. U.; Cho u , C K .  In: Bi,.ologi-cai Ef are most desirab le for optimum eff icacy. Further-
.i ,m - p /‘in .”romrssgnetsc Waves: Selected Papers of more , such designs are safer since they eliminate

- i ’RS Z .I~ ’i~s.:! Meetsng, Boulder CO, October the possibility of overexposure due to grazing in-
;~~~~

‘;~ . Sponsored by U.S. National Commi ttee cidence .
of the International Union of Radio Sciences , Na-
tiona l Academy of Sciences (Washinqton , DC): Vol.
I I .  pp ~89-~~iO, 1976. (II refs)

5572 BEHAVIORAL EFFECTS OF ELECTROMAGNETIC
A sy’st ,’m for economically expos i ng a large popula- ENERGY. (Eng.) Frey, A. H. (Randoml i ne ,
TIi,,s ,f rodents to ultra- high frequency electro- Inc ., Hunt lngdon Val ley , P a . ) .  In : Symp osium on
s’i...ii’et’ c f i e lds  over long periods of time without Biological Effects and Measurement of Radio Frequen—
t ist s sits l nq the anima ls ’ norma l laboratory living ag/Microwaves. Proceedings of a Conference hel-51 in

pa t  ‘ e m s l~ Jesc r i bed . The system ’s consists  of a Rookville , MD on February 16—18, 2977. Sponsored
ntasher s’ f ss,,I iv idu.. i exposure ce lls connected by BRH and WHO Collaborating Center for Standardiza-
th rough a ps ,we r d,ns,ler network to a sing le power t)on of Protection Against Nonionizing Radiation.
source - The use 5)1 sepa ra te ,eii s consistIn g of pp. 11 -22; 1977. (6 refs)
cy l indr i cal wave qu i cl e stc t ions e x c i t e d  w I t h  cIrcu-
larl y ix l a riz e d guided waves provi me . r e l a t i v e l y The ef fect  of electromagnetic energy on the behavior 
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8ioIo~,cal Eff . c~ of Nonio~.szmg EI.c iramagvwtic
Rad,auón 1/(4) J uf l •. ~9?8 CURRENT LITERATURE

of Sprague-Dawley rats was Investigated . In one animals , avoidance anima ls , and mixed response ani-
series of experiments, rats were exposed to cormtin— eels . For a given subject , this response pattern
uous wave or pulsed (0.5 or 0.1 msec pulse width , remai ned consistent across experImental sessions .

- ~ 1 ,000 pulses/sac) electromagnetic radiation at fre- These data show that mIcrowave radiatIon can serve
- ~ quencies of 1.0, 1 .3, or 1.5 6Hz , average power 1ev- as a noxious stimulus that will maintain an active

eis rang i ng from 0.005-0.2 mW/cm2, and peak power instrumenta l avoidance or escape behavior over re-
levels of 0.05-0.2 mW/cm2 during a pain-Induced ag- peated experimental sessions.
gression situation. Irrad iated rats exhibited a
docility response relative to sham-irradiated con- 557 1e MICROWAVE ABSORPTION AND TASTE AVERSION

4 trols in this situation , and the data suggested a AS A FUNCTION OF 915 MHz RADIATION. (En,..’: positive linear relationship between the degree of
docility and peak power employed. The threshold Monahan , J. C. (Dlv. Biologica l Effects . Bureau

for the radiation-induced doci l i ty  response was a Radiolog ical Health , Food & Drug Ad nmi n. . Dept.
peak powe r between 0.05 and 0.1 mW/cm2 . There were Health Education & Welfare . Rockv i i le , MD 20852) ;
indications tha t continuous wave energy was not as Henton , W. U. In: Symposium on B i s ? , s~,ica t Eff~’cto

effective as pulsed energy in eliciting docility, and Measurenmmj nt of Radio b’requ~’mms ’~m It(orowai’etm . Pr,s_

although rats exposed to either type of energy were e’m odi ngs of u Conf~’rt m:s ’c’ hel l in Rockvi!ie, Ml) (“I
signi f icant ly  more docile than their sham-irradiated ~~~~~~~~ 26—18 , 19?; ’ . Sponsored by BRH and WHO
counterparts. In a second series of experiments , 

Collaborating Center for Standardization of Protec-

rats performing a balancing task on a rotating rod tlon Against Non i onizing RadIation. pp. 34-4 0 ;
were exposed to I- , 1. 3- . or 1. 5-5Hz pulsed radi- 1977. (17 refs)

atlon (1,000 pulses/sec . 0.5 msec pu lse width) at
various average and peak power levels. Rats cx- individua lly housed male Sprague-Dawley rats werc

posed to 3.3 or l.5-GHz radiation were adversely divided into four Subgroups of eight rats each and
affected compared with controls in terms of motor were exposed while restrained in a waveguide to 9l5

coordination or balance in the task , and the peak MHz continuous wave radIation at forward power 1ev-

power threshold for this effect was between 0.4 and els of 19.0 , 9. 1 , 5.0 , or 0.0 (sham) U, respect ively,
2.8 mW/crc2. Immediately fol lowIng 15 mm of access to a lot su-

crose solution to test the effect of microwave ex-
posure on taste aversion. Absorption of microwave

5573 FREE—OPERANT AVOIDANCE AND ESCAPE FROM energy was re lat ive ly  unchanged throughout a 15—mm
MI CROWAV E RAD I ATION. (Fiig.) Monahan , ,j~ exposure to a forward power of 5.0 U; whereas ,

C. (Div. Biological Effects , Bureau Radiological microwave absorption progressively decreased during
Health , Food S Drug Adm in., Dept. Health Education exposures to forward power levels of 9.1 and 19.0
S Welfare , Rockvil le , MD 20852);  Henton , w . w. In: U. When each rat was again given access to sucrose
Symposium on Riolog-i a7 Effects .zn i Mecsia’emont of 24 hr later , there was no indication of a condl—
Radio Frequency/Microwaves. hxsooedinga of ~ C’on- tioned taste aversion in irradiated rats when corn-
f er enc~ held in Rockvilie , MD on Februar 16-18 , pared w i t h  sham-irradiated controls. These results
1977. Sponsored by BRH and WHO Collaborating Center do, however , suggest a temporal pattern in the ab-
for Standardization of Protection Aga inst Nonionlz- sorptIon of microwave energy by lIving organ isms .
ing Radiation. pp. 23-32 ; 1977. (14 refs ) They also suggest that the calculated energy absorp-

t lon may not be a complete characterization of
Studies to determ ine the stimulus properties of ml- microwave ef fects when averaged across exposure
crowaves in a free-operant avoidance-escape paradigm duration; rather , they suggest a systematic alter-
were conducted w i th  male CF1 mice. Experimenta l atlon in energy absorption with in exposure condi-
mice were exposed to continuous wave 2.1.5-5Hz mic- tlons that may require a sequential analy sis of
rowaves (averaged absorbed dose rate of 46 mW/g) time and intensi ty  exposure parameters. Moreover ,
paired w ith a 2 ,900-Hz tone , whi le sham subjects the microwave attenuation effect may be related to
were exposed to the tone only. During the session , el ic ited orienting behavIor w i th in  the microwave

Interrupting a light beam, which passed through the imizes energy reflection suggesting that actual
anima l holder. If no responsn was made , then the absorbed microwave energy may be a dependent van -
tone remained on for the entire session . If the able characterizing the subject ’s behavior rathe r

all mice could make responses to the exposure by field , which minimizes energy absorption and max-

subjects responded during the tone , It was term in- than an independent varIable exclusively defining
ated and remained off for 12 sec. This was con- microwave properties.
sidered en escape response . If the subjects re-
sponded during this tone-off period , each response
would delay the onset of tone for 12 sec. This was 5575 BEHAVIORA L PROTOCOLS AND P R E L I M I N A R Y  0B
considered an avoidance response. Sham-irradiated SERVATIONS OF CHICKS EXPOSED TO WEAK AM-
mice tended to have very low response rates or only PLITUDE MODULATED 1.50 MHz FIELDS . (Ftig.) Medicl ,
occasional bursts of responding ; whereas, irradiated S. C. (Environmental Neurobiology Lab., Brain Ses,
mice , whose responses either pe rmitted them to avoid Inst . , UCLA , Los Angeles . CA) ; Sagan , P. H. 7n:
or escape the radiation , responded consistently Sym~’csaium on Pio!o~7ioa 7 F’ffes’t$ znd Msasur# ’,m ’,,t sP’

throughout t he experimental session. Furthermore , Radio F quencp-Miorom5~m m ’ ,’o. rrs ’.’.’~,iings of a ~‘m-
sham—irradiated mice had a much higher Interresponse fert~n ’t’ held in Ro ’kt ’ill-e , MIT ‘n February 16—78,
time than IrradIated mice who had mean exposure 19??. Sponsored by BRH and WHO Collaborating Center
on-times of less than 20 sec. Irradiated mIce were for Standardization of Protection Against Nonion-
categorized by their response patt erns into escape Izing Radiation . pp . 41-53; 1977. (15 refs)
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A programmatic approach for i nve stigat ing the ef- 5577 BROADBAND MEASURE MENTS OF DIELECTRIC
fects of weak amp litude modulated 450-MHz electric PROPERTIES . ~~~~~~ Swicord , M. 1. (Bum-
fields on the behavior of experimenta l animals is eau Radiological Health , Food S Drug Adm in . , Dept.
described along with some pre liminary results. Health Education and Welfare , Rockv ills 0 2O85~ ).
Based on experiments deal Ing wi th the e f fec ts  of n: ~~~~~~~~~~~~~ s n Pj5 s l ,~~ 7j ,~~ T ?  ~J

’t’.~~fB ~‘~i ~~~~~~~~~~~~~~~
weak extremely low frequency f ie lds on the behavior of h’5~5li ’ ~‘requ.-no:i ’.-V: ’Ps ’ T.~:: ’~ ~‘. l ’’ o.’,-,- j?,;~~ . -

.

o f pm i m- mtes • a scm i es of stud I us has been des I gned ~‘omm f, -m ’ , m ~ ’, ’ ik ?s l  in Ro5 ’k o I 1 .‘~~:, ‘C s n l A ! m ’ ~ ~~ 
- I ’- -

to assay the behavioral effects of weak amplitude 1:”?. Sponsored by BRH and WHO Collabora t i m g  Center
modulated 1.50-MHz fields in neonatal chicks and for Standardization of Protection Against Nonioni:-
w i l d  mallard ducklings. The approach is three dl- Ing Radiat ion.  pp. 71-80; 1977. (6 refs )
mensio nil . Tests will be done at different power
levels , with special attention being given to the A method for measuring the dielectric constant of
p o ssibility of voltage windows. Tests will be liquid or gel samples over a frequency range of
done at different modulation frequencies , w i t h  spa- 0 .5- l B  5Hz was developed to obta in a possib le par-
cial attention be i ng given to biolog i cally relevant ameter for predicting the existence of frequency
frequencies , and tests will be made across increas- selective biolog ic effects during electromagnetic
ingly complex t ime-based schedules of reinforce- f ie ld  exposures. The method avoids solut ions to
ments. Preliminary studies w i th  neonatal chicks transcendental equations , and i t s  solution is m dc-
exposed for 20 mm to a 450-MHz f ie ld  (5 mW/cm 2) pendent of samp le thickness. A limitation of the
amp li tude modulated at 3 or 36 Hz with a fixed t ime method is that the tota l  useful frequency range is
schedule of reinforcement suggest that simple ac- constrained by the practical size of samp le con-
tivity i~easures are inadequate assays of possible struction . Since samples can be constructed as
weak e f fects ;  whereas , latency measures are sensi- thin as 2 awn , the upper p rac t i ca l  frequency range
t ive to the presence of the f ield. At both mod is we l l  above 18 5Hz. Samp les much longer than 20
ulat ion frequencies , the 20-m m exposure to the cm are impract ica l , suggesting a lowe r frequency
f ie ld was associated w i t h  markedly reduced laten- l im i ta t ion  of about 200 MHz or possibly 500 MH~d es. Further testing is being done to confirm for most d ie lec t r I cs  of in terest .  The method is
these prel iminary observations , par t icu lar ly  adaptable for use w i t h  automated sys-

tems but can also be used with slotted lines. Data
on various samp les (air , lauric acid , plexiglas ,

5576 MICROWAV E HYPERTHERJ4IA AND VISUALLY EVOKED bone , se las t i c  rubber , and muscle) were obtained
POTENTIALS: PRELIMINARY OBSERVAT IONS OF using an automatIc network analyzer and were found

GUINEA PIGS. (~ m~.) Justesen . 0. R. (Lab. Exper- to agree w i th  s lot ted line data and expected re- : 1imental Neuropsychology, Veterans ’ Admin. Hosp., sults .
Kansas C i t y , Mo); Bruce—Wo l fe , V. 1mm : ~ i-~’oai:e1 .5mm

.‘.,‘i~~aj  l- ’”,- ’t a  ,J n.! ~f,’~~ m:,m .,’i ,- m :~ ‘~~
‘ h’m.fi ’ Pr.’.j ut’m :—

.‘~ M i,’T’Ot,kXT ’ ,’t .  l~T’s 5 s , ’,’, l P k ~mP ‘f .T - ‘ ‘nf ~m ’.’’io held in 4
R’~ k : ’i ? t e , M$ . ‘: Fehru.zry m~- 1 - ~, 1:~.- ’. Sponsored 5578 QUANTITATION OF MICROWAV E BIOLOG I CAL (F-
by BRH and WHO Collaborating Center for Standardi- FEd S. (h’mm~z.) Chou , C-K. (Bioclectro-
zation of Protection Against Nonion izing Radiation. magnet ics Res. Lab., Dept. Rehabi l i ta t ion Med ic ine

— pp. 54-61 ; 1977. ( 13 refs )  RJ-30 , Univ. Was hington Sch . Med icine . Seat t l e , WA) ;
Guy, A. U. In: .

~‘m/ ”m 1’, ’o ium ‘mm ?~i ’l om j .,; ‘ ~‘1”,’~ t~ z’:,!

The ef fect  of mIcrowave hypertl-merm la on v i sua l l y -  M. .)8ol’,O?i,’n t s ’J’ NT.lt ’ Pre.,’u.’m.’1, s ’T ’s ’~ s~~’s ’O. 1,5 , .,,J

evoked potentials in guinea pigs was investigated . ~~~ 
s f ’ ‘mz~

’
~-m ’,’mt~’,- h ’ ,f i ’m ‘,.‘,‘k:’il.’, , ‘i: ‘n ~~~~~~~

Latencies of an early component (N 1) of the visually ru Tr!/ 16_1~ , 197 ’ . Sponsored by BRH and WHO Col-
evoked electrocortical response (VER) of two guinea laborating Center for Standardizatio n of Protection
p igs were observed as a function of body tempera- Against Nonioni zing Radiation. pp. 81-103 ; 1977.
ture , s,hich was elevated by brief exposures to m l- (23 refs)
crowave radiation . Body temperature elevation was
achieved by expos i ng the animals to 2 ,450-MHz mlc- Research on microwave biolog ical  e f f ec t s  supported
rowaves modulated as a half-wave sinusoid at 60 Hz by the Bureau of Radiolog ical Health and performe d
and app lied at a rate of 30 n*~ g unt i l  the rectal  in the Bloelectr omag netics Research Laboratory of
temperature reached 1,2 C. Each animal underwent a the Universi ty of Wash ington Schoo l of Med ic ine
minimum of 10 radiatIon treatments w i th  accompanying over the past 5 yr S described . In a ddition to

observations of the yES. Each treatment was sep- the experimental development of quant i ta t ive  math-
arated by a minimum of 23 hr. A U-shaped curvilinear ods Involving thermograms and phantom materials ,

re lat ion was observed in which the N 1 latency de- theoretic studies we re performed t s s  achieve a better
creased as temperature fell from 41 to 39.5 C and understanding of Ihe re lati on shi p s between frequency .
then increased as body temperature continue d to d ie lec t r ic  propert ies , and the s i t e  and shape of
fa ll to 38 C. The temperature for opt imal rates objects.  Neurophysiolc ’qic e..,,eriment~ were per-
of naura) processing of sensory information may formed with emphasis on deline atin g the mechan i sms

therefore be 1 to 2 C above that of the resting of microwave e f fec ts .  Thermoqraptm i c and phantom
norm. Barring artifact , the inverted U-function models of man were used to determh,•’ energy ab-
may he taken as evidence of opt imizat ion of rates sorption In man exposed to coarw n sources of d cc-
of m-” u r a l activity and Information processing as tromagnet ic energy . The problem of using metal
the guinea p i g ’ s body temperature l~ normally d c -  electrodes for e - iect rop hys i oloqic recordings during

vated to temperatures near 39.5 C during behavioral microwave exposure was demonstrat ed , and an alter-
hyperarousal. native techni que using high res is tan ce carbon e lec

c8
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trodes was developed. Techni ques for chronically 5580 ELECTRIC FIELD MEASUREMENTS WITHIN BIO
exposing animals in a circularly polarized f ield LOGICAL MEDIA. (E~2g.) Cheung , A. V.
at minimal Cost were also developed. Work was also (Inst. PhysIcal Science ~ Technology . Univ. Mary-
performed on the development of safe methods and land , College Park , MD ) . In: Sympoeiwn on Bielo~-

m~ the evaluation of hazards for the app lication and ical Effects and Mea8urement of Radio Frequency!
monitoring of electromagnetic energy in diathermy Microwave8, Proceedings ofa Conference held ~rz:1 practice. Both in vivo and in vitro experiments Rockville, MD on Februo.rjj 16-IS, 1977. Sponsored

~ ~ demonstrated that the effect of acute exposure to by BRH end WHO Collaborat ing Center for Standard-
continuous wave and/or pulsed microwaves on the ization of Protection Against Nonionizing Radiation .
electrophysiolog lc propertIes of the nervous system pp. 117-135; 1977. (9 refs)
is therma l In nature. The threshold for a latency
shift in the thalamic evoked responses appears to The use of an implanted miniature isotrop ic elec
fall between 2.5 and 5.0 U/kg specific absorption tr ic fiel d probe for the direct measurement of
rate (SAR) in exposed tissues , which is about 25—50% electric fields at microwave frequencies (0.915-

• of the norma l metabolic rate of brain t issue . When 2.45 5Hz) was theoret ical ly and experimental ly ex-
extrapolated to humans , the incident power density plored. UsIng a model of buried antenna transmis-
required to produce an equivalent SAR In the head sion line and insulated dIpole , the antenna imped-

‘I of man is between 10 and 25 mW/cm2. Studies on ance was analyzed with respect to variou5 imp lanta
microwave aud i tory effects provided strong evidence tion situations. The use of a small insulated d i-
tha t the mechanism of microwave hearing Is electro- pole as the detection element enables the probe ’ s
mechanic a l in nature. Studies on diathermy safety response to an e lectr ic  f ie ld to remain relatively

rect contact applicator not onl y provides better of the media surrounding the probe. Material in-

therapeutic heating but also produces less leakage homogeneities and temperature changes do not affect

and applicator des ign revealed that the 9 ‘MH z di— constant w i t h  regard to the electrical properties

than the existing 2,450—MHz “C director. Thermo— this relationship, even though these produce sig-
graphic measurements of man exposed to very high nig ficant variations occurring In the magnitude of

frequency radiation indIcated tha t peak-measured the die lectric constan t of the biologic media.
SAR values may exceed the estImated averaged va l ues Therefor e, a properly designed probe may be ca li
by more than an order of magnitude in various loca— brated in free space and then used as an Implant-
tlons of the body. able probe in infinite media without spatial cal-

ibrat ion . Using this approach , errors of less
than ± 10% were encountered when experiment -’ m l y
measured fie lds in a large muscle-equivalent slab

5579 NEAR—FIELD MEASUREMENTS OF RF FIELDS. were compared with theoretically computed field
(L~tg.) Ruggera , P. S. (Div. Electronic strengths induced by plane wave irradIat ion of time

Products , Bureau Radioiogicei Health , Food & Drug slab at 0.915-2.45 5Hz. In addition , when in very
Adm in., Dept. Heai th Education S We-~fare . Rockville , close proximity to a muscle-fat or muscle-aIr
MD 20852). In: Synrpo aium on Bio log- -’cal E’ffeota and (worst case) boundary, no significant change oc-
Meaaur m~inenta of Radio F’requencg/Mi-.rrosszvea. ~~~~~ — curred in the probe response because of dipole
~
eedin

~~ of a Conference held in Rocki~’ille , MD on Impedance variations. This Is uni que to the spa-
February 16—18 , 1977. Sponsored by BRH and WHO cl flc probe design utilized in which the diode
Collaborating Center for Standardization of Protec- detector impedance is much higher than the antenna
tion Against Nonionlzing Radiation . pp. 104-116; impedance , thus eliminating dipole-boundary inter-
1977. (1 ref) action .

Near field electric and magnetic fIeld data (along
with their equivalent far field power densIty) are 5581 INTERNAL DOSIMETRY AND EXTERNA L MICROWAVE
presented for radio frequency scalers , e)ectro- F I E L D  MEA SURE MENTS US ING M I N I A T U R E  ELEC
surgical units , and citizen band (Ce) radios. In TRIC FIELD PROBES. (E~smg. ) Bassen , H. (Div. Ele c—
all three cases , typical operating conditions were tron ic Products , Bureau Radiological Health , Food
found in which the currently held , though voluntary, & Drug Adm l n., Dept. Health Education S Welfare ,
American National Standards Institute standard of Rockv ill e MD 20852). In: Sympoeiwn on Biological

- 
- 10 mW/cm 2 was exceeded. The most widely used source Effects and Meaeuz’ement of Radio Fre quency/Micro-

- - - of rad io frequency radia tio n em i ss i ons, and possi- waves. Pr oceedinga of a Conference held in Rook—
bly the one with the greatest potential for public yu le, Ml) on February 16-18 k 1977. Sponsored by
exposure , is the CB radio operating at 27 MHz. BRH and WHO Collaborating Center for Standardiza—

dens ity of 18.2 mW/cm2 were measured at 12 cm from pp. 1 36-151; 1977. (5 refs)
Electr ic fields equivalent to a free space power tlon of Protection Against Nonion izing RadIation.

a hand-held CB unit operating at the legal max imum
output power of 4 V . A point of major concern in An optically-linked electromagnetic probe system
CB Is the widespread , though Illegal (FCC regula- with a frequency range of 0.2-12 GHz and a measure-
tions), use of linear amplifiers to achieve an ment range of 20 pW/cm 2 to 20 mW/cm2 equivalent
output power of up to 1 ,000 w. It was also demon- was designed for specIalized laboratory measurements
strated that it is necessary to measure both the where present probes are not appropriate due to
e lec t r i c  and the magnetic field for assessing po- their physical s i ze  or hard-wired readout. The
tentia l hazards of radio frequency radiation ; con- basic elements of the probe are three orthogonal
vent lonal power density measurements g ive quIte miniature dIpo les (2.5 nsa long), each on its own
differ ent results . substrata. A pair of high-resistance , thin f i l m

. 4
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leads (97,000 ohms/cm) transmits the detected si g- laboratlng Center for Standardization of Protection
nal from the antenna to a second, lower-resIstance Against Nonionizlng Radiation. pp. 191-200; 1977.
pair of long leads. The probe’s small size provides (5 refs)
the maneuverability and hi gh spatial resolution
required to 1~ap fields with steep spatial gradients Calculations of absorbed dose rate patterns in 7-cm
or those in confined areas , such as , anima l expo- and 3.3-cm phantom heads simulated by di e lectric
sure restrainers. A fiber optically-linked telem- spheres are made for p 1~ine wave (whole body) and
etry s~ s tern provides radiofrequency Interference slot source (pertial body) exposures to 2 ,450-MHz
i nsaunity and enhances accuracy below 1 5Hz by elim - end 915-MHz microwaves. The results indicate corn-
m atin g cable scatter. The absolute accuracy of the plete ly different patterns of microwave energy ab-
probe is • I dB at calibration points. The probe sorption for these two exposures. Plane wave expo-
system was tested at a frequency of 450 MHz as a sure results in a deeper penetration , whi le the slot
f ie ld  mapping device to eva luate an animal exposure source exposure resul ts in a larger maximum absorbed
chamber. The small size of the probe provided dose rate. The penetration depth due to the slot
good sp at ial resolution of the fields and allowe d source increases with increased slot width. For a
the mapping of areas within the anima l restrainers given aperture size , the change in penetrat ion
and the chambe r to be performed easil y, even in depth is smali when the source frequency decreases
sma l l  confined areas. The probe was also used to from 2,450 MHz to 915 MHz because of the counter-
measure fields within simulated and actual biolog ic balancing effects of Increased skin depth and de-
spec i mens. Although the cylindrical cross section creased effective slot size . It is questionable
of the probe (4-5 nsa) made implantation studies in as to how close the results of thi s investigation
a cat ’s brain impracticable because of the possi— simulate the real life exposure of human heads to
bi li ty of extensive tissue damage and bleeding , a microwave slot sources. One parameter of concern
preliminary desi gn with a cross-section of about 2 is , for example , the effective slot size of the
nsa has been developed , which should allow for more exposure field from a leaking microwave oven door
flexibility in both the selection of imp l antation as a function of distance from the door. Changes
sites and the elimination of the complete i ninobil- in absorption due to the irregular geometry of
izatlon of an animal during irrad iat ion . the human head are another concern.

5582 A F I N I T E  ELEME NT TE CHN IQU E FOR CAL CULATIN G
INDUCED INTERNAL FIELDS AND POWER DEPOSI- 5584 CHANGE IN AVERAGE ABSORBED DOSE RATE OF A

lION IN BIOLOGICAL MEDIA OF COMPLEX IRREGULAR GEO- GROUP OF MICE UNDER REPEATED EXPOSURE TO
METRY EXPOSED TO PLANE WAVE ELECTROMAGNETIC RADIA- 915 MH~ MICROWAVE RADIATION. (2” :’. I Ho. H. S.
TION. 2”i.~.) Neuder , S. N. (Div . Electronic Pro- (Div. Biolog ica l Effects , Bureau Radiological
ducts . Bureau Radiological Health , Food S Drug Ad- Health , Food S Drug Adm in., Dept. Health Education
mm ., Dept. Health Education & Welfare , Reckv llle, S We l fare , Rockv ill e , MD 20852); Plnkavitch , F.;
MD 20852). ‘:: :~,rmpodi:~.’i ~‘n il~~~ cuZ 2~ f’t’~’ta cnd Edwards • W. P. n: iemp,’.4iurn -~~~ Pi,’, ’ j ~’,;. ’ ~~~~~~~~~~~~
,‘ 8:C ,-”s nt 

~‘f 
.‘~~if , ~~~~~~~~~~~~~~~~~~~~~~ . i ’ i~~,’~ ed— un,i M, ’oe r,n,~n r ‘f R~ .!~~’ Pt ’oq~~~ x~’m, - ‘Mj , ’p ~’p .~zi ’,i~ .

z pp p he! p l~ M~’ F’ b— it nas p 
~ ~ R ~ ~

:o , .‘ et_ !S, liP ‘~~ . Sponsored by BRH and WHO Col— F~’t’ruar~ (9—19 , - -
~. Sponsored by BRH and WHO

laborat ing Center for S tandard iza t ion  of Protect ion Col laborat ing Center for Standardizat ion of Protec-
Against Nonionizing Radiat ion. pp. 170-190 ; 1977. tion Against Nonionizin g RadIation. pp. 201-215;
( 7 refa) 1977. (1 ref)

A mathernatic techn i que for calculating induced field Mice were exposed repeatedly to 915-MHz continuous
distributions within Irregularly shaped biolog ic wave microwave radiation to investigate possible
systems with comp lex internal structure is pre- changes in average absorbed dose rate as a function
sented . The techni que makes use of the variational of exposure duration. In preliminary experiments
calculus , the method of trial solutions , and the where 14 female mice were irradiated with a forward
finite element method. The met hod is app lied to a power of 2.5 W for 6 hr/day over 4 days , result ing
triple -layered Ibone, muscle , fat) irregularly- In a mean average absorbed dose rate of 3.4 mW/g,
shaped model of the h uma n thigh exposed to 433 MHz there was no reduction in microwaye energy absorp-
p lane-wave radiation , and the results show high tIon during irradiation. However , when two groups
electric field value s on the irradiated face with of mice (14 males and 14 females) were irradiated
a rapid decrease as one progresses in  the direction with a forward power of 5 W for 8 hr/day during
of proaaqation . alternate working days of the week for a total per-

iod of 2 mo , a reduction of energy absorp tion with

5583 COMPARISON OF CALCULATED ABSORBED DOSE exposure duration was observed. For male mice , the
RATE DISTRIBUTIONS lN PHANTOM HEADS EX- microwave energy absorption decreased from a mean

POSED TO 2450 MHz AND 915 MHz PLANE WAVE AND SLOT value of 6.9 rnW/g during hr I to a low of 4.3 mW/p
SOURCES. (fhg. I Ho . H. S. (Div. Biolog ical Ef- during hr 6 of irradiati on and then Increased
fccts , Bureau Radiological Health , Food & Drug Ad- slightly to 4.9 rnW/g dur i ng hr 8 of exposure . For
m m .  • ~ept . Health Education & Welfare , Rockvll le , female mice , the energy absorption changed in a
MD 20852). 1’:: .-~,-r’ip~’sium ,.‘n Pu’ l o9- h~P ! Effects sImilar manner , w it h mean values of 7.3, 4 .6 ,
l ’p j  Ut’ WL ~~~~~~ ~

.f ?~.!L~ ~~~~~~~~~~~~~~~~~~~~ Pro— and 4.9 n$4/g during hr I , 6, and 8, respe c t ive l’,.
70 ~‘f 

.i ‘ ‘nf ~’renc,.’ held f ’p  Ro ’k ~’i ! i , ’, Ml) on For both male and female mice, the average absorbed
F.?’~”ezry 16— 19 , (9;” . Sponsored by BRH and WHO Co l- dose rate seemed lowe r in the f i r s t  few sessions
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than In the rest of the sessions. The’ changes in A comparison of the performance of new types of
energy absorpt %on cou ll not be accounte d for by n,icrowave (2.45 GHZ) diatherm y applicators (direct
changes In air temperature or body weight Incr ease contact type) with that of conventiona l spaced
during the exposure sessions . These observations app licators is presented. Hea ting p attern s induced
indicete possib le problems in dosimetry determination in planar phantoms of sImulated fat and muscle by
for animal irradiation systems where parameters for both types of applicators were compared . The new
determining the average absorbed dose rate are not dIrect contact type app licators provided for ns~re
monitored during the irradiation , uniform heating in the center of the temperature

profiles than did conventional spaced applicators
presently in general clinical use . Electric fi eld

5585 THE DESCRIPTION OF A SYSTEM TO IRRADIATE measurements showed that the leakage radiation of
CELLS IN CULTURE WITH MlCROWAVES. (~~k.) consaercia lly available direct contact applic ators

Rabinow itz , J. R. (New York Univ . Medical Center , is less than 5 mW/cm2 per 100 V of forward power at
Inst. Environmental Medicine , New York. NY); oi- a spacing of 5 cm from the aperture-phantom boun-
cerst, R. B.; Mum ford , V. V. :‘;: ~~~~ j j p ~e~ ‘pp tf,. dary , whIle scattered field levels for loaded

~~~~..tc •znd Me~psure ’e~n~ • ‘f ‘,‘ :.! f ’  ~~~~~~~~~~~~~~~~ 
‘ spaced app licators can typically be 30 mW/cm2 per

,W ’zs’stn’e.’. ‘e~~~’~pe .‘ ,p ‘.‘~ j ’,’ t’,, ’:. .e h~~d ~‘ 100 W of forward power at a distance of 13 cm in
2~cokv-~l .’e, .‘i: ‘n hrteu’~ ~9 - ( $ , ! 9 ’ 7 . Sponsored front of the aperture. Among four types of new
by BRH and WHO Collaborating Center for Standard- direct contact applicators tested (square aper tu re
Izatlon of Protection Against Nonion izing Radiat ion , horn , circular waveguide . loaded rectangular wave-
pp. 216-229; 1977. (9 refs ) guide , and circular aperture horn), leakage was

particularly low with the cir cular aperture horn
A system for Irradiating biologic preparation and desi gn , being a negligible 0.8 mW/cer/lOO V. It
measuring specific molecular functions in a temp- appears that unwanted irradiation of the diathermy
erature-control led environment is described. The machine operator and irradiat ion of unprescribed
biolog ic samples are placed In Teflon tubes whose tissue of the patient are much more easil y con-
surfac e te m perature is contro l led by inserting the trolled with direct contact applicators than with
tube into a Jacket through which a coolant (Dodecane) spaced app licators.
is pumped, The use of the coolant also provides a
method for measuring the powe r absorbed by the
sample using matched thermistors at the input and
output ports of the Jacket. The waveguide irrad i-
at ion system emp loys a tuning system so that almost
all of t he incident energy is absorbed by the sample 5587 BI OLOGICAL EFFECTS OF MICROWAVES ON THE
and very little energy Is reflected. The purpose PUPAE OF TENE8R (O MOL I TOR. Pn..’.) Green ,
of the described apparatus is to yield a response 0. R. (Dept. Electrica l Engineering , Washington
functIon that is dependent on the bath temperature . Univ., St. Louis . MO) ; Rosenbaurn , F. J.; Pickard ,
the ra te  at which energy Is absorbed from the field , w. F. :‘:: S~isg~’s i w . ’,i !~~ ‘ :, ‘ : :. ‘ i:  

~~~~~~~~ 
:‘:.and the time from the beginnIng of the exposure. 

~,~zsp ~p ’t’me’;t oj ’ R~
p
~jj~ Preq:~ ”:~’:. Mp ’ •p s ’O.pp ’ ,~n . rro-

The t emperature var iat ion wi th in the sample can .- iinQs e 
~‘.“:“ r,-’ : ’et its, ’!  f ’: A~’.’k: ’:~ -‘ -‘e , ) -L~’ .“:

have a significant effect on the biologic response 
~~~~~~~~~~~ ~~~~~~~~~~ ~~~ , ‘ ‘. Sponsored by BRH ~nd WHOmeasured . For examp le , w I th  glucose efflux from Collaborating Center for Standardizat ion of Pro-

human red blood cells at an energy absorption rate tec tion Against Nonion izing Radiation . pp. 253-
of 200 mW/cm3. the temperature variation was found 261 ; 1977. (9 refs)
to cause a 12-20% (ncrease in biol ogic response .
For adenos lne t r i p hosp hatase ac t i v i t y  under the Pupae of Te.:~2’r ~~’ -~‘: i t ~’~’ were exposed to 9-GHz
same conditions, th. t emperature var iat ion was microwave radiation to demonstrate that microwa ve-
found to cause a 40-70% increase in biologic re- induced teratogenesis is assocIated at power l e v e l s
sponse. The effect of the temperature variation far be low those at which obv ious therma l damage
within the sample Is highly dependent on the type occurs. Microwave-induced teratogenesis was ob-
of biolog Ic response being i nvestigated and must
be taken into account or else it w i l l  lead to erron - served at power levels of 20 mW and hig her. At 320

mW of power , exposure to 9-GHz radiation for 2 hr re-
eous results. suited in 100% mortaflty, while at 160 nW for 2 hr .

only 10% mortality was observed , indicat ing that the
onset of le thal (presumably) therma l effects c~ curs

5586 NE W TY PES OF MICROWAVE DIATHERMY APPLICA within this power int e rv ai . An average temperature
TORS-’COMPARISON OF PERFORMANCE WITH CON- rise of less than 2 C at 20 nM of incident power at

VENTIONAL TYPES. ~~~ ‘ Kantor , C. (Dlv. Eiec- 9 GHz Is expected from prev ious thermocoup le i’s 5-

tronic Products , Bureau Radiological Health , Food surernents , and at 320 mW a temperature rIse of about
& Drug Admin. . Dept. Health EducatIon & Welfare , 30 C above ambient is thus expected; th is is hig h
Rockv ille, MD 20852) ~~~ :t~.’q~’si:~’~ “: ‘ ‘,~~!,‘:.

‘ enough for macromolecu)ar heat denaturat ion . There-
Rff.icta .p n.! N p

~;~~’
p
~ ’s ”i t  • ‘ “  R,p, I(. ’ ‘,~‘u,n,, ’: , U”~’r,’— fore , the e f fec ts  observed at the 20 nf.I power level

,\p ,’,~. ~~~~~~~~~~ ‘“ ‘f,~i~~n~’o it.~:.s ~‘,‘ ‘ k— are probably no thermal in the usual sense of the
MV ‘: hru~w !9- 1.9. 1:~’~ . Sponsored by word. It was also observed that previousl y trau-

BRH and WHO Collaborating Center for Standardi zatIon mati zed pupae are more likely to suffer damage from
of Protect ion Against Non i onizlng RadiatIon . pp. microwave exposure than those that show no signs of
230—247; 1977. (11 refs ) abnormality.

61 

- -~~~ --



PY ~ 
.- - 

- - ---------—‘-- - _--- - -  ---- _ 
——--  --  __ ‘_ --_ —.--- - — --

- - - - - - - ~~-.-~

8ioIo~ ca’ Effects of Non~o~missp EI ctrmn~~n t,c
CURRENT LITERATURE ~~~1iatem 11(4), Jw~ . p918

5588 NEUROENDOCRINE RESPONSES IN THE RAT AND from day 3 through day 19 of gestation at an average
DOG EXPOSED TO 2450 MHz (CV) MICROWAVES. exposure leve l of 10 mW/cm2 to determine the effect

(A
~
ig.) Michaelson , S. Ii. (Non-Ionizing Radiant of such exposures on the development of the off-

Energy Facility, Dept. Radia tion Biology and 810- spring. One group of 12 rats was positioned paral-
phys ic s . Univ . Rochester , Roches ter , N Y ) ;  Gu i l l e t , lel to the electric vector of the microwave field ,
R.; Lotz , U. G.; Lu , S-T.; Mag in , R. L. In: Sympo— while another group of 12 rats was positioned paral-
aium On Biological ~‘ff6 ots and Me~iaw’ementa of Radio lal to the magnetIc vector of the field. Follow-
Prequenoy/4’io~s~sszvea. Prooeedinge of a Conf’arettoe ing sham or microwave exposure, the animals were
held in Rookuilte, MV on February 16—18, 197?. allowed to deliver normally. When rela tive brain
Sponsored by BRH and WHO Collaborating Center for and body weig hts were determined 2-15 days post-
Standardization of ProtectIon Against Nonlonizlng partial’, the va l ues were consistentl y l ower (.950
Radiation. pp. 263—279; 1977. (21 refs) ~ 0.11 and .922 ± 0.020, respectively) In offspring

from rats oriented para’lel to the electric field than
Hormone measurements were made in mongrel dogs sub- in offspring from controls (1.000 ± 0.006 and .993 ±
Jected to 120-Hz modulated 2 ,A50-MHz microwave ir- 0.013, respectively) . Litter size did not appear to
radiation of the head or thyroid and in Hood Evans be affected by either of the above exposure orienta-
rats subjected to whole-body 2,450-MHz continuous tlons . The total number of dead offspring and the
wave irradiat ion to Investigate neuroendocrlne re- number of litters with mortality appeared to be
sponses to microwave exposure. In the rat studIes , hi gher for both exposed groups of rats than for
exposures of 30 and 60 mm were performed at aver- controls; however , no si gnificance can be attached
age incident power densities of 13, 20, 30, 40, 50. to thi~ observation since the experiment was not
and 60 mV/cm2 or for 120 mm  at 13, 20 , 30, or ‘10 designed to evaluate postnatal surv ival or mnrtal-
mw/cm2. Cranial exposure of the anesthetized dog ity .
to incident powe r densities of 20 mW/cm2 to 100
mW/cm2 for 1 hr revealed that body temperature
increases can occur at s i tes  other than wi th in the 5590 LIGHT AND ELECTRON MICROSCOPIC OBSERVA-

electromagnetic field. Changes in endocrine func- TIONS ON THE BLOOD-BRAIN BARRIER AFTER

tion and hormone levels occurred in both rats and MICROWAVE I RRADIATION. (~)iq.) Albert , E. N .
dogs acutely exposed to certain power-density/time (George Washington Univ. , Medical Center , Washing-

dura t ions of 2 ,450-MHz microwave radiation. The ton, DC). rn: Synvpoaiwn on 8i~’~~~:ieaZ Fffe ’ta and
effects were transient and were related to the Meaaur.rrtent of Radio F qucnci~~W~’t.ouav.:a. l~ooeed-

temperature increase of the lnd iv idua l g land or ~~ of a Conferenoe held in R~x ’kp ’iZZ e , MD on Feb.-
hypothalainic-hypophyseal responsiveness as a result ruar~ 16—18 , 1977. Sponsored by BRH and WHO Coilab-

of increased body temperature. Localized microwave orating Center for Standardization of Protection

heating in dogs Increased the release rate of thy- Against Non ionizing RadIation. pp. 294-304; 1977.

roxlne and trliodothyron ine from the thyroid , and (13 refs)

this increase was independent of stimulation from
the hypotha l amus and pituitary gland. The speclflc Chinese hamsters were irradiated with continuous

absorption rate in the dog thyroid gland necessary wave 2,450-MHz microwaves at a power dens i ty of 10

to cause a 2 C temperature rise (the minimum tamp- mW/cm2 for 2 and 8 hr for 1 day to investigate the

erature for stimulating thyroid gland secretIon) was effect of acute low-level microwave exposure on the

estImated to be 58 W/kg or approxImately four time s blood-brain barrier. Light and electron microscop ic

the metabolic rate of dog thyroid tissue . The cx- observations revealed that such exposures caused

posure of rats to 2,450—MHz contInuous wave whole alterations in the permeability of the blood-brain

body radiation at thermogenic power dens i ty/time barrier to horseradish peroxidase (HRP) in some

dur ations resulted in changes In plasma cortico- vessels. The altered permeability of the microvas-

s terone, growth hormone, and thyroid hormone levels. culature did not appear to be confined to any par-

These effects were transient, dIsappearing within ticular region of the brain. These observations

15-30 mm after a 1—2 hr exposure. A power dens i ty apply only to molecules of 40,000 molecular weight

of 20—30 mW/cm2 appears to be the transitional range or less (HRP molecular weight is 40,000), since

for pituitary-adrenal activation In the rat, larger molecules were not tested in this experi-
inent. Although the exact mechanisms leading to the
altered permeability are not clear , the therma l

5589 THE EFFECT OF REPETITIVE PRENATAL LOW— effect of microwaves was not considered to be sl y-
LEVEL M I CROWAVE EXPO SURE ON DEVELOPMEN T n i f l c a n t , since the power density was 10 mW/cm2 and

I N THE RAT . (~ng.) Shore, M. L. (Dlv. Biological the exposure was of short duration. Little or no
Effec ts, Bureau Radiological Health , Food & Drug transport of HRP via lnterendothe llal junctions
Adm in. , Dept. Health Education 8 Welfare , Rockv lll e , was observed. There were increased HR P- f ill ed pin-
140 20852); Fal ten , R. P.; Lamanna , A. In: Syerpoaium ocytic vesicles in endothella of microwave-irradiated
on Bio logical ~ffecta and Meaaurmiment of Radio Fz’e— animals , and in addit ion , some endothel Ial cells
qu.ncy/ moweUeB. P-i ’voeedinge of a Conference held seemed to be filled with HRP . This could be due
in Rookt ’iile, MD on February 26— 18 , 19??. Sponsored to toxic  e f fec ts of HRP , but this phenomenon was
by BRH and WHO Collaborating Center for Standardi- not seen in contro l animals. Whatever the reason
za t lon of Pro tect ion Agai nst Non lon i z i ng Radiation , for the cytoplasmic infiltration or toxic effect ,
pp. 280—289; 1977. (6 refs) microwaves may have rendered these cells more vul- —

narable to HRP. These observations suggest that
Time-mated Sprague Dawley rats were exposed to low- transendothelial transport of large molecules may
l evel 2 ,45O-M H~ microwave radiation for 5 hr/day be initiated or enhanced by microwave irrad iation .
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5591 CALCIUM BINDING IN CEREBRAL TISSUE. (Eng.) continuous wave and pulsed microwave radiation were
B-awin , S. 14. (Environmental Neurobiol ogy studied in adu l t cats. The threshold for continuous

Lab. , Brain Res. Ins t . , Univ. California , Los Ange- wave microwave activation of ve stibu lar units at 915
las , CA) ; Adey, W. R. ‘~: ~ ,mr~’si&sn ~‘n l~~’oqioal MHz was significantly above the current standards

~ff. ’. t s  and Me~zaur, m,”~t o ” R z ! : ~ ~‘requemioy /7 ’fi’oro - for safe exposure (above a leve l for s lgni f icant
&¼ tO~e. ~~~~~~~~~~~ ~~~~ ~Z ~~~~~~~~ ik ’ld in Rook— Intracrania l thermogenesis). However , studies with
z’~ ? l~~, ‘ir on Fehr,&zrtl 19 -~. 19~’/ . Sponsored by pulse-modulated microwave radiation (pulse widths
BRH and WHO Collaborating Center for Stenderdiza- of 100-250 ~sec or longer) revealed tha t pul5e par
n o n  of Protection Against Non i onizing Radiation. ame ters rather than average power density are a
pp. 305-313; 1977. (11 refs) more proper Independent variable for vestibulo-coch-

lee r single unit responses to microwa ve radia tion .
The possible effects of weak , extremely low fre— Responses were observed at pulse energy densities
quency (ELF) and amplItude modulated radio frequency of 4 ~iJ/g and lower. Overall , the response of a
Ow) fields on the calcitan exchange between isolated given sing le auditory unit to pulsed microwave
nervous tissue from cats and neonate chicks and a radiation was very simi la r to its response to tra-
bathing physiolog ic solu tion were InvestIgated. di tl ona l acoustic click st imuli.
The release of pre incuba ted calcium ion from iso-
lated chick forebrain was significantly Increased
after exposure to 147-MHz RF fields amplitude mod- 5593 CAUSES OF DEATH FOLLOWING OCCUPATIONAL
ulated at frequencies between 9 and 20 Hz in corn- EXPOSURE TO MiCROWAVI RADIATION (RADAR)

$ parison with nonirradiated samp les. A maxima l in- 1950-1974. (ESig. ) Robinette , C. D . (P~edical
crease (l8~) was seen at a modulation frequency of Follow—up Agency . National Res. Council . National
about 16 Hz. No differences in calcium effiux were Academy Sciences . Washington . 0. C.); Silverma n,
seen between chick muscles exposed to 6 and 16-Hz C. In: vaiuz’~ .“~ Ri.’ ’ ::ioa? Yf.’,...~.$ ;‘~~
modulation frequencies and control samp les. Exper— akr, r ’o,; t of ~a.~io Fmequ - ’L ’: Ml s ’~,\z~’.~ ~~~~~~~~~~~iments wi th  ELF f ie lds confirmed the frequency sen— l ’~;~ of a Conf.-~’.~n~’. 

;~~- - ~~~~~~~ : s. . v- , -
~ : ~~~

sltlvit y of the tissue response seen with modulated ~~~~~~ Je LlS , 197- ’. Sponsored by BRH and WHO Col-
RF fields. Significan t decreases in calcium ion laborat lng Center for Standardization of Protection
from chick and cat brain tissues were observed fol— Against Nonion izing Radiation. pp. 338-344; 1977.
lowing exposures to fields of 10 and 56 V/m at fre-
quencies of 6 and 16 Hz. Other frequencies tested Mortality data for 19,965 Naval enlistees occupa-
(1 , 32, and 75 Hz) and other field amplitudes (I , 5, tlon ally exposed to microwave radiation (redar)
and 100 V/rn) did not induce changes in calcium ef- during the period 1950-1974 are compared with those
flux . Muscle tissue did not react to field stim- for 20,726 control enlistee s not occupationall y
ulation (20 V/rn, 16 Hz). The brain tissue response exposed to microwave radiat ion. There was a small
to ELF fields appeared to be significant only in a but s ign i f icant  increase in trauma mortality in the
f i e ld amplitude window between 30 V/rn and less than occupationally exposed group compared with controls,
100 V/n,. The exposure of chick forebrain to 450—MHz but neither mortality from all diseases nor total
fields for 20 mm at an amplitude of 1 mW/cm 2 and morta l i ty  was s ign i f i can t l y  d i f ferent  in the two
a modulation frequency of 16 Hz resulted In a marked groups . A closer examination at trauma mortality
Increase in the release of prelncubated calcium in revealed tha t many of these deaths occurred as a
comparison with contro l samples. In contrast , 2 result of military aircraft accidents. It is sup-
mW/cm 2 fields failed to induce measurable changes gested that the excessive number of deaths In air-
in efflux. Two other experiments conducted with craft accidents among the occupationally exposed men
16 Hz fields at an intensity of 5 mW/cm2 confirmed resulted from the fact that a larger proportion of
the results obtained at an Intens I ty of 2 mW/cm 2

; them later became fly ing officers. Mortality from
while three exposures of 10 samples to 0.5 mW/cm~ mal i gnant neop lasms , vascular lesions of the cen-
fIelds (16 Hz) produced a major increase in calcium tral nervous system , chronic nephr i tis , Influenza
efflux. Overall , the results indicate that cerebral and pneumonia , and cirrhosis was also elevated in
tissue responds to field stimulations contained the occupationally exposed men w i t h  respect to con-
within amplitud e and frequency windows and that trols . but not s ign i f i can t l y  so in any case.
skele tal muscies do not respond to stimulations
affecting the calcium exchanges in brain tissue.

5594 EFFECTS OF REPEATED MICROWAVE IRRADIAT IONS
TO THE ALBINO RABBIT EYE .~~~~“:o. 

) Hir sch , —
S. E. (Dept. Opthalmo logy . Wa l ter  Reed General

5592 VESTIBULO—COCHLEAR SINGLE UNIT RESPONSES Hosp ., Washington , DC); App leton , B.; Fine , B. S.;
TO MICROWAVE RADIATION. F~q.) Lebovitz , Brown , P. V. K . 1’~: Oi, -

~ ’,’ un o.; l~i ’ ~~’of ’~:.’ F”A ’tm
R. M. (Univ. Texas Health Science Center at Dal las ,  and Mea8:a’o—s ’~o -~~

‘ R.~~:, ’ ~~~.;uonoe~ “
‘ ‘1’~ e~~~’~~.

Dal las , TX) ; Seamen , R. L. In: SIjmpoeiwn o’i ?i~t.’ —  - , - . l l,g e of .~ - 
‘ - ‘~

‘er.-’:.’,- ~, d  &‘ ‘A~’ l? .~ ,
io.~ E’ffaata and Meas~.j ’ei ’,e.zt of ~?adio Froqiianoy/ on F ’ u ~er~ 25- 15 , :s~”. Sponsored by BRH and WHO
Microwaves. E’ss ’oe.~dinga of a Confer-encc 4OId In Collaborating Center for Standardization of Protec-
Rodwil le, MD on February 16—1 8 , 1977. Sponsored tion Against Nonioniz ing Radiation . pp. 345-350; - 

-
by BRN and WHO Collaborating Canter for Stan dardi - 1977. (3 refs)
zation of Protection Against Nonion izing Radiation .
pp. 314—333; 1977. (23 refs) Studies to determine the effects of repeated micro-

wave irradiatio ns on the New Zealand albino rabbit
V estlbu lo-coch lear single unit responses to 915-MHz eye were conducted. The left eye of each anima l
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Siologic.I Ef f e c t s  o~ Nonionizing ~ ,ecn-.w..ap,.enc

‘ 
CURRENT LITERATURE RadiatiOn 11(4) . Ju,w. 79/8

was exposed to 3,000—MHZ continuous wave radiation sole causative factor In microwave cataractogenesis .
for 15 mm /day over 30 consecut i ve days at power It is suggested that the factors involved in micro-
densities of 50-500 mW/cm~. Slit lamp examinations wave-induced iens opacities include an adequate
were performed daily for the first 30 days and In- microwave power acting within a li mited range of
term ittent ly thereafter for up to 3 yr after the increased Intraocular temperature for a certain
exposure . Selected animals were sacrificed for exposure duration .
light and electron mIcroscop ic examinations. Be-
low a power level of 300 mW/cm~ , no ocular changes
were detected. At 300 mW/cnn’ and above, all eyes 5596 HEAT INVOKED CHANGES IN ASCORBIC ACID
reacted with congestion of the limba l vessels , LEVELS ON THE RABBIT. (th~i.) Fern , E.
pupi llary constriction , and evidence of ir i tis. S. (Div. Biolog ical Eff~ _ts , Bureau Radiolog i cal
Posterior subcapsular iridescence (Psi) developed Health , Food & Drug Admin. , Dept. Health Education
at an average of 17.5 days after Irrad iation at the & Welfare , Rockville . MD 20852. In: S~.’~ -- -n:’ur on
300 mW/ cm2 level . At 400 mW/cm , the PSi appeared Bioloceioa ! Effec-’ts and Me~ suremont of Radilo F’~’.~j uc r.-
at an average of 5 days , vacuoles appeared in the cy/Micrvwavea. Proo.’• ’J in~a of a Ccnf~renoe ~..‘ ll in
posterior cortex of the lens at an average of 8 Rockvi lie , MD on Fel’ruarl. 16— 15 , IY’ 7 . Sponsored
days , and posterior cortical cataractous changes by BRH and WHO Collaborating Center for Standardi-
at an average of 10 days following irrad iation. zation of Protection Against Noni oniz ing Radiations.
The lent icular opacities progressed but were lim- pp. 380-386; 1977. (8 refs)

(I i ted to the posterior cortex dur ing the fo l lowing
year of observation . No other ocular changes The effect of microwave radiati on on ascorbic acid
were noted in i r rad iated animals. t appears that levels in the rabbit eye was investigated to deter-
cataractous chanOes are dependent on the production mine whether heat alone causes reduced levels of
of loca l temperature elevations , wh i ch are suffi- ascorbate in the aqueous humor w it h  resultant lens
c ient to injure the lens ’ cortica l cells, decreases. Ascorbic acid le’,els in the vitreous

humor , lens , and aqueous humor of rabbit eyes ex-
posed to single and multiple microwave irrad iat ions

5595 ARE M ICROWAV E CATARACTS THERMALLY CAUSED? were assayed at 5 mm , 30 mm , 12 hr , 18 hr . I wk ,
(Ehg.) Carpenter , R. L. (Dlv. Biological 2 wk, and 4 wk postirradiation. lens ascorbic

Effects . Bureau Radiological Health , Food £ Drug acid levels appeared norma l with the exception of
Adm in., Dept. Health Education & Welfare , Rockv ille , about a 20% decrease at 1 wk post i r rad iat ion for
MD 20852); Hagan, C. J.; Donovan , S. 1. In: Symp o— an acute exposure; thi s drop was primaril y coin-
aiwn on Biologica l Effects and Measurement of Radio cldent with the appearance of lens opacities. As-
Frequenc~./Mioro&x3veB. Proc ’eedinga of a Conf.’reszoe corbate levels in the vitreous humor remained with-
held in Rookvil?o , MD on February 16—18 , 1977. in control limits for all postirrad iation assay
Sponsored by BRH and WHO Collaborating Center for periods. Ascorbate levels In the aqueous humor
Standardization of Protection Aga Inst Nonionlzlng were decreased after an acute exposure , and these
Radiation. pp. 352—380 ; 1977. (31 refs) levels continued to decrease from 5 mm after the

insu lt until a low was reached at 1 wk post l r rad ia—
Tv#., series of experiments with rabbits were per— tion. Recovery to norma l va l ues occurred by 2 wk
formed to determine whether the increase in intra- post irrad iation , and ascorbate levels were still
ocular temperature that occurs during microwave i r— w i th in  contro l limits at 4 wk after irradiation. j
radiation is the sole cause of the deve lopment of The eyes of rabbits were then heated without the
opacities in the posterior subcapsular cortex of use of microwaves , and ascorbate levels were deter-
the eye lens. in one experiment , the external ap- mined. By i nsnersing the ears of a rabbit in a
p l icat l on of heat (water bath €emper ature of 49 C) hot water bath at 50 C , a temperature of about 40
to the eye induced the some increase in intraocular C was achieved in the vitreous , and it was assumed
temperature (about 6—7 C) over the same duration that the aqueous temperature had also been elevated
of t ime (40 m m )  as did a cataractogenic exposure above normal. As an additional test of the action
to 2,450-MHz continuous wave microwaves (250 mW/cm2). of heat on the aqueous humor , a l i quots of this
No posterior cataracts were observed in five of fluid were removed from both eyes of an anesthe-
six animals treated in thIs way. in a second 5cr- tized anima l , and one a ll quo t was heated to 55 C ,
ies of experiments , loss of body heat was restricted with both aliquots being ana l yzed for ascorbate .
by encasing the animal’ s ears in an insulated pias- These tests demonstrated that when the aqueous
tic sack through which flowed air heated to 55 C. humor was heated without the use of microwaves the
By simultaneously i rradiating one eye, it was pos— ascorbate levels were not degraded. This tends to
sible to elevate both retrolental and rectal tamp- negate the theory that heat alone causes reduced
eratures to levels characterIstic of a cataracto- levels of ascorbate in the aqueous humor with re-
genic microwave irrad Iation even though the micro- sultant lens de..reases
wave power applied to the eye during the 40-mm cx-
posure was as much as 25% below the 250 mW/cm2 level
necessary for cataract Induction. Posterior cot— 5597 SOME BIOLOGICAL EFFECTS OF HIGH INTENSITY ,
tical cataracts occurred In only 3 of 10 animals LOW FREQUENCY (60—HZ) ELECTRIC FIELDS ON
treated in this manner; whereas, cataracts should SMALL BIRDS AND MAMMALS. (Pha. Graves , H. B.
have been induced in all animals so treated if cat- (Dept. Biology and Poultry Science. Pennsy l vania
aracts were solely of thermal ori gin. It is con— State Univ., Universit y Dark . PA) . 7’::
cluded that the Increase in intraocular temperature of Se.’ond F ’ otnons~gne?:o C . ’ : - f i i i . r ’ : e ”
occurring during microwave irradiation is not the and &chibitio ’;. Sponscred by EUREL , URS I , EMC G0,

I —
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8~oIog~caI Et~~ m o# Nomonsz~n9 El.cIro.~n~~,wt~c
Radiat,onlI(4) Jww . 1918 CURRENT LITERATURE

m t . ,  AE-4, held in Montreux , Swi tzerland on Juie 28- MICROWAVES. (~ zg.) d’Ainbrosio , G. (ist ltuto Elet-
30. 1977: pp. 465-468; i977. (12 refs) trotecnico , Univer slta dl Napoli , Naples , Italy):

La Manna , V. In: ?rooaedinqs of Seoond Elcotro -
Experiments invest igating the effects of high inten- ~

s
~ :Zn&tic Coorpa~ ib iZi ty Sympoaium and Eahil’ition.

sit y, low frequency (60 Hz) electric fields on small Sponsored by EUREL , URSI , EMC 
~~ 

m t ., AE -4 heid
birds and maranals are reported. Eggs from three gen- in Montreux , Swit zerland on June 28-30, 1977. pp.
etic breeds of domestic fowl were exposed to 60-Hz 477-482; 1977. (8 refs)
fields rang ing from 0-67.0 kV/m for 30 mm on day 5
or 19 after the onset of incubation. With respect Experiments inves t igating the percept ion of Static
to ha t chabi iit y, neithe r main nor interaction effects electric and magnetic fields by larvae of Tenebrio
associated with the intensity of the field were si g- me~~tor’ and the teratogen ic effects of microwaves
ni fican t. Effects on hatching tim e were si gn i f i ca nt 00 pupae of 1 on,-1’~’i-o t—~~Ljt~n’ are reported. When the
but not consistent across breeds. In anothe r e~ per- 

d is t i ibut ion of larvae in a non-uniform electric
iment . median and mean gross motor activity was re- field was studied , fields only a few t ime s greater
duced when domestic chicks were exposed to 40 or than the earth’ s natural one (about 100 V/rn) caused
80-kV/m fields from day 1 through 22 posthatching. larvae to move toward l ower field level zones in a
The exposure of boiler chicks to high intensity rectangular tray exposed to the field. At l ower
electric fields (up to 80 kV/m) for approximately 3 fIeld strengths , no significant change in the dis-
wk consistently resulted in a si gnificant but not tribu tion of larvae was noted. Similar results
permanent enhancement In early growth responses. were observed when a magne tic field was app lied.
In conditioned suppression experiments with d~~~s- 

in experiments where pupae were irradiated with 9.55
tic pigeons who were presented with a 60—nz field 5Hz microwave rad ia t ion  (10 mW) for 2 hr , a 43 % in-
(25 kV/m) to warn them of an impending shock designed cidence in abnormally developed individual s after
to suppress a learned key pecking a c t iv i t y ,  the pupation was observed compared w i t h  a 10% incidence
subjects consistently exhibited suppression in re- in abnormalities among nonirrad iated controis.
sponse to the electric field warning. Domestic
chicks exposed continuously for 22-24 days to 40
or 80 kV/m fields at a frequency of 60 Hz exhibited 5600 COMPATAB ILITY OF WEAK MAGNETIC ELF

a si gnificantly higher heart rate than did controls. FIELDS . (Sn o.) Ludwig, H. W. (0—7400

Mice exposed continuously to 60-H! electric fields Tuebingen , W. Germany). tn Proooedin o” SeoonJ
in excess of 25 kV/m exhibi ted increased weight P!e ’tr ’ome~rn~ tio ~~~~~~~~~~~~~ Symposium and &hihi-

ga in relat ive to cont rols over a 6-wk exposure ti~-n . Sponsored by EUREL , URS I , EMC G,~,, m t . , A E— 4
period . In mice exposed to 0, 25, or 50 kV/m for held in Montreux , Switzer land on June ~8-3O , 1977:
42 days . there was a general tendency for wh i te pp. 483-484; 1977. (5 refs)

blood cell s to increase and red blood cel ls  to de-
crease in response to increased field levels. It Experiments dealing wit n the exposure of humans to

Is concluded that additional research is needed weak magnetic fields are reported. In double blind
to furthe r replicate the above f iniings and to ac- studies on 10 persons exposed to triangular-shaped
curately quantify thresholds . alternating magnetic waves over a frequency range

of 1-20 Hz and at a peak to peak f i e ld  strength of
30 nanotesla or more, si gnificant (p<O.OOl) changes

5598 SOME SPECIAL APPLICAT I ONS OF MICROWAV E in skin resistance (between the left and rig ht hand)
RADI OMETRY OF BIOLOG IC AL SYSTE MS. (E~ig.) were observed. Differert P persons reacted differently

Bi gu—de l-Blanco , J. (Dept. Anatomy , Queen ’ s Univ., to d is t inc t  frequencies , and the person ’s response
Kingston , Ontario , Canada 1(71 3N6). Tn: Proceedings was dependent on his vegetative Status . Apart from
of Seoond F ct?v~~gne tio ~‘‘g~:tibiZity Symposium 

changes in skin resistance , frequencies between about

~u:1 ExhibItion. Sponsored by EUREL , UR SI , EMC G~, I and 6 Hz had a calming effect on subjects; whereas ,
Int. , Ae- 4 held In Montreux , Switzer land on June frequencies between about 7 and 20 Hz had an excita-
28 30 , 1977: pp. 469-475; 1977. (42 refs) ble effect (tachycardia and nausea in extreme cases ).

An analgesic effect was seen at a frequency of 10
Special app l ications of microwave radiometry to the Hz. In a double blind study of 700 persons w i t h
f ields of biophysics , medicine , and bioconmiunications ai lments such as insomnia , nervousness , headaches ,
are rev iewed. Speci f ic  microwave radionietric stu- rheumatic pains , and c i rculat ion problems , exposure
dies have been undertaken to investigate the follow- to extremely low frequency magnetic fields had a
Ing : semiconductive properties of living tissue; positive effect on 70-95% of the patients; subjects
the role of microwave radiat ion in biocoewnunication; exposed to a sham magnetic field (controls) had only
the response of living organisms to external stimuli , a 20% incidence of positive reactions.
including microwave radiation and some drugs; and
the potentIal applications of microwave radiometry
in tumor diagnosis and in defining tumo.- location , 5601 ENV IRONMENTAL IMPACT OF 6O~I1Z E L E C T R I C
damaged tissue , and regions of vascular deficiency. FIELDS ON THE GROWT H AND DEVELOPMENT OF
Measurements on humans , a ni mals , and plants have PLANTS. (E’n~.) McKee, 6. W. (Pennsylvania State
been conducted in the frequency range of 100 MHz Univ. , University Park , PA); Knievel , 0. P.; Poz-
to 70 6Hz. naniak , D. 1.; Bankoske , J . W. In: p r- ’t-edfno~’

Second Eleotronugnetic 7orlpatlhi?ity .~‘yr ’y osiwn
E-,hibition. Sponsored by EUR L , URS i . EMC S , m t . ,

5599 PERCEPTION OF STATIC FIELDS BY LIVING AE-4 held in Montreux , Switzerland on June ~8-30,
ORGANISMS AND TERATOGENIC EFFECTS OF 1977: pp. 485-490; 1977. (7 refs)
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Hiol i ’ge -al fvfec m ni N,,nioniz,,,g 1
CURRENT LIT ERATUR E Hatha~,o,~ I1(4~~Ju,W . (918

Green plant s of ‘9 species were exps sed in environ- 5603 RADIATION THERAPY AND MICROWAVE THERAPY

electric field s for periods up to 4 wk as part of CANCER (MEETING ABSTRACT). (
~-~i - : . ) Hornback . N.

mentally controlled chamb,.r~ to 6~ -Hz hi gh inten sity (433.92 MM:) IN THt TREATMENT OF AUVANCED

a study to determine the environmental impact of B.; Shupe , R. t. ; Sh ldnia ; H.; Joe , B. T.; Saync ,
extreme l y-hig h and ultra-high voltaqe powe r t rims- E.; Marshall C. In: Abnfr~ofn ‘~~ fh.’ ~.~rif . ‘ ‘

mi ss ion I I nes . Extend ed ex po c ure I n f ie Ids up to tif ’io Aniu ’mbiy ,z,td Annua l Mi-’.’ t (‘:~ - i f i’~i, i, - z t (ol  i-
SO kV/m re~ul ted in no dam,,qe to p lants w I th rounded i r s .zl &~

, ‘i , ’ f ! I  of N i ~~h Ar s ri ’- i , In ’ . Sponsored by
or blunt parts. However , terminal aerial p lant parts The RadIolog ical Society of North Ame rica and the
with pointed or sharp ti ps or edges were often dam- Americ an Association of Physicists in Medicine .
aged by fields of 25-35 kV/m . with the apparent dam- pp. 221; 1977. (0 re(s)

~a 
age threshold for most spt’~ in ’. 20-25 kV/m. The tis-

~I sue damage resembled that observed when Plants trans- The result s of combined radiation and niicrowavo
p ire water more ra p i d l y than can be ab sorbed by the (433.92 MHz) therapy fnr the treatment of over 100
roots and transported to the uppermost transp iring patients with advanced cancer are presented , and
tissue . Damaq ’ during exposure to fie lds of 50 kV/m the literatur e is briefly revicwi’d. Treatment
or less was typifIed by limited In iury to only a afforded early, prompt relief of symptoms and may
sm all number of leaves or needles , and tho are.1 of havi~ long-term benefits.
the affected h’af tissue was typlc ,IIIy icss than 1*
of the total leaf surface . A vkit,le elec t ric cor—
ona l discharge was obsc’t-ved at the same field strength 56014 E LECTR ICAL STIMULATION OF FRACTURE HEAL-
end for the same p lant qeometr ies that res ul ted In INS (MEET ING ABSTRACT). (Pn,:. I Aho , A.
tissue injury ~nd death. The damage thresholds J. (TurI.u Univ. Central Hosp . , Turku. Finland);
found in these studies . except for some monocotyie- Aro , H.; Ekfors , 1. ,1,~f ,I irfh ~ ; :, ‘:‘i,i 48(5 )
denous : lants . such .i’. wheat . oats , or corn , are 549; 1977. (0 roEs)
hig her than the fi eld stren gths that exist under
present or even pr,~p~’se,I tran smi ’,cion lines. The effect of asynirnetric.iI alternating current on

bone healing in the rabbit antebrachium was Inves-
tlgated . A transist orized multivibr ator delIvered

5602 AN (MC SIANDAR D FOR MEDICAL ELECTRONIC asymmetrical alternatin g current that had positIve
DEVICES. Pn.,. I Hoff , R. J. (McDonnell and negative po.iks (#22 hA and - iS IA In the rad i us

Douglas As t ronau t i cs  Co. ,  S t .  Lou is , MO 63166). /n: group, +100 h A and -100 IA in the ulna group) end
:,,.s’n,~ ?~1. ‘ f l ’  “i,:in-t fi’ - ‘‘rn;’: ~~“

‘ a sea l 1 Un id i rect lonel current (+2 tiA in both
: ‘ ‘ ‘ a : : , r : :, ; , j  -‘~r h i;~~ H,~ i. Sponsored by EUREL , (IRSI , groups). The frequency was 0.8 Hz , pulse ,Iuration
(MC G , m t .  , A E 4 , held in Mont reux , Swit zerland OIl 8 msec , and vo l tage limit 1 V ; the voltage sun -
June ~8-30, 1917: pp. ~95-498; 1977. (9 re(s) ulated a physiologic pattern of stress-generated

electrical potentia ’s in bone. In the rad i us
Radiated and conducted emission measurements were group the current was led into the osteotomiz~dmade In a sample of ten hospitals and Iwo emergency bone with teflon-insulated platin um-irIdium leads.
vehic les as part of an effort to establish an eiec- in the uln a group th~ osteotomy site was externa lly
t romaqnetic compatibil ity (ENC) standard for medical transf Ixed with two kirschner wires , which were
electronic devices . Electros u rg i cal uni t s that pro- used as electrodes. In the two stimulated groups
duced large siijnals at 70 kHz and 1-5 MHz were the hIstolog ic studies revealed an actIvated osteogen-
most si gnificant sources of broadband radiated and ests near the electrodes , partIcul arly In the per-
conducted emIssions, and diathermy equipment that losreum , wh i ch was more pronounced than the reac-
produced large peak signals at 27 MHz were the source tion at the fracture site. Both electrodes induced
of the highest narrawband emissions found In ho~pi - osteogenesis. In the control groups the osteogenlc a
ta m . Based on the data obtained in this survey , a reaction around the electrodes was either minimal
review o~ the literature , (M C tests on med i cal ile- or nonexI stent.
vices , and established (MC test met hods, an (MC
standard for medical devices was developed. The
standard establishes maximum levels of ele-troma g- 5605 THE USE OF E1THER REGIONAL OR WHOLE-BODY
netic emi ssions for m edi ca l devices and e st ahli c ’ies HYPERTHERMiA AS AN ADJUNCTIVE TREATMENT
mInImum levels of electromagnet ic interference to WITH RADIOTHERAPY (MEETINL ABSTRACT). ~

‘Ii t~
. I

which medica l devices must not be susceptibl e . The -iohrtson, R. J. R. (Rosw~ l l Perk Memorial Inst .,
standard also contains referee test method’., which Buffalo , NY 14240); Hetzel , F.; Sandhu , T. S.;
will be employed by the HEW, to determine comp liance Kowa l , H. S. A r n , Y h ’,’e , . f ; , n, - i  130(1): 191 ; 1978.
wIth the stand.ard’s requirement s. Ill u str a t iv e of (0 refs)
the standard’ s cont’ntc and the rationale behind
Us requirements is the minImum radiated elci - t ri c Studies were performed on pati ent s with mu ltip1 ~
field su sceptibIlity siqn al leve l , which Is based superficial tumors to determine the therma l
on measured narrowband interference signal s and enhancement ratio of both tumor and norma l skin
sign al levels produced in hospitals by nearby in- following hyperthermia app fled for 2 hr to both
tentlonal emitters. Th~ (MC standard also contain s skIn and tumo r at a t emperature of 41.5-42 C.
mInimum radiated magnetic field su sceptibilIty si’i- the therma l enhancement ratio for the skin we;
nd levels , minimum conducted su sceptIbilIty signa l calculated from skin sl oring and t umor therma l
l evel~’, maximum radiated narrowbanc$ emission signal enhancement ratio from reqrowth da ta. I n itI a l
levels , and ma x imum conductpd ,larrnwhan,l and broad— results from 10 cases suggested that post- -r adiati on
band amiss Ion signa l levels , heating sIqnif h -ant )y mproved the therapeut ic
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ra t io ~~ s~ 5dd~I t unkli s , F u, tIler ~OOI~
d let I ye -~ t ud lax and pa r I uied w I lb c ryoproc I p I tated p I asima w I t h I 2 - ~ I

- - usIng dit t ere ilt I,I~ toIo~ I~ Itsmsr typEs wi I I be ~‘I- one of the tol lowing ~ryoprott’t td i i ts : dii ’~etti ~ I

I ~ 
raquire~I to deter,i~lne ful l’~ the teas ibi I I t~ ~‘t ~uI foxid~ , glycerol , or ethylene ~jI ~~~~~ I - F ~ ye kid—
usI ng whole body hyper thermi a ~lI,I u~~Jia(~~,’i~ . Ileys were t reated ox the phantom models, and liv e

were packed In the ge latin m at erial. Again t h , c , - ii~o-
grams were taken of the sIll td.,C heat di s tributi on .

:- •st~)t’ INFLULNC ( OF DIFF IR INT IAL H’(I’OTHt ‘.MIA ON Kidney—shape d phantoiiis showed intt’ u sc hot sh”ts du~
THE DISTRIBUTION OF EXOGENOUS i’tR~’* I DASF (0 the focusing etfec t lIt (lie parab olic i i , t ,’, Itu suu-

‘ ~ IN MICE WITH HEATED GLIOMAS (MEETING ABSIRACT). tate ot the kidney. The ettc, ( of ~han~jing ~ OII~ h LI ~-

~~~~ ~ Sutton . C. H. (Dept. Nourologi .aI ~urgerv, t i v i t y  of the inodeR 1111 the in tensI ty ~‘l ttiø hot
Univ. Miam i Sch. MedIiIoe , Miami , FL 33l’~~); Car— spots produced was als~ demons t ra t ed . Canin e kid—
roll , F. B. ; Barrett, K. t. i~l , ~~ : . ’ . ; : , lIs~h) : 685; nays packed in styrot oaii t also Showed hot s l I t s
19/f . (0 refa) 

‘ - ‘ However , al l  ~je l a t i n  b’th ked kidneys except th~ One
with ethylene glyco l III the plasma showed unitt irn ,

The use of a t ues~r —b ody tenIpe rdtu rt~ di t f e r en t  IdI t o t hawi ng above fre ci log but bel ow t’1’~Iy t OI’ I$)CIat Ult ’
pIo~JuL-e prolonged blood level ‘. and enhanced accuni-
ul etlon of two at~tIneopl~ :tic agents by heated tu-

‘ ~ 
mors ill hypothermL mice was i eported previuus i~ . 5t~O8 INFLUENCING FACTORS AND RESULTS OF tLEC ’~

~ ~ To determine whether the dist r ibutio n ~t substances TROMAGNITIC THAWING OF RENAL tISSUE
~ ~ wi th lar ger molecular weights Is affected Sinl i la r ly (MEETING ABSTRACT). !“~i. ~ iturdietI r , I - C. (fog i -

by thi s telllperdtdlro gradien t combIolog m ’derate leerin g I xperlinen t Station , Georg ia  I u~st. Te~ hnol-

tumor hypor thermia (40-42 C) with body ~~‘ie hypo- O9~~, Atlai lt a , GA 30132) ; karow , A. H. • Ji . . Cain ,
thermia (28 C), ~i well—characterized tracer pi’otein F. I . ~‘/,.‘~~ .‘?~‘~f/ ,  l4(6) h~fl;  l ’~7~ . 1,0 ~~t~~)

was employed . HorseradIsh peroxldase , an e~,~ ii atIc
basic protei n . was injected at 2.’~ 51(1/10 g ill The inf luence of the ioter dd t it,i~ ot bitunjtt~. id l

C57BL/6 mIce bearing bilateral sub~utjnoous tlank. radiation frequency , a,,,l th~ e lec t r i.al b1I~~b le1 ti e s

implant s of a ma lignant g I 1 04118, the Zi itnis’ I - m at, epan— of the bi onmater i a I was Invest I gat ed dur inti c i  t’~ t ro—
dymoblastoma . One tumor in ea& h animal was h~atod , magnetic (EN) thaw i ng ~f renal ti ssue . tsidime ~s f rom
whil e the contral ate ral Impl ant ass umed body tern- rabbits and dogs were perfused with one of sev~

rdl ,+
peraturo. An iu ,trared lamp was used to heat t uIIs rs ,iimethy lsu ifoxide (OMSO1 ,oncentrat ions in a K —M g’
to a 40 C surface temperature in one se r i es  ~ f mice, rich pertusate , frozen , and thawed electrom agnetically.
Iii another , tulx~rs were heated with a mIcrowave The electrIcal properties ot kidney s , wh it h weme
dIathermy generator at ~f ,45O MHz. The use ot rni ,ro - measured both before and after EM thawing, were
wave radiation produced more units ~,ii’ tumor heatin g , gener ally up to aI~ order of magnitude greater in
The Infrared l amp produced the highest temperature the thawed state than ill the frozen State. The
at the surface of the skin overlying the impl ant , thawed kidneys were evaluated by simp le anatomic
with a rap id decrease in t umor temperature near the (,~ cr,1scts IhIc and microscopic) ~nd physiolog ic ob-
body wall. AnIm als were sacrificed after vary ing servat Ion. rather than by Iran splantat ion , Rabbit
lengths of time , and plasma , t umors . and parenchym- kidneys , which are no thicker than cm , co uld be
a t ou s o rgans were homogenized and . issay-e-~t for per- optim ally (uniformly and rapi d ly) thawed by tM ii—
cmsidase a ctivit y with a fluo roniet,-Ic method . In l umnin. tIon at 2,450 MHz. Optim a l thaw i ng of tanl ne
th e pr esence ot body sore hypolherml a . the plasma kidneys , whi ch are twice as th ic k as rabbit kidneys ,
clearance of p.ro x id ase was retarded , and it s upt~kc 

required the insertio n ~‘I electroseed; lot,’ th~
by liver and ip lern was reducød. The addition of rena l pelvis prior to freezing ; dual illurn i na t i~ ns

Iota1 hype rthermia increa sed the uptake of peroxi- at 7 and 2,450 NH: were used . iit , ,’eased OMSO ton-
dase by heated tumors , even in nori,~sthermi c mica , centrat lons In renal tissue il lum inated wIth .‘ , 4 50-
but maxima l accuntulat ion resulte d when t uns’i- hyper- MHz energy Increased the el ect rl c. il condu ctlv lt ’. of

thermi a was combined with body core hypotheu ’mia . the renal tissue for both the fro!en and thawed
states. Thus , OMSO dec r eased the L14 thawing time
and yielded kidneys with improved i~,.st-thaw morph’
olo’.~’..5601 THIRMO GUPHIC STUDI1S OF PHANTOM AND CA-

NIN E kIL ’ .N1YS THAWED BY MICROWAVE IIEATINS
(MUTING ABSTRAC T ) .  Yn- . I Khlkowi ki . S. N. (Univ. 5609 CAN INt RENAL CRYOPRISERVATI ON 1IfsINt ~ Di-
MI nn eso ta . St. Paul . MM ‘,~,lO$) ; Graham , I. F.; Li i —  METHYL SUIPHOXIDE , MEL 11mM PERFUSION , AND
leh.I , R . C. . r’t. -~-- ,, ‘1p I4Um): 68$; 1977. (0 refi) M ICROWAVE THAWING (MEETING ABSTRACT ). 1 1 t 1 : .  I Pegg ,

D. 1. (Dlv. Cryobi ology , Clin ica l Rex . Centre ,
Phantom kidneys t~.n~’osed ot ge l a t i n  • PsI I , and po ly— W~ t ford Rd. , Hart ow , HA I IUJ , Eng land ; Green , C.
ethylene g1 yst ’ I d l  ss , , I  v .d in di s tille d water and J. ; Walter , C. A . ‘t’i . - .“io,’ .- , ’ , li i It’) : tot’,. 9 -

, 
-

allowed to set in a kidney—shaped mold welt ’ frozen , (I r e V )
packed In styrofoam ~o,Itaine, • and p laced in a
rnitrow4ve chamber for rew arm imm, i . The chamber was An attemp t wax made to c ont it a the findin gs ot an
Irrad Iated by long I’u Is. ~s . i r t I tm,’ , 1’. , .‘4 s,’, ; of f  e a r l i e r  it udy In wh I h an I lit’ k i , Im te ’. ;  were per fusc’l
irne , 0. ~2 see) 2 .450—MN: radia l It -mn repeated four wIth a itslt,t its,, containing ti lmethy l suipho~ Ide

tImes. Th. kidney ha lves we,.. s,.p.iiatt’,I Inamed late ly ,  (DMSO) followe d by helium ga . and were then cooled
and Ihermismgrams were takeii ot the - m m  Ia, .’ heat di’. — t t.  —80 C • field at that temper .11 or,’ t ,s r  I’ , m lii ,

I hut I on - Kidney s I mom five ~$,sgs were -me I et ted on thawed by ml ~- rowave I r I ad i at ion at 2, 4’O MN:, and
tht’ basis of ~I~ e c nmpatit’ i l i t y  with tht’ ph~ntorm rn~de ls transp lanted. Nine dogs , of a to tal ot 17 tech—

6/ 
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nical ly satisfac tory experiments , survived on a - -  - - . -

single frozen kidney. In the present study the I - -  . ‘bfj i - . a - ,~ ‘ - -

perfusion of 1.4 N DM50 in Sacks ’ solution was i ,t mI , m ~ ,’ . - I II - .

associated with a progressive Increase in vascular anti coll,’. t I - ’ . . ’ I m l  t~
resistance even when a Leucopac filter was In- hypervolemic (50T m l  ~ ,,tru I~ i.’- i I -

cluded in the circuit. The flow rate of helium inje ction of 3~ of hep ar in /e.t m,r l .m t -

gas during cooling was only lO-l2~ of that reported avoid sudden decrease of arterial h i t , .  ., . - ,

previously, but cooling was efficient , and a and adherence of circulatin g g r armmiocyt ~’s t . .  wi ll  -

stable core temperature of -80 C was obtained for of blood vessels. The collected blood wa~ m ixed w I l

15 m m .  Microwave thawing without burning could 30~ more vol ume of 3% gelatin to obtain about 2t
not be obtained by the published technique , but It ge iatin solution that sedimented white blood ce lls
was possible by using six 8-sec bursts of irrad- (WBC) from the rest of the blood in about 20 m m .
lation with 10-sec pauses to obtain complete thaw- The bags with WBC (5.6 x 14.7 x 1.5 cm) were frozen
ing without evIdence of dangerous increase in tern— between metai plates at 2 C/mm to a temperature
perature of any part of the organ. Some kidneys of -50 C by placing the frames with bags into
were then perfused for 1 hr and subjected to light a mechanical freezer. To provide a uniform internal
and electron microscopic examination. Althoug h field distribution and to efficiently transfer en—

the ul tras tructure was severely disturbed. Other used. A frequency of 2,450 MHz was chosen because
kidneys were transplanted , but none has been cap- the depth of electromagnetic-field penetration at
able of supporting life , this frequency was well suited to the thickness of

the blood freezing bags (1.3 cm) . A flared wave-
guide horn radiator (6.4 x 15.2 cm) mounted vert ic—

5610 RESTORATION OF PHAGOCYTOSIS AFTER FREEZING ally and packed with titanium dioxide (Tb 2) and
AND MICROWAVE THAWING OF GRANULOCYTES silicon dioxide (SiO 2) was used as dielectric frozen

the light microscop ic appearances were excellent , ergy to the frozen cells , a microwave system was

(MEETING ABSTRACT ) . (Eng.) Popovic , V. (Dept. granulocytes and the electromagnetic source. After
Physiology, Emory Univ. Sch . Medicine , Atlanta , GA washing, centrifugation , and vol ume restoration ,
30322); Schaffe r, R . ;  Popovic, P . ;  Burdette , E. C. 54-62% frozen-thawed granulocytes were able to phag-
Cryobiology 14(6): 698; 1977. (0 reVs) ocytize.

Restoration of phagocytosis was studied after freez-
ing and microwave thawing of granulocytes obtained
from rat white blood cells (WBC) that were collected ,
separated , and concentrated using a 2~ (volume/v&-
ume) gelatin. After pretreatment with a sing le yin- 5612 DISTRIBUTION OF EXOGENOUS PEROXIDASE IN

bla stine injection and daily Deca-Durabolin for 10 NORMOTHERMIC AND HYPOTHERMIC MICE WITH

days , the y i e ld  of granulocytes from donor rats HEATED GLIOMAS (MEETING ABSTRACT). (L’n~.) Sutton ,

was Increased 12 times. Gelatin supernatant , ~~~~~~~ 
C. H. (Univ. Miami Sch, Med icine , Miami , FL 33 152) .

tam ing WBC from several rats was pooled and cx— Carroll , F. B.; Barrett, R. E. Fm ’.i Pro . ’ 37(3) :
pressed into 20 ml of freezing bags to whIch 1.2 mi 431; 1978. (0 reVs)

of dimethyl sulfoxide was slowly added . The WBC
were frozen (2 C/mm ) to a temperature of -50 C and A tumor-body temperature differential used to

kept at this temperature for 2 or 24 hr. During produce prolonged blood levels and enhanced

each freezing experiment , two contro l bags with WBC accumulation of two anti-neop lastic agents by

were kept at room temperature. The WBC were thawe d heated tumors in hypothermic mice was reported

with a microwave system (2,450 MHz) at a rate of 60 previously. To determine if the distribution of

C/m m to a temperature of 25 C. Two—mI a l i quots of substances with larger mol ecular weig hts is

suspended WBC were taken from each bag before freez- affected similarly by combining moderate tumor

ing , after thawing , after serial dilution , and after hyperthermia (40 C-42 C) w i t h  body care hypothermia

centrifugatlon (the supernatant aspirated to the (28 C), horseradish peroxidase was injected (2.5

origina l volume) and Incubated with yeast for 2 hr. mg/b g body weig ht) in C5761/6 mice bearing

Fifty—four to 62% of gelatin frozen—microwove thawed bilatera l subcutaneous flank implants of the

granu locytes preserved fu l ly  their phagocytic proper- Zinine rman ependymoblastoma. One tumor in each

ty. When dextran was used for separation , only 0-3% animal was heated , while the contra later al imp lant

of granulocytes showed weak phagocytosis after assumed body temperature. Two methods of heating

freezing and surface or microwave thawing. tumors were compared. An Infrared lamp was used
to heat tumors to a 40 C surface temperature in
one series of m ice. in another , tumors were heated

5611 PROCEDURES FOR SUCCESSFUL 24-HR—LONG with a microwave diath ermy generator at 2,450 MHz.
FR EEZI NG AND MIC ROWAVE THAWIN G OF’ GRAM- The use of microwave r~id iat ion produced more

ULOCYTES (MEETiNG ABSTRACTS). (E’nq.) Popovic , V. uniform tumor heating. In the presence of body
(Dept. Physiology, Emory Un iv .  Sch. Med ic i ne , At-  hypothermia , plasma clearance of peroxidase was
lanta , GA 30322); Popovic, P.; Burdette , E. C.; retarded and its uptake by live r and sp leen was
Schaffer , R. Cryobi1 7o~y 14(6) :  698-699; 1977. reduced. The additIon of loca l hyperthermia
(0 reVs) increased the uptake of peroxidase by heated

tumors , even in normothernmic mice , but max ima l
A method for tne microwave thawing of frozen granubo- accumulation resulted when tumor hyperthermia was
cytes is presented . Donor rats were pretreated oncc combined with body core hypothermia.
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- Pl ASMA (oRT t( ()STfR ~it-4E TRENDS IN RESPONSE at 193 sites in seven cities in the eastern Un i ted
T0 i L I C T I I ~ FIROS (MElTING ABSTRACT). States, Values of power density integra ted over the

l.. I. . • M i’ ,.,,n,,,jv ,ni j State Univ., frequency range from 55 to 900 MHz generally fall
., - a to’ - . . ~ . -m~ H A “..! ~r- - ‘ into the range between 0,001 and 1.0 i~W/cm

2 with
a med i an site value of about 0.02-0.03 ~mW/cm

2 . A
; mode l was deve l oped to extrapolate the measured

- - - I-ala to other points within the seven cities. By
- 

~~t .mni n q this mode l with an automated population
- 

~~~~ b-as.- - •%~~I - - . I c ’ . .1 population exposure were
5-— - - . - . , -

to , -

., ‘,d noi ’ ., %i~~~ ’ss ~~~~- . -

tranh,.,nt in,r.’as. .‘ . .. — ~~~~~~~~ r
was appdrent 5 “t in  i i ‘ . - - - ‘ mu I N

intensity electri c f i eld u -  I ~~~~ , . ‘ - ‘  - • - -

the f ie ld  was rapidly s w i t ched  ‘mci and •, ‘ 
-

increase lasted only a few mai n , anti cur r ,& , ’suer .’ . -

concentration was norma l after exposure .1 .r,, .’I -

hr , days , or wk. in contrast , m ice that were
moved , socially mixed , and exposed to noise levels i,,ru ~mnat.r ,q ,- ~~ -

of 100 dB had corticosterone levels that were wer,’ subje.te.t - 5.,
consistently two or three times greater than oxygen up t -u ~ .- ma’. - .. ‘.t~’
undisturbed mice or mice exposed to hig h intensity , after exposure . The te’spe .i t ’• - -

60—Hz electric fields , It is concluded that mice pea t i ssue  and the s i . m u m n i m , m q  .,. ....-

can perce i ve high intensity 60-Hz electric fields for a lO m i n irradiation . The i nt ernit •m,- ..

but exhibit only orientation reactions to the onset temperature increased 1.2 C , and the  aIr tee~’. - - i i . .. .
or offset of such f ie l ds. in the irradiation vial increased 0 .25  C dur i rm,

~
the i r radiat ion. There was a sli qh t decrease in
oxygen uptake when the peas were exposed to I mW/cm 2 .

5614 OBSERVATIONS ON MOUSE FETUSES EXPOSED TO at 5 mW/cm2 the decrease was greater than 5O~.
2.45 GHZ MICROWAVE RADIATION (MEETING When the peas were soaked in a 2.5 glucose solut ion

ABSTRACT) . (EY~g.) Berman , A. (Environmental Res. for 18—20 hr , the decrease in oxygen uptake at
Center , Research Triangle Park , NC 27711); Carter , 5 mW/cm2 was about 9%. When the peas were soaked
H. B. health Ph,y~ 33(6) : 661; 1978. (0 refs) in glucose-Tt’C , 11’C02 showed that the external

g lucose was u t i l i zed .  Embryo axes and cotyledons
Pregnant mice were exposed to 2 ,4 5 GHz radiat ion excised from peas germinating for 18-20 hr were
for 100 mm daily during organogenesis and fetal subjected to 5 mW/cm2 microwave irradiation.
stages at a range of powe r densities (3.4 to 28 There was a small decrease in the oxygen uptake
mw/cm2). The fetuses were examined for gross for the embryo axes and a larger decrease for
externa l morphologic and other a l terat ions near-term, the cotyledons , ind icating that the effect was
Fetal weight was decreased significantly at the primarily in the coty ledon. The data indicated
hi ghest power density , especially in litters that that the effect was in the metabo lic pathway from
contained dead fetuses. There was a high incidence starch to glucose.
of litters with exencephaly possibly related to
power density. An exposure of 13.6 mW/cm2 for 100
mm was not thermally significant. The results 5617 LOW INTENSITY MICROWAVE EFFECTS ON THE
of application of twin-well calorimetric techniques SYNTHESIS OF THYROiD HORMONES AND SERUM
to multi-anima l exposure to determine specific PROTEINS (MEETING ABSTRACT). (E’n.,i.) Travers , W. 0.
absorption rates will be discussed. (U.S. Nuclear Regulatory Coimiission , Washington ,

DC 20555); Vetter , R. J .  Health ~~~ 33(6) : 662;
1978. (0 refs)

5615 NON IONIZ1NG RADIATION LEVELS AND POPULATION
EXPOSURE IN URBAN AREAS OF THE EASTERN The effects of chronic , low inten sity microwave

UNITED STATES (MEETING ABSTRACT). (Eng.) Athey , irradiation on the thyro-b inding capacity and
1. W. (EPA , 9100 Brookville Rd., Silver Spring, MD levels of triiodothyro nine. thyroxine , thyroid
20910); Tell , R. A . ;  Hank l n , N. N.; Janes , D . E.  stimulating hormone , albumin proteins , and alpha- ,
Health Phy8 33(6): 661 ; 1978. (0 refs) beta- , and ganina-globulmn proteins in rat serum

were Invest igated. Animals were ‘xposed to 0, 4,
The EPA program for determining the need for environ- or 8 mW/cm2 (2,450 MHz) 8 hr/day For 0, 7, 14 , or
mental radio frequency exposure standards is briefl y 21 days. Four animals exposed for 21 days at each
described , and one method of predicting population leve l received sham exposures from days 22 to 28
exposure is presented. Environmenta l data were to test for recovery from effects. Following
collected with a van mounted system consIsting of treatment , animals were sacrificed , and serum
antennas , a spectrum analyzer , and a minicomputer , samples were analyzed via radioimmunoassay, corn-
Measurements were made in seven frequency bands petitive bin ding techni que , or electrophoresis.
between 0.01 and 900 MHz i n wh i ch p ilot studIes Power density and exposure time showed signi ficant
had indicated tha t the most significant environmenta l (p<O.05) effects. A power densit y of 8 mW/c m ’
exposures occur. Environmental data were collected induced si gnificant decreases in the serum levels
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H - ‘ . v -  .- f f(ecrsof Nonionuzing Elecmro,nagn.ui.
Cuamiam Lm y IUavuM ~ Ama*ecio., 4- J.,,,e t918

ot thyro*ine . tPty ro ,d- ’.tmmai,I.I ,,~ ~~~~~~~~~ a.’ ’ ‘ - . 
~ -J .”amr strong)

albumin proteIn s and s . q n i f l c a n m  I.’tr,ig~~ ..‘ - . w ’  - - ‘ ~t..m. ‘“at - 
-

mlpI’sa—g lobut i n protein ’. and s e r u m  ‘~,r o-btnuø ,’ - . . - .  - .

capacity A hi gh ,,orr.I.t ion b e m w e r ’  .Ie~~r,,t rs - . •.

in thyroxine and thyro id-stim u la m ,’mq hor~~w,e . -
suggest that the depressed t h y r o I d  * c t i v u t ,  I. ‘ s c m  ‘.
directl y related to decreased serum lev els of - - , -, ‘ -  - .1 - .

thyroid-stimulating hormone. The lowered t f m y r i - I d  sn.~~~~ rn ’ .
hormone levels In serum probably contributed to iot rm.c,s’... . 

~~, -

a change in norma l protein metabolism , which up to 500 mc, (3 n ,,.. •..
resulted in alterations in serum protein fract ion. nonp*ln and pain s,,~~•t .oc. . -
The results suggested that thermal energy depos i ted s m m ul a t i o c i , and (3) ‘.‘

~~
-. ‘ ., - - . -

by chronic , low intensity microwave exposure proportion to it i ,uu I .,’. - ‘ - m , ’  s -

interacted directly or ind i rectly with the hypo-
tha l amus to cause thyroid suppression and serum
protein alteration.

5620 REACTION OF PRIMAR Y II ‘ t i l l  ~~‘‘

CURRENT (MEETING ABSTNA (~~, ..- ,

56 1 8 A NONINVA S IVE MICRO WAVE APNEA DETECTOR O’Toole , 1. (Univ. Lou i sville , L o u i s v  l I e ,
(MEETIN G ABSTRACT). (Eng.) L i n, J.  C. J Dent flea 57(Specia l  Issue A ) :  ~~~ I . ”  ( 0 r e~~s I

(Dept Electrical and Computer Engineering , Wayne
tt.t. Univ , Det roit , M I 48202); Dawe, E.; Majcher— The response of norma l , healthy primary teeth to

-a - R’ ‘ .-‘ ~~~~~~ “ p , , - 25(1): 115; 1978. electrical stimulation was studied. The anterior
teeth of 22 children , 4—7 yr age , were electricall y
stimulated. Each subject was examined under controlled

- - ‘.-cin~ i ns t . n c  , conditions on three successive weekly visits. The
.~ ~-.d 

electrical stimulation was provided by a modified S.S.
- . WI-. t e  2A microameter with a 0-30 microameter dial

t l onq w i t h  the ori g inal 0-100 dial . The mean of all
-. ‘.‘euh were between 2 and 8 iiarsp , 97.1% were be-

— , , .‘ a.’ .’ I? ,amp , and 99.7% were ~ 20 Mamp.
di’,” - ‘ . ~ ‘ - • f Y p....,~.”. were shown between centrals ,

- , I .‘.. , - . ‘ (~ .alu,— ~ 
-4 f ~ ) 

- individu al
U visible *1 w e ’ —  ~~~~~~~~~ 

- - - 
~ r’- -~‘l ..,,, arche s

lasted 30 sec or Ionqe u II’., ., ‘I . ..~ ‘ - . .. ,. -

device include non-contac t • p p I i . a c . . w  - - -

m ates Such problems as ioose el ec t rod. - - - ‘  n.’ -

sk i n I r r i ta ti on , and restriction of breat hin g . In
addi ti on , movement introduced in the l aunediate -

vicin i ty of the incubator does not Interfere with b’ t wee ’  ‘‘ . -

the operation of the detector. vI s i ts . and r - - j ’’ •‘ -

study demons trate’t mha M
of readings than t emdl,s , ‘ - d  we - ’

569 SENSATI ONS PRODUCED BY ELECTRICAL TOOTH- higher range than lower teeth T rw’ ..s , - -I’.

PULP STIMULATION (MEETING ABSTRACT). lower readings than the centrals in th~ sa.~~ it . ’

(Eng. , McG ra th , P. A. (Neurobiology and Anesthesiol-
ogy Branch , NatI. Inst. Dental Res., Bethesda , M D ) ;
Grace l y, R. H.; Heft , M. W.; Dubner , R. J Dent
flee 57(Special Issue A): 65; 1978. (0 refs) 5621 PHYS I CAL AND METABOLIC CHANGES IN HARD

TI SSUE CELLS PERTURBED BY AN E LE CT R I C
Detection thresholds for nonpain sensations and FIELD (MEETING ABSTRACT). (Eng.) Norton , L. A.
pain thresholds were determined as a function of (Univ. Connecticut Sch . Dental Medicine , Farmington ,
the frequency of an applied electric stimulus. CT); Bourret , L. A.; Majeska , R. J.; Rodan , C . A.
Electrical stimuli were 1-sec trains of monopolar , J Dent flee 57(Special issue A): 301; 1978. (0 refs)
monophasic , ca thodai , l-msec durat ion , constant
current pulses delivered to the labial surface and The effects of electric fields (EF) on norma l bone
incisai edge of upper incisor teeth. Using the cells and on malignant cells (which differ in
methods of limits and constant stimu li , five subjects their surface properties) were compared , and the
reported detection thresholds that were signifi- effects of EF on cell attachment were examined.
cantly lower than pain thresholds at all frequencies Osteocytes (osT) and osteogenic sarcoma (ROS)
studIed (5, 10, 25, 50, 100, 250, and 500 Hz). tissue cultures were prepared from 20—day rat
Mean detection thresholds remained constant at 8 MA; embryo caivar ia and rat osteogenic sarcoma,
mean pain thresholds varied nonmonotonica lly with respectively. They were maintained horizontally
frequency , decreasing from 26 pA at 5 Hz to 20 pA in a roller drum in MCDB medium , 10% fetal calf
at 100 Hz , and increasing to 25 pA at 500 Hz. serum , 1~ antibiotics at 37 C wit h 5% CO 2. Culture
Subjects scaled the intensity of toothpuip sense- tubes containing OST or ROS were incubated in
tbons between detection and pain thresholds by MCDB for 6 hr at 37 C with or without eiec trica l
choosing words from a randomized list of sensory perturbation produced by a square wave , unipo lar
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II ‘ - ~. . - . t f l r  n, , ,4i ’ ,~, ~4n~~.~ lq I~~-w ’  ,w,r ma i to  g r a z i n g .
wet. ‘.~~~,,. ‘., — ‘ . .- l.b Ih i .- m - - r s - ,es  .a, r ,. , - , m r t e t  .,avelen.~th or less.
dI g,s ion at  ‘ ‘ - ‘ - r , , dent . ‘‘ .‘ 

- ‘nil ~0 - inte nsi ty
re leased slg~’ - t i r an, . ‘ we .‘. ‘ - - i c ’ — - p p r esent ... t’ . -a’ , c.’ l ae - ‘  “outed
exposed to U In b .m~ - - - - . .‘ ‘ 

‘~~~. •~ .‘.p * w e ’.  ‘ ‘ ii _ , , r , ( e, . . , ,_ p
from the EF samp les v ersu s I , - - . ‘ ,. .- .. . ... . ., - , ~~~~..- r , - -

respective controls (ps .Ot). i-  los . . “. - .. . — -  - 
- . - - -

flndlngs were 1 ,875±117 for the U se—’, cm •n- -. . - . ..,. -

i .69I’l914 for the con t rol samp l es. 1Y, red uc .‘ -. - - -

- - 11w • b il lt y  of trypsin to remove the cells Iris- , _.  - - -

r ’  ‘ i tie wa ll after EF exposure ind ii.atr-I ‘ ‘ ‘ . • - --

the , , i hes i ve  properties of the cel l ,
- - . ‘ a ‘ianq. in ce l l  membranes

- - 
~~~~~~~~~~ ~ reported effects

5624 TwfA ~si n’ - -.‘ •— -

ALLOG RAI I ’ i. A U)’ ,A.. -

HYPERTHER MIA OF M L I A S T AT I (  , - - - ,
~~

- - . In i . 
~ (En ~j . )  T h e i l e n , C. H. , ScYi , -  , -

Uni v. Califo rnia , Davis , CA n5#. n~
, C 1 Lr - qhmi ,n R. L.; Madewell , B. ;  Sr, .,, . - - ‘

- - - 
4 ’ ‘~~~~C~’.- ’er flee 19: 122 1,, ‘31$ n

~~“ a-a. - ‘ ,

.r.’~~n m  of canine osteosarcoma
‘ ‘5—  . ‘ - tant chemotherapy , anti ,’or

dogs treated with
Th, r ’fe~~t .4 IC 

- —. - . -s oy had a mean
cat period~”tt aI .n.I a l . ~~. -  ‘ ‘‘ itiria myc in
was studI.d . Th r e e l~~- ’ ..ps - — - ,  a — -. - ‘ 

.
treated e l e c t r i c a l l y  to ,  I . - 

‘
current (Constant d i r e c t  c ur r ent , i ,~~

,
was prov i ded by a power-pack encase-n In’ a ~ .t.acrylic piate. The cathode was pl aced “mc - i - .

to one maxillary canine , while the  anode ~.as •.

positioned distally. Fresh frozen 6-i. h o r i z o n t a l  - ‘

sections of whole maxli las were stained for c y t ti - - . ...-  —- -. - . - — ,
adenosine monophosphate (cAMP) and cyclic guanosine .. a’...’ ..’ -. ,

.nonophosphate (cGMP) . At all time stages, the ,
~~ t,is. t,,w, - , - 

‘ -

int.nsity of cAMP staining of ging i val and period- we ’ . a l i v ,  a.-’ ‘ - ...... -

- “ m a i  f i b rob l asts  and periodontal osteoblas t s near
cathode Inten sified markedly, A wide osteoid

5625 M I C R OWAV E COO’’’.. ISM ’ t  - . IMPtI -

- - Gerl ing I. t. (Gertins ~ ‘o.’rr , I’.- . - - Iro up.  Staining f or both ‘ -subsidiary of Chemetron Corp. • Pal. Al to , CA l- .. ~er : int:nse ln perlosteal 
Food Eng 50(2): 96-98; 1978. (0 i~~ f s

The results Ac tual power output from seven commercial microwave.l.c:r~ c ovens made by f i v e  different manufacturers (three
-. .. •,. - . - -, ,,•,, ,,,,,

~ 
American and two Japanese) was measured using the

4 , NBS Test Procedur e for Conven ti ona l Ra nges , Ovens
the’.. - clI wla , . 

, 
-,nd Cooking Tops and various test procedures rec-

~.,wr’d.d by the manufacturers. The NBS procedure
a , a l - . r i r t w t r i c  computation measuring the

5623 SCATTERED MlCP i~~V I  ‘ I ’ -  ‘ - — .. - - . ‘ . ‘ ‘ - -  (nor d i f f e ren t  water loads (275 ,
PLANAR , D1E L ECTR U sl Ab ‘ MEl?  a’ a - a .  - ~4sn 1 T~.., water , i n i t i a l l y  at

(Eng.) Tr icoles , 6 . (General Dy ,.aml ” I - . -  i.. . - ‘.‘.t,, l ..ed I: by weig ht
Dlv. , P. 0. Box 81127, San Diego , CA 9 I l 1$ l ,  le,’.c - - - ,,.

~~~ p,  , ro rp  roiC
E. L.; Hayward , R. A. .1 Opti~’.:.’ Soc’ I” 61(10) .. .

1394; 1977. (2 refs)

The fields produced by p lane waves incident on dl - 604 ’
electric slabs of finite length and thickness were te’.te.I, ‘ -  -

determined numerically and experimentally. The proc•du’” sam ‘.1~
numeric results were produced by apply ing a moment 493 W , resp. t Iv,
method, and the experimental data were measured with gave an average pI~~~ . ..n,
a small antenna in a mIcrowave interferonneter. The test with salt. U’.inq am’ - -

field was determined at locations just outside the by the manufacturers , tiItfi’ m~~n,,’.

slabs and at distances up to several wavelengths with respect to the NBt test as h - m n’
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observed. In addition to the abc.ve discrepancies , 2.7 x l O~°’ pW/cm~ and at a Bernal Heights site
oven regulation (difference no power measured at 1 .1 x lO-~ pW/cm

2 for the top 10 contributing sources
120 V and at 110 V divide d by the power at 115 I!) at each location . Exposure in the 2,700-2,900-MHz
also varied from oven to oven ; the variation band at a Mt. Diablo site was 2.6 x 1O’~ pW/cm2.
ranged from as low as 3.5% to as high as 20.0%. These values are generally equal to or lower than
It is concluded that standardization of the test commonly existing radio frequency fiel ds from si g-
procedure for power output is needed and that it nals in the broadcast service on the basis of past
is not easy to find a way to improve on the test EPA measurements. Based on these results it seems
procedure for powe r output proposed by the P4BS. that radars are not a major perturbation of the

ambient electromagnetic radiation exposure p icture.

5626 LONG-TERM EFFECTS OF 2.45-GHZ RADIATION
ON THE ULTRASTRUCTURE OF THE CEREBRAL 5628 ELE CTRICAL MODIFICATION )F BLOOD FLOW

C R ~~t x  AND ON I4EMATOLOGIC PROFILES OF RATS. (Eng.) (LETTER TO EDITOR). , z”u. — Cook , A. W.
w ~~, (OspE. Bio.ngineering, Southwest (Long Island Co li. Hosp. , 31.0 Nenr , St . , t4 r ,s.~~lyn ,

Re’.. In’ .t , 8500 Culebra Road , San Antonio , TX NY 11201). South Mend 7 1 ( 2 ) :  225;  1978. 2 re ’S)
‘$2S-~l M l l - .h.ll , 0. S.  ‘i ,ndio .-~~i 12(65): 287—293;
V’ 16 r,v,) The use of electrica l stimulation of the sp ina l

cord to treat patIents with vascular disease of
~~~~~

‘ ~ .e .I~~r~~.asp esposure - Pnambe r was used to the extremities is reported. Reg ional vasod l lam ion
~•s ’ ..‘a  ~~ 4an ?- .  ‘ 0mg - t e r m  ~ ‘, ,n’-- ,, ’. In th, occurred in response to the electrical stimu lat ion
- • ‘  - ‘ .‘. -~~ ‘‘a’ c..br a~ co,’te.’ of r~~m c that even in patients who had becn unsuccessfull y t reated

..i,. ..,1 !“ l , ~ , . n t e . . ~ t-n .nntlnuous .aith sympathectomy and arterial bypass. in one
_... .5 .. ~~ i.’. ~m.’. se the S*pOr’ ;‘ .sti ent w i t h  infarction of the dorsum of a foo t ,

‘‘ ~“a.’~I’ - I , ‘l e ~ t r  el  it imi j i at  Ion m t  the spi nal cord resUl ted
- s. ’wee - -  the ‘ ~.s-s ‘- m i- , p tt t * H i l l , at -” in th, affected zone

‘ e ”  “e ’ ’ ‘ ‘ “• w ’th ” ‘ ..
~ •~~tc ’  S -.‘ if t - - ’- m - nu, d spinal cord

-. - •~~~ t • • ’ .‘ - .., m a -  5ll4*CQ . ”t ‘.c ur r , , - - , , i ,  f ’r ,-a kdown has
— , . . , ,  ‘ — ‘ - -  ~ , I 

~~
, p 4  •P~~~~ - ‘  , q S ~ 

b..~~~. 4 1 5 0

- - • ‘ ‘ I ‘ ‘ ‘ ‘C., ‘‘ C ~ ‘ ‘ -

3 . - , - . ‘p.

a ,  - S — - -
nm ?,, r , . . .
Henn.ti’log . . . - - , 

. -
vation in (Pm.. -.‘ - - -

value of 7.1/ . I
8.46 x lO b DUf.” ,-~ , ,.
produced evidence -“ s e v e r .  . 

-

irregular ities. Period sa—s- cs -

perature obtained during the rn,~,’ .,—
revealed no indication of whole-boil, ‘ . -

re sults of this stud y and other relate ” - -

tins indicate that exposure to low in te ’ - - ’ ,

crowave irradiation can result in both trans .r.m 
- -

and in  long term structural anomalies in the can-
tra l nervous system tissue and may result in var- ,,
iou’. hematoloq i c  irregularities. However, the t i . ” , ~“..n’n.’ - -

functional si gnificance of such effects remains phen..twIa’wn ..*- s.c -

uncertain. DLR at 5 aii m I

decreased w e ig h t  grnw ’ -

f i e l d  was compa rable m . -  - -

5627 AN ANALYSIS OF RADAR EXPOSURE IN THE SAN agents. These behavbo, , i  . ‘ t , ’ . ,’ r a l

FRANC I SCO AREA. (EMg .)  Te l l , R. A. the need for long exposure S t u d i e s  ‘ i - C l ’  .~ . i t h  ‘.pr-

(Environmental Protection Agency, Off ice of Radia- cifi c and nonspecific effects of n agn etos tatlc

t ion Programs, P.O. Box 15027, Las Ve gas , NV 89114). fields.
18 pp; 1977. (Environmental Protection Agency Tech-
nical Note ORP—EAD 77—31. (3 refs)

5630 OPINIONS SIZZLE OVER RF HAZARDS (LETTER
An analysis of radar exposure data for the San Fran— TO EDITOR). b~~,.) Osepchuk , J. N.

cisco area that was obtained during the period June— (IEEE Committee on Man and Radiat ion , Waltham . NA
Augus t 1 975 is presented. The da ta inc l uded meas- 02154). Mi on.xzvee 17(1): 110; 1978. (I ret)

~~~~~~~~ in the 1 ,030 radar beacon band (interro-
. ‘ s -  al’.d ‘h e  1 ,215-1 ,400-MHz, 2,700—3,700—MHz , In response to literature dealing with the assump-

I ’ , ma - and I,S0O-tO .500-M14z radar bands. tion that there are hazardous r,ontherma i effects
a Rain Alto site was from low density nonionlzing radiation , i t I s
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stated that fear which feeds on the absence of The observed bradycardla , moreover , exhibited neu-
verified or verifiable evidence is hampering basic rologic features because atropinized hearts showed
studies and may thereby restrict medica l develop- strong tachycardia during irradiation and hearts
ment and the app lication of radlofrequency radia- treated with propranolol showed si gnificantl y
tions . stronger bradycar dia during irradiation than that

- . seen without drugs. It is hypothesized that m l-
crowave energy Interacts with the remaining portion

5631 BIOLOGICAL EFFECTS OF HIGH STRENGTH ELEC- of the autonooiic nervous system within the heart
TR I C FIELDS.  SEC OND I N T ERI M PROGRES S to produce the observed chronotropic effects.

REPORT SEPTEMBER 1976 - MARCH 1977. (Eng. ) Phil—
I lips , R. D.; Kaune, W. T. (Ba ttelle Pacific North-

west Lab., Richiand , WA). 116 pp; 1977. [avail- 5633 MICROWAVE ABSORPTION AND ITS BIOLOGICAL
able through National Technical Informa tion Serv- EFFECTS. (Eng.) Webb , S. J. in: Nu—

f ices, Spring f i eld , VA 22161 , Document No. CONS/ tr-ition Thne and Motion in Metaboliem and Genetice.
1830—23 . (8 refs) (Spring field: Charles C. Thomas): 246-275; 1976.

(ref s)
Progress made on a project to determine the biolog-
ica l effects of high strength electric fields on Studies on microwave absorption in biological stud-
small laboratory animals is reported. Topics dis- ies using various types of cells are reported .
cussed include the design , construction , and testing Growth of E8oherichia coli was slowed or interfered
of a prototype and special studies exposure system; with by microwaves at a frequency of 136 GHz , and
the design and construction of exposure systems frequencies of 66 and 73 GHz also slowed or stopped
for rats and mice; dosimetry; experiments to de- the syntheses of deoxyribonucleic acid and protein
tervnine the maximum field strength that does not as well as the proliferation of cells. An analysis
produce corona discharge , ozone formation , shocks of these data revealed that frequencies able to
to the anima l , hair stimulation , or a behavioral affect metabo lic processes of proliferating cells
preference by rats to avoid exposure to the field; were separated by integral multiples of 7 GHz. it
and preparations for the biological screening ex- was also found that frequencies able to interfere
periments. The special studies exposure system is with the growth of cells could be divided Into two
free of corona discharge at a field strength of groups: one group strongly inhibited the prolif-
130 kV/m, and rats do not receive shocks in their eratlon of cells and the other did so weakly. Ex
cages at this field stre’~~th. At a field strength periments with various types of tumor cells re—
of much greater than 130 ky/rn, visible hair move- vealed that microwave i rradiatIon resulted in a
intent was detected. Rats given the option of being loss of tumorgenicity , with the tumor cells
exposed or not exposed to vertical 60—Hz electrlc strong ly absorbIng microwaves at frequencies of 67,
fields exhibited a preference not to be exposed at 69, 71.5, 73, and 75.5 GHz. This suggested a fre—
field strengths of 90, 105, and 130 ky/rn; whereas, guency series separated by approximately 2.5 0Hz.
at field strengths of 0, 50, 60, and 75 kV/m there The absorpt i on of the above microwave frequencies
was no statistically si gnificant preference for or seemed to represent transitions from one quantum
against exposure. Experiments conducted to deter- value to another , of one rotational movement of
mine the effect of exposi ng rats to 80 kV/m for 8 water on one of its own axes, or , the movement of
hr and 40 hr (8 hr/day for 5 days) using the spe- whole water molecules, termed notation. It is
cial studies exposure system revea l ed tha t heart hypothesized that the attenuation of a series of
rates of exposed animals did not differ si gnif- microwave frequencies , able to affect metabol ic
icantly from those of sham-exposed controls. Pro- processes, is due to the motat ion of water around
cedural and baseline measurements for biol ogical the periphery of macromolecules.
screening experiments have been completed , and the
first series of biological screening experiments -j
was scheduled to start April 5, 1977. 5634 MICROWAVE EXPOSURE ARRAY : IMPROVED FIELD

MEASUREMENTS . (Eng.) Oliva , S. A.
(Armed Forces Radiobiology Res. Inst. , Def ense

5632 MICROWAVE- I NDUCED CHRONOTROPIC EFFECTS IN Nuclear Agency, Bethesda , MD 20014). 15 pp.;
THE ISOLATED RAT HEART . (Eng.) Olsen , 1977. [available through National Technical Infor-

R. 0. (Naval Aerospace Medical Res. Lab., Biomed— mation Services , Spring field , VA 22161 , Document
i C 4 i  D v  , Pensacola , FL 32508); Lords , J. L.; No. AD AO45142). (3 refs)
Dma’”. . w -1pm &i- ’r ’m ed Eng 5(4) : 395—409; 1977.
‘ 2 -  - , Improved field measurements for Styrofoam and Plexi-

glas cages and a microwave exposure array previ-
- - - - ‘ nuous wave 960-MHZ microwave ousl y designed and constructed at the Armed Forces

.e.d perfused rat hearts were Radiobiology Research Institute are described. A
• .1 i anq.ndorff preparat ion, new miniature isotropic electric field probe de-

• - .  - -n - v ’ . t~~I op t i ca l -f iber  tern - signed by the Bureau of Radiological Health was
C ~~ S i~~C~i b’v calorimetric meth- used , and the measurements demonstrated the effec-

- - - .~ . cii ~t “microwave dose tiveness of the cages for microwave research. The
- - . - ~~~~~~~~ t h es e  ikise rates should Styrofoam and Plex i glas cages ware demonstrated H

‘-a ‘.‘. -~ - ‘ ‘ ‘a’ ”,- a’ - f a  ‘i the heart based on to cause field perturbatIons rang ing from 0-.65 dB ,
- - -,‘.‘‘ -cs r.f ‘Ps, irred ietion . depending on cage orientation and the location at

73 
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which the probe was inserted In the cage. An anal- critical concentration before mi totic activity
ysis of field measurements of the complete micro- begins. The prec i se molecule(s) is not Identified .
wave exposure array without rats and with rats In By ignoring the transition period from the normal
all cages indicated that the power dens i ty in the (control) m ltotic cycle to the lengthened mitotic
exposure array varied by as much as ±23* from the cycle of exposed Pp, the change in activation energy
average power density in the cages far thes t from i s establ i shed , and this activation energy is
the antenna due to scattering from moving rats in found to be in the range of enzyme-catalyzed reac-
other cages; however , the average value in any tions. The influence of frequency on Pp Is also
cage varied by no more than ±5% from the composi te incorporated into the model , and a stronger couplin g
average of all cages. The phase difference between of the electromagnetic field Is seen as the fre-
cages was not considered as the size of the cages quency decreases.
was greater than one wavelength (12.34 cm) in all
dimensions.  The animals, being free to move , would
thus be exposed to the field in many different 5637 THE BIOLOGICAL EFFECTS OF MAGNETIC FIELDS
phases, depending on their location in the cage at ON MAN . (Eng.)  Ketchen , E. E. (Oak
the time . The array was located in the far field Ridge Nat l . Lab. , P .O . Box X , Oak Ridge , TN 37830);
of the antenna , with the closest cage being 4.5 m Porter, W. E.; Bol ton, N . E. Ant m d  Hyg Aaso~ J
from the antenna. 39(1): 1—11 ; 1978, (44 refs)

The biological effects of stationary magnetic fields
5635 EXTREMELY LOW FREQUENCY (ELF) VERTICAL (SMF) are reviewed. Although little is known about

ELECTRIC FIELD EXPOSURE OF RATS: IRRA DI— the effects of SMF on man , Soviet studies on workers
ATION FACILITY. (Eng. ) Mathewson , N. S.;  O l i va, employed in the fabrication of permanent magnets
S. A.; Oosta, G. H. ;  B i asco, A. P. (Armed Forces indicate bradycard ia , tachycardia , and a decrease
Radiobio logy Res. Inst., Defense Nuclear Agency, in arterial blood pressure along with irritability,
Bethesda , MD 20014). 55 pp; 1977. (available fatigue , occasiona l diz2iness , altered appetite ,
through National Technical information Services , and headache. Studies with an i mals indicate that
Spring f i eld , VA 22161 , Document No. AD A0450801. SMF can affect central nervous system activity, ap-
(12 refs) petite , behavior , aging , and heart action as well

as produce changes in various organs and tissues .
An extremely low frequency (ELF) vertica l electric including blood . Soviet workers observed brain
field irradiation facility consistIng of six iden— lesions in a rabbit after exposure to a SMF , al—
tical exposure chambers is described. The facility though the les i ons were later shown to be due to
simulates the vertical electric field radiated from enhancement of the effect of an endemic infection
the Uni ted Sta tes Nav y ’s proposed ELF coammunica- by exposure to a SIIF. The lowest detectable limit
tlons system, which is designed to establish world— of interaction between higher animals and SI-IF Is
wide cometunication with its submarine fleet. The 80-100 0. Exposure limits for man of 200 0 for the
irradiation facility is designed to study the pos- whole body or head and 2,000 G for arms and hands
sible bloeffects of ELF on 96 rats equally divided have been proposed for extended exposures. For
among the six exposure chambers and individual l y short exposure periods (minutes) ,  2,000 0 for the
housed in specially modified nonmetallic cages. whole body or head and 20,000 0 for the arms and
These cages are designed to minimally perturb the hands have been proposed. It is reconwmnended that
exposure field and prov i de accurate means to meas- people with a history of mental problems , those
ure food and water consumption. Each exposure with implanted electronic medical devices , pregnant
chambe r can be independently operated up to field women, and persons with chronic health problems ,
strengths of 1 ,000 V/rn (root mean square) at any such as , sIckle cell anemia or heart trouble be
sInusoidal ELF frequency . At 45 Hz, the frequency excluded from exposure to SMF. Apart from the
chosen for this research , chamber cross-talk ;~ 

possIble harmful effects of a SMF on man , there may
Issi then -60 dl and th. vertical electric field be useful effects in the treatment of diseases.
unifor m ity with in the exposure are. is ~~~~~ For examp l e, the French are working with magnet ic

fields for the treatment of cancer , sleeping sick-
ness , and a theroscle ros i s .

5636 THI RIII C A L APPROACH T~I THE EFFECTS OF
• -

~~ r e t  ~~Iw v FLF (T ~O~~GNITIC 5638 EFFECTS OF MICROWAVES ON ORGANISMS. GYM—
FIELD S O~ ?‘ftf 4~ ~‘ P s) LT ’i ’ lA ’ . ’ - .  ) W smyle nd . NODINIUM BREVE AS A MODEL SY STEM . (Eng.)
J. R. r ,, CycI. h a s  Ama l vs,s Dl~ sandIa 1~mt ., Martin , D. F, (Dept. Chemistry and Physics , Univ.
Albuquerque. ‘ 171 15 1 f~ p~, , t 4 ’ - l a v a i l a b l e  South Florida, Tampa, FL 33620) ; MartIn , B. B.;
(isrouqh Niticusa l tiitfwmli,al I’,fnr”iet len se~ -,~ - . Bioch , S. C. J Environ Si,i Health A12(lO): 523-
Spring field , VA 2V ’t , Ni.m~~ mt • -~ W 71’0Zl1~~. 530; 1977. (5 refs)

Absolute reas t iii” ‘ a t .  I ”.. - - 15 .~ ed ‘-. •sp Ia - i  Tb. Florida red tide organism , Gyrrm-m odinizen breve
the incr.ss.d t im. hem— .- .,.ci...’ ,e ‘p,I,chen4lt~ i , I , h ~~, a n.retic dinofl egeliate , was used as a model
mitotic dlviiiori s of m ’m. s l I m .  ~~ ~~~~~~~ - , s n a t e e  to study (he effects of continuous wave ml-
cephatwn (Pp) when •.,oi.d ‘ - .., ‘~~~~ I , - crow.v. radiat ion at a frequency of 2,450 MHZ and
quency (45—75 Hz) •le mr a-a-i- .‘•c t •~~~~ ‘ I- I I • ‘ “~~~~~‘ level s of up to 50 W. I nasmuch as this
arid 0.7 V/rn. The de l ,.-, Is ‘ - - -- - ‘ N. caweea ~, • , - ‘u lr  ‘p lied organism Is motile and dispersed in
an alteration of a molecule m”..* m.,t -... .~~ a see ~.at” madiur,, it seemed un ll kel ’ that the orga—
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nisms could achieve a temperature significantl y vironment has been established in the United States
different from the medium ; moreover , the effect of that is hazardous to human health. In addition ,
simp le temperature alteration was known for this it charges that a massive effort has been made by
organism. Preliminary experiments with nonirradl industry and mili tary officials to cover this up.
ated organisms indicated no statistically sig nif— The book is a complex maze of scientific and pseudo-
icant loss of cell numbers as a result of experi— scientific information and raises more questions
mental manipulation or simple temperature rises of than it answers. The author concludes that the book
up to 6 C under the conditions used. When the cells and the T.V. appearances of its author , Pau l Brodeur,
were irradiated , little effect on cell survival render a disservice to many dedica ted biophysics
was noted for total energies of up to 0,08-0.09 researchers.
kJ/cm3 ; however , the fraction of surviving cells
decreased to 0-4% of control vaiues at total ener-
gies of greater than 0,1—0.12 kJ/cm 3. Cell sur- 5641 ELECTROMAGNETIC STRETCH OF INDIVIDUA L
viva l 1 wIt after irradiation was related to total MUSCLES IN BEHAVING PRIMATES. (Eng.)
energy absorbed and not to the power level used Wolpaw , .J. R. (Lab. Neurophysioiogy and Section
since there was no statistically significant dif on Technical Development , Nati . Inst. Mental Health ,
ference between the use of lower power levels for Bethesda , MD 20014); Colburn , T. R. Brain Re8 141
a longer period or higher power levels for a (1): 193-196; 1978. (5 refs)
shorter duration provided the total energy absorbed
was the same. Over a 48-hr period , a first-order An electromagnetic technique for inducing stretch of
decrease in cell numbers was observed , and beyond individual muscles in Macaca mislatta primates by the
48 hr, the cells appeared to agg lomerate. The direct application of calibrated force unaccompanied
above results indicate the usefulness of Gb as a by other stimuli is described. The techn i que in—
model system and show that microwave radiatIon is volves the use of an external electromagnet to ap-
disruptive to Sb cells even when low power levels ply force to a small p iece of permeable metal chron-
are used. ica lly imbedded in the musculotend i nous junction.

A monkey with the implant in the flexor carpi ul-
naris was placed in a prima te chair , with the upper

5639 MICROWAVE ISSUE HEATS UP. (Eng. ) Wade , arm restra ined by a cuff , the elbow flexed to 90
N. (No affiliation given). Tr’enda Bice— degrees , and the forearm passing through an d cc-

chem Sciences 3(2): N33-N34; 1978. (0 refs) tromagnet spool. The forearm was positioned inside
the spool so that the implant was half inside the

Differences between microwave safety standards in proxima l end of the coil and as near to its iong i-

the United States and the Soviet Union are dis- tud inal axis as possible. The arrangement permitted
cussed. The acceptable leve l of microwave exposure no significant axial or radial movement of the fore-
In the United States of 10 mW/cm2 is based on the arm re la t ive to the co i l .  An analysis of electro-
conception that the principal biologic effects of myographs (EMS) of tendon jerks following the Onset
microwaves are exerted through heating of tissues , of 100 msec (7 msec rise t ime), 90 g, direct current

and calcula tions suggest that the human body can stretch delivered at pseudo-random 3-6 sec intervals
accept 10 mW/cm2 without an increase in body tern- indicated a correlation between tendon Jerk amp litude

perature. The Russian standard of 0.01 mW/cm2 I s  and background ENG activity. When the inactive muscle

based on observations that low leve l microwave cx- was subjected to a 3.6 seC , 77 g peak , 60-Hz full

posure can cause headaches , irritability , sleep wave rectified stretch , an initial stretch ret iex
d i s tu rbances, loss of sexual des i re , and general and a subsequent tonic vibratory response were ob—
malaise. AmerIcan scientists have been generall y served. The above technique has a variety of pos-
unable to establish such effects. In the Un i ted sible applications in research at peripheral , seg-
States , the bulk of research into the biolog ic mental , and suprasegmental levels.
effects of microwaves has been supported by the
milItary services , which have an enormous vested
interest in maintaining the 10 mW/cm2 safe ty leve l , 5642 EFFECT OF MICROWAVE OR WATERBATH HYPER-
and there is a conspiracy theory that the Department THERMIA ON TUMOR GROWTH (MEET I NG AB-
of Defense has therefore organized its research to STRACT). (Ena.) Sparks , F. C , (Veterans Hosp.,
support the existing standard. On the other hand , Sepulveda , CA) . Hoap Topics 56(1): 18; 1 978.
Russian biolog ists may perhaps be overaddicted to (2 refs)
Pav lovian theorI es. Probabl y both approaches have
their merits , and the intractability of the subject The effect of total body microwave hypertherm la and
ratter mIy le the chief reason for the American- total body waterbath hyperthe rmia on local tumor
Russian divergence, growth in mice was compared to select an optima l - -

form of hyperthermia for adjuvant chemotherapy
breast cancer programs. Tumors were implanted sub-

5640 THE HYPING OF AMERICA (EDITORIAL), cutaneously in BALB/C female mice , which were di—
(EnQ. ) Bease , S. (No affiliation given). vided into three treatment groups after the tumors

Microwav~a 17(2): 38; 1978. (1 ref) had grown . One group served as a control , and the
other two groups were treated with hyperthermia to

The Zapping of America; Microwaves, Their Dead ly 41.5 C for 60 m m .  One of the groups treated with
Riak ~ id the Cot’er—Up is c r i t i c a l l y  discussed. The hyperthermia was heated by i mmnersion to neck level
book attempts to prove that an electromagnetic en— in a waterbath , while the other group was heeted in
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a Litton microwave oven modified for biologIc use, were repeatedly observed in all of six such pace-
At 16 days after tumor implantation , the tumor makers used routine l y. The above pacemaker mal-
volume in contro l mice had grown 56Z compared with function could not be elicited in a mode l 5840
32% In mice treated by microwave hyperthermia and external pacemaker , which has a plastic coverpiate.
24% in mice treated by waterbath hyperthermia. The Pacer inh ibit io n in units with metal coverplates
effects on tumor size and animal surviva l were was demonstrated to be I nduced by capacitive coupled
transient. It is concluded that the simpler whole 50-Hz fields from the environment , actIvat Ing the
body waterbath hyperthermla is as effective as sensIng mechan i sm through the metal coverplate.
whole body microwave hyperthermia, and it is sug-
ges ted that this form of adjuvant therapy may have
a place in treating women with Stage 2 breast cancer. 5645 THE TRAJECTORIES OF PARTICLES SUSPENDED

IN ELECTROLYTES UNDER THE INFLUENCE OF
CROSSED ELECTRIC AND MAGNETIC FIELDS : POSSIBLE

564 3 ELECTROMAGNETIC RHEOANGIOMETRY: AN EXTEN- EXPLANATION OF THE SENSITIVITY OF ORGANISM TO
SION OF SELECTIVE ANGIOGRAPHY. (Eng. ) MAGNETIC FIELDS. (Eng. ) Gunter , R. C. (Dept.

Kolin , A. (Biophysics Lab., UCLA Center for the Physics , Holy Cross Coil., Worcester , MA 01610);
Heal th Sci ences , Los Ange les , CA 90024); 7$acA l pln , Bamberger , S . ;  Va let , G . ;  C rossin , M. ;  Ruhenstroth-
R.; Steckel , R. Am I Roentgenol 130(1): 13-23; Bauer , C. Biophys Struct Mech 4(1): 87-95; 1978.
1978. (12 refs) (15 refs)

An electromagnetic rheoangio.netric techni que is Various types of par t ic les suspended in electrolytes
described. A harmless magnetic field produced by were exposed to crossed electric and magnetic
an extracorporeal magnet induces In human blood fields to study the mechanism by which certain ani-
vessels electr ical signals , which  carry informa ti on mals orient themselves in the earth’ s magnetic field.

about regional blood f lows. Loop probes of hairlike When non-conducting polystyrene beads , quartz powder ,
consistency equipped with fine electrodes are bloOd cells (erythrocytes and thrombocytes), me-
introduced percutaneously and selectivel y into the tal lic particles , or particles made of 1* Agarose
vasculature through angiographic catheters to pick or of methylce liulose were suspended in an electro-
up these magnetically induced signals at selected lyte and brought Into crossed magnetic and electric
loci. In addition to a continuous record of phasle fields of magnitudes as low as 50 x lO~” I and 5
blood flow , the 1oop sensors provide signals that V/m, respectively, the particles deviated in the - 

-
measure variations in vascuiar diameters , thus central part of the electrophoresis chamber of a
yielding a continuous record of active and passive standard Zeiss Cytopherometer with a component
vasomotion. Coupled with blood pressure recordings , vertical to both fields. The vertical deviation
these data pe rmi t  the determination of the elastic was very similar for all particles desp ite their 

- 
-

constants of blood vessels in situ. The capabil- different nature. The direction and magnitude of
ities of electromagnetic rheoarmgiometry for pro— the deviation were sharply at varIance with what
vid lng continuous records of these vascular para- would be expected by the action of the lorentz
meters are illustrated with tracings in dogs, u s i n g force on the surface of the particles. The magni-
mul t ichan ne l recorders , which prov i de contl-iuous tude of the deviation depended on the magnetic
info rma t ion of ar teri al blood pressures, Instanta- and electric field strength , the Ion concentration
neous and mean vascular diameter changes simulta- of the suspension medium , and the geometry of the
neously in two nonadjacent arteries, chamber. The above results are compatible with

streaming of the electrolyte , wh i ch Is mai n l y
caused by inhomogeneities of the electric field in

5644 A NEW HAZARD IN THE USE OF AN EXTERNAL
DEMAND PACEMAKER. (Eng.) Hasl n , ‘~~ cond i t ions , and it is suggested that magneto—elec-

(Intensive Cardiac Care Unit , Hadassah Medical trophoretic streaming might eventually act as a
Center , Jerusalem , Israel); Mahler , Y.; Rogel , S. transducer mechanism , which could exp lain the abil-
I Eleotrooardwl 11 (1): 93—96; 1978. (16 refs) ity of some animals to orient themselves in the

geomagnetic fi eld.
CapacI t ive coupling of 50’Hz fields from the envi-
ronment was found to inhibit ventric ui~ r pacing
by a Medtronic model 588OA external demand pace-
maker. The inhibition l~~ ted as long as the metal 5646 EFFECT OF COAGULATING AND CUTTING CURRENT
coverplata of the pacemaker was touched by the ON A DEMAND PACEMAKER DURING TRANSURETHRAL.
physician ’ s bare hands. The e lec t r i ca l  f ie ld  RESECTION OF THE PROSTATE. A CASE REPORT. (Ehg.)
measured during the t ime that pacing was inh ibited Batra , V. K. (Dept. Aneesthesiology , Post Graduate
was 0. 1 V/10 cm. When all of the electrica l cables Inst. Medical Education and Res., Chandigarh , India);
were disconnected from the mains , the electrical Bal i , I. M. Can Anaeath Soc J 25(1): 65-66; 1978.
fi.ld was reduced to 0.002 V/lU cm , and the above (9 refs)
described Interference with ‘acema ker function could
not be elicited anymore. However , even under these The effects of coagulating and cutting current on a
conditions , touching the metal coverp late with demand pacemaker during transurethra i resection of
bare hands caused activation of the sensing mach- the prostate are reported. The application of pro-
an i sm , resetting the timing. Such inhibitions due longed cutting current from a surgical diathermy
to handling of the pacemaker by medica l personnel unit operating in the frequency range of 1-3.5 MHz
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with modulation at 120 Hz caused Interference with effective diameter of the probe was shown to be
a Medtronic series 5945 demand pacemaker , leading nearly i ndependent of the parameters and dimension
to a period of asystole. When coagulating current of the conductino body when a relatively thick
was applied for hemostasis , pacemaker function coating of Insu~ating material was used on the
was not affected. The resection was completed with probe. It was also shown that for thick coatings
short bursts of cutting current that did not modify with dielectrics of low dielectric constant the
pacemaker function. This case emphasizes the need input impedance of the spherical probe becomes
for vigilance in the care of patients with demand nearly independent of the electrical parameters and
pacemakers requiring transurethra l resection. the dimension of the finite biologic body , Some

experimental results on the input impedance of
the spherical probe were obtained , and there was

5647 ELECTRICAL AND BIOLOGICAL EFFECTS OF generally good agreement between theory and exper-
TRANSMISSION L I N E S :  A REV I EW . (Eng.) iment. A few measurements of actual field inten-

Biolog i cal Studies Task Team (Bonneville Power sity ins ide finite bodies were also performed.
Administration , Portland , OR) . 68 pp.; 1977.
[available through BonnevIlle Power Admin.. U.S .
Dept. Interior . Portland , OR] . 5649 EF FECT OF STATIONA RY MAG NETIC FI E LD ON

THE GROWTH AND ENZY MATIC ACTI V ITY OF
A review of studies on the biologic effects of STAPHYLOCOCCUS AND ON THE DEVELOPMENT OF STAPHY-
electrical power transmission lines is presented . LOCOCCUS INFECTION. (Rue.) Kuz ’m l n s k i l , B. N.
EPA issued a request for data to determ i ne if there (Voroshilovgrad Medical Inst ., Voroshllovgrad ,
is a need to provide guidance for radiation stand- USSR); Nuromskaia, 0. A.; Semenikhina , S. S.;
ards for transmi ssion lines above 700 kV , and a Abakarov , M. Kh . Zh Mikrobiol Epide.miol- Insnunobiol
prel iminary analysis of the data did not identify (10): 140-141; 1977. (0 refs)
any acute detrimental health or environmental ef-
fects. Soviet studies on extremely high voltage The effects of stationary magnetic field (830-880
substation workers reported physiologic effects , C) on the growth and enzymatic activity of Staphy—
such as, greater variability of pulse and arterial loooc,au~ aureus strain 209 and on the course of
blood pressure and reduced sexual potency among S. aureus infection in white mice were studied .
workers exposed to 50-Hz fielas with intensities Exposure to the magnetic field for 2.5 hr did not
ranging from 2-26 ky/rn. Other than reports in- cause any sIgnificant change in the enzymatic
volv ng some substations in  Spain , the complaints activity (unspecified), but it significantly
by Soviet workers have not been reported for sub- stimulated the growth of S. aureus. For seeding
station workers in other countries. A few studies doses of lO’8/ml and l0 9/ml , the colony counts
have descr i bed possible biologic effects associated were 405±8.8 and i05±i3.4 , respectively, after
with exposures to magnetic fields similar to those the exposure, vs. 264±20 and 57±18 In the
encountered under transmission lines . For example , non-irradia ted control. Forty mice were infected
a delayed increase in serum triglycerides was found lntraper itonea ily with S. ~ a’eus (6 ,750,000,000
in 10 men exposed to a magnetic field of I G at 45 cells) after which 20 mice received whole-body
Hz for up to 24 hr. Very little research has been irradiation in the stationary magnetic field daily
spec i f i cal l y conducted to determine if organisms (dose unspecified) , and al l  40 animals were
are affected by the electric fields and ion currents examined morpho logicaliy 6 wk after the infect ion.
of direct current transmission lines . Preliminary Compared with the nonirradlated control , the
findings from a study of the Oregon portion of the infection was more serious and tended to generalize
Celilo—Sylma r direct current transmission line do in the irradiated mice . Abscesses of the liver ,
not indicate that there are any significant adverse kidneys , and perirenal region ware seen in all
effects on natural vegetation , crops, w i l d l i fe , and experimental animals , while the abscesses clustered
domestic animals. mainl y around the site of infection in the contro l

animals. The microscopic changes observed in the
liver and kidneys (e.g., dilatation of veins with

5648 IMPLANTABLE ELECTROMAGNETIC FIELD PROBES stasis , focal hemorrhage , destruction of the walls

IN Fl lIE BIO’ OGICAL BODIES ~ ) of small vessels with desquamation of the endo-

ifi hi a the~~um and hemo lys ls , aibumino id degeneration andMousav nez a 
8 

sser at on, c g n fatty infiitrat ion ) were more pronounced in the

UnIv . Microf~?ms , Ann Arbor , M I 48 106 , 0~~~r~~~~
* exposed animals than they were in the control .

77—25, 270]. (24 refs)

Theoretic and experimental results of a study on 5650 APPLICATION OF MAGNETIC-BIOLOGICAL EFFECTS
a dielectrically-coated small spherical probe used IN NEUROSURGERY . (Ger. ) Kiku t , R. P.
to measure induced electromagnet ic f ields In con- (Res. Inst. Traumatotogy Orthopedics , Ministry of
ducting (biologIcal) bodies of finite extent are Public Hea l th of the Latvian SSR , Riga , USS R) ;
presented. After deriving the general relation Liepa , N . E. Zentraib ’ Meurochir 38(1): 97—104 ;
between the output voltage of a probe and the in- 1977. (5 refs)
duced electric field in a vol ume conductor , the
receiving characteristics of an insulated spherical Recent achievements In the study of the applications
probe i mmersed in a uniform electric field Ins i de of constant magnetic fields in the treatment of
a conducting body were studied. The normalIzed Intracerebral aneurysms and glloma s are reviewed.
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I
Experiments using animals with cerebral aneurysms 5652 THERAPEUTIC EFFECT OF HEItTZIAN WAVES OF
showed that constant magnetic fields influence the VERY LOW INTENS iTY. I.  

‘1 . .  ) Debe ll e . N.
circula ting blood , causing thrombus formation In (Nouvelie Cli nlque de Ia Bas ilique , Oeparteznent
the anode zone and thrombolysls in the cathode des Affections Osteoart iculaires , 1080 Brussels,
Zone. Studies on the therapeutic applications of Belg ium); Lorthio ir , J.; Berg hrnans . M .; Can on , J.
magnetic fields I n the treatment of brain tumo r Rosenfeld , .1. !*~ .r .~!.

- ? 57(12): 551-563; 1977.
patients are concerned with the influence of mag- (0 refs)
netic fields on the unspecified immunity and tumor
cells and with local thermal effect on the tumor. Experience with the therapeutic use of low-inten-
Training , activation , and stress are the three sity contact radiation source (Flexible Electro-
phases of ac tion of constant magnetic fields on magnetic Unit) is presented . The princ i pal char-
the brain . The first phase is characterized by acterist ics of the apparatus are a carrier frequency
norma l leukocyte count with slight increase of the of 27.12 P4Hz, a peak energy of 0.5 V. a pu lse fre-
segmented cell count and reductIon of the lympho- quency of 200-600 Hz , and a pulse du rdtion of 1.6-
cyte coun t; the second phase is characterized by an 4.9 msec . The antenna is molded on the body sur-
increased leukocyte count to 7.000-9,000 awn3, a face to be treated . The apparatus , which generates
slightl y increased l ymphocyte count , and a slight no thermal effect , was used successfull y in the
reduction of the neutroph i l count. The third phase treatment of patients w i th various dieseses.
features the exhaustion of the g l ucocorticold re— These patients , many of whom had been t re ated un-
lease by the adrenais. Magnetic fields have shown successfull y by other methods , included an 84-yr-
direc t therapeutic effect on human glioblastomas , old man with arterial ulcer; two women , aged 39 and
and they also have been found to increase the sen- 50 yr , with inflamm ation of the hypoderm ; patients
sltivity of the tumors to certain cytostatic drugs . with varicose veins; a 48-yr—old woman with eczema ;

Patients with arthritis; and patients with bone
fractures and other traumas. The patients were
usually irradiated 1.5-6 hr daily for several wk.

5651 EFFECT OF PULSATING ELECTROMAGNETIC ENERGY
AND CONVENTIONAL SHORT-WAV E DIATHERMY IN 5653 RISK FROM EXPOSURE TO RADIOFREQUENCIESTHE CONSERVATIVE THERAPY OF OSTEOARTHRITIS. (Ger.) AND MICROWAVES. ~~~~ Bin i , H. (Isti-

Singer , F. (Rehabiiitationszentrum der Pensions- tuto di Ricerca suile Onde Elettromagnetiche C.N.R.,
versicherungsanstalt der Arbe lter , Grieskirchner Florence , Italy); Checcacci , A.; lgnest i , A.; Mil-

• Strasse 43, A—4701 Bad—Schallerbach , Vienna , Aus— lanta , L.; Rubino , N.; Cicche lla , C. M~- ?  Lay 68(5) :
tr Ia) ;  Schle ler , K. Wien Med Wocha~achr 128(1): 321-339; 1977. (67 refs)
49-51 ; 1978. (9 refs)

The biophysica l aspects and effects of radio fre-
The effects of short-wave diathermy (15 mm /day)
and pulsating ultra-high—frequency electromagnetic 

quency and microwav e radiation are reviewed . The
thermal effects resulting from exposure to micro—

field treatment (Diapulse model D—1O4 A , carrier waves may cause structural and functional changes
frequency 27.12 MHz , pulse frequency 80-600 Hz, in the gonads (reduction of sperma togenesis) , al-
pulse duration 65 ~isec , 970 W, up to 90 mm /day) terations in the menstrual cycle , abortion , andwere stud Ied in 150 patients (men and women, aged fetal ma l formations , and cataracts of the eyes.
50—65 yr) with primary and secondary osteoarthrltis. Nontherunal effects may include an increase of slow
The patients were subdivided into five groups of waves, reduction of alpha waves, visual ha iluc ina-
30 persons each. Group 1 receIved only physlo— tion , variations in olfactory and auditory sensi-
therapy ; Group 2 received physiotherapy plus Dia- tivity, ECG changes , bradycardia or tachycardia ,
pulse treatment (90 mm /day on the hips , liver , hypertension or hypotenslon , increased capillary
and left adrenal); Group 3 received physiotherapy resistance , retlculocytosis , hypohemog lobinemia ,
p lus Diapulse treatment on the hips (2x 25 mm /day), reduced osmotic resistance , neutroph il and eosin-
Group 4 receIved physiotherapy with conventional op h i l leukocytosis , l ymphocytosis , monocytosis .
short-wave diathermy : and Group 5 received physi o— hyperthyroidism , increased adrenal activity, re-
therapy with the Diapulse apparatus shut off (pla- duced corticostero ld levels in the blood , reduced
cebo). The therapeutic effect was assessed from
the difference of joint mobility Index (on a scale g lucocorticoid activity , alteration of the blood

cholinesterase activity , and changes in the glu-
of I to 122) and of the rheumatism Index in which cose, cholestero l , and lipid levels of the blood.
the subjective complaints are also considered (on The review is preceded by a short introduc tio~i toa scale of 1 to 188). The average reduction of the biop hysics of radiowaves.
the rheumatism index (improvement) was 4.45 in
Group 1 , 19.25 in Group 2, 11.01 in Group 3, 13.60
in Group 4, and 4.45 in Group 5. The average re-
duction of the joint mobility index (improvement) 565h4 ENV I RONMENTAL MICROWAV E RADIATION .
was 2.2 In Group 1 , 15.6 In Group 2, 6.97 i n Group SAFETY RULES NEEDED. NO FINAL SOLUTION
3, 71 .61 in Group 4, and 2.2 in Group 5. The TO THE DOSIMETRY PROBLEM . (Nc’r. .) Hvinden , T.
findings Indicate the definIte favorable effect (Forsvarets Fors kings ins titut , Norway). T.’~nf~k
of Dlapu l se treatment of the hips , liver , and !‘~~ -Za.i 125(1): 6—7, 10: 1978. (0 refs)
adrena l reg ions compared with Diapulse treatment
of the hip alone and with conventional diathermy The occurrence and general biolog ic aspects of
apparatus . radar and radio frequency waves in the environment
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are reviewed . The energy densi ty is usuall y In Il k ~ig/mmn , P-~O.O5) and of blood glucose level
the mil l i w a t t  range near radio transmitter stations. from 86.7 mgi~ to 104 mg% (P<0.O5) . No parameters
At qreater distances , the energy density is con- tested showed significant changes in Groups I and
siderably influenced by the orographic conditions. 2. The findings indi cate that in the case of cx-
Therefore , the measurement of the energy density posure for 2 hr daily, a field in tensity of 5 kV/m
in open air does not always y ield reliable results , is the highest no-effect inten sity, vs. 12 kV/m in
especially for the actual energy density inside the case of intermittent exposure (3x 30 mm /day).
the body. The absorption of radiowaves by the
body is frequency-dependent , increasing with in-
creasing frequency. ~ At an atmospheric energy c657 BIOLOGICAL EFFECTS OF MICROWAVES. RECON-
density of 10 mW/cm- , the energy absorbed by the CIL IATION OF DIFFERENT APPROACHES. (V~’r.)human body Is 0.02 W/kg at 10 MHz frequency , 1.9 Devik , F. (Statens Instltutt for Strelehyg iene
W/kg at 100 MHz (near the resonance frequency), Osteendalen 25, 1345 Osteras Norway). Teknisk
and 0.44 W/kg at 1 ,000 MH z (above the resonance :_k~~ ,~j 125(1): 7-8; 1978, (0 refs); frequency).

The differen t approaches used to determine stand-
ards for microwave exposure in the USA and the

5655 MICROWAVE AND RADIOFREQUENCY RADIATION. USSR and other east European countries are dis-
(Nor.)  Pleyn , H. (No a f f i l i a t i o n  given) ,  cussed. The hygienic standard of 10 mW/cm2 , adopted

Teknijk Ukeblaci 125(1): 9—10; 1978. (0 refs) in the USA , was based on the thermal effects of
microwaves , while the USSR and other eastern block

General problems of microwave radiation are dis- countries arrived at considerably l ower energy
cussed in connection with the setting of exposure level standards on the biological effects of micro-
standards. The hygienic exposure standard adopted waves , especially long-term and central nervous
in the USA is 10 mW/cm2 for daily 8-hr exposure, system effects. Soviet researchers demonstrated
vs. 10 uW/cm2 in the USSR. The discrepancy is due disturbances in conditioned reflexes and changes in
to the different princip les upon which these stand- the behaviora l pattern (‘~nost lIkely in animals ’ -

ards were established . While the US standard is transl.) under the effect of radlofrequency radia-
based on the thermal effect of microwaves , the tion of low intensity having no thermal effect.
USSR standard was based on the subtler nonthermal Changes in the EEC were also observed. Frequent
biologic effects, Including the effects on the activation of the adaptive mechanIsm of the body
central nervous system . The existence of a thresh- is believed to lead to its exhaustion and general
old dose of microwave radiation is a fundamental asthenla. Initial steps have been taken to narrow
questIon in hygienic studies. A potential source the gap between the two different approaches to
of microwave radiation pollution Is seen in solar the hygienic standardization of microwave exposure.
energy collection by means of power plants in
space because the energy must be beamed to earth
in a focussed bundle. 5658 LOCAL MICROWAVE HYPERTHERM 1A (430 C) AND

STIMULATION OF THE MAC ROPHAGE AND 1-LYMPH-
OCYTE SYSTEMS IN TREATMENT OF GUER IN EPITHELIOMA IN

5656 EF FECT OF AN ELECTRO MAGNET IC F IEL D OF RATS. (Rug.) Szmig ie lsk i , St. (Center for Radio—
LOW FREQUENCY (50 Hz) ON THE FUNCTIONAL biology and Radioprotection , Warsaw , Poland) ; JanI—

STATE OF THE HUMAN BODY . (Rue.) Dumanskii , lu. 0. ak , H.; Hryniew icz , V.; Jeljaszewicz , J.; Pulverer ,
(Kiev Scientific Res. Inst. General and Communal C. Z Krebefer&’h 91(l): 35—48; 1978. (68 refs)
Hygiene , Kiev , USSR); Popovich , V. N.; Koziarin ,
I. P. Gig Sanit (12): 32-36; 1977. (0 refs) The effect of local microwave hyperthermia (1MM)

combined with Imnunopotentiating (IP) substances
The biol ogical effects of electrica l fields of on the growth of Guerin epIthelioma In Wistar rats
50 Hz frequency were studied In 34 volunteers aged as well as on the rat immunologic system was inves-
23-47 yr. Group 1 (5 men , 5 women) was exposed tigated . Rats bearing Guerin epithe lioma were cx-
to a 5 kV/m-electrical field for 2 hr dail y 6 times posed to three or six sessions of 2,450-MHz 1MM
a week during a 30-day period . Group 2 (6 men , 6 (tumor temperature , 43 C) for 45 mm per session
women) was exposed to 12 kV/m—field 3 x 30 mm /day on wk 3 or 5 after tumor cell implantation . In
at 1—hr Interval S for 6 consecutive days , and Group some rats , LMH was combined with the administration
3 (6 men , 6 women) was exposed to a field of 15- of IP substances , such as, purified Streptolys in
16 kV/m under the same conditions as Group 2. Ob- (1 mg/kg) or Corynebactertwn parvum (CP) (1 mg/kg)
served in Group 3 were Increased skin temperature injected three times weekly on wk 4 and 6 after
on the forehead , chest , palms ; reduced skin tumor cell implantation . Exposure to LMH inhIbited
temperature of the lower limbs; Increased an~~ l- the growth of Guerin tumors , and the effect was
tude of the evoked brain potentials by 11.2-29.2% enhanced by combined treatment with IP substances.
compared with the values found before the exposure , The combined application of INN and CP resulted in
reduced heart rate From 82.14/m m to 75/mm ; re- the complete disappearance of 9 of 12 tumors; where-
duced maximal arterial pressure at rest (value not as , 1MM and IP substancet app lied separately re—
given) , Increased R—R section of the ECS from 0.73 suIted in the eradicatio n of 4 Out of 12 and 2 out
to 0.80 (PeO.O5), increased 1 wave amp litude during of 12 tumors, respectively. Exposure to LMH also
hypoxemia (from 0.30 to 0.40 mV , P<O.05); increased resulted in a stimulation of the reactivity of the
blood cholinesterase activity (135.8 ~ig/m m n vs.  thy tn us -der mved l ymphocyte and macrophage systems
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of t h~ rat , enhanc I ng both nonspoc I I i c ~,ui~I si~cc i I I ,ui 1 y about I 0 MHz • Whereas t in ~ ~ I .,d I ,
-, tt’d ~ out i t~ I

inlmLInO responses • Th~ ro I a of i nanunos t imul a t I on cu I tures showed growth rate dii i t ~~ .i t i .. I .‘l ~~~ I
by LMH is stressed as an important fa~ tur in th~ ‘ 31. from th~ no.111 va l ue at ~ ~Iv cn tc’IIIpi’I.,l IIr . ,
tumor—inhIbiting effect of hypert hernila I!~ addition irradiat ed cultures showed deviations t i,~nt t he nii’.i,~

to the wol I—known sele~- t lye heat ki I I inq c t k’t t ~f qrowth rate as h(.jh as 29*. Simpl e t I~ei ate I e ~ I, t s
microwaves on neoplastic colI~ . arc rxc l udod , tin~1 i t is s~iii~n’~’tod that th ’ I in d i u ~ i.

support theoretic prctI I~ (iu,~,, ,.$ c oh.’rcnt niole~~.j la i
o..(

_ I I 1,11 h~n’, ccl Ivat iini IIK IabOl I,. p ro . r .. ’..’’. .
‘,& ‘,‘) EFFECT OF MAGNETiC FIELD ON CHI C I~ MORPHO—

GENESIS. ~~~~~~ ~ Joshi , M. V. (D~’pt.
Zool ogy , Univ. Poona , Ptoiia 411 007, India ); Khan , 5661 EFFECTS OF GRAV I TATIONA L AND MAGN ETIC
M. .‘, ;  Damle, P. S. ;~if ’r t ’ .’,u (~ ti~~i 10(1): lI)_143 ; FIELDS ON 1 RANSPIANTED NEUROBLASIOMA
l~)78, (19 rot’s) VASCULAR I TY. I)~~i .. ) Ba tk in , S.; Tabrah , F, L.

(John A. Burns Sth. Medicine , Univ. Hawai I • Hono lulu ,
Th~ effect of a magnetic fI~ Id on chkk inorphoqon— HI 96$2’) . S Pp . • 19/i. (~ v.t l lahIc ’ (htouqti
r’~is was investi gated . Fresh fertilIzed eggs of Nation al ict hni cn l Informa t Iou S, rv i~ e , Sp, I nqf it’ I~l ,
Whi te Leghorn chickens were incubated to thc detin— VA 22 161 , Document No. A77~4 51S~ I . (l~ ‘,.f~~~)
It iv e primitive streak stage (Hamburger-Hamilton
IH.H.J Stage 4).  The embryos were mounted , cu l— Subcu taneously transp lanted neurohl .istounas t hat  we~~
tured , and exposed to a homogeneous un~iqneti field di’norvated at the tuut~ot iu upi,in t~it loi ~ ~,ite iii A/J
of 5,000 ‘ 200 Oe for I hr. Controls were main- m i ce were subicctcd tO qrav it~%t iou ~aI and/or maqtwtl.
tam ed simultaneously without the magneti c fh’ld. forces to dct~ rmlnr if these forcc’s ~~uld enhance
The experimental and ~onjrol embryo s wore further the inip .i i rmc’nt of tII k~~ vascularization produced by
incubated for 24 hr to obtain the H.H, Stage 1.’ in dcncrvition , Exposure to ~it hci .i qr .,vit ,i (ionai
controls. The experimental embryos were cons id— force of 4 gravIty unit ’. or to a l tc ru iat  ii,., (60 H;)
erably retarded , as evidenced by a sho r tening of magne t i~ f’i~ lds of 1.2 o , 4 -‘. 10 Wb/ m ’ rcsii lte d
thc embryonic long axis in 16 embryos ~~~ ~~l l ,~‘. in i mpaired vascularity and .i ,ire.iter extr .iv.isation
by other ma l formatIons. Microc ephaly only was oh- of blood w i t h  assoiiated t umo r necrosis. Ihe iou -
served in 6 of 25 exposed embryos and in open bina t ion of h~pergravity (~ gravity unit ,,) and a
neural tuba only in 11 of 25 exposed em bryos. Ml— 4 x lO’~ Wb/iw altern atin g magnet I f ield over a
crocaphaly and open neural tubi’ were observed in lb—d ay period resulted in d e f i n i t e  macros op i.
8 o( 25 exposed embryos. Diffused somites were changes. The tumors In exposed animals were read-
observed In 18 of 25 exposed embryos. lii 12 exper— ily peeled •‘ut , w hi le  control tumors in f iltrat e d
irnental embryos, the heart was not formed; out of into surround i mm ,m tissues. Th~ avt’;aqe tumor vo lume
73 in which the heart did develop, it was slightly was 410 mn ’ in the i’~ ;~~srd aniin .il’. compared with 630
disp laced and dilated in about half  of then,. A l l  awn’1 in controls , Microscop I.. analysis again re—
of the controls developed norma l to H.H. Stage 1.’. v~.iled previousl y noted blood sta si s in th~ e~ peri-
Histolog ic observations of thc neural s t ructures menta l tumor group w i t h  e ’ . t ravasat  ion of  red blood
In the sectIoned cxperImenta i embryos showed an cells; however , the co’.t ras t to the ont rol group
Increase In the numbe r of dividin g cells ~nd their was not as dram ati c is noted w i t h  e it her  force aione .
dIspersed distribution throug hout the neuroepith e— Neurohlastoma ce lls in vitro. wh i..h were e~~p~~sed to
Hum . The ma l formations recorded are .it tribut ed a m agnetic field of 3.. >. l0 Wbluir for 48 fir —

to the environmental stress effec t caused by the showed no definite growth c f i . - mmi . i es , suggesl lu g an
n m,e tlc field as manifested by it s effect on effec t of the field foict’s on the host . However ,
mi tot Ic .ic t lvi ty . int erki net ic nuclear mig i .it ion t ie exposure oc :,— (,.o h ns’n,, ~ - o ’f J~ 1 ’ : • : to a m a g n e t
in neurnep I the Ii tim , and .. ‘II io~omot ion in m~enmer~; I • f i e ld  of 6 x 1 0 I Wb/ nm resul ted in a marked iii’.. I ease

in ce ll divi s ion with asso.. Iatt’d morphologi hang,’’.
in hot Ii synchronous and log—phase cult ures at SO

5660 NONTHERMA L EFFECTS OF MI L
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~?; 
~~~ s suggect 

‘that hos: -tumor rel~ t , l . l p s  tan hi.
affected by gravIt ation a l and weak alternatin g mao-

W. (Gesellschaft fue r Strahlen— und Uns~el tforschun q ‘ -

• , ; net ft f i e l ds  vi~ vascular c h.inqes . Single cel l
Ne,mherb.rg, V. Germany); Keilmann , F . .~~~~‘ i ’ ~ . ’i ’ ii ’/ i  - -

11.. t I ’ .’): l’~— 2 2 ;  1978. (10 refs) 
orq~inisms m:y a~’.o be modified by weak .i)tormm .itlii ,i

1’..~ in? Iuent e of coh,r~nt microwave irradi ation in
m~~~ f r~~~uency range near 42 GM; on the growth of
~~~~~~~~~~~ 

y eas t i m l t u r t ’ s  w .i’. invr~ t iqateul , To a~~ Id ‘~(‘(‘) I LECTR OMAGNET ICALL’I INDUCED I tLI II STRLAM

~~~~~ ~~~~~~ of irr adl .ition , yeast cell cultures INC AS A POSSIBLE MECHANISM OF THE IfIO
•~~~.d a.~u~~’tms suspensIon were used, Over .1 MAGNIT1C ORIENTAT ION Of ORGANISMS. . ‘;~~ Barn-

• •. ..~ i’ •I..y~~, b/ growth ,‘sparin~ nt s were per— hrrg,’r , S. (Ma~ .Planck Ir~st it u t fuer Bio , bernie ,

~~~~- ~~~-,t c l i  .~~ave I, r .~ f i - it ion (0.1—I+ mW/cmn~) Ahtei l ung luer Experime ntel It’ Med u n  • Mart in cri ed
-. • m ~~~- ‘. ,.aii , u ! t u r e s  •,ffectt’d the r growth bel Munc hen . V. Germany); Valet , C.; St.’u~ h , F.;

• 
~~~~~~~~~ 

-.0 I e vp ,minner • Depending Ruhonst roth—Ba nne r- , F. . ; ~~-‘c;~~, m ’ ~ i~. ’~~ m ft (1~~)) I ‘01—
- .. , ~~~.,. ~~~~~~~ I . . .  r..wces and dc..,r,ises in 160; 1978. (7 re(s)

— •‘ ~~‘p -•- .‘ i.e.’ . -‘ ‘silt Ip Iet  of m e ’ . —
- .. I’ I • I “1 .il ‘ ro ,,hs,rv,d • E lec t r..~iiaqnet I c a l l  y i niluced f l u  Id streamIng in the

- . , ~~~~~~~~~ 
p h.,n,fw fth .1 chamber oF .i /ris’ . cytn’pherorneter was inv esti ga ted
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as a possIble mechan i sm of the bI~~ sgn.tIc or ient.— of the preselected level . One of the direct-contac t
lIon of organisms . The electrolyt. In the chanôer applicators was a double-rIdged waveguide horn an-
consIsted of a solutIon containing 1 molar copper tenna that operated In the 0.9 to ~ GM: range. By
sulfat. and 0.5 ~~lar sod i um sulfate. The velocity placing altainlntar adhesive tape directly onto the
of susp.nded particles (hta,ian erythrocytcs with surface betwoen the t issue and the horn anten na ,
theIr natura l charge removed by n.ur.minidase but leaving an open ing that defined the area to be
tr.atrr.ant) w.i ua.d as an Indicator of fluid irradiated , the aperture could be adjusted from
streamIng. The fluid and suspended p art icles were about 8 by 12 cm up to the 17 by 22.75 cm openIng
simultaneously exposed to crossed magnetic and of the horn antenna , while maIntaining a unIform

• electric fields of O.~O t 0.01 x lO~~ toil. and heating pattern across time aperture. For confining
500-1 .590 mA/cm2, respective ly. With the chanèer the microwave heating to sn~ ller areas, a dIelectric
oriented so that the geomagnetic field vector was (titanla) loaded horn antenna was deve loped that
parallel to the y— axls of the chamber , a f luid operated at 915 I*Iz and had a contact a rea of
stream In the dIrection of the z— .xls was observe d. 9 cm2 , Us ing thI s applicator , the power supplied
Tb. geoma gnetIc f ield strength , calculated from by a 5-W , solid-s tate mIcrowave osci l lator was
the velocity measurements, was O.~6 t 0.05 x lO~ ’ sufficient to produce a temperature rise of I C/multi
tesla (13* greater than the measured value). The In biolog ic tissue . Other applicators having
results indIcat , that both the di rection and inten— a size , shape, or rad Iation pat tern approprIate
si ty of the geomagnetic field can be sensed within for clinical requirements are also discus sed .
the chamber of a Zeiss cytopherometer. This sug—
gaits th.t electromagnetically Induced fluid stream-
ing might play a role In the perception of the geo— 5664 THE BASIC CONSIDERATIONS OF R. F. THERNO-
magnet ic f i e l d  by or ganisms , although it is not THERAPY AND CLINICAL EXPERIENCE (MEETING
clea r In w hich organ the perception occurs. A ABSTRA CT). (A’M~.) LeV ..n , H. H. (State Univ. New
basic r.qulr.ment for such an organ woul d be an York , Brookl yn , NY 11203); Ahmed, N. Am .T Ro.ntg*nol
aniso tropy of cells or cellular structures. The 130(l): 189-190; 1978, (0 refe)
nervous system with Its parallel axon s , or spe-
cIfIc cel ia associated w ith th. nervous System, The results of hypertherai c treatment for l ung can-
coul d thus be possible location s of the sensitivity car patients are presented . A solid state 500—V
towards magnetic fields , ampl i f I e r  with a crystal-controlled output at 13.56

MHz supplied the radiation . The treatment schedule
cons isted of a course of fou r 3-hr heatIng sessions
with t amio r crossfirlng . Patients were Infused wIth5663 OPTIMIZING THE HEAT TREATMENT OF TUMORS

BY M ICRO~~V ES (MEETING ABSTRACT ) . (~~~~) glucose dur ing therapy and were covered to allow
a fever of 38-39 C to develop. Treatment continuedJo l nes , V . T. (Duke Univ., Durham , MC 27706). Am until complete regression occurred . Fol lowing

J &i.ntg.nol 130(1): 188; 1978. (0 refs) hyperthertulc treatment, human lung tumors were
examined histolog i cally. Cancer cells were damagedGuidelines for optimizing the delivery of hea t to or des troyed by heat, but the strom. of the tumora tumor by microwave radiation are descr ibed . The was al so damaged . Collagen swelling was noted ,optimum microwave frequencies for heating cancerous and Intense vasodi la tion occurred at th. periphery

tIssue are approximately 0.5 to 1.5 GHz. Using a of the tumor. Capillary damage caused dlap .demlsvariety of direct-contact applicators , a complete of red cells resulti ng In a heavy deposit of hemo-system for automatically control l ed mIcrowave alde r in at the tumor ’s periphery. Plasma cells
heating of cancerous tIssue was developed . Heating accumulated around the mlcrovascula ture , and poiy-was a t a selec ted l oca t ion to wi th i n  an accur acy morphonuclear leukocytes i n f i l tra ted foc i of tie-
of ± 0.1 C. The temperature was mnonltortid by ero t ic tumor cells. After a full course of therapytIssus—implantable thermIstor probes oriente d at the m icrovasculature was destroyed with massiver i gh t ang les to the microwave electric field , and nec ros ls of the tumor. I n f i l t ra t ion of mnacropbag.ssampla tempera ture readings were made only dur i ng and l~mphocytes Into the twumr indicatmd an lumiuneI ms.c period s every 100 msec when the microwaves
w r  off. DurIng the off period , a temperature read- response. Nine teen patients have rece i ved a ful l

course of thera py over one or more years. A l l
I ng was taken and stored In a sample-an d-hold circuit showed i umme diate gain in strength and appetite ,
until the next off period, when the read ing was and regression of the tt~~ r mass. Although seineupdated . The therma l time Constant of the system patients have died of distant metastases , a l lwas suf fici ent ly long that no appreciabl e temperatur a showed an extensIon of life expectancy. Na)? of
chang. occurred between samples. In addition , the 

the p a tients are still alive after 2 yr . and fou roff period wee long enough to allow the m icrowaves are tumor free , while the others are under active
to decay to a ne glig ible value before the samp le therapy.was fI nalized . Rectification effects were avoided ,
since no mlc row .ves were present when the readIngs
were taken. The tiasue-I mp lantable the rmistor
probe continuously monItored the temperature at a 5665 PHOTO-INDUCED VOLTAGES IN SUSPENSIONS OF
selected site wi thin the heated t Issue. When the CHIOROPLASTS ORIENTED IN A MAGNETIC FIELD
temperature at that si te  reached a pre -selected (MEET ING ABSTRACT) . (11Mg.) Becker , J. F. (Dept.
level , a sIgna l was fed back through the thermal ChemIstry, New York Univ. , New York, NY 10003);
regulator to the microwave source to adjust the Gaeclntov , N. E.; Swenb.rg, C. F. Riopuj. ,1 21(3):
output power and keep th. temperature withIn *0.1 C 108.; 1978. (0 r.fs)
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The photovoi tage of suspensions of magnetIcal ly 47-50 C for 30 mm , with a 75~ regression rate.
oriented spinach chlorop lasts using polarized light There was no damage to norma l tissues; tempera turt
was measured. The magnitude of this photo—e)ectro of the skin within the RF field remained .-6 C
magnetic field (photoemf) depended On the polarize- below tumor temperature during the heating . The
tion of the light and its di rection of propagation outp ut of the RF machine dId not exceed 15 V. The

;? with respect to the membrene planes. The photoemf RF machine was also used cl i n i c a l l y  for the local
was qualitatively interpreted in terms of the heating of solId human tumors. Problems encount~!red
Dember effect, and Its magnitude depended on a non- with the hi ch-lnten sity RF fields (up to 300 U)
homogeneous generation of posi tive 3nd negative requ i red and in the mon i toring of tum or response ,
charges and was thus a function of the absorption as well as a preliminary series of cases, are di- ,-
coefficient. The photoemf irose because of an In- cussed.
homogeneous absorption of light within a chloro-
plas t particle , which was due to the non-random
orientation of chlorophy ll molecules in the mem- 5668 RI:SULTS OF COMBINED ~34 MHZ E.M.W. ANDbranes. This gave rise to an i nhomogeneous dis— X-RA Y THERAPY (MEET I NG ABSTRACT). ~~~~~~~~~~
tribut Ion of positIve and negatIve charges along Molt , J. A. G. Inst. Radiotherapy and Oncology
the direction defined by the propagation vector of Leederv ille , Western Australia , 6007 Australia).
the light (which was parallel to the vector Joining A’s J Roentge no l 130(1): 191; 1978. (0 refs)
the two electrodes). An electromagnetic field arose
due to the diffusion of these charges but only when The results of comb i ned microwaves and x-rays for
the mobility of the two charge carriers was un— the trea tment of huma n cancer are presented . A
equal. The ex tence of a Dember—l Ike solid state dose of 434 MHz was applied approximately 15 mm
effect in a bI~ ioqIc system was demonstrated, before the ~ipp Iicat ion of between 25 and 75 rods of

x-rays. Microwave radiation was repeated on days
3 and 5, and at subsequent intervals during the

5666 BLOOD-BRAIN , BLOOD—V ITROUS HUMOR AND PLA- course of daily x-ray therapy. On days on which
CENTA L BARRIER MODIFICATION DUE TO MICRO- microwave radiation was not delivered , conventional

WAV E EXPOSURE (MEETI NG ABSTRACT). (E~zg.) Frey, A. doses (i.e. , 200-300 reds) of x-rays were app lied.
H. (Randomnilne , Inc., Huntlngdon Va lley, PA 19006); At 3-yr follow—up, 27 of 52 patients with ear , nose,
Coren , E, Bjopizy a ,T 21(3): llOa; 1978. (0 refs) and throat cancer were alive and well without ev i-

dence of local disease or neck metastases. Two
The effects of mIcrowave exposure on the blood— patients with dIstant metastases in the chest
vitreous humor barrier of the eye and the placental underwent treatment with similar methods and remain
barrier were Inves tigated. Resu l ts showed a modl— we l l .  Of 52 patients treated with air and hyper-
ficat lon of the blood—vitreous humor barrier and ba rlc therapy , 8 and 10 survive , respectivel y. For
lack of modification of the placental barrier under th Is group, combined treatment was three times more
exposure to the energy, effective than conventional treatment. Other can-

cers that can be readily treated by this method
include all normally treated by conventional ther-

5667 TREATMENT OF SOLID TUMORS BY R.ADIOFRE- 
apy. Patients most suitable for this treatment

~UENCY HEATING 1MEET I NG ABS T RACT S ,L’,. 
include those wi th  ear , nose , and throat cancer ,
primary g llI)ma and lymphorna s (all types) . In aodi-

Dickson , J. A. (Royal Victoria infirmary, Newcastle tion most types of breast prostate th rold
upon Tyne, Engiand). Am J Roentgeno l 130(1): 189; kidney, and bladder cancer appear suitable. Based

re ~ on radiowave absorption measurements , It is con-
cluded tha t this treatment me t hod selectively af-

A modifIed diathermy techni que , developed for heat- facts cancer cells in preference to norma l cells.
Ing solId tumors to SOC without damage to skin
and interven i ng normal tissues , is described . The
portable machine has a radio frequency (RF) generator
operating at a crystal-controlled frequency of 5669 APPLICATOR DESIGN AND MICROWAVE FREQU ENCY
13.56 MHz (22 m wavelength) and an output of 400 U, SELECTION FOR LOCAL HYPERTI4ERMIA/WHOLE-

The RF current is transmitted to the tumor via two BODY HYPERT~1ERMIA EQU IPMENT SUITABLE FOR CL IN ICAL  H

coaxial  cabl es , each term i nating In a flat copper TREATMENT ( MEET I NG ABSTRACT ) . (En~.) kowa l , H. S.
paddle electrode. The apparatus emp loys the con- ~RosweII Park Memorial Inst ., Buffalo , NY 14140);
denser field technique whereby the tissue becomes Sandhu , T. S.; Johnson , R . J . R . Am ,1 Ro tt wn, 1
part of the output _ l rcu i t and is heated between 130(1 ): 188; 1978. (0 refs)
the electrodes app lied to opposite sides of the
tumor. Tuned compensating coils in the paddle Methods to achieve both loca l differential hypem-
handles , a connector lead between the pad tl e s , and rherm ia and whole-bod y hypert herm ia were develo~ed .
a direct current inverse feed-back loop between the To achieve local differential hypt’rtherrn ia, mc,o-
RF output and the crysta l osc i l l a to r  produce stab le wave app l i ca tors  were desi gned with sizes ranging
and readily controlled tumor heating. Over ZOO from l O x  10 cm to 1.5 x 1.5 cm, utilizing micr o-
subcutaneous rat t umors of different types , up to waves of eithe r 2 ,450, 915, or 433 MHz. Single and
3 ml in volume we re heated at an Intratum o r tern- ~ult t p ie app l icators of varying s iz es  were developed
perature of 45 or 50 C for 15—30 maIn, with a re- to achieve homogeneous tumor temperatures. Surlace
qre ssi on rate of 100*. Twenty-five intramuscular temperatures were non tored with both fiber opt IC
VX2 tumors (10-25 m l ) In rabbits were treated at and thermocouple probes , while depth monitorinq was
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accomplished with 30-gauge thermocouples p laced high electric fields on the yield of photolnduced
perpendicular to the radio frequency field , Normal primary charge generation have been demonstrated in
tissue cooling was achieved by either cooling the two different organic systems. One consisted of a
skin surface with cold air or by circulating liqu id thin organic photoconducting film , electrostatically
having the same dielectric constant as the tissue charged. The other was a cell having a thin po l y—
In a plastic bag positioned be tween the skin sur- crystalline chlorophyll-a film sandwiched between
face and the applicator. Temperature distribution two different metals; a hIgh Internal field fo l—
data resulting from d i f f e r e n t  appl icator sizes and lowed from the contact potential between the metal
different frequencies was presented from both and the chlorophyll. In both cases the efficiency
phantom and in vivo experiments. A whole-body of photoinduced charge generation improved drastic—
hyperthermia system , suitable for clInical radio- ally as fields approached ~~~ V/cia. In photosyn-
therapy, also was developed . The system consisted thesis the presence of a permanent electric field
of a NASA patch-type li quid-cooled garment (LCG) of about 106 V/cm has been Implicated in the thy la-
applied to the skin and covered with a polyethylene kold membrane.
disposable shirt and pants. A specially tailored
i—Inch neoprene skin diving suit was app l i ed over
the polyethy lene for insu la tion . The patient was 5672 ELECTRO MAGNETIC HEAT I NG TECHNIQ UE S (MEET-
heated or cooled by a large cagac i ty chil)er—cir’ 1MG ABSTRACT). (gig.) Hand , J. U.
culator connected to the LCG. Rap id Initia l heating (Hamme rsmith Hasp., Du Cane Rd .,  London, Wl2, Eng-
was applied through two 9 15 MHz , 15 x 10 cm, micro- land). Br .1 Radiol 51 (601): 71*; 1978. (0 refs)
wave applicators positioned over the thighs.

The band of frequencies in the electromagnetic
spectrum that is used in heating tissues at depth

5670 MICROWAV E RELAXAT ION EFFECTS OF NUCLEIC is discussed . The methods traditionally used to
ACIDS AND NUCLEOTIDES (MEETIN G ABSTRACT). couple energy Into tissues are described , and the

(EM9.) Krey , A. K. (Walter Reed Army Inst. Res., disadvantages of such methods to produce heating at
Washing ton, DC 20012). Biophye 121 (3): il2a ; 1978. depth are outlined . The p o ssibility of producing
(0 refs) In ternal hot spots in a target whose dimensions

are comparable to the wavelength of the radiat ion
Microwave relaxation effects of nucleic acids and and the relevance of this to the heating of small
nucl eotides were Investigated . It was shown prey— animals are discussed . Recent developments are
lous l y that calf thymus DNA gradually decreased In outlined including contac t applicators , which may
permltti v lty (approachIng e ’ of I ts aqueous solvent) be used at frequencies somewhat l ower than the
in the range 0.5 to 50 MHz. A dielectric disp ersion microwave diather my frequency of 2.1*5 6Hz, and an
was likewise observed In the same frequency range invasive technique , which avo i ds heating of super—
for transfer—RNA and for most of the mononucleotidas ficlal tissue by using needle electrodes to pass
of both nucleic acids. Of the nuc l eotides , adenosine high frequency currents through deep tissue . Some
monophospha te and deoxy adenoslne monophosphate of the problems associated with temperature measure-
showed no dIspersion , while relaxa tion effects in— ment In the presence of electromagnetic fields are
creased progressIvely for cytidine 5’—monophosphate/ stated and new kinds of thermometers that enable
dibu tyl cytidine 5’—monophosphate, guanoslne mono— rel iable temperature measurements in such an envi—
phosphate/deoxy guanos l ne monophosphate, and u n —  ronment are briefly desc ribed.
dine 5’-inonophospha te— thym ldine monophosphate with
a specificity that was characteristic for the d l—
pole moments of the respective nuclcotide bases. 5673 THER MOCHENOTHERAPY IN V IVO (MEET ING RB-
Removal of bases increased the relaxations of
nucleotldes as did subsequent deletion of sugars so STRACT). (Eng.) Marmor, J. B. (Stanford

tha t phosphates alone showed the largest dispersion Med i ca l Center , Stanfo rd , CA 94305); Hahn , 6. II.

effects. Nuc l eotide dispersions also increased Proc Am Aeeoo Cwioe~’ Rex 19: 118; 1978. (0 refs)

upon addition of phosphates or decreased when a
phosphate group was removed. The findings suggest An Investigation was performed to test whether

that configuratIonal parameters of mononucleotldes chemotherapy of solid tumors can be enhanced by

determI ne the relaxation effects of DNA and RNA loca l hea ting of tumor masses and whether non—

and that the nucleotides ’ conforme tlonal prop erties tumorIcIdai agents , such as , 2—am i noe thyllsoth io~’

may also be involved . uronium (AFT) become tumo rlcida l in the presence
of loca l hea t. C3H mice bea ring the KIlT manrwry
carcinoma, a drug resistant tumo r of low Innauno-
genicity, were utilized. Drugs were given Intra-

5671 ON THE ROLE OF ELECTRIC FIELDS IN PHOTO— venously and the tumors locally heated by radio
INDUCED PRIMARY CHAR GE SEPARATION (MEET- frequency electromagnetic fields to 43 C for 30 m m , ,

ING ABSTRACT). (3Mg.) Yamamoto , T. (Dep t. Chem— Tumor growth delay (GD) and cure rate (CR) were
is try, Cornell Univ., I thaca , NY 14853); A lbrecht , fo l lowed , No systemic hyperthermia was obtained .
A. C. Biopfmya 121(3): 195a; 1978. (0 refs) For bl eomycin , the effect of the cowhined modality

was superior to either alone (60—12 days versus 3
The possible connecticn between high electr ic days; CR 4O% versus 0%). provided drug and hyper’-
fields and efficien t charge separation found In the thermnIa were administered simultaneously. If ex—
photosynthetic system was exp lored and related posure to the two modalitIes was separated by 24
l i t e r a tu re was rev iewed. The expected effects of hr , no effect was seen, suggesting a true Inter—
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action . For adriamnycin (ADR) no clear-cut l am- suggest that localized heating may be a useful
provement in results was obtained even though ADR adjunc t to chemotherapy of solid tumors. However,
showed aqua) potantIatlon In vitro. Localized not all diugs that were potentiated by heat in
heating of tumor masses did not appear to cause vitro demolst rated the same effec t when used
AE~ to become t umoricida l in viva. The results against KIlT tumors in vivo.
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