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I
PREFACE

p i

Biological Effects of Nonionizing Electromagnetic Radiationt is a publication researched and prepared by the Frank lin
Institute Research Laboratories , Sc i ence Info rmati on
Services Department , under a contract with the U.S. Navy
and administered by the Office of Telecommunications Policy .

This digest serves as a vehicle through which current
documentation of research highlights on the biolog i cal
effects and health implications of nonlonizing electro-
magnetic radiation (microwave and radlofrequency radiation)
are compiled , condensed , and dissem i nated on a regular
basis. Biological Effects of Nonionizing Electromagnetic
Radiation Is Intended to be a highly useful current awareness
tool for scientists engaged in research or related activ ities .
The great number and diversity of relevant publications
make imperative the avai l abil ity of this service to persons
whose work requires that they keep abreast of current
developments in the field.

Biolog ical Effects of Nonionizing Electromagnetic Radiation
is published quarterly. The Issues of Volume I , and future
volumes, will Inc l ude materials received during the preced i ng
three months. Each Issue will Inc l ude news Items and
announcements , a listing of meetings and conferences,
abstracts of current literature , and a directory of current
research. Materials for which full text is not available
will be included as summary abstracts.

-
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ABBREVIATIONS AND ACRONYMS

I
I f

1 A , amp - ampere(s) ,, -
BRH - Bureau of Radiological Heaith NBS - Na t ional Bureau of Standards

- C - csnt lgrad e NI H - National in stItute s of Health- c .ntimstsr NSF - Na ti on al Scienc. FoundatIon
cps - cycles per second N IOSH N.tion.l Institute for Occupational
dB - dec i bel(s) Safety and Health
EPA - Environmetital Pro tection Agency NTIS - National Technical i nformation
EADA - Energy , Research and Develo pment Agency Os . o.rsted (s)
FDA . food and Drug At~sin ist ra tion OSHA - Occupational Safety and Health
g - gram(s) Administration
G - Gauss OTP - Office of Telecommunications Policy
GHz . gigahertz PHS - Public Health Service

p HEW - Heal th , Educa t ion , and Welfare  red - radia t ion absorbed dose
11 hr — hour(s) - roentgen(s)

Hz - hertz rpm — revolutions per minute
IEEE - Inst itute of Electronic and E lectrical sec - second(s)

Eng i neers UHF ultra high frequency
p lMP i In ternational MIcrowave Power In s t Itute USAFSAII - U.S . Air Force Schoo l of Aerospace
Ii 1U - internat ional unit(s) M edicine- joule(s) USDA — U.S. Department of A griculture

k - k i l o~~ uv - ul t raviole t— liter(s) V — volt(s)
m - meter(s) VA - Veterans AdmInIstration
p I~IU~~~” W — wa tt (s)
H - msga-- WHO - Wo rld Ilsalth Organ ization
p~ho 
. unit of measurement of conductivity wk - week(s)

sin - minute( s) wt - weight
p.o . month(s) yr — year(s)
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I
I NEWS ITEMS

I PENTAOON CITES POTENTiAl. PERIL OF radiation as I f  he were stand ing In a kitchen in
SOVIET MICROWAVE WORK front of a microwave oven with the door closed. Sup-

porters point out that unlike exposure to ionizing
radiation , there appears to be no evidence that

I biologic effects are cumulative wi th prolonged expos-
A recently declassIfied U.S. ~)efense Intelligence ure to microwave ~nergy.Agency report states that extensive SovIet research Popular Sei. pp. 8, 12; February, 1976
into microwaves ‘has a great potential for develop-
ment into a system for disorienting or disrupting
the behavior patterns of militar y or diplomatic per-

I sonnel.” The report claims that Soviet scientists
• are fully aware of biologic effects of low—level ELECTROSURGICAL DEVICES DEBATED

microwave radiation which have potential antiperson-
1 nd applications . The report says that one biolog ic

effect that could offer antipersonne l uses is micro-
4 wave hearing. “Sounds and possibly even words, CO11maI)tiI’ ,g OF) the safety of electrical surg ical

which appear to be ori ginatIng intracranlaily, can dev ices , Saul Aronow of the National Fire Protection
be Induced by signa l modulation at very low average Association claims that although the newer solid

7 densities .” In addition to research Into microwave state devices are smaller , technologically superior ,
hearing, the Soviets have stud i ed various changes and usually less powerful , they are not necessarily

• in body chemistry and function i ng of the brain safer than the older spark-gap machines . Aronow
resulting from exposure to microwaves and other acknowledges that the solid-state devices may be
frequencies of electromagnetic radiation . The more effective for some purposes but are less so
report cites the use of microwaves to induc, heart for others. He claims , “There are hazards associated
seizures experimentally in frogs by synchronizing with the use of such intent ionally destructive hi gh-
the pulses of a mi crowave s i gnal witn the animal’s power devices (spark-gap units) , but these hazards
heartbeat and beaming the radiation at the chest and compl icatIon s are largely attributab le to lack
area. The report adds that “a frequency probably of knowledge or inadequate training of medical per-
could be found which would provide sufficient pen.- sonnel operating them and not the faults of the
tration of the chest wail of humans to accompl i sh apparatus.” However, Philadelphia physician , Stephen
the same effect,” i.e., heart attacks. Another 1. Corson, asserts that spark-gap units are notOr
potential antipersonne l use of microwaves could be Iously unreliable and that he knows of no clin ica l
based on their effect on the blood brain barrier, circumstance in which they are to be preferred over

• As a result of such an application , the report says, solid stats dev i ces. Corson says that electrosurg
“an Individua l could develop severe neuropathologlcal cal generators th.t depend on spark-gap circuitry
symptoms and either die or become Impaired neurolog ic- sh.~w great variations between individua l machines at

I ally.” similar dial settings. Moreover , he claims that

I The Huening Bulle tin Hovember 22, 1976 spark-gap units are affected by conditions such as
humidity, end in general , very tremendously from
cal ibrated settings soon after being serviced .
Corson conc ludes that wha tever the surgical procedure,

I the larger solid state units have sufficient generator
I TO BEAM OR NOT TO BEAM? capacity and, like other solid state electronic com-

ponents, demonstrate little fluctuation In performance
over a long period of time .

I JAJ4A 236(15): 1690; 1976
Vincent Everett of Texas A & H University cautions
that a recent proposal to transmit a 10-cm wavelength
beam of mic rowave rad i a t ion from space and “convert”

I 
It on earth to 40,000 volts DC warrants careful ap-
pra i sal. Everett points out that the proposal failed OTP STUDY UPDATES RADIATION HAZARDSto indicate the power dens i ty needed to produce 40,000
volts DC (tak ing into account the loss to transmission
and conversion). “Even i f  the power densi ty was less

I than 10 afiI/cm2,” he says “it is possible that the The White House Office of Teleconanunicatloni Policy
hazardous effec ts of microwaves would show up ~~~ (OTP ) has released I ts fourth study of the biologic
years later (th.t I s , I hr in a 10 n*~/cm2 f ield equals hazards of non ion l zng electromagnetic radiation.
1000 hr In a .01 ,,*41cm2 field) .“ Everett cites Soviet And wh ile the OTP says that it is st ill too early

( experiments in which microwaves of 10 cm and power to draw definite conclusions from most of the studies ,
densities of 100 n*d/cm2 proved letha l to 50% of the the past year ’s efforts hays netted many new findings.
rats exposed for 15 m m .  Supporters of the proposal , The study claims , for example, that “when human sub-
however , cia im that the hazards of hi gh power density Jscti arc irradiate d wIth appropriate pulse-modulated
In a solar-power beam radiated to earth from space mi crowave energy. they report perceiving a sound that

I were considered and that they would be offset by appears to orig inate f~~~ wi thin or slightly beh ind
diffus ing the i ncom i ng microwave beam over a very the head. The gen.rslly accepted explanation for
large antenna, it was calculated that a man at the this phenomenon today is that It results from sound
edge of a 7 km antenna would be exposed to as mach waves generated In th. tissues of the head by a

1 1

I 
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rapId thermal expans ion of tissue s when the micro- ITEMS FROM THE COMMERCE BUSINESS DAILY
wave energy is deposited as heat. Research this
past year has g i ven rise to reports that norma l
cochlear mechanisms are Involved, it is hoped that
experimentat ion currently in progress will resolve o EFFECT OF ELEVATED TEMPERATURE ON
the exact mechan ism of action .” The entire electro— CARCINOGENESiS.
magnetic radi ation research program funding for the
government Is approximately $9 .5-million for fisca l
year l977-- less than adequat, according to the
Elec t romagnet ic Radiation Management Advisory The Na tional InstItut e for Occupationa l Safety and
Council. “The shortness of funds has posed a Hea l th, Ro ckv i l l e , Mary land has contrac ted w it h
particular problem to the Initiation of long-term Ohio State Un iversi ty , Researc h Founda ti on , Columbus,
studies ,” says OTP--”for example , those continuing OhIo, for the above study . (October 4 , 1976)
for the life of the experimental animal or extend ing
through successive generations in order to establish
a defi nitive readi ng on the possible effects of low-
l evel , long-term exposures .” 0 ELF RADIATION EFFECTS ON MIGRATING BiR DS.

Micr~~ avee 15(8): 19; 1976

The Office of Nava l Research , Ar lington, V irginia,
is negotiating with the Marine Biological Laboratory , JWoods Hole , Massach use tt s , for the above study.

BENSON NAMED DEPUTY BUREAU DIRECTOR (October 27, 1976)
4

James S. Benson , formerl y D irec tor of the Div i s i on
of Training and Medica l Application s (DIM), has 0 RESEARCH TO ASSESS THE EFFECTS OF CHRONIC.
been appointed Deputy Director of the Burea u of LOW.LEVEL MICROWAVE EXPOSURE ON THE HEMATOPOIETIC

Radiolog ica l Health. Mr. Benson w i l l  replace Dr . SYSTEM OF MICE.

Robert L . Elder who left the Bureau to become
Deputy Associate Coran issioner for Sc ience In the
FDA O ff ice of Science . Mr. Benson ’ s experience The Of fice of Naval Research , ArlIngton , Virginia ,
in the f ield of radioiog ic hea l th dates beck to Is negotiating wi th the Batte l ie Memor ial institute ,
1962 when he joined the Public Health Service and Richiand , Wash ingt on , for the above study . (Octobe r
was assigned to work with state health programs 7, 1976)
on the management of rad ioactive materials. Follow-
ing a year of graduate study in 1966-1967, he worked
in private industry as a managemen t and training
consultant until 1970 , at which time he rejoined the 0 RESEARCH ON THE EFFECTS OF CHRONIC LOW-LEVEL
Bureau as Assis tant Di rector of the forme r Off ice  of MICROWAVE EXPOSURE ON MICE.Training . In 1972 Hr. Benson was designated DI rector
of DIM , a position in which he headed such Bureau
activitIes as the Implementation of educational -f
programs aimed at reducing unnecessary exposure from The Office of Naval Research , A r l i n g ton , Virgi nia ,
the use of radiation In clinica l medicine , the has contracted wIth the Batte l le Pacif ic Northe.est
development of voluntary recoimnendations for radia- Laboratories, R i ch la nd , Was h ing ton , for the above
tion exposure reduction , and the setting of profes- study. (October 13, 1976)
siona l standards and guIdel i nes for Improv i ng medical
radiation practice .

BRR Bulletin 10(18): 2; 1976
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I
MEETINGS AND CONFERENCES

IEEE INTERNATIONAL PULSED POWER CONFERENCE Sponeor: International Microwave Power in st itut e
Requeete for I n fo rmation : Mr . 0. P. Snyder . Univer-
si ty of Minneso ta , Sain t Paul , Minneso ta 55108

~~i i. : November 9-Il , 1976
Lubboc k , Texas -

:~;~ -;w r: IEEE , Texas Technical University
&~-~Z~C ’tB f i  ~‘1fi ~~~~~~ffl Dr . T. R. Burkes , or Dr. IEEE—URSI MEETING
H. Kris t aosen , Department of Electrical Eng ineer-
ing, Texas Techn i cal Un i versi ty, Lubbock , Texas

~ 79409 Date: June 20-24, 1977
P l zce : Palo  Al to , California

no~ r: I EEE , USNC/URSI
Requeste f o r  Informa tion: J. B. Damonte , 1 716

NATIONAL TELECOMMUNICATIONS CONFERENCE H lilma n Avenue , Belmo nt , Califor nia 94002

1~zt e : November 29-December I , 1976
P.~’z. : Dallas , Texas IEEE—MIT INTERNATIONAL MICROWAVE SYMPOSIUM

• Sponaor : I E E E
Reque.tts f-r Information : J. H. Ti ll ey , Collins
Radio Co., Nor th Alma Road , Richardson , Texas 75080 Date: June 21-23, 1977

P lace : San Diego , C a l i f o r n i a
J Sponeor: IEEE

Requcat8 for Information: R . Casey , Code 1 300,
SECOND INTERNATIONAL CONFERENCE & WINTER SCHOOL ON NELC , San Diego , California 92152

SUBMILLIMETER WAVES & THEIR APPLICATIONS

Date: December 6-10 , 1976 SECOND ELECTROMAGNETIC COMPATIBILITY
Place: San Juan , Puer to Rico SYMPOSIUM AND EXHIBITION
Spon er—r: I E E E , Optical Society of America
Rejzi.2 .te for Information: J. J. Gallagher , Engin-
eering Experimental Station , Georg ia Ins titute of Date:  June 28-30, 1977
Technology , Atlanta , Georg ia 30332 Place : Montreux , Switzerland

Sponaor: Swiss  PIT

E Requesta for Informat ion:  Mr. T. Dvorak , Hochfrequenz-
technik , 8092 ETH Zurich , Swi tzerland

MEETING ON COMPUTER METHODS FOR CIRCUIT

DESIGN AND MICROWAVE APPLICATIONS

f ELECTROMAGNETIC COMPATIBILITY SYMPOSIUM
D ate: April 19-21 , 1977
Place : H u l l , U . K .
Sponeor: I E E E , Universi ty of Hull , U . K .  Da ’o: July 26 28 , l9?7r Requests for i~~.,rinti~ n: A. C. Davies , The Ci ty Pl~ ’c. Sea tt Ie~ Washing ton

• Universi ty, Saint John Street , London ECIV 4P8, U . K . Sp neor. IE E E
Requests for Info rnat i.on: B. L. Carlson , J r . ,
Boeing Co., Box 3029, Seattle , Washing ton

INTERNATIONAL RADIATION PROTECTiON CONGRESS

Date: AprIl 24-30, 1 977
P ace : P a r i s  • France ENGINEERING IN MEDICINE AND BIOLOGY CONFERENCE
Sponsor: IRP A
Rep ~t- .~t -  , 2g’  !~.j r -:~ i- i~: G. Bressori , BP 33, 92260
Fontenay-aux-Roses , France Date : November 5-9, 1977( Place : Los Angeles , Cal i fornia

Spon8or ’: A IHance for Engineering in Medicine and
Biology

MICROWAVE POWER SYMPOSIUM 1571 Requests fo r  Info r ’nntion: Mrs.  P. I . Hom er,
Assistant Director and Conference Coordinator,
Alliance for Engineering In Medicine and Biology.

Date : May 25-28 , 1977 Sui te 1350 , 5454 Wisconsin Ave., Chevy Chase , Mary land
Plo -~: Minnea polis , Minnesota 20015
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CURRENT RESEARCH

0064 PRE- AND POSTNATAL EFFECTS OF MICROWAVE for excreted 5-4iydroxy indoieaCetlC acid. These
IRUDIATION. Jensh, R. P.; Bren t, R. 1.; studies will prov i de new and needed data regarding

Weinberg, I .; Vogel , V. (Thomas Jefferson Univ., the extent to which low leve l PS~R specific effects
Sch. Medicine , 1025 Walnut St., Philade l ph ia , PA can be understood as secondary to mild therma l stress.
19107). A pattern of ~MR .specIfic responses that departs

from that Induced by antl ent thermal stress , under
The objectives of this investigation are to further identical conditions, would suggest that the results
develop techniques and instrijnen tatlon for the de— of chronic MWR encompass more than a hypothalamic
termination of exposure and dos ime trlc parameters reaction to thermogenesis. Null or negative results
at 915 PBIz and 2450 PSlz and to determine the Influ- would enable us to more crIticall y evaluate the cx—
once of pulsed and continuous exposure, peak tent of the risk derived from chronic, whole body
power, and average power (pulsed irradiation) . Dos- PSIR exposure of the adult anImal , (5/76—4/77)
age and monitoring procedures will be developed
through refinemen t of techniques and Instrument.— Supporting Agency:FIEW, P115, FDA.
tion for quantitative measurement of modulated and
pulsed transmission of 2450 P*iz, and 915 NMz, and
power ranges at or near those currentl y cons idered
acceptable. This Investigation wi l l  determine the 0066 FLU i D SHEAR OR MAGNETIC AL I GNME NT OF BLOOD
effec t, of low dose chronic prenatal microwave Ir— COMPONENTS. Gardner. R. A. (Washington
radiation on: (a) .intryonlc and fetal development Univ., Sch. Engineering & Appl ied Science , 4559 Scott
in the rat , (b) postnatal development in the rat, Ave., St. LouIs, MO 63130),
Cc) the reproductive capacity of the rat, and Cd)
the centra l nervous system of the exposed adult The objective of this project is to identify quanti”
offspr ing. The procedure will include three power tatlve l y field mechanisms of Interaction in blood
ranges at two transm iss ion s and t~~ frequencies due to either fluid flow (rate-of-shear) or exter—
(2450 *lz and 915 MHz) at four time periods in the nall y applied fields (electric or magnetic). Two
rat pregnancy plus paired controls. (6/76—5/77) such effects, which have been doctanented recently,

are the delay of in vi tro thrombus formatIon due to
Supporting Agency:HEW, PuS , NIH , NatI. Inst. Env i ron- either Increasing rate-of—shear in the flow or the
mental Health Sd . application of an external magnetic field , This re-

search will focus on the working hypothesis that the
mechani sm that results In these effects Is the prefer-
ent ial alignment of one or more of the macromolecular

0065 S1OLOGIC RESPONSES TO A CHRONIC MICROWAVE participants in the in ui tra throntus—formation prom
ENVIRONMENT. Lebovttz, R. M.; Kiser , R. S.; cess. Fresh whole blood (wb) or pla telet-rich—p lasma

Seaman, R. L. (Univ. Texas, Sch. Medicine, 5323 Harr y (prp) from fasted norma l donors will be used to pro—
Hines Blvd., Dal las , TX 75230). duce coagu la under the controlled in vi tro flow con-

dit ion s of a modified Chandler rotating loop system.
As microwave energy becomes Increasingly pres ent in The effects to be studied include the dependence of
our environment , an unmonitored population is placed thrombus—formation time In prp and wb on field
at risk , since data exists regarding the biologic strength and rate-of—shear, end the dependence of
effect of such exposure. The basic aim of this pro— thrombus structure In wb and prp on field strength
ject w i l l  be to de termine the effects of a long term and rate—of—shear. The reduced sedimentatIon of
(four me) exposure to microwave radiation (i~4R) (i.e., erythrocy tes in wb or sing le protein solutions in a
less than 10 nM/cm2 Incident power density) . Data transverse field wH I be examined theoretically and
will be obtained from several behavioral and biochem— experimentally in order to identify orientation ef—
cal vari ables , and a dose—response curve over the fects. Solutions of single blood proteIns will be

range 0— 20 nM/cm2 will be defined. Th. chronic WdR examined using spectrophotoinetry , spectropol arimetry,
environment will comprise a pai r of radiofrequency and birefrlngence to quantify their orien tation in a
anechoic chambers into which control and experimenta l transverse magnetic field. (6/76 ”5/77)
groups will be Introduced for eight hr of whole body
nMR exposure per day. Pulse modulated ISIR at 2450 Supporting Agency:HEW, P115, NIH , Natl. Heart Lung
MHz will be used, in the first part of this study, Inst.
the effects of 0, 10, and 20 iuSi/cm2 PS4R on open field
behavior and on instnanenta l behavIor for lIquid re-
ward will be determined in rats. Besides the 0 nM/cm2

group, an additional control group wi ll be exposed 0067 MACNFTICALLY COUPLED DRIVE OF ThE EAR.
to a mild thermal stress. In the second part of this Mousheglan, G.; Rupert, A. L.; Gerkin , G.;
study, the lnstr uean tal behavior of monkeys for h g —  Giorig, A.; Owens, F. (Callier Center Communication
uid reward during chronic 154R will be determined to Disorders, 1966 i mi.ood Road, Dal las , IX 75235) .
i n i t i a t e  the extrapolation of the results to h*zuian
exposure. Dose-response curve again will be de— An electromagnetic device will be developed and eval-
fined , via radiatIon at 5, 10 , and 20 eM/cm2 with uated to drive the osslcular chain more efficiently
dual con trol groups , as above. Coincident with these than the currently used hearing aids. Such a device
behavioral studies , 24 hr urine samp les of selected may ultimately be used as a hearing prosthesis , wh ich

t s~~groups of rats and monkeys w i l l  be quant itatively would no t have the disadvantages of body aids. The
ana l yzed for stress—related steroid fractions and coch lea r potentials generated by an electromagnetIc

5
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Biological Ef f e c t s  Nonionizing Electron,.gn.tic
CURRENT RESEARCH Radiation 7(2),Jenuar/ 7977

drive will be measured in animals and compared with increase In hemoglobin and a large decrease In mono—
the potentials generated by acoustic stimulation in cytes were measured. The above experiments were re—
a systematic manner to assess the dynamic range of peated, but now the quail were kept to maturity and
this artificial form of stimulation. The possibility mated, it was found that the exposed male when mated
will be assessed, in animals , of permanently affixing with either the contro l or exposed female produced a
a magnet either by glue or surgery. it will be de— 2O~ decrease in fertility. The exposed females when
termined furthermore whether a long—term Imp lant can mated with control males produced no decrease In fer—
be tolerated without adverse effects. Finally, the tili ty. These birds were sacrificed at 22 weeks, and
electromagnetic device will be used In normal and change, In the size of the liver , bursa, and spleen
deef subjects to determine aud i ometrica ily and were observed in the exposed bIrds. (7/75-6/76)
psychophyslcally the efficacy of this form of stimu-
lat lon. (7/74—5/76) Supporting Agency:HEW, PItS, NIH , Natl. Inst. Environ-

mental Health Sd .
Supporting Agency:HEW , PHS , N I H , Natl . Inst. Neurol-
ogical & Communicative Disorders.

0070 EFFECTS OF 2450 MHz M I CROWAV E RADIATION ON
BIOLOGICAL MATERIA LS AT CELLULA R LEVEL.

0068 INVESTIGATION OF MICROWAVE RADiAT iON EF— Ham r lck , P. E.; Fox, S. S. (U.S. Dept. Health , Educe-
FECTS ON NEUROLOGICAL FUNCTIONING. McRee, tin, We l fare, Publ ic  Heal th Serv ice, Natl. inst.

D. I.; Somjen, C. (U.S. Dept. Health , Educa t ion, Hea l th , Durham, NC 27709).
Welfare , Publ ic Health ServIce, NatI . inst. Health ,
Durham , NC 27709). The objectives of this project were to determine

how 2450 MHz microwave radiation interacts with blo—
The spinal cords of cats were directl y exposed to logical material at the cellular and n.cromolecular
2450 MHz continuous wave microwave radiation In level , to observe any effects of this Interaction ,
order to study the effect on reflex response and and to relate the amount of microwave energy ab—
synaptic function. A small but statistica lly sign i f— sorbed to the effects. Biolog i cal sys tems ea~ loyed
icant increase In the reflex response was detected In the study Included bacteria and bacteriophage,
In the first series of experiments, which indicates sol utions of DNA , 2—4 cell stage embryos from mice,
enhancement of the synaptic transmission. However, rabbit erythrocytes , and rat lymphocytes. The tern—
this effect was not observed in a second series of perature, htsnidity, and various other growth condi—
experiments in which the incident power density was tion s were careful l y monitored i n order to e l i m ina te
increased from 10 eM/cm2 to 20 nM/cm2 , and a more any effec ts no t In tr ins i c a l ly caused by the microwave
rigorous experimental desIgn was employed. The radiat ion . Results revea led very few d i fferences
slight changes that were observed in the second Se- between exposed and con trol samples that could not
ries could be attributed to small temperature varla- be explained by the thermal heating of the microwave
tions during the experiment. (7/75-6/76) radiatIon . (7/75—6/76)

Supporting Agency :HEW, PHS , N I H , Nati. Inst. Environ- Supporting Agency:HEW. PHS , NIH , NatI. inst . Environ-
mental Hea l th Sd . mental Heal th Sd .

0071 TUMOR RESPONSE TO HYPERTHERMIA AND ION-
0069 EFFECTS OF 2450 MHZ MICROWAVES ON ThE EM— IZINC RADIATION. Wallen , C. A. (Univ.

BRYONIC DEVELOPNENT OF JAPANESE QUAIL. Rochester , Sch. Medicine & Dentistry, 601 Elewood
HcRee, 0. I.; Hamr ick , P. E.; Thaxton, J. P.; Park— Ave., Rochester, NY 11.642).
hurst , C. R, (U.S. Dept. Hea l th, Educa t ion , Welfa re ,
Pu b l i c Health Serv i ce, Natl . Inst. Health , Durham, The objective of this study is to Investi gate the
NC 27709). effect of microwave-Induced hyperthermia as an ad-

junct to radiation therapy of t.a~~rs in rats, Fe— fFertilized Japanese quail eggs were exposed to 2.45 male Fisher rats with transplanted mammary adeno—
GNz continuous wave microwave radiation for four hr carcinoma CR3230) are treated 21—21. days after
per day for the first five days of development , and transplant when the timmrs have a diameter of 2.0—
for 24 hr the second day of development to 30 nM/cm2 2.5 cm. Hyp.rther .nla Is Induced by 2450 MH z con—
power density. The newly—hatched quail were examined tinuous modulation m i crowave ener gy coi~ lsd to the
for changes in percent hatch, gross defo rmities , and tueor by an applicator fabricated from a d l e le ctr l—
hemetological changes. No changes In hatchability cally loaded, tapered , rectangular weveguide to
or number of deformi ties ware observed. A signi fi- perm i t rela t Ive ly  u n i f orm heati ng of the tueors.
can tly  lower level of hemoglob In was measured in the it i s  understood that the 12,2 cm wavelength of
exposed birds , Fertilized quail eggs were also ax— 2450 MHz is appropriate for this tueor size; for
posed for the first 12 days of development to 2450 larger tillers, a longer wavelength of microwa ves or
MHz continuous wave microwave radiation at a power radiofr.quency would be Ind i ca ted. The X-ray source
densi ty of 5 nM/cm2. The effects on hatchability, is a Naxitron 300 and exposure conditions are 200—
nia,t.r of deformities , and Piesiatolog i cal parameters 300 kV with hi gh vol tage leve l of 102 me Ci and an
again were measured In the 2—day—old birds , in this exposur, rate of 50-100 rad/min (to match typ ica l
seri es of tests , a sma l l  statistically sig nificant clinical conditions) . The animal is !hiel ded to
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-j limit IonIz ing radIation to the tumor onl y. The firmatlon will be Sought by use of impl antable
tumor temperature is raised to 41.5—42’ C by expo— probes In simulated models. A theoretical study of
sure to the 2450 MHz app l icator and maintained for Implanted probes and their response within the med-
one hr and monitored periodically. Recta l temper— lum w i l l  be made. The Army Is using electromagnetic
at ure is measured at various t imes during and at radiation to provide communication l’ nks , to probe
the end of exposure to ma ke sure the core temper— the batt le envirànment for enemy presence , equipment ,
ature does not r ise above a physio logically accept- and activities , to control defensive ordnance , and
able leve l. Following the hyperthermic treatment, to control guidance of ordnance . IndIv idua l and
the anima ls are exposed to a “subcurative” X—ray cumulative levels of these radiated energ ies are be-
dose. Body wei ght , rectal temperatures , and tumor coming a considerable concern because of their ef—
sI ze are recorded regularly. Growth curves and fects on the natural environment and on man. The
reyress ion rates w i l l  be determined for tumors theoretica l method will be based on numerica l solu—

• treated wi th  hyperthermia , X— rays (“subcuratlve ” t ion of a tensor integra l equation quantif y ing the
and ‘curatIve ”), and the combination of microwaves interna l electromagnetic f Ie ld induced in a fInite ,
and ‘ subcura t ive” X—rays.  This should permit de— heterogeneous biolog ical body by an incident , non
termination of the synergis t i c  effect of the hyper— uniform electromagnetic field. In this method the
the-cia and X-rays on tumor growth, regression , and body is subdivided into a selected number of small
cures, At specIfIc times after treatment , tumors sub-vol umes, and the Individua l e lect r ic  properties
will be removed surgIcally for gross and cytolog l— determined. Measurements with sample probes i mmersed
cal examination and compared with untreated tumors. In various slmu iant media will determine parameters
Al l  dead animals w i l l  be necropsled . (1/76—12/76 ) for testing the theoretica l derivations of probe in-

teractions . (7175—6/76 )
Supporting Agency:A mer ican Cancer Soc iety.

Support ing Agency:U.S. Dep. Def,, Ar my.

0072 COMBINATION OF MODALITIES IN ThE TREATMENT
OF NEUROBLASTOMA . Feldma n, A. (Univ. Ha— 0074 PHARMACOLOGiCAL STUDIES OF ACETY LCHO LINE

wa i l , Cancer Center of HawaIi , 1997 East West Road, TURN OVER--RADIO ISOTOPIC APPROACH. Cheney,
Honolulu, HI 96822) . 0. L.; Raca grs i , G.; Zs i l la , G.; Costa , E. (U.S. Dept.

Healt h, Education , We lfare , Public Health Service,
The threefold objectives of this study are (1) to (lizabeths Hosp., 2800 Nichols Ave. S.E., Washington ,
investigate the potential of microwave radiation for DC 20032).
the hyperthermic treatment of round cell neuroblas—
tome Imp lanted subcutaneously in the hind legs of Decapitated or microwave-killed animals were compa red
A/J mice , (2) to determine if microwave radiati on to determine whether changes in acety l chollne content
sensitizes tissue , thus potentlat lng the effective— following drug treatment might reveal Indirect In—
ness of X—ray therapy , and (3) to investigate the formation concerning Its turnover rate. The results
effect of denervatIon plus hyperthermla on remission suggest that changes in the turnover rate of striatal
of tumor. To effect the first objective, the tillor- acetyichoilne elicited by drugs cannot be predicted
bearing list s of the mice will be externall y Irrad— by a decrease or an increase in striatal acety icholine

- - iated at x—band (a frequency of 10,000 Ph i) by means content measured in rats killed by decapitation . The
of a helica l coil placed around the lint . The second acetylcholine content and turnover rate were deter—
objective wii l be accomplished by using standard mined in rats receiving haioperldo l or clozaplne .
X—ray equipment available at Queen’s Medical Center , Both drugs reverse the decrease in striata l turnover
under the directIon of Dr . Pau l DeNare , a radiation rate caused by apomorphine. The turnover rate of
therapist. To effect the third objective , the gas— strla ta l acetyicho line Is increased by haloperido l
trocnemlus muscle In the hind leg will be denervated but not by cloza plne. This difference could exp lain
four days prior to tumor implant , and the tumor— its extra—pyramidal action , while the antlcholiner—
bearing limbs will be irradiated as above. (7/76— glc action of clozapine could explain its lack of
9/76) extrapyramldal side effects. (7/75—6/76)

Supporting Agency:Univ. Hawaii Supporting Agency:HEW , PItS , Alcoho l , Drug Abuse &
Mental Heal th Adniln., NIMH .

0073 QUANTIFICATION & MEASUREMENT OF I NTERNA L
ELECTROMAGNETIC FIELDS INDUCED IN FiNiTE 0075 OCULAR PATHOLOGY FROM ELECTROMAGNETIC

BIOLOGI CAL BODIES BY NONUN I FORM ELECTROPiAGNETIC RADIATIONS. Fine , B. S.; Hi rsch, S. E.;
FIELDS. Chen , K. (Michigan State Univ., Sch. Engi- Tso, M. 0. (Univ. Association Research and Educe—
neer ng, Engineering Building, East Lansing, Ni tion , 9650 R o c k v l i l e Pike , Bethesda, MD 20014).- - 48824) .

it has long been known that damage to ocular tis—
A theoretical basis wil l  be developed for quantifi- sues may occur by exposure to various wavelengths
cation and measurement of In ternal electromagnetic of the elec tromagnetIc spectrum. Damage Is depend-
f ie lds induced In finite biological bodies by non- ant on the amount of energy absorbed. With develop—
uniform electromagnetic fields. Experimenta l con— ment in recent years of a wide variety of sources
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of powerful electromagnetic radiations , some of 0078 BIOLOGICAL EFFECTS OF MICROWAVE RADIATION .
which are coherent (i.e., masers end lasers), the E ise nbud, N, (New York Univ., Sch. Medic ine,
potential for accidental injury to the eye grows. 550 FIrst Ave., New York , NY 1 0016).
This study w i l l  eva luate the sequence of morphologic
events produced in ocu lar tIssues by such devices This project Is Dart of a broader program whose aim
in both the visible and invis ible portions of the is to provide core support for a broad program in
spectrum . Current methods of light and elec tron the environmental heal th sciences . The research under
microscopy will be employed. This project will way and the proposed research concerns the adverse
eval uate two important reg ions of the inv is ib le heal th effects from environmental factors. The gen-
spectrum using (a) an ultraviolet laser to deter- eral objectives of the research are to define the
mine effects on cornea, lens , and possibly the nature and extent of such effects with the aim of
retina in short (days, weeks) and medium term instituting appropriate preventive or control proced— —

(months to a year) experiments; (b) microwave ra- ures where required . Interests range from acute to
dlation s to determine mainly the effects on the chronic heal th effects including, in the latter , cancer
lens in short, medium, end long term (i.e., years) and the degenerative diseases. The research encom—
experiments. In addition , this project will evalu— passes laboratory studies on the biochemi cal mode
ate the damage to the primate fovea by coherent of action of environmental toxicants , exploratory
visible light using a continuous wave laser (Argon). studies aimed at improving the reliability and effl-
The proposed studies will be used to evaluate the ciency of predictive tox i cologica l tests, improvement
potential for accidental injury and to determine of diagnostic procedures for diseases possibly re—
safety standards. (6/76—5/77) lated to environmental factors, epldemiological In-

vestigatlon s, and field studies on the distribution
Supporting Agency:HEW , PHS, FDA . of pollutants. (1/76—12/76)

Supporting Agency:HEW, PHS, NIH , Nati. Inst. Environ-
mental Health Sd .

0076 REMOTE STIMULAT I ON BY RADIOFREQUENCY
TRANSMISSION . Glenn , U. U. (Yale Univ. ,

Sch . Medicine , 333 Cedar St., New Ha~ai~, Cl’ 06510).
0079 PROSPECT IVE EPIDEMIOLOG ICAL STUDY TO EVAL-

No descriptive Information Is eva l~ ab1e. (10/75— UATE PERSONNEL OCCUPAT IONALLY EXPOSED TO
9/76). NON—ION iZING ELECTROMAGNETIC RADIAT I ON. Blals , B. N.;

Kelly, R. (U.S. Navy, Ophthalmo logy Dept., 17th St.
Supporting Agency:HEW, PItS, NIH , Res. Resources & Pattison Ave., Ph i ladel phia , PA 19145) .
Div .

No descri ptive InformatIon is available. (10/76-9/77)

Supporting Agency:U.S. Dep. Def., Navy
0077 QUANTITATIVE EFFECTS OF EM ENERGY ON

HUMAN TISSUES. Guy, A. W.; Love ly, R. H.;
Chou, C.; Lehmann , J. F. (Univ. Was h ington, Sch.
MedIcine, 500 17th Ave., Seattle , WA 98122). 0080 HYPERTHERMIA AND RADIATION--X-RAYS VS. FAST

NEUTRONS. Nagle . W. A. ;  Moss , A. J. (Univ.This project will i nvestigate electromagnetic (EM) Arkansas , Sch. Medicine , 4301 U. Markham St., Littlefield Interaction with man , experimental animals , 
~~ck, AR 72201).and isolated nerve preparations to provide informa-

tion for promul gating realistic exposure safety Recent results suggest that hypertherinia combined withstandards. Both theoretical and experimental Inter- X or gamma radiation may sImulate the effects of highdiscip linary investigations will be carried out to: linea r energy transfer (LET) radiation , s~nce radla-(1) quantItatively establish the EM field pattern tlon sensitivity of hypoxlc cells is Increased. If
within , and external to, human and animal tissues cx- this observation Is confirmed end can be exploited
posed to various EM sources as a function of fre— clinically, radiotherapy can be improved greatly.
quency, source configuration , and source l oca ti ons, Patients may derive the expected benefits of high(2) expose test animals to these EN sources wh i l e LET radio ther apy without the expense of constructingmonitoring incident and absorbed power densities , and maintaining sources of high LET particles . To
and (3) observe physiological characte ristics of be clinicall y useful , heat must be delivered to somean imals  before , during, an d after exposure to both depth in tissue while , a t the same t ime , the skin is
low and high power EM sources. Based on the above, 

~~ heated si gnifIcantly. This is necessary to main-safe levels of exposu re of man to various EN sources tam a therapeutic marg in between the tumor and the
as a function of frequency will be determ i ned. In incidentall y irradiated normal tissues. Two modalitiesadd it Ion , the proJect will ascertain the hazards now available for heating deeply-seated lesions are
associated with human exposure to routine dIathermy ul trasound and microwaves. An In-depth study of the
t reatment and develop safe methods for the app ll - i nteraction of agents that cause heating (thermal heat , -

,cat ion and monitori ng of EM energy In diather my ul trasound and microwaves) and Ionizing radiations ofpra ctice . (6/76—5177) both low (ho kVp X-rays) and hi gh (fast neutrons) LET
will be performed. Cultured cells of thrse different

Supporting Ag,ncy:HEW, PHS, FDA.
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mannnallan lines will be used and cell  populations will O08’~ CYTOGENETIC EVALU ATI ON OF THE EFFE CTS OF

I be synchron i zed where appropri ate. The experim ents ULTRASOUND (HU MAN. MICE) . Mitchell , A. D.
will be performed under conditions of hypoxia as well (Stanford Research Inst., 333 Ravenswood Ave., Merlo
as normal oxygenation . Both cellular (proliferity Park , CA 94025).
integrity) and molecular (production and repair of
DNA single strand breaks) effects will be measured . This project Is part of a broader program to determine

I The results will help to establish a biologic base the threshold cândltion s for selected bloeffects that
from which rational clinical trials can be formulated . are expected to be sensitive Indicators of damage at
(6/76-6/77) many levels of biol ogic structure and functIon . Blo-

effec ts w i l l  be sought within the exposure ranges of

I Supporting Agency:HEW, PNS , NIH , N d .  1-1 0 MHz , continuous wave and pulsed (3-100 mlcrosec)
modes, i— lo s sec, wIth 1—1 0 repetItive exposures, at
‘-10 V/cm 2. Exposed Swiss-Webster mice and tissue cul-
tures will be analyzed by hlstochemical micro-tech-

0081 BI OLOGI CAL EFFE CTS AND HAZARDS OF MICROWAVE niques for monitoring critica l metabo lites. by cyto-

I RADIAT I ON . Hunt , E. 1.; Larsen , 1. E. (U.S. logic techniques for detecting toxicity and genetic in-
Army , Wal ter Reed Army inst . Research, Washington , Dc). stability, by optical and electron microscopy, and

by observation of anomalies in reproductive physiology.
(7/75-6/76)

I An attempt w i l l  be made to establish meaningful
criteria for delimiting human occupancy in an eiectro- Supporting Agency:H(W. P*IS, NIH . Nati. Inst. General
magnetic (EN) environment to achieve nsaxImum opera- Med . Sd.
tlonal effectiveness of military personnel and elimi-

I nate health risk. The interaction of radiofrequency
and microwave radiation (ID 7*Iz-lOO GHZ) with biol ogic
systems will be delineated , in addition , establ i shed 0085 EFFECTS OF MICROWAVES ON NEURAL RESPONSE.
EM dosimetry techniques will be evaluated and developed McRee. D. I.; Wachtei , H. (U.S. Dept.to measure and control incident and absorbed energy. Heal th, Educat ion, We l fare , Public Health Service,

I Each major organ system and biologic process wi ll be Natl. Inst. Health , Durham , NC 27709).investi gated where EM effects mi ght occur at reason-
ably low power in tensi t ies . The military si gnificance The objective of this project is to determine theof the effects will be determined and measures neces- effect of microwave radiation on neuro l ogic response.

I sary to obviate them will be evaluated. A mu ltldisci Isolated neurons , such as , the abdominal gang i Ion ofplinary approach will be used inc l uding methods of the Aplyaia, the sciatic nerves of frogs and theexperimental psychology, bio phy sics , physiology, and sephenous nerves of cats will be exposed to contlnu-
eng ineerIng . Exposure parameters wi l l  be chosen for ous wave and modulated microwave radiation in therelevance to Army radiating equipment operational power density range of 1-10 mW/cm2. The effects of

I requirements. in addition , a quarterl y di gest on the the microwave radiation on the strength-duration ofb iolog Ic effects of EM radiation will be published, a stimulus to produce an action potential will be(10/76-9/77) investi ga ted , in addit ion to the amplitude of the
response , and conductive velocity. (7/75-6/76)

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

Heal th Sc i .
Supporting Agency:HEW, NIH , NatI. Inst. Environmental

0082 CELLULAR INJURY AS INDICAT ED BY ULTRASTRUC-

I TURAL ALTERATIONS (MICE). Stephens, R. J.
(Stanford Research inst., 333 Ravenswood Ave., Menlo
Park , CA 94025). oo86 BEHAVIORAL AND BIOLOGICAL EFFECTS OF RESON-

ANT ELECTROMAG NETIC POWER ABSORPTI ON IN
See CR OO81~ for description of this research. 

RATS. Gandhi , 0. P.; Johnson, C. C. (Univ. Utah,
Sch. EngIneering, 1400 E. 2nd St., Salt Lake City ,1 (7/75-6/76) 
UT 84112).

Supporting Agency:HEW. PItS , N I H , Nati. ins t. General 
The objective of this research is to determine behav-Med. Sd . loral and biol ogic effects of resonant electromagnetic

I power absorption In rats to develop realistic expo-
sure criteria for military personnel. The parallel-
pla te wave guide will be used to generate plane waves

0083 EFFECT OF ULTRASOUND ON REPRODUCTIVE PHYSI- for exposure of the experimental animals. Exposures
OLOGY (NICE). Stolzenb.rg. S. J. (Stanford will be made and bIologIc effects studied with theI Research Inst. ,  333 Ravenswood Ave., Menlo Pa rk , CA animals oriented along the E, H, and K axes. The fre-

94025) . quency w i l l  be established based on the frequency of
peak absorption; frequencies of 0.5, 0.75, 1.0, 1.25

See CR 0084 for description of this research. and 1.5 times this resonant frequency will be used .

I (7/75-6/76) (1 0/76-9/77)
Support ing Agency:HEW . PHS, NIH , NatI. inst . General

Med. Sd Supporting Agency:U.S. Dep. Def., A rmy
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0087 CUMULATIVE TERATOGENESIS TROll LOW LEVEL nisms for the non-thermal effects already observed.

MICROWAVES. Rosenbaum. F. J.; Pickard , (5/764,/li)
V. F. (Washington Univ., Sdh. Eng i neering & Applied
Sc i ence, 4559 Scott Ave., St. Louis , MO 63130). SupportIng Agency:NEW, PHS , FDA

it Is known that prolonged exposure to low-level . 
-

m icrowave radiation (0.5 mW for 8 hr at 9 GlIz) in-
duces putatively cumulative teratogenic damage in 0088 STUDY OF ELECTROMAGNETIC MODIFICATION OF
pupae of the darkling beetle Tanebrio moiit~u’. This DISUSE OSTEOPOROSIS. Bassett, C. A. (Colitis—
project will atten~ t to determine whether intermit- bla Univ., Sch. MedIc ine , 630 V. 168th St., New York, -

tent exposure to microwave energy during pupation NY 10032).
causes like damage. An effort wil l be made to estab-
l i s h the power level for therma l l y induced damage No descriptive info rma ti on is available. (1/76-12/76) . -

and examine the distribution of types of damage be-
low the thermal level. The Influence of microwave Supporting Agency:NASA, Organiza ti on & Management
frequency in the production of taratogenesis will Office, Univ. Affairs Office
be inve sti ga ted to hel p ident i fy possible macha-

I
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I
4600 POWER DEPOSITION IN A MULTILAYERED SPI4ERI- The mice were irradiated at: (I) 100 115(/cm2, a

I CAL MODEL OF THE HUMAN HEAD (PROCEEDINGS single exposure of 10 m m ;  (2) at 50 nM/cm2, three
ABSTRACT). (Eng.) Neuder , S. N. (Div. Electronic exposures of 10 mm each in one day; and (3) at
Products , Bureau Radiological Health , Food and Drug 50 nM/cm 2, four exposures of 10 ~tn each during 2
Admin. , Rockv il ie , MD) ; Hi ll , D. H..; kel logg, R. B. weeks. Treated males were tested by the dominant
rn: Proce edinqe of the 1975 A’vuezl Meeting of the letha l assay for mutagen lcity by mating them with

I inte p natj oni~l Union of Radio Science Field at the untreated females for 6 weeks. Fertility was not
University of Colorado, Boulder, Coloro.dc ’, 20—23 Impa i red following Irradiation , but induced inuta-
October, 1975 . USNC/URS1. (Washington , D.C.): 200; genlcity was significantl y higher subsequen t to
1975. single exposure and multiple exposures during one

I day, No affects were observed when multi ple expo-
A theoretic investigation was conducted of the mag— sures were extended over a period of 2 weeks. The
nitude and special variations of power depositions results suggest that high—leve l acute exposures are
in a multilayered spherica l model of the human head potentially more hazardous than chronic exposures
exposed to microwave radiation of various frequencies at lower power densities. (No refs.)

I in the assigned Industrial , sc i ent i f i c  and med i cal
frequency band. Numeric and graphic results are
presented , which locate hot spots within the spheri-
cal regions and the fields both within and external 4603 ThE EFFECTS OF M ICRO WAVE RADIATI ON ON

• 
to the spheres. (No refs.) BEHA V IOR AND TEMPERAT URE IN RHESUS MONKEYS

(PROCEEDI NGS ABSTRACT). (Eng.) de Lorge, J. 0.
(Naval Aerospace Medical Research Lab., Pensacola ,
FL). rn: Pr oceedinge of the 19 75 A’vn.~zl  Meeting

I 
‘601 LIGHT AND ELECTRON MICROSCOPIC INVESTi~~- of the Internationa l Union of Radio Science He ld at

TION OF BRAINS EXPOSED TO NON-IONIZING the University of Colorado, Boulder, Colorado, 20—23
RADIATION (PROCEEDINGS ABSTRACT). (Eng.) Albert , October, 1975, USNC/URS1. (Washington , D.C.): l95
E. (Dept. Anatomy , George Washi ngton Univ. Med Ical 196; 1975.
Center , Washington , DC). In: Proceedings of the

I 1975 Ann~~Z Meeti ng of ~~~ Int~~natjo~uj Union of Male rhesus monkeys , trained to respond on a vi gi-
Radio Science Held at the University of Colorado, lance task , were exposed to vertically polarized
Boulder, Colora do 20—23 Oc tober, 1975. USNc/uRsi. 2450 lIz microwaves in an anechoic room. Power den—
(Washington, D.C.5 : 224; 1975. si ties of 4, 16, 32, 42, 52, and 62 riM/cm 2 (measured

I at the leve l of the animal’s head) and exposure times
Chinese hamsters were exposed to power densi t ies of of 30, 60, and 120 mm were used. The transmi tter
10, 25, and 50 nM/cm2 at 1 700 and 2450 11Hz frequen— system was a Holaday Magnetron with up to 1500 W of
des for 30 mm to 10 weeks. The brains were serI- radiof requency outpu t; while all levels employed
a l l y sectioned for light microscopy, but only sel ected continuous waves, pulsed waves were also used at 4

I areas were examined for electron microscopy, The and 16 nM/cm 2 (PRF — 1 sec, P.O. — 0.1 sec). The
light microscopic examinations were conducted on monkeys performed the vIgilance task , whIle bei ng
par a f f i n , and frozen sections were stained with Irradiated from the front. Body temperature was
Nauta, cresy l violet , thion ine and hemetoxylin and monitored during exposure a t a l l  bu t the lowest

I 
eosin, Neuronal histopathology was observed in most power density. Vi gilance performance was not af
of the irradiated animal s In the hypothalamus and fected until 52 and 62 nM/cm2 Il l si ninati ori s occurred ,
subthalamus ; wherea s, cerebral and cerebellar cortl- and even In these instances behavior was only min i—
ces, pons, medu l l a , and spina i cord appeared normal. m a l l y and inconsistently changed. Mild body heating
The affected neurons exhibited swelling, vacuola- (O.4 C to l.7 C) was associated with the higher den—

I tlon , and chromatolysis . The blood vessels appeared sitles (32—62 nM/cm2), al though body temperature was
normal, There was no suggestion of edema, hemor— not related to observed behavioral changes at these
rhage, or congestion. (No refs.) same levels. (No refs.)

4602 MUTAGENICITY INDUCED BY MON-IONIZING MDI- 4604 PHYSIOLOGICAL AND BEHAVIORAL EFFtCTS OF
ATION IN SWISS MALE MICE (PROCEEDINGS AS- CHRONIC LOW LEVE L MICROWAVE RADIAT ION OF

I 
STRACT). (Eng.) Varma , 11. H. (Blo—Env i ronmental RATS (PROCEEDINGS ABSTRACT). (Eng,) Moe, K. E.
Engineering and Sciences Research Lab., Sch. Eng i— (BIoeiectromegnetlcs Research Lab., Un iv. Washington ,
n.erlng, Howard Univ., Washington , DC); Dage, E. L,; Seattle , VA); Lovely, R. H.; Guy, A. V. In: Pro—
Josh I • R. In: Proceed ings of thu 1-9 75 Annimzl Meet- ceedings of the 1975 hmuel Mee ting of the Int rna-
ing of the In terna tiona l Union of Radio Science Held tiomel Uflion of Radio Science Held at the Lkriioersi i~i
at the (Iniveral ty of Colorado, Boulder, Colorado, of COLOradO, Boulder, Co torado, 20-28 October, 19 75.
20—23 October , 1975 . USNC/URSI. (Washington , D.C.): USNC/URSI. (Washington , D.C.)t 191—198; 1975.
134 ; 1975 .

Eight male ra ts were irradiated for 3 mo with 918

I 
The tes tes of Swiss mice were irradiated with micro— liz microwaves pulse—modul ated at II Hz, for 8 hr/
waves at 2,45 GHZ in three experiments to investigate day, at field strengths s 10 mW/cm2. Ra ts were cx—
the mutagenicity induced by non—ionizing radiation , posed during the active part of the day—n i ght cycle.
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The exposure apparatus consisted of a cylindrIcal Four unrestrained rhesus macaques were trained to
waveguide capable of delive sing circularl y polarized lever press for a reward , The reward was obtained ,
guided waves (TE11 mode) and a living chamber com— if they placed their mouth on an acry lic drinking
patlble wi th  normal laboratory living condItions tibe positioned so that drinking from it would
required by rats. The cyli ndrica l weveguide allowed place the rhesus ’ eyes in the center of a 9.3 GHz
for easy quantificati on of the fields for each cx— microwave field, They were irradiated for 15 mm
posed anima l independent of other rodents being sI— at power densities ranging from 350 nfd/cm 2 to
mnuitaneously exposed. Biologica l and behavioral 450 nM/cm”2, Microwave Irradiation did not sup-
comparisons between the ei gh t i rradia ted and ei ght press their lever press rate, which suggests that
sham—irrad iated controls inc l uded food and water in— the power dens i ty and time s used in the experiment
take , body weight , blood sugar, metabolic ho rmones , were not aversive to the rhesus, (No refs.)
and operant behavior during the exposure period.
These variables ware assessed every 3 weeks , and the
effects of chronic irradiation by 9)8 lIz pulse—
modulated microwaves on them are presented . (No refs .) 4607 MICROWAVE FREQUENCY AS A FACTOR IN THE

I NDUCTiON OF LENS OPACITIES IN ThE RABBIT
EYE (PROCEEDINGS ABSTRACT). (Eng.) Megan, G. J.
(U.S. Dept. Health , Educa t ion , Welfare , Food and

4605 NON-THERMAL EFFECTS OF ELECTROMAGNETIC Drug Adm in ., Bureau Radiolog i cal Health , Dlv. Blo—
FIELDS ON ThE CENTRAL NERVOUS SYSTEM logical Effects, Winchester, MA); Carpenter, R. I..

(PROCEEDINGS ABSTRACT) . (Eng.) Kritiko,, H. (Dept. In: Proceedings of the 1975 Annie~l Meeting of the
Bioeng lneering , Univ. Pennsy lvan i a, Philade l phia , Iflt4iMatiOnal Union of Radio Science Held at the
PA); Takashima , S. In: Pr oceedings of the 1975 lMiU~rs~ tlJ of Colorado, Boulder, Colora do, 20—23
Anme2l Meeti ng of the International Union of Radio October, 1975, USNC/URS1. (Washington, D.C.): 320;
Science Field at the University of Colorado, Boulder, 1975.
Colorado, 20—23 October, 1975. USNC/URS I. (Wash-
ing ton , D.C.): 223—224 ; 1975. The role of mic rowave frequency In the experImenta l

Induction of lens opacities was tested by irradiating
A series of experiments in the radiofrequency (RF) the eyes of rabbits for 30 mm at several power
(1-3 0 lIz) and microwa ve regIon (2.45 GNz) were con- levels of eI ther 2.45 or 10 GHz continuous wave
ducted in vitro to determine whether electromagnetic radia tion, The aim was to discover whether the
fields induce any non-thermal effects on the activi— lowest incident p~~~r density provoking lens changes
t ies of the central nervous system. in the RF region In at least 50* of the Irradiated eyes in each groi~
the giant axgn of the myxicola worm in constant temp- was the same or differen t for the two frequencies.
erature (6-8 C) saline solution was exposed to current I n an anecho ic chanter, a dielec tric lens was em—
densities of approximately 100 mA/cm2 corresponding to ployed to focus radiation on the eye region. Dis—
a heat deposition rate of .6 V/cm3. it was found that tances from the emitting horn to the dielectric lens
the tri ggering threshold level does not change and and from the latter to the eye were kept the same
that there were no detectable effects on the shape In a l l  experiments. The effects were observed by
of the action potential. RF pulses of approximately ophtha lmoscopy and slit—la mp blomicroscopy. It was
.5 msec duration did not tri gger the nerve. It was found that at 10 GHz, lens changes were induced at
found that triggering was p ossible only in the low a lower p~~~r dens ity than at 2.45 GHz. At 10 GHZ,
frequency reg ion by .5 msec pulses from direct current the power density causing change in 50* of the sub
to 20 KIIz. The sciatic nerve of the Rwna pipien., was J~~t5 was 250 riM/cm

2. A t 2.45 0Hz, it was 320 mmSV/cmn2.
exposed to power densities of .5 V/cm 3, while inmiersed (No refs.)
I n a constant temperature ringer solution . It was
found that no ef f ects were Induced in th, trIggering
thres hold leve l pulse shape and that it was not pos-
sible to trigger the nerve with microwave pulses. 4608 ThE EFFECT OF MICROWAVES (2400 lIz) ON
Hi gher exposure rates (I.~ V/cm3) associated with a LYMPHOCYTE BLAST TRANSFORMATION IN VITRO
temperature rise up to 39 C did , however , damage the (PROCEEDINGS ABSTRACT) . (Eng.) Smialow Icz, R. J.
nerve. In both cases electrode pick-up induced arti- (Exper imental Biology Dlv., Health Effects Research
facts and may have pres ented a potential electromag- Lab., U.S. Environmenta l Protection Agency, Research
nettc hazard . (No ref e .)  Triangle Park , NC) . In: Proceedings of the 2975

Annsezl Meeting of the Internationa l Lkicn of Radio
Science Held at the University of Col.orad,, Boulder,
Color-ode, 80-23 October, 1975. USNC/URSI. (Wash-

4606 MICROWAVE MD I NFRARED UDiATIOII EFFECTS Ington, D.C.): 1 30—131 ; 1975.
ON AN OPERANT RESPONS E IN RHESUS MONKEYS

(PROCEEDINGS ABSTRACT). (Eng.) McAfee, R. D. The prol iferative capacity of lymphocytes that are
(Medica l Research Dept., Ve terans Admin . Hoap., responsible for cellular imaun. responses (T cells)
New Orleans , LA); Elde r, S. 1.; Llps cont, R. J.; and humora l i nvnune responses (B cells) was exsmln.d
May, J. G.; Holland , N. 0. In: Proceeding. of following exposure in vitro to microwave radiation
the 1975 A,vn131 Mee ting of the Int.rnatiomal Union at 2450 liz, Spleen culls from BALB/c mice ware
of Radio Science Held at th. Lssiu.r.ity of Colorado, cul tured In 35 x 10 ma plastic dishes maintained at
Boulder, Colorado 20—23 October, 1975, USNC/URSI. 37.C in a temperature controlled exposure chaeber
(Washington , D.C.j : 196; 1975, during irradIation for 1—4 hr at an absorbed doss

I
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rate of approximately 19 V/kg. Following irra dla— stress free boundary conditions. The solution con
tion , the temperature of the cul tures did not di f— sls ted of two parts: a s teady st ate term , which
fer appreclabiy f rom that of contro i s, and cell was directly proportional to the wIdth of the m ci-
viabilIty was comparable In both cul tures. The dent pulse and a transient term made up of an in-
ab ility of exposed lymphocytes to undergo blast finite sum of oscillating components. Numeric re-
transformation in response to mitogens that selec— suits will Indicate the magnitude of the i nduced
tive l y stimulate either I or B cells was studied stress and disp lacement as well as the applicability
using 3H—thynuidlne labeling. No consistent differ— of the theory to the microwave auditory phenomenon.
ence was found between the blastogenic response of (No refs.)
microwave-Irradiated and control splenic lympho-
cytes cultured In the presence of the mitogens
phytohemaggiutinin, pokeweed mi togen, concanava l in
A , or Esche riahia coli lipopolysaccharide. (No refs.) 4611 THYROID RESPONSE TO LOCALIZED MICROWAVE

EXPOSURE (PROCEEDINGS ABSTRACT). (Eng.)
Mag in , R. L. (Univ. Rochester, Rochester , NY ) ;
Lu, S. —1. ; M ichae lson , S. N. In: Proceedings

4609 MICROWAVE-INDUCED AUDITORY RESPONSE-- of the 19 75 Annual Meeting of the In terna tiona l
COCHL EA R MICROP HONICS (PROCEEDIN GS AB Union of Radio Science He ld at the Univers i ty of

STRACT) . (Eng,) Chou, C. K. (B ioeiectromagnet ics Colorado, Boulder, C, lorado, 20—23 Oc tober , 1975 .
Research Lab., Univ. Wash ington Sch. Medicine , USNC/URSI. (Washington , D.C.): 317—318; 1975.
Seatt le , WA); Guy, A. V .; Galasribos, R. In: Pro-
ceeding. of the 1975 hozual Meeting of the Inter— Localized mIcrowave exp osure of the cani ne thyroid
na tiona l Union of Radio Science Held at the gland was undertaken to determine its therma l sen-
Universi ty of Colorado, Boulder, Colorado, 20— 23 s i t ivlty,  The experiments were conducted at 2450
October, 1975 . USNC/URS I. (Washington , D.C.): liz uti l iz ing a sma ll (2” x 1”) d ielectr Ical l y
36—37; 1975. loaded rectangular waveguide applica tor. One of

the two pah’ed thyroid g lands was heated with micro-
An electrical potent ial osc i l lat ing at 50 kflz was waves , while the other was used as a control. Both
recorded from the round window of guinea pigs dur— thyroid glands were surg ically exposed and blood
log irradiation wi th 918 MHz pulsed microwaves to was collected directly from caudal veins drainI ng
assess microwave evoked cochlear mlcrophonics. each gland so that its thyroxine secretion rate
This potential promptl y followed the stimulus , out— could be determined. The glands were allowed a
lasted it by about 200 usec, and measured up to i-hr equilibration period. One gland was then sub
50 ~V In amplitude . The potential was time—locked jected to a 2—hr exposure to microwaves. The ani—
to the onset of t he microwa ve pulses . It preceded ma ls were divided into three groups accordi ng to
the auditory nerve response and disapp eared with the temperature rise In the exposed gland (39, 42 ,
death. its intensity function versus microwave and 45’C) with at least five animals per group.
energy absorptIon density resembled that of the A sham—exposed group (37 C) was also studied. An
cochl ear microphonics versus sound pressure level, increase In the exposed g land’s thyroxine secretion
it is concluded that this potential was a cochiear rate (ng 14/mm ) was observed In each group. The
microphonic response to the microwave pulses. This smallest increase occurred during the 39’C exposure,
cochlear microphonic response Suggests that the and successively larger increases occurred during
mIcrowave auditory effect Is accompanied by a me- the 42C and 45’C heating. It is concluded that
chanlcal disturbance of the hair cells of the thyroid gland functIon can be stimulated by temper—
cochlea. (No refs.) ature Increases at the gland of ZC  or more above

normal. (No refs.)

4610 A THEORETICAL STUDY OF MICROWAVE—GENERATED
AUDITORY PH E NOMENA IN MAMMALIAN CRANIAL 4612 ThE EFFECTS OF 1.7 AND 2.45 GHz MICROWAVES

STRUCTURES (PROCEEDINGS ABSTRACT). (Eng.) Lin , J. ON DRUG-INDU CED SLEEPING TIME IN ThE RABBIT
C. (Dept. Electrical Engineering , Wayne State Univ., (PROCEEDINGS ABSTRACT). (Eng.) Cleary, S. F. (Dept.
Detroit, iii); Lam, C. —K. In: Proceedings of the Biophysics, Virginia Courvnonwealth Univ., Richmond ,
1975 Annual Meeting of the Internationa l Union of VA) . In: Proceedings of the 19 75 Annual Meeting
Radio Science He ld at the University of Colorado, of the Internationa l Union of Radio Science Held
Bou lder, CoZora~do 20-23 October , 1975. USNC/URSI. at the Uni versity of Colorado, Boulder, Colorado,
(Washington, D,Cj: 36; 1975. 20—23 October, 1975 . USNC/URSI. (Washington , D.C.):

193; 1975,
A theoretic analysis of the stress and displacement
generated by i mpinging microwave pulses In a epher- The effect of thermal stress on the reductIon in
lcal model of mariwnallan cranial structure is pre- sleeping time was investigated by rectal temperature
canted. Assum i ng homogeneIty of the brain matter, measurements in Irradiated , sham— irradiated , and
the absorb ed energy pattern obtained from the elec— animals exposed to thermal stress by increased en-
tromegnetic wave equation was used as the source vironmen ta l temperatures. The effects of pulse
function for the equation of heat conduction in the modulation and variation In drug dosage were also
spherical head , This displacemen t was found by investigated to ascertain the extent to which the
solving the thernuoelastic motion equation with sleeping time alterations are dependent upon alter—
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ation of body temperature In the rabbit. Exposure Univ ., Nishinomlya , Hyogo, Japan); Mizuno, K. In:
of anes thetized rabbits to 1.7 and 2.45 0Hz pulsed Proceed ings of the 1975 Annual Meeting of the Inter.—
and contInuous wave (CW) microwave radIation led to na tiona l Union of Radio Science Held at the Univer—
a dose dependent decrease in mean sleeping time. aity of Colorado, Boulder, Colorado, 20—23 October ,
The 2.45 GHz Irradlations caused a greater decrease 1975. USNC/URSI. (Washington , D.C.): 271—272;
than 1.7 GHz microwaves at all power densities in 1975.
the range of from 5 to 50 iWuS/cm2. Exposures of
2.45 0Hz produced a i5* decrease at 5 ~~~~~~~ CW, A 90 Hz alternating current (AC) electric field
in contrast to 1.7 GHz radiation , which d id not (E.F.) was applIed to the head of human subjects
si gnificantly reduce sleeping time at this inten— while the critical fusion frequency was depressed
city. (No refs,) by applIcation of low frequency photic stimu l us in

order to depress the functional state. The result
was compared w ith the depression state made by
app lication of low frequency photlc stimul us . The

4613 HIGH VOLTAGE ELECTRIC FIELD COUPLING TO result showed that depressed functional state could

HUMANS USING MOMENT TECHNIQUES (PROCEED— be normalized to some extent by application of 90

11465 ABSTRACT ). (trig.) SpIegel , R. J. (ill Re— Hz AC E.F. (No refs.)

search inst ., Washington , DC) . In: Proceedings
of the 1975 Annual Meeting of the Internationa l
Union of Radio Science Held at the ttitiveraity of
Colorado, Boulder, Colorado, 20—23 October, 1975 . 46 16 PSEUDOSUBSTRATE BINDING TO RIBONUCLEASE
JSNC/URS1. (Washington, O.C.): 230; 1975. DUR I NG EXPOSURE TO MICROWAVE RADIATION

AT 1.70 AND 2.45 0Hz (PROCEEDI NGS ABSTRACT). (Eng.)
A numeric method for predicting current and normal Allis , J, W. (Experimental Biology Div., Environ—
electric field dIstribution s was developed for mental Protection Agency, Research Triangle Park,
humans situated In the vicinity of extra high volt— NC); Fronvne, M. L. In: Proceedings of the 1975
age and ultra high voltage lines, The techn ique Annual Meeting of the In terna tional Union of Radio
was based on the method of moments In which the Science Held at the University of Colorado, Boulder,
human body Is modeled as a col lect ion of stra ight Colorado, 20—23 October, 1975. USNC/URSI. (Wash-
cy l indrica l sections, Various scenarios ware con— Ington , D.C.): 318—319; 1975.
s i dered , e.g., a well Insulated person standing on
the ground beneath the transmission line , an in— The binding between the enzyme rlbonuclease and
dividual in good con tac t w it h the ea rth , or a l ine- several pseudosubstrates was measured during coin-
man working in very close proximity to an energ i zed cident exposure to 1.70 or 2.45 6Hz electromagnetIc
conductor, The position of the arms was varied , radiation using a crossed-beam exposure—detection
for example, arms extended or down at the sIde, system. ThIs enzyme , iso lated from bovIne pancreas,
The question of biologic hazards from exposure to hydrolyses ribonucleic acid at the position of the
fiel ds of these systems Is also discussed . (No refs.) pyrim ldine nucleotides. Measurements were made

spectrophotometricall y between 240 and 300 mu us i ng
a difference spectral technique , i.e., the samp le
chamber enzyme and bind ing agent were in the same

4614 EFFECTS OF WEA K ELF ELECTRIC FIELDS ON solution but were kept separate In the reference
SCHEDULE—CONTROLLED BEHAVIOR OF MONKEYS chamber by use of split compartment cells. The

(PROCEEDINGS ABSTRACT). (Eng.) I4edici , A. 0. pseudosubstrates, which bind to the enzyme but do
(Brain Research Inst ., Univ. CalIfornia , Los Angeles, not undergo reaction , were 2’—cy tldlne monophos—

CA). In: Proceedings of the 1975 Annual Meeting phate , 3’-cyt id ine monophosphate, and 3’-urldine

of the In terna tiona l Union of Radio Science Reid monop hospha te. Associat ion constants for th ese
at the Univereitij of Colora do, Boulder, Colorado, agents range from 9 x IO~ M to 300 x IO~ M 1 at
20—23 October, 1975 . USNC/URSI. (Washington, D.C.): p14 5.5. The solutions in the sample chamber were

271 ; 1975. irradIa ted at a wavegulda term I natIon. Measurements
were performed Inmiediately after exposure and after

Performing monkeys (both Imp la nted with electroen— exposure for 30 in n. The absorbed dose rate for

caphalogram electrodes and unimpianted) were exposed the Irradiated samples was 40 W/kg. All experIments

to microwave frequencIes from 7—75 Hz at voltag es wa re carried out at 25’C , and the temperature of

from I to 100 V/rn In thre e different experiments, the sample and reference solutions was monitored
Si gnifi cantly shorter interresponse time and re— continuousiy . No difference in the bIndIng of ri-

duced variabil i ty of responding were observed for a bonuc lease In irradiated solutions and unirradiated

specific frequency (7 Hz) at 10 V/m. At higher vol— controls could be detected. (No refs.)

tapes th. effect occurred at other frequencies as
wel l , and the magn I tude of the chang e was mark edl y
increased . (No ifs. )

4617 ThE INFLUENC E OF MICROWAVE EXPOSURE ON
NEU R OENDOCRINE FUNCTION IN ThE RAT AND

DOG (PROCEEDINGS ABSTRACT). (tog.) Mlchae lson ,
4615 EFFECT OF AC ELECTRIC FiELD APPLICATION S. N. (UnIv. Rochester, Roches ter, NY) . In: Pro-

UPON HUMAN VISUAL ThRESHOLD (PROCEEDINGS o..dip tgs of the 1975 Annua l Nesting of the Inter-
ABSTR ACT) . (tog .) Sug l yamu , S. (kwanset Gaku in national Union of Radio Scienoe Reid at the
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Universi ty of Colorado, Boulder, Colora do, 20—23 A survey of recent selected Soviet and East Europ ean
October , 1975. USNC/URSJ. (Washing ton , D.C.): references reveals few new trends in the Interpre-
317-3)8; 1975. tatlon of the effects of radlofrequency and micro-

wave f i eld s, at least at the clinical level. Soviet
Because of the importance of the neuroendocrine and East European investIgators continue to report
system in physiologic regulation and integration of a variety of reversible changes In nervous and re-
body func ti on, t he f i r s t  phase of studies were per— lated f unc t ions, which can occasionally be corre-
formed in rats and dogs during various periods of lated wi th changes in an~ima l behavior and organeile
their lifespan (prenatal , postnatal , juvenile , shifts under experimenta l conditIons. Western in-
adult , old) to relate hormone lwveis (adrenal , vestiga tors, however , have been largel y unsuccess-
thyroid , growth hormone) to various regimens of ful in repeating these findings until recently.
low to hi gh (I i~~/cm

2—8O ~~/cm
2) z4~ ~~~ ~~~~~~~~~ There Is evidence tha t some We s tern InvestIgators

ous wave (CW ) mIcrowaves by single acute and re— are begInnIng to obtain certain functional and
peated or chronic exposures. Dogs were sub jected morphol ogica l data suggestive of Soviet and East
to reg ional or whol e—body microwave exposure for European findings . Recen t Soviet, East European,
assessment of individua l endocrine sensitivity and and/or Western experimental findings , coup led wi th
interspecies comparisons . Endocrine perturbation the pressure of public opinion , may have a sl gnifI—
occurred in rats and dogs acutely exposed to cer- cant effect on their unique positions with regard
tam power density/tim e durations of 2450 MHz (~ ) 

to the occupationa l exposure levels, This report
microwaves. Such perturbation , however, was of a represents a contInuIng effort to comprehensively
transient nature and was related to increase In compile the world literature on the subject and
temperature of the body or the individual endocrine complements a 1969 review of the subject. New em-
gland. Chronic exposure at low power density phasls has been placed on experimental and theo-
(1-10 sAl/cm2) will be required to establish the retica l research. (No refs.)
physiol ogic signif icance of these neuroendo crine
perturbations, (No refs.)

4620 NUP(RICAL SIMULATION OF ThE EFFECTS OF
NON—IONI ZING MICROWAVE RA DIAT ION UPON ThE

4618 THE USE OF STRIPLINE TO STUDY MICROWAVE HUMAN BODY (PROCEEDINGS ABSTRACT) (Eng.) Emery,
J BIOLOGICAL EFFECTS (PROCEEDINGS ABSTUCT). A. F. (Dept. MechanIcal Engineeri ng, Un iv. Washing—

(Eng.) Seaman , R. 1. (Dept. Biomedica l Eng i neering, ton, Seatt le , WA); Guy, A. W .; Kraning , K. K.;
Duke UnIv., Durham , tic); Wachtel , H.; Jolnes, V. T, Short, R. In: Proceedings of the 1975 Annual
In: Proceedings of the 1975 Annual Nesting of the Nesting of the International Union of Radio Science
Internationa l Union of Radio Science Held at the Fi eld at the University of Colorado, Boulder, Color-
University of Colorado, Boulder, Colorado, 20-23 ado, 20—23 October, 1975, USNC/URS1. (Washington,
October, 1975. USNC /URSI . (WashIngton, D.C.): D.C.): 231; 1975.
322; 1975.

A human-body model was developed using a finite
4 The stri pline (rectangular coaxial transmission difference numeric procedure to compute the thermal

line ) techni que was used to Irradiate iso lated neu— response of a men subjected to microwave irradia—
rai tissue , while recordIng electrica l activity tion of the entire body and the head. Transient
from the neurons. The confined electromagnetic head and body temperatures and sweating rates were
fields allowed essentiall y artifact—free recording computed to determine the maximum levels of irrad i—

• and insured investigator safety. Intracellular atiort perm i ssible for long— and short-time expo—
recordin gs from Individua l neurons of Aplysia in— sures. Since the thermal response is strongly
dlca ted effec ts on neura l activity and synap tic affected by the loca l swea t rate , four different
efficiency at absorbed power levels of a few nAt/cm 3. models were used in which the hypothalamus , average
Neural output of the opt ic nerve of Limulus was skin and local skin temperatures , and the time rate
changed by similar absorbed power levels . Results of change of these temperatures were the control—
were obta i ned at experimental frequencies of 1.5 ling parameters. The best of these differen t mod—
6Hz and 2.45 6Hz. Stripllne minimized many of the u s , as Judged by compar ison of the results with
problems associated wi th researching microwave ef— measured data , was then used in microwave sImula-
fects on neura l tissue . (No refs.) tions, (No refs.)

4619 BIOI€DICAL ASPECTS OF RADIOFREQUENCY AND 4621 A SUMMARY OF CELL AND TISSUE LEVEL EVENTS
MICROWAVE RADIATION: A REV IEW OF SELECTED PRODUCED BY AF FIELDS PREDiCTED FROM CON-

SOVIET , EAST EUROPEAN , AND WESTERN REFERENCES (PRO- SIDE RATION OF REGIONAL HYPERThERNIA (PROCEEDINGS
CEEDINGS ABSTRAcT). (trig.) Glaser , 2. A. (Blomedi— ABSTRACT). (Eng.) Frazer, J. U. (U. S. Air Force
cal Research Detachment, Naval Surface Weapons Sch , Ae ros pace Medicine , Brooks A i r  Force Base, TX).
Center , Dah lgren , VA) ; Dodge, C. H. In: Proceed- In: Proceedings of the 197b Annual Meeting of the
inga of the 1975 Annual Nesting of the Internationa l International Union of Radio Science Held at the

[ Union of Radio Science Field at the Universi ty of University of Colorado, Boulder, Colorado, 20-23
J Colorado, Boulder, Colorado, 20-23 October, 197$. Ootcb.r, 1975. USNC/URSI. (Washing ton , D.C.): 132;

USNC/URSI. (Washington , D.C.): 315; 1975. 1975 .
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Absorption of electromagnetic energy in any object 4623 MICROWAVE FREQUENCY AltO E—FIELD ORIENTA
causes an increase In collision probability of its TION INTERACT WiTh ANIMAL SIZE (PROcEED.
constItuent molecules , leading to the production of INGS ABSTRACT). (Eng.) Schrot , J. (Dept. Micro—
heat . Even In relatIvely homogenous absorbers, the wave Research, Wa l ter Reed Army inst . Research , Jdistr ibut ion of this heat is not un i form throughout Washington , DC) ; Hawkins , T. 0. In: Proceedings
the absorber but is crIticall y dependent on the size of the 1975 Annua l Meeting of the Internationa l
of the absorber re la t ive  to the wavelength , the Union of Radio Science Held at the University of
f ield impedance , and the e lectrical characteristics Colorado, Boulder, Co lorado, 20—23 October , 1975 .
of the absorber. Prediction of one set of biol ogic USNC/URSI. (WashIngton, D.C.): 233; 1975.
results from exposure to such a field is dependent
on knowledge of the reg ional therma l environment The interaction between microwave frequency , E-f leld
and also knowledge of the tissue response to such orientation , and animal size was investigated using
therma l environment. One set of such Interdependen— elapsed time to tonic—clonIc convulsion as the de—
d e s showed that release of metals from one organ pendent variable. The frequencies employed were
leads to uptake by another , Other sets of events 710, 985, 1 700, 2450, and 3000 11Hz. The subjects
are becoming clearer as a result of studies of the were exposed in two E-fieid orientations at each
prospective applIcation of hyperthermia to the treat— frequency, namely, E parallel and E vertical to
ment of cancer, it has been shown that shifting of the long axis of the anima l’s body. At each fre-
division cycling occurs In cultured tumor cells and quency—orientatlon combination , groups of 11 m c e
I n tumors In animals exposed to hyperthe rmla. Sim— (25—35 g), small rats (100—125 g), and large rats
ilar events have been seen with many types of normal (380—420 g) were exposed. Individua l exposures
cells extracted from animals exposed to a variety took place in an anechoic chamber, with the animal
of electromagnetic fields. Another corollary, as restrained In a plexi glas enclosure. All exposures
yet unexamined in radiofrequency fields , Is loss were performed with a 150 n*i/cm2 continuous wave
of intracellular materials from such cells. (No signal . The results clearly demonstrate that the
refs.) frequency, orientation, and body size variables

contributed significantl y in determining elapsed
time to convulsion. The horizontall y aligned E
f ield produced consistently fas ter times to con-
vulsion across animal size and frequency. In

4622 MODIFICATION OF INTER N AL DISCRI M INATIVE general , increasi ng animal size produced greater
STIMULUS CONTROL OF BEHAVIOR BY LOW LEVELS vulnerability (shorter convulsion times) with lower

OF PULSED MICROWAV E RAD I ATION (PROCEEDINGS ABSTUCT). frequencies. For example , mice were most vulner-
(Eng.) Thomas, J. R. (Nava l Medical Research Inst., able in the 1700-2450 MHz range, small rats at 985
Bethesda , MD); Yeandie, S. S.; Burch , L. S. In: MHz, while large rats convulsed most quickly at
Proceedings of the 1975 Annual Meeting of the Inter— 710 MHz. The frequency-vulnerability relationships
na tiona l Union of Radio Science Field at the Univer-. were most c learly demonstrated w i t h  the E..fleld
eit~ of Co lorado, Boulder, Colorado, 20—23 October, po larized horizontal ly. These data Indicate the
1975. USNC/URSi. (Washington . D.C.) : 194; 1975. importance of considering frequency, orientation ,

and subject size when eva l uating vulne rability to
The behavioral effects of pu lsed mic rowave radia t ion microwave exposure. (No refs.)
were determined on rats performIng on a reinforce-
ment schedule regulated by Internal stimulus con-
trol . The reinforcemen t schedule required that at
least eigh t consecutive responses be made on one
response lever before a response on a second lever 462k I NVESTIGATION OF ELECTROMAGNETIC EFFECTS
would be reinforced with food, If the animal OF A 1000 FT. TV TOWER ON MIGRATORY BIRDS
switched to the second lever before the count of (PROCEEDINGS ABSTRACT). (Eng.) Burks, D. G. ((Icc—
eight , the sequence of ei ght responses had to be trica l Engineering Dept., Auburn Univ., Auburn , AL) ;
restarted , Over a 6—mo period there was a discrim — Gra f , E. R. In: Proceedings of the l97$ Annual
inat ion of the number of responses counted on the Meeting of the International Union of Radio Science
f i rst  lever , since sw itching responses occurred Field at the University of Colorado, Boulder , Color—
with the largest frequency follow ing ei gh t or more ado, 20—23 October, 1975. USNC/URS1. (Washington ,
responses. Exposure to a pulsed 2.45—6Hz radiation D.C.): 311 ; 1975.
source for 30 mm with power densities of 5, 10,
or 15 nAt/cia2 produced changes In the performance on The hi gh incIdence of bird collisio ns at a 1000 ft
the fixed consecutive number schedule. All power TV tower north of Tallahassee . Flor i da , motivated
densi t ies led to increased frequency o f premature th i s  study of possible electromagnetic effects iii
swi tchi ng, with the highest power producing the bird navigation. Data collected over a 19—year
most disruption of the counting discrimination , period (1956 to 1975) concernIng dail y bird kills ,
Premature switchi ng responses due to radiation cx— number of birds , species, and position found formed
posures were associated with pronounced reductions the basis of a correlation study to determIne fac—
in  the percen tage of correctl y performed respans tors responsible for high bird kills. Evidence
run s that produced reinforcements. Microwa ve radi— indica tes that bird navigation is a compl i ca ted
at ion had no effects on overall or running response process Involving the integration of many sensory
rates or on response variability, Performance inputs including sIg ht , pressure , sm ell , and nag-
changes were not related to Induced hyperthermia. netic field. This study I nvestIgated bird responses
(No refs,) to (I) TV radiat ion from the tower, (2) dis turbances
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of na tural magnetic and electric fields , and (3) posed to 2.45 6Hz continuous wave radiation in an
ligh ts of the tower, Interference with th. bird ’s an.cholc chamber to an incident power density of
navi gation process that result s in an attraction 10 ± 1 nAt / cm2 for 8 hr/day, 5 consecutive days a
to the tower was responsible for bird kills not wk for periods rang ing fran 8-17 wk. Body weight ,
resultin g In random incidence. The electromagnetic food and water consumption , and coat condition were
environment of the tower and theories of bird navl- moni tored daily •for possible radiation responses.
gatlon regarding this prob lem are discussed . (No Counts of total red and white blood cells were made
refs.) weekly, and the lens of the eye was examined by slit

lamp for changes. Six l i t t e r  ma tes of the above
group, sImilarly treated and sham-exposed during

a iden tical periods of t ime , served as controls. A
4625 EFFECTS OF 45 HERTZ ELECTRIC FIELD EXPO- sli ght lowering of food and water consumption was

SURE OW RATS (PROCEEDINGS ABSTRACT). observed in the Irradiated group dur ing the first
(Eng.) Mathewson, N. S. (Armed Forces Radioblology week of exposure. The lowered consumption was not
Research Inst., Defence Nuclear Agency, Bethesda accon~anied by a detectable wei ght loss. No other
MD) : Oosta , C. N.; Ol iva , S. A.; B lasco , A. P. In: differences were detected between experimental and
Pro ceedings of the 1975 Annua l Meeting of the Inter- control animals. No laten t effects were observed
national Union of Radio Science Field at the Univer— up to 2 mo post-irra diation, (No refs,)
city of Colorado, Boulder, Colorado, 20-23 October,
197$. USNC/URSI. (Washington, D.C.): 269; 1975.

The effect of a vertica l sinusoida i electric field 4627 SOlE DEVELOPMENTAL AND BEHAVIORAL FACTORS
exposure of 45 Hz was studied In th. adolescent OF LOW INTENSITY X BAND RADIATION (PROS.
rat. Exposures ware conducted In six identica l CEEDINGS ABSTRACT). (Eng.) Kindt , C. W. (Regional
hor i zontal aIr gap parallel plate capacitors. The Primate Research at the Univ. Washington , Seattle ,
applied electric field of each chamber could be WA); Bowden, D. N.; Spelman, F. A.; Norgan, N. K.
varied individuall y and each chamber contained 16 In: Proceedings of the 1975 Annual Meeting of the
unIforml y Illuminated cages. The cages were de- Internationa l Union of Radio Science Held at the
si gned to house one animal , to allow the food and University of Colorado, Boulder, Colorado, 20—23
water constaiiption to be measured , and to produce a October, 197$. USNC/URS1, (Washington , D.C.):
minimum perturbation of the app l ied field. Electric 311—312; 1975.
and magnetic field map data indicated that 45— and
75—Hz magnetic field levels were less than 2 mc, To determ i ne possible toxic effects of low Inten—
and electr ic f ield variatIons within the cage areas sity N-band radlatIor . four pregnant Sprague Dew-
were typically ~ 5~. Exposures at electric field lay rats were exposed (dosage not specified) for
strengths from 2— 100 V/rn were performed for 28 days. the duratIon of pregnancy (21 days) . The offspring
An ima l growth during the exposure period was esti- ware further exposed at the same leve l for an ad—
mated by mon i toring the body wei ghts of all animals. d lt lonal 28 days. The offs pring and mothers were
Gross metabolism was estimated by moni toring the stud Ied to determine the effects of Irradiation on
food and water consumption on a per animal and per weight gaIn , r i gh t i ng, exp loratory behavior, eye
gram of body weight basis. At the termination of opening, ear f l a p developmen t, internal and exter—
the 28—day exposure period animals ware sacrificed , nal anatomic ma l formatIons, tooth eruption , cortico—
and a complete blood count was obtained on each steroid levels and adrenal weIght, and maturation
animal. in addition , the serum protein and lipid of reproductive systems. This experiment precedes
fractions of each animal were monitored, and a the use of infant monkeys in a remote respi ration
necropsy was performed on selected animals of con— monitoring system using N-band radar. (No refs.)
trol and irradiated groups. Preliminary anal ysis
of data from 18 groups of 16 animals each a t five
e lectric field strengths suggested that the 45—Hz
vertica l electric f ield exposure did not sign lfi- 4628 BIOLOGIC EFFECTS OF PULSED HIGH FREQUENCY
cantly affe ct the rats. (No refs.) ELECTROMAGNETIC RADIATION (PROCEEDiNGS

ABSTRACT). (Eng.) West, B, (M.C.V./V.C.U., RIch—
mood, VA); Regelson, W. In: Proceedings of the
19 75 Annual Meeting of the International Union of

4626 CHRONiC LOW LEVEL EXPOSURE OF RABBiTS TO Radio Science Held at the University of Colorado,
MICROWAVES (PROCEEDINGS ABSTRACT). (Eng.) Boulder, Colorado 20—23 October, 197$. USMC/URS1.

Fern , (. S. (U.S. Dept. Health , Educa tion , Welfare , (Wash ington, D.C.S : 93—94; 1975.
Food and Drug Admin., Bureau Radiolog i cal Health ,
Dlv. Biological Effects, Winchester , MA); Hagan, G. A pulsed electromagnetic nonionlzing radiation
J. In: Proceedings of the 1975 Annual Meeting of source uti l izing a carrier frequency of 27.12 lIz
the International Union of Radio Science Reid at the delivered at one of six preselected pu l sed frequen—
University of Colorado, Boul4er, Colorado, 20—23 cies s ignif icantly altered survival time and size
October, 197$. USNC/URSI. (Washington , D.C.): 319; of Imp lan ted B-l6 melanoma and Lewi s lung tumors in
1975. syngen.Ic mica. The hi ghest pulsation rate (600

pulses/sac) had a pulse length of 65 mlcrosec de—
To determine whether biologic effects occur after livery at 975 W peak power at an average ~8 W.chronic low—leve l i rradiation , six rabbi ts were ix— Mice irradiated for 20 mln daily for ~ days prior

17

1



8io!ogical Fff,ctg Nonionizing Elsctromagnetsc
CURRENT LITERATURE Radiation l(2). J anuary 1977

to tumor exposure showed an enhancement of tumor Meeti ng of the International Union of Radio Scicnoe
growth and a decrease in l i fe span. Postoperated Held at the Universi ty of Colorado, Bou lder, Co lor—
models irradiated at 400 pulses/sec showed increased ado, 20—23 Oc tober, 7975 . USNC/URS I. (Washington .
ll fe span. Effects against the P388 and Ll2lO as— D.C.): 39; 1975.
c i tes leukemia have been equivocal. Biologic act iv-
i ty,  Including body weight change and speed of drug A sphe r i c a l  model for the head Irradiated by micro-
metabolism , differed from controls. Decreases In waves was studied to assess the effects of microwave
sleeping tine of mice Injected with sodium pento— radiation on human eyes. The two eyes properl y
barb ital lrmnediate ly before whole—body high fre— located In the head were also assumed spherica l
quency exposure was associated with an increase in with the eye lens In Its mos t probable place inside
liver cytosol protein, implying the P450 drug hydro— the eye. The electromagnetic transmission problem
lase system may be stimulated . SignifIcant inhibi— was first solved to find the fields In the eye and
tlon of weight gain and differential development the heat diffusion equatIon was then solved In
patterns In maturIng male mice occurred after 30 spherica l coordinates inside the eye. A constant
mm daily exposure for 14 days at the highest pulse temperature gradient G~ was ass umed on the cornea
frequency. Female mice showed a different weight and the pert of sciera exposed to air. Another
inhibitory pattern initiated during the 14—day temperature gradient G2 was assumed constant on the
radiation schedule. Adult weight levels for both remaining part of the eye ball. The constant G 1
controls and treated mice were similar , which In— accounted for cooling by aqueous humour, eye l i d
dicated a temporary effect in developmental gain tears, and radiation; whereas, 62 accounted for
equalIzed at approximately 2-4 wk. These effects both metabolic heat generation and blood cooling
appeared independent of overall effects on body by means of retina l arteries , and retinal , intra—
temperature and were not associated with any gross scleral , and episcieral veins. Body reaction in
alterations In organ to body weight ratios . (No refs.) the form of increased blood circulation In blood

capillaries to avoid such forced temperature rise
was accounted for by an i ncrease i n G2. Tempera-
ture profIles were presented for different levels

4629 TiME—COURSE OF ADRENAL RESPONSE IN MICRO— of the inciden t plane microwave and for varying
WAVE-EXPOSED RATS (PROCEEDINGS ABSTRACT), degrees of body reactions, The capability of blood

(Eng.) Gui l let , R. (Univ. Rochester, Roches ter, N Y ) ; circulation to protect the eye lens from overheat-
Lotz, W. 6.; Michaelson , S. N. In: Proceeding s of ing was critically evaluated because such blood
the 7975 Annual Meeting of the Internationa l Union circ ulation Is not close enough to the eye lens.
of Radio Science Field at the University of Colorado, Safe long-term mIcrowave leakage exposure levels

Boulder, Colorado, 20-23 October, 197$. USNC/URSI. were a lso calculated. (No refs,)
(Washington . D.C.) : 316; 1975.

Adrena l function was studied in six unanesthetlzed 4631 THE EFFECT OF MICROWAVE EXPOSURE ON BAC-
young adult male Long Evans rats exposed to micro— TERIA: MUTATION INDUCTION (PROCEEDINGS
waves. Corticosterone levels were determined In ABSTRACT ). (Eng.) Blackman, C. F. (Environmental
sequential blood samples obtained via chronic in— Protection Agency, Experimental Biology Dlv., Re-
dwelling jugular cath e ters. Samples were taken search Tria ng le Park , NC) ; Surles , N, C.; Benane,
before, during, and following exposure to microwaves S. C. In: Proceeding s of the 1975 Annual Meeting(2450 lIz, cont inuous wave) at power densities of of the In terna tiona l Union of Radio Science Held
30, 40, or 60 iiAt/cm2 for 15 , 30, or 60 m m .  Plasma at the University of Colorado, Boulder, Colorado,
corticosterone levels rose in a l l  six rats exposed 20—23 October, 7975 , USNC/URSI. (Washington,to 60 nAt/cm 2 , regard less of duration of exp osure; D.C.) : 134 —1 35; 1975.most rose wI thin 15 m m ;  al l  rose w ithin 30 mm of
star t  of exposure . Plasma corticosterone levels rose The mutagenic potential of continuous wave electro-
in al l  s ix  rats exposed to 40 mW/cm2 for 30 or 60 magnet Ic radiation at 1.70 and 2.45 6Hz was exam i ned
mm , but not in those (2/2) exposed for 15 m m ,  One in a strain of the bacterium , Bscherio)~ia coli , which
of four rats responded with an increase In plasma was used to detect both forward and reverse muta-
corticosterone to exposure to 30 nAt/cm2, Plasma tins, Log phase cultures of the bacterial straincort icos tero ne leve ls tended to plateau during cx - were placed in 35 ten diameter sterile plastic tis—
posure and , In general , began to drop sharply follow— sue culture dishes and irradiated for 3—4 hr at
ing termination of exposure, return i ng to baseline 35 C. Exposures at 2.45 6Hz were conducted at farwithin 30 mm in all cases. The data on rats cx— field power densit ies of 10 and 50 nAt/cm2, which }
posed to thermogenic power density—time relation- correspond to absorbed dose rates of 14 and 69 W/kg,ships demonstrate the transient nature of the respec t ive ly. Exposures at 1.70 6Hz, at a near
response, (No nefs.) field power density of 2.0 nAt/cm2, were estimated

to correspond to an absorbed dose rate of 2.8 W/k g.
Sensi tivity for mutation induction was optimized by
exposing the bacteria during at least one complete

4630 BIOLOGiCAL ThERMAL EFFECT OF MICROWAVE DNA replication cycle. Although positive controls
RADIATION ON HUMAN EYES (PROCEEDINGS usi ng ultraviolet lig ht demonstrated the expected

ABSTRACT). (Eng,) Al-Badwuihy, K. A. (Dept. Elec— exponential surviva l curve and Increase In mutation
trlca i EngIneerIng , Cairo Univ., Ca i ro, Egypt); induction , no mutagenic activity could be demon—
Youssef , A - B .  In: Proc eedings of the 19 75 Annual strated for either microwave frequency. (No refs.)
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4632 THE EFFECTS OF ENVIRONMENTAL TEMPERATURE same amount as occurs during a cataractogenic expo—
ON THERMOR(GIJLATORY, SERUM LI PID , CARBO— sure to 2450 i*4z microwave radiation and for the

HYDRATE , AND GROWTh HORMONE RESPONSES OF RATS LX- same duratIon but without employ ing microwaves,
POSED TO MICROWAVES (PROCEEDINGS ABSTRACT). (Eng,) Heat was app lied externall y to the sclera l reg ion
Houk. W. M. (Naval Aerospace Medical Research Lab., overly ing the clll ary body, thus heating the blood
Pensacola , FL); Mlchaeison , S. P1.; Beischer , D, t. flowing to it , the iri s , and the corneat iimbu s .
;n: Pro - ’c ’dj nqa of the 1975 Annual M e e tj p~ of the The heat source was a thin copper g irdle shaped tO
Internatio ’~.7 Union ~f Radio Science Field at the the contour of thi s region of the eye. A circula r
Univers i ty of ~~ 7rado, Bou lder, (‘olorado, 20—23 brass tube was soldered to its upper surface to
0~ t~ber, 19’:- . uSNC/uRSI. (Washington , D.C.); carry a flow of wa ter from a thermostatically regu—
309; 1975, lated water bath, in an initial series of experi-

ments , water bath temperatures were correlated with
Long Evans rats were exposed to 2450 MHz continuous temperature measurements made by thermocouple in
wave horizontally polarized microwave radiation at the vitreous body close behind the lens. This type
room temperature (22,5’ C), at low (17.5’ C). as of heating Inflicted more severe damage than does
we lI as at hi gh (27.5’ C) environe’zntal temperature, equivalent microwave heating. Local Venous stasis
Three different expcisure Intensities (10.2, 19.6, was observed as well as hemorrhage in c ili ary body
and 30.5 nM/cm2) (.  0,8 dB) were used in a 1.8 x .nd iris vessels corneal neovascular zation , and
1.8 x 1.8 m semi—enclosed anechoic environmental many Instances of extensive hyphemla. The few opa—
control charter . Sets of four anImal ; were exposed cities that developed were in the anterior lens
simultaneousl y to a selected tmnpera ure and radia- cortex , thereby differing in location from those
tion environment for ISO rein followed by a 60—mm induced by microwaves. (No refs.)
post-exposure period . After exposure the animals
were weighed , decap itated , essanguinated , and
colonic temperature was measured with n 90 sec after
death . This procedure with sets of four animals
was repeated wIth the animal sacrificed at dIffer— 4634 Di SCRIMINATIVE CONTROL CF APPETITIV E BE—

ent times during the exposure period . None of the HAVIOR BY PULSED MICROWAVE RADIATION IN

sham—exposed rats demonstrated sIgnificant colon RATS (PROCEEDINGS ABSTRACT) . (Log.) Johnson , R. B.

temperature alteration s In the norma l , low, or (Dept. Rehabilitation & Psychology, Univ. WashIng

hi gh temperature en’,Irorsnents. In rats exposed at ton, Sea tt le , WA); Myers , D.; Guy, A. W.; Love ly,

room temperature to 10.2 nAt/cm2, there were no R. H.; Gaie.nbos, R. In: Proceedinga of the 2-9 75
differences in colon temperatures compared to the Annual Meeting of the Tn terna tiona l Union of Radio
sham—Irradiated group. The 19.6 and 30.5 ruM/cm 2 Science Held at the Un ” z’erei ty of Colorado , Boulder,
exposure groups were observed to have from 0.7 to Colorado, 20— 23 October , 2-975. USNC/URSI. (Wash—

1 .0’ C colon temperature increases in the normal ington , D.C.): 37—38; 1975.
environment. Cooling the room negated the colonic
temperature increase In the 19.6 nAt/cm2 exposed To assess the effects of pu l sed microwave radiation

group and suppressed the Increase in the 30.5 on rat appetitive behavior , food deprived albino

nAt/cm2 group. Heating the room caused all colon rats were trained In an anechoic chamber to make a

temperature responses seen in all three microwave— nose—poking operant , while restrained In a plex i—

exposed animal groups to rise incremen tally (0.3, glas rat holder. During dai ly 1.5-hr sessions,

0.8, and 2,4’ C) ,  with an obvious generalized Individua l anImals were presented alternating 5 m1n

stress response observed In the 30.5 nAt/cm2 irrad i— stimulus—on/stimulus—off periods during which food

ated group. The complex serum parameter inter- was made avaIlable as reward for responding only

rel at ionshi ps, which correlate with the envlronmen- during stImulus-on perIods. A response consisted

tel temperature alterations and the microwave of extending the nose forward and upward to break

exposures, are discussed. (No ref s .) a lightbeam photo cell arrangement. The original
stimulus was a 7,5 kHz audible click produced by a
high frequency tweeter driven by a I V. 3 t~sec dur-
ation square—wave pulse at the rate of 10 pulses/sec.
Within 2 weeks, these animals learned to sufficiently

COMPARISON OF ThERMAL EFFECTS IN NE inhibit responding such that 85—90~ of a session ’s
RABBIT EYE FROM MICROWAVE RADIATION AND total responses were made durIng the appropriate

FROM EXTERNAL HEATING (PROCEEDINGS ABSTRACT). (Eng.) stimulus-on periods. DurIng one of the stimulus—
Carpenter , R. 1. (U.S. Dept. Health , Education and off periods in which each anima l was not respondIng,
Welfare , Food and Drug Admin., Bureau of Radiologi it was exposed for 30 sec to pulsed microwave radi-
cal Health , DIv . Biolog i cal E f f e c ts, Winchester , atm at the same pulse width and rate as the audi—
MA); Mayan , C, J. In: Proce~dir.~ia of the 2975 tory stimulus and at field strength < 5 nAt/cn’?.
Annual Meeting of the Internatio na l Union of Radio These aninia ls ‘ iowed definite “orient ing responses”
Science Field at the University of Colorado, Boulder, and began to respond during the presentation. Dur-
Colorado, 20— 23 October , 1975 . USNC/URSI. (Wash— log subsequent sessions in which microwaves, not
Ing ton, D.C.): 321—322; 1975. the audible clicks , were presen t during the stimu lus —

on periods, all animals demonstrated a continued

‘ 
The effects of external heating on the rabbit eye abIlity to respond at the 85—9O~ level. Although
were Investigated and compared with the cataracto— the results suggest an auditory component in the
genic effects of microwave irradiation . TI’e i ntra — mIcrowave co ntrol of this behavior, the demonstra—
ocular temperature of rabbits was elevated by the !ions also indIcate that stimulus control of appetl—
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tive behavior can indeed be obtained with pulsed and compared with efflux from unexposed control sam-
microwaves . This is In contrast to reports that ples . All tissue s were maintained at 36C and
such control cannot be obtained with modulated micro— checked for specific activity after the experiments .
wave radiation. These findings also stand in con- A frequency sensitIve “tuning curve” showed sharply
trast to, and suggest other possible InterpretatIon s reduced efflux of l5—20t at 6 Hz (p<O.O5) and 16 Hz
of, recent reports of detection and avoidance of (p<O.Ol) for 10 V/rn fields. Similar but slightly
pulsed microwave radiatIon In rats. (No refs.) smaller reductions (p<O.05) occurred at 56 V/rn.

Threshold was around 10 V/rn, but non—significant
trends occurred at 5 V/rn. Cat visua l , aud i tory,
suprasy lvlan , and sensory—motor cortex tested at

1.635 EXPOSURE OF DOMESTIC FOWL TO ELF ELECTRIC i~ 6, 16 , 32, or 75 Hz, 56 V/m showed significantly

AND MAGNETIC FIELDS (PROCEEDINGS ABSTRACT). decreased effluxes at 6 Hz (p<O.O5) and 16 Hz (p<O.Ol)

(tog.) Durfee, U. K. (Dept. AnImal Science, Univ . but with non—significan t trends at all other fre-

Rhode Island , Kingston , R I ) ;  Plante , P. R.; Mar tin , quencies tested. At 10 V/rn, non-significant de-
creases occurred at 6 and 16 Hz, It is concludedP.; Muthukrishnan, S.; Polk , C. In: Proceedings that oscillating electric low frequency fields at

~f the 19 ”t Annual Meeting of the In te1natvona l 6 to 30 Hz reduce Ca efflux ; whereas, weak veryUnio’i of Radio Science Held at the University of high frequency fields amplitude modulated at theCo lora do, Bou lder, Colorado, 20—23 Ootobe- ”, 1975 . same frequencies increase efflux. A model for bothUSNC/URSI . (Washington, D.C.): 269—270; 1975. effects based on cooperative InteractIon s of Ca with
f ixed charges on stranded blopo lymers Is proposed.The domestic fow l, Gal lue domeeticue, was used In (No refa.)two series of experiments designed to evaluate the

influence of continuous wave , extremel y low fre-
quency (ELF) magnetic and electric fields upon:
(1) growth, developmen t, and hatchabi lity of the
chick embryo; (2) early post-natal growth and de— 1.637 MICROWAVE—INDUCED HYPERTHERMIA AN t) RAD1A
veiopment of the chick; and (3) growth of the sex— TION SENSITIVITY OF MOUSE INTESTINE (PRO
ua ll y imature bird. Special equipment was con— CEEDINGS ABSTRACT). (tog.) Gordon, G. A. (Dept.
struc ted to provide uniform ELF fields (60 and 75 RadIology and Bloenglneering, Univ. Utah , Salt Lake
Hz) at identical frequencies (45, 60, and 75 Hz) Ci ty,  UT); Livingston , G.; Dethlefsen , L. A. In:
and amplitudes for continuous exposure of embryos Proceedings of the 1975 Annual Meeting of the Inter—
and chicks throughout the preincubatio n holding , nationa l Union of Radio Science Held at the Univer—
Incubation , and hatching periods and through the sity of Colorado, Boulder, Colorado, 20—23 October,
first 4 wk of brooding. The magnetic fields were 2.975. USNC/URSI. (Washington, D.C.): 92-93; 1975.
maintained at I , 5, 8, or 30 0, and the electric
fields were maintain ed at I , 10, or 3600 V/rn. Recent data show that heat applied alone both in
These ELF fields had no signIfica nt or consistent vitro and in vivo selectively kIlls cancer cells and
effects on: (I) hatchabillty of ferti le eggs , (2) that hea t pl us radiation have a synergist ic Inter—
embryonic surviva l during the most critical stages action. Norma l t issue tolerance has been studied
of development , (3) early post—embryonic growth usIng only hot—water l,mnerslon of mouse skin. In
(to 1. wk of age), and (4) learning and memory this Invest i gation , C3H mouse intestine was irrad—
consolidation in the neonata l chIck. Growth and iated to define norma l t issue response more ade-
development to 10 wk of age was not affected by quatel y. Microwaves were generated by a 2450 MHz
earlier (4-wk) exposure. A 60 Hz, 5 0 magnetic microwave magnetron and delivered through a wave
field had no effect on metabolic activity of chick guide , which was collimated to encompass the upper
embryos as determ i ned by embryo growth rate and CO2 abdomen . The mid-upper abdomen temperature of the
production. (No refs.) mouse was monitored continuousl y with a liquid

crysta l thermometer inserted Into the rectum up to
the epigastriurn . At a fixed power, microwaves were
pulsed until the intestine attained the des i red

4636 EFFECTS OF WEAK LOW FREQL~NCY ELECTRIC temperature (43 and 45’C), wh ich was then sus tained
FIELDS ON CALCIUM EFFLUX FROM ISOLATED for vary ing periods of time . I uusnedlately post—

CHIC K AND CAT BRAIN (PROCEEDINGS ABSTRACT). (Eng.) heating, 1000 rads of whole body radiatIon were ad-
B.win, S. N. (Dept. Anatomy, Univ. Cal ifornia , Los ministered and at 3~ days post—treatment , the in—
Angeles , CA) ; Adey, U. R. In: Proceeding s of the testine was removed with histopatho logic sections
1975 Arvueil Meeting of the Interna tional Union of prepared , and the regenerative crypts counted. With
Radio Science Field at the University of Colorado, heet alone (1.5’C for 15 mm ), preliminar y data sug-
Boulder, Colorado 20—23 October, 1975. USNC/URSI. gested survival was reduced to less than 45~ (12 to
(Wash ington, D.C.5 : 267; 1975. 28 anImals) . Simi lar low surviva l (4/13) was seen

wi th 45C for 2 to 4 m m .  Crypt—cell surviva l was
Fresh l y isola ted chick cerebral hemispheres were equl— strikingly reduced wi th combination heat and radia-
l ibrated with a ca lcium Ringer ’ s so lution containing tion (45 for 2 mm ). Since the systemic r ise In
~5Ca2+ for 30 mm , Washed tissue portions were cx— temperature related to vascular heating ‘nay ha ve
posed to sinusoida l electric fields at either I , 6, caused the high mor ta l i ty , the above technique was
16, or 32 Hz wI th electric gradients of 5, 10, or altered to improve survival. The subcutaneous tern—
56 V/m in air for each frequency for 20 m m .  Thin peratur e was mon i tored when cool air was blown on a
4S Ca 2+ effiux was measured in 0.2 ml of supernatant wet mouse, and this caused the subcu taneous tempera-
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* ture to remain at , or less than , normal with no term exposure. Group I , which consisted of 59 cx-

of the liver , lung, and heart, the distal colon was posed from bIrth to 180 days total exposure; GroupI 
change in mortality. To avoid the vascular organs perimenta i animals and 29 control animals , was cx—

heated, and again there was poor survIva l (4/28; 45’C U , which consisted of 77 experImental animals an~l
for 3 mm ). Heating of externalized bowel resulted 22 controls , was exposed from birth to 180 days;
in the same low surviva l . Further studies will pur— Group Iii  was exposed from birth to 60 days of age.

I sue these techn i ques to develop complete radiation At 20—day Intervals in Groups I and ii (every other
dose-response curves and evaluate Imp lanted tumor day or bIweekly In Group Iii) six experimental an i-

mals and three control animals were sacrificed andresponse. (No refs.) 
anal yzed for a variety of biologic parameters.
These parameters Included clinical blood chemistries

I (hematocrit , wh i te blood cell count , p latelet count ,
differential counts), serum electrophoresis , liver ,

4638 A STUDY OF THE EFFECTS OF MICR OWAVE ‘RRADI- heart and skeletal muscle enzyme activities , and
ATION OF THE RAT TESTES (PROCEEDINGS AD— gross morphologies. The exposures were made between

STRACT). (Eng.) Muraca , C. J., Jr. (u.s. Dept. the plates of a HPP pulser operating at ~27 MHz withI Heal th , Education , We l fare, Food and Drug Admin ., a field strength of ~.i0O ky/rn, pulse duration ‘~2O0Bureau Radiological Health , Div . Biologica l Effects, nanosec, and a repetition rate of 20 pulses/sec.
Winchester , MA); Fern , E. S. In: Proceedinga of The presence of changes in any of the biologIc para-
the 1975 Annual Meeti ng of the Interna tional Union meters would indicate a stress effect resulting from

I of Radio Science He ld at the Univers ity of Colora do, the radiation . (No refs,)
Boulder, Colorado 20—23 October, 1975. USNC /URS 1 ,
(Washington, D.Cj: 320—321; 1975.

Because of the thermal sensitivity of maimna l Ian 4640 ALTERATIONS IN THE SLEEP PROCESS OF THEI germIna l tissue s, the testes constitute a critica l RABBIT AS A FUNCTION OF CHRONIC LOW INTEN—organ of interest In the study of microwave biologic SITY ELECTROMAGNETIC RADIATION EXPOSURE (PROCEEDINGSeffec ts. To Investi gate the possib Ility that ther- ABSTRACT). (Eng.) llanthei , R. C. (Biomedica l Re—mel stress by microwave irradiation , as opposed to search Lab., Naval Surface Weapons Center , Dahlgren ,

I rooventlona l heating, induces unique biolog ic effects, VA); Giaser , 2. R. In: Pro ceedinge of the 1975
the testes of albino Sprague-Dawley rats were cx- Annual Meeting of the In ternationa l Union of Radioposed in viva to 2.45 0Hz continuous wa ve radiation, Science Field at the Universi ty of Colorado, Bou lder,The testes were then histol ogical ly compared to Co lorado, 20—23 October, 1975. USNC/URS1. (Wash—testes heated by lnvnerslon of the scrotum in warm ington, D.C.): 192-193; 1975.I water. Preliminary experIments indicated that an
intretest icuiar temperature rise to 40C by micro- To study the effects of non ionizing radiation expo—wave irrad iation , maintained for periods of 5—25 sure on brain electrica l activIty, continuous re—mm , produced degenerative changes in less than 5°~ cordings of electrocorticogram (ECOG), eiectro—

I 
of the anImals exposed. The ef fects of temperature ocu logram (EOG) , and electrornyogram (EMG) were ob—rises to 38°C and 42°C were also Investigated for ta m ed from adult male rabbits on a 24—hr basissingle and repetitive exposures. In both microwave followIng daily 2—hr microwave exposure at 5 n*~/cm2
and water bath experiments the Intratesticular temp- for 60 days. The surgica l implant assembl y a l lowederature was continuousl y monitored and main tained at chronic post—Irradiation recording, while allowing noI selected temperatures for chosen perIods of time , metallic elements to be associated with the subjectsThe testes of 100 animals were exposed to microwave during microwave exposure. Logic circuitry allowedirradiation , and 50 animals had their scrotum im- the quantificatIon of both the frequency and dura—mersed in warm water. Simi lar  his tolog ic damage tion of rapid eye movement (REM) stage episodes.

I was observed in both exposure categories with obser- 
~t i~ concluded that prolonged exposure of an organ-va ti ons c l a s s i f I e d in four cate~~rIes from norma l to Ism to microwave radiation will decrease the fre-severely damaged . The results . however , are not quency and duration of REM stage sleep. The sleepinconsistent w i th  a t hermal mechanism of microwave process Is viewed as a potential index of centralinjury to the testes. (No nefs.) nervous system adaptation to prolonged electromagnet-I Ic radiation exposure. (Nc refs.)

4639 LONG TERM EXPOSURE STUDIES OF HIGH PEAK
POWE R (HPP) PULSED ELECTROMA GNETIC RADIA—I TION ON MICE (PROCEEDINGS ABSTRACT). (Eng,) O’Grady, 464 1 BEHAVIORA L EFFECTS OF RESONANT ELECTRO—

T. C. (Biomedical Research Lab., Naval Surface Weep— MAGNETIC POWER ABSORPTION IN RATS. (PRO-
ons Center, Dahigren , VA); Glaser , Z. R. rn: pro— CEEDI NGS ABSTRACT). (Eng.) D’Andrea, J. A. (Dept.
ceedinga of the 19 75 Annual Meeting of the Inter ’na- Elec tri cal  Eng ineeri ng an d Bloeng ineering, Univ., tiona l Union of Radio Science Field at the Universi ty Utah, Salt Lake City , UT) ; Gandhi, 0. P. In: Pro-
of Colorado, Boulder, Colorado, 20-23 October, 1975, ceedinge of the t9?5 Annual Meeting of the Int~er ’sa-
USNC/URSI. (Washington, D.C.): 310-311; 1975. ti.onal Union of Radio Science Field at the University

of Colorado , Boulder, Colorado, 20-23 October, 1975.

I Three separate 9roups of mi ce were exposed to high USNC/URSI. (Washing ton, D.C.): 195; 1975.
peak power (HPP pulsed radiation over a 6—mo period,
I hr/day, 5 days/wk to assess the effects of long- Two experiments were performed to determine the ef—
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fect of RF absorption on the awake active rat, First , cons i derabl y below 10 mW/cm 2 . The possible differ—
to determine the resonant absorptIon frequency , 15 ences hetween CW and pulsed energy, molecular weIght
male Long Evans rats , weighing 350—380 g, were each of test molecule , functiona l dependence of the BBB
habituated for 30 mm /day for 4 days to a cylindrica l alteration with microwave parameters , and duration
Plexig las restraining chamber (6.5 x 24 cm). On of BBB alteration are dIscussed. (No refs.)
RF exposure days , each rat was fitted with a liquid -

crystal fiberoptics temperature probe (3 cm rec ta l l y).
Each rat was given 10 mm exposure to RF radiation
within a transverse electromagnetic mode parallel 4643 ADREN OCORT I CAL RESPON SE IN RATS EXPOSED TOplate waveguide at 15 frequencies within the 220-500
MHZ band. RF absorption at 500 MHz, with the length 

MICROWAVES (PROCEEDINGS ABSTRACT). (Eng.)

of the rat body parallel to the electric field , was 
Lotz, W. C. (Univ. Rochester , Rochester, NY); Ml-
chaelson , S. N. In: Proceedinge of the 1975 Annual

three times greater than the average absorption at
the other frequencies. RF absorption at 500 MHz In Mee ting of the International Union of Radio Science

He ld at the University of Colorado, Boulder, Co b r -the electr ic fie ld orientation was 15 times greater ado, 20—23 October, 1975 . USNC/URS1. (Washington ,than with the rat body parallel to the direction of D.C.): 139; 1975.propagation . Second , to determine the effect of
RF absorption on a well trained behavior , s i x m a l e  Whole—body acute microwave (2450 11Hz, contInuous wave)Long Evans rats were trained to press a Plexiglas
l ever for dry food pellets on a variable Interval exposure of 120 male Long Evans rats was carried out

In the far field of a horn antenna. The rats were3D—sec reinforcement schedule while in the parallel housed in non—restraining cages during exposure andplate waveguide . Preliminary results Indicated that sacrificed by decapitatIon i nvnediatel y after expo—
resonant (500 MHz) RF exposure in the e lect r ic  f ie ld
orientation disrupted lever—pressing behavior sooner sure . Plasma coiiected from individua l rats was

than RF exposure at nonresonant frequencies. Future 
anal yzed for corticosterone levels to determine the
response of the hypothalamlc-hypophyseal-adrenalexperiments w i l l  investigate RF absorption extended (1*) axis to the microwave exposure. Circulatingto 750 MHz. (No refa ,) cort icosterone (CC) levels were signif icantl y higher
in rats exposed to 50 mW/cm2 or 60 mW/cm2 than they

were in con trol ra te , but there was no difference
between the CC levels of rats exposed to 10 mW/cm2

4642 ELECTROMAGNETIC RADIAT I ON EFFECTS ON THE or 20 mW/cm2 and contro l rats. Rats exposed to
BLOOD-BRAIN BARRIER SYSTEM OF RATS (PRO- 30 n*i/cmL or 40 mW/cm 2 showed an Inconsistent tend—

CEEDING S ABSTRACT). (Eng.) Oscar, K. J. (U.S. Army ency toward higher CC levels after I hr of exposure—
Mobility Equipmen t Research & Development Center , the longest exposure used in this study. The data
Fort Belvoir , VA); HawkIns , 1. D. In: Proce edinga suggested that for 2450 MH z exposures of up to I hr ,

of the 2975 Annual Meeti ng of the Internatio nal Union the rat HHA axis was not stimulated unless Inciden t
of Radio Science Held at the University of Colorado, power densities ~ 30 mW/cm

2 were used. The adneno—
Boulder, Colorado, 20—23 October, 2975 . USNC/URsi. cortical response at the higher power densities was
(Washington, D.C.): 222; 1975. anal ogous to the adrenocortical response to other

nonspecifIc stress stimuli and appeared to be a
The effect of microwave energy on the blood—brain “thermal stress,” since those power densities that
barrier (DaB) system of rats was InvestIgated. A resulted in increased CC levels also increased the
quantitative radioactive isotope method was used In rectal temperature of the rat by I to 3C. (No refs.)
an attempt to verify the increased BBB permeabilIty
of rats using a fluorescein dye technique . Male Wis—
tar rats were subjected to microwave energy at a
frequency of 1.3 CM:. The permeability measurement 4644 STUDY OF ThE MICROWAVE—INDUCED PERTURBA
used two radioactive labeled Ind i cators injected TIONS OF THE BEHAVIOR BY THE OPEN—FIELD
simultaneously into a coevv~ n carotid artery of the TEST INTO THE WH I TE RAT (PROCEEDINGS ABSTR$CT).
anesthetized rat, One test substance was labeled (Eng.) Giliard , .1. (Ecole d’Application du Service
wi th  ~C and the other wi th t n i t ia ted water , which de Sante pour Ia Marine , Hopital d’instruction des
Is  highly diffusible in the brain tissue and pro— Armees Salnte—An” :, Toulon Nava l , France); Servantle ,
vide s a standard for comparison. The rats were B.; Bertharlon , C.; Servantie , A. N.; Obrenovitch ,
sacr ificed 15 sec after Injection , and tissue sam— J.; Pernin , J. C. In: Proceeding. 

~f 
the 1975 Annua l

pies from five different regions of the brain were Meeting of the Interna tiona l Union of Radio Science
counted . This quantitative technique was used to Fie ld at the University of Colorado, Boulder, Color—
measure the uptake of a test molecule into the brain ado, 20-23 October, 2975. USNC/URSI . (Washington ,
tissue relative to water to differentIate between a D.C.): 192; 1975.
true BBB alteration and vasodilation or stasis. The
study used controls (sham-irradiated) and animals cx- The open-field test was used to study the effect of a 4
posed to microwaves with various modulation parameters. microwave field on wI,l te rats. The spontaneous be—
The doub l e—blind study used D—Mannitol as the test havior of the animal was studied using four para-
substance In most experiments, although substances meters: locomotor activity, exploration activity,
of other mol ecular weight also were used. The re- vigila nce , and emotivity. Ra ts (106 control and
sui t, indicated a statistically significant increase 82 irradIated animals) were exposed during 2 wk to
in BBB permeabil i ty with both pulsed and contInuous an X-band 9.4 CM: pulse—modulated micr ow ave f ie ld
wave (CW) microwave energy at average power levels with an average power—de nsity of 0.7 irM/Ctn2 . In
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4 control animals , locomotor activity, meotivit~, and The relationshi p between the total and dist ributed
v ig ilance decreased dur ing the test , whi l e  explora— absorbed energy In rat phan toms and their sizes and
tory activity increased. In irradiated on i mals , cx- orien tations in a waveguide exposed to 2450 MHz
pioratory activity increased more slowly; vigiiance microwave radiation was InvestIgated . Six models
at first increased then decreased ; and locomotor of tissue—equivalent materials were used to slmu—
activIty was uniform . (No refs.) late the sizes aod shapes of rats that were I , 4,

10, 23, 30, and 60 days old. The measurements were
made with all models at the center of the wavegulde
oriented facing (0’) and opposite to (180’) the
direction of the incident wave. For the two smaller4645 REDUCTION IN SENSITIVITY TO AUDIO GENIC 
models, the orientation was also varied stepwlseSEIZURE FOLLOWING A SINGLE , 2450 MHz, CW from 0. to 180’, The patterns of absorbed energyI RRADIATION OF RATS (PROCEEDINGS ABSTRACT). (Eng.) 
in the cross sections of the phantoms were studiedHawkins , T. D. (Dept . Microwave Research , Walter Reed using a thermograpiiic camera. The result indica tedArmy Inst. Research , Washington , DC ) ; Hun t, E. L. that changes in size , shape, and orIen tation of

~‘ : Fr ~ ieeth~ngs ~-f the Z2 ’F Annual Meeting of the 
exposed animal mode ls produced changes in total andIn ternatio ’al Union of Radio Science Held at 

~~ distributed absorbed energy. Although the totalUniv~’ro i ty of Colora do, Bou lder , Co lorado, 20—23 absorbed energy changed only slightly between theQc~~l-er, 197.5. USNC/U*SI. (Washington, D.C.): o’ and 180’ or Ientation , large differences existed223; 1975. in the distribution of absorbed energy in the ani-
mal phantoms. With the phantom heed facing theMale and female blister rats fron sound—sensitive Inciden t radiation , In most cases, the head areabreeding lines were assessed for convulsive response (including the brain) absorbed the most microwaveto hi gh Intensity sound 2 mm after the terminatIon energy, In the opposite orIentation , the maximumof a 30-mm period of 2450 MHz, continuous wave absorption concentr ated on the ta il and abdominalirradiation, Subjects were preselected for sensi- regions, in a~~ition to determining the total ab-tiv ity to a noise si gnal (105 dB , 11-14 kHz, 60 sec), sorbed energy, the determination of the distribu—which was presented twice weekly during the growth tIn of absorbed energy In animal bodies can beperiod of 3—5 weeks of age. ExperimentatIon began importan t in the interpretation of observed biolog icat 6 weeks of age. Individua l exposures occurred and psychologic effects. (No refs.)In a plane—wave field with the E—vector parallel to

the long axis  of the rat. The effects of exposure
at 50 ‘4/cm2 ware evaluated in 12 rats. Seven of
the subjects ware irradiated Initially, and f ive
were given a sham treatment. A second treatment was ‘~6~~ STEADY STATE TEMPERATURE PROFILES IN MICRO-
given 4 days later with the conditions reversed for WAVE DIATHERMY (PROCEEDINGS ABSTRACT).
each rat. The effects of a 50 nW/cm2, 30—mm cx— (Eng.) Al-Badwaih y , K. A. (Dept. Electr I cal Engineer—
posure were not significant, Only 2 of the 12 ra ts ing , Ca i ro Univ., Cairo , E gypt) ;  Youssef , A—B . A.failed to respond to the sound challenge follow Ing In: Proceeding. of the 2975 Annual Meeting of thetheir Irradiation, A second study was conducted I n International Union of Radio Scienc e Field at the
a similar manner wIth Il new subjects.  Exposure for University of Colorado , Boulder, Co lorado, 20—23
30 mm at 75 mW/cm2 p roduced a high l y sign i f i c a nt October , 2975. USNC/URSI . (WashIngton, D.C.): 90;
reduction in audlogenic response. Nine ra ts showed 1975.
no response following Irradiation . However, these
nine rats did respond following their sham treat— 

~dy reaction and heat transfer are Important factors
ment. Recovery of responsiveness within 4 days oc- In predicti ng steady state temperature profiles In
curred in all rats for which the sham treatmen t had mIcrowave diathermy and hence In determining safe
followed the mIcrowave treatment. The present data doses of microwaves. This study i nvestigated how
show that aud i ogenic convulsive responses can be to inc l ude such effects both In the formulation and
attenua ted by a single , 30-mm , continuous wave numeric solution of steady state temperature pro—
exposure. It is concluded that pulsed irradiation files. Microwave irradiation of stratifIed skin ,
and repeated exposures, which have been used by fat, and muscle layers was first considered. Steedy
previous InvestIga tors, are apparently not required state temperature profiles were calculated by solv-
to produce a decrease of central ~:vous system i~~ the heat diffusion equation and the eiectrotnag—
sensit ivity as reflected by this ‘leasure. (No refs,) netic transmissIon equation. The metabolic heat

generation and blood coolI ng effects were included
in the analysis. Body reaction in the form of in-
creased blood circulation as a result of local micro—

4646 DEPENDENCE OF TOTAL AND DiSTRIBUTED AD- wave heating was then considered for different levels
SORBED MICROWAVE ENERGY UPON SIZE , SHAPE , of body reaction. The steady state heat diffusion

AND ORIENTATION OF RAT PHANTOMS IN WAVEGUIDE (PRO— equation became nonlinea r when body react ion was
CEEDINGS ABSTRACT) . (Eng.) Leicher —Preka , A. taken into consideration, The geometry of a cyl i n—
( in s t , Physiol ogical Biochemistry , Medica l Facu lty, dr ical layer of skin enclosing fat and muscle in
SaraJevo, Yugoslavia); Ho, H. S. In: Proceedinge suitable models was then considered. Temperature
of the 2975 Annual Meeting of the Int.rmationa l profiles were again presented for these models and
Union of Radio Science Raid at the lheiuer.i ty of for different frequencies, exposure l evels , ski n and
Colorado, Boulder, Colora do, 20—23 October , 2975. fat th i cknesses, blood c i rcula t ion ra tes , and levels
USNC/URSI. (Washington, D.C.): 136; 1975. of body reactions. It Is concluded that the results

I
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should serve as a more accurate guide for suitable slowly diminished , becom i ng indistinguishable from
exposures for such treatments. (No refs.) the control after about 30 days. Other effects in-

duced by exposure to electromagnetic fields included
a slowing of reversible protoplasmic streaming and
a depression in the rate of respiration (02 uptake/mg

4648 COLONIC TEMPERATURE CHANGES DURING MICRO- protein/mln). E~cposure did not affect the ab i l i ty
WAVE EXPOSURE (PROCEEDINGS ABST RACT) . to complete either the sexual or asexua l l i fe cycles .

(Eng,) Glthen s , S. H. (Dep t. Microwave Research, Experiments seeking thresholds have found no sign i—
Waiter Reed Army Inst. Research, Wash ing ton , DC) ; ficant mitotic delay in cultures exposed to 0.4 G,
HawkIns, T. D.; Schrot, J. In: Proceedings of 0.15 V/rn 75 Hz fields. Experiments are in progress
the 1975 Annua l Meeting of the In terna tiona l Union to determ i ne whether these effects are due to d cc—
of Radio Science Held at the University of Colorado, tr ic , magnetic , or a combination of fields. (No refs.)
Boulder, Colorado 20-23 October, 2975 . USNC/URSI.
(Washing ton, D.C.i: 232; 1975.

Anesthetized rats and mice ware exposed to plane— 4650 MICROWAVE—INDUCED AVOIDANCE BEHAVIOR IN
wave microwaves of 100 n*l/cm2 for exactly 4 mm ThE MOUSE (PROCEEDINGS ABSTRACT). (Eng.)
to assess changes in com ic temperature. Changes Monahan , J. C. (Bureau of Radiol ogical Health ,
i n colnic temperature were determined from pre— Rockvi lle , MD); Ho, H. S. In: Proceedings of the
exposure and p os t -exp osure  temperature measurements 2975 Annual Meeting of the In ternationa l Union of
and were compared to those of compa rable sham- Radio Science f ield at the (iniverei ty of Colorado,
Irradiated subjects. Exposures during which the Boulder, Colorado 20—23 October, 2975 . USNC/URS1.
E—vec tor was parallel to the long axis of the sub— (Washington , D.C.j: 197; 1975.
ject consistently resulted in higher temperatures
than did exposures with a vertical E—vector. For The ability of low l evel 2450 MHz continuous wave
each type of an imal , d i f ferent Ia l  f requency effe cts microwave energy to generate avoidance behavior in
were most pronounced during exposures with a par al- the male mouse (30—34 g) was Investiga ted. Subjects
Id E-vector . Mice (25-30 g) showed larger temper— were irradiated In an environmentally controlled
ature increases at 1700 and 2450 MHz than at 710 waveguide assembl y at incIdent power levels of .84 ,
MHz. Small rats (100—125 g) and large rats (380 — 1.6, 2.4, 3.2, 4.0, and 4.8 W. At 1.6 W and higher ,
420 9) exhIbited hI ghest temperatures at 710 MHz. the percent absorption decreased after the Initi a l
Comparing the temperature changes across the groups 5 mm and remained lower for the duration of expo—
of subjec ts of d i f fe rent size , an interaction of sure. Subjects exhibited an average maximian of 57*
frequency and size was indicated. At 1700 and 2450 absorptIon at .84 W , and this decreased with in
MHz , a general Inverse relation between temperature creasing power to an asymptote of approximately 35%
Increase and body size was evident. At 710 MHz, at 3.2, 4.0, and 4.8 w. Although no visual obser-
the rank ordering was reversed , indicating a direct vatins were possible during irradiatIon , it was
relatIon between temperature increase and the body assuned that the subjects were actively decreasing
size of the respective subjects. These colonic their potential dose of microwave energy by alter—
temperature changes are suggestive of diff erential ing both their orientation and their position with—
absorpti on , which Is complexly determined by fre- in the waveguide assembly. The data suggest that
quency, E-fleld or ientation , and the dimensions of the subjects were capable of detecting average dose
the experimental subject. (No refs,) rates of as lit t l e  as 28 mW/g. Furthermore , th i s

leve l of i r rad ia t Ion , while not producing core
temperature Increases of more than O.5 C, was aver-
sIve and caused the animal to actively try to avoid

4649 LONG-TERM EFFECTS OF WEAK 45—75 Hz ELECTRO— the microwave radiation , (No refs.)

MAGNETIC FIELDS ON THE SLIME MOLD PHYSAR(J7q
POLYCHPHALUM (PROCEEDINGS ABSTRACT). (Eng .~ Greene-
baum, B. (Dlv. Sc i ence, Univ. WlsconsIn-Parkslde ,
Kenosha, W I ) ;  Goodman , E. M.; Harron, H. 1. In: 4651 ThE EFFECT OF CATARACTOGENIC DOSES OF
Proceedi ngs of the 2975 Annua l Meeting of the Inter - MICROWAVE RADIAT I ON ON LENTICULAR TRANS
na tio,r~l Union of Radio Science Held at the tiniver— PORT (PROCEEDINGS ABSTRACT ) . (Eng,) Rablnowitz,
sity of Colorado, Boulder, Colorado, 20—23 October, J, R. (New York Univ. Medical Center , Inst. Environ-
2975. USNC/URSI. (Wash i ngton , D.C.): 267—268; 1975. mental Medicine , New York , N Y ) . In: Proceedi ngs

of the 2975 Annual Meeting of the Interna tiona l
Cultures of the slime mold , P hysaru n p olyoepha lum Union of Radio Science Field at the Universit ’j  of
were continuously exposed to weak (2.0 G, 0.7 V/mi Colorado, Boulder, Colorado , 20—23 October, 2975 .
75, 60, and 45 Hz electric and magnetic fields , ap— USNC/URSI. (Washington, D.C.): 41—42; 1975.
pl ied simu l taneously to simulate electromagnetic
radia tion . Exposure to this radiation caused mitot lc To study the effect of cataractogenic doses of
delay. The onset of the effect appeared to be fre— microwave radiation on lent lcular transport , the
quency dependent; the time for two cell cycles (nor- influx of L—ascorblc acid (C—l4 labelled) into un—
meli y 14-16 hr) was Increased by 1—2 hr after 90-120 irradi ated and Irradiated (cataractogenlc doses)
days of exposure at 75 Hz and after shorter exposure rabbi t lenses was measured . The lenses were re—
time s at 60 and 45 Hz. When cultures show i ng the moved and cultured at various times after irradla-
dela y were removed from the fie lds , the mit oti c delay tin and the rate of Influx (1.2 pg/hr lens) was
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found to be the same for irradiated and unirradi— vious experiments. To establish theoretica l data,
ated paIrs. Further , the rate of influx was too a three—dimensional spherica l cell model for extra-
slow for transport to be responsible for the earl y and Intra— cellular nutrient transports was used.
decrease In the lentlcular concentration of ascorbic An externally applied electromagnetic field Inter-
acid after microwave irradiation . In another cx- acting wi th the transport process of charged nu-
perlment , using similar procedures , the transport of trlen t substrates was examined using a perturbation
3-0-methyl 0-g lucose , e nonmetabolized D-g lucose approach and Green ’s function technique. colution s
transport analog, and thymidine was studied . Micro- correct to second order were obtained. Taking Into
wave radiation was found to cause ci~anges In the consideration the l ocalization of respiratory enZy—
rate of influx. These changes, however, occurred a matic systems, a microwave-Induced radlofrequency-
sIgnificant time after Irradiation . (No refs.) diffusion effect on substrates was fcdnd to modify

the nutrien t cons..m.ptIon rate, T~,e modIfiedMlchae lis—constant In the Honod -jrowth rate equa-
tion was shown to alter the batch growth pattern

4652 EFFECTS OF 
EYE (PROCEEDINGS ABSTRACT) . ~~~~~~~~~~

fl
~~~~~
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(Eng.) Birenbatsu , L. (Polytechnic Inst. of New coli under low intensity microwave perturbation .York , Brook lyn, NY) ; Kaplan, I. 1.; Metlay, W.; (Mo re fsRosentha l, S. W.;  Zaret , H. H, In: Proceedin gs
of the 2975 Annua l Meeting of the Internationa l -

Union of Radio Science Held at the Universi ty of
Colorado, Boulder, Co lorado, 20-23 October, 2975.
USNC/URS1. (Washington, D.C.): 40; 1975. 4654 EFFECTS OF MICROWAVE RAD IATION ON MAMMA-

LIAN CELLS 1ff VITRO (PROCEEDINGS ABSTRACT).
The eyes of anesthetized rabbits were irradiated (Eng.) Lin , J. C. (Dept. Electrica l Eng ineering,
(56 anImals at 35 GHz, 46 at 107 0Hz, and Ii sham Wayne State Univ., Detroit , MI); Chen , K. C. In:
exposures) w it h continuous wave microwaves u sIn g a Proceedings of the 2975 Annual Meeting of the Inter-
circular horn applica tor. By this means , the na— nationa l Union of Radio Science Held at the Univer—
ture of the threshold injury following a single city of Colorado, Boulder, Colorado, 20—23 October,
exposure was defined, and the corresponding power 2975. USNC/URS1. (Washington, D.C.): 132-133;
l evels and exposure times observed. Effect on the 1975.
corneal stroma , as seen by slit lamp, was found to
be a valid indicato r of threshold injury. Although A bloengineering approach was developed to differen—
107 0Hz power was more effective in producing Im- tiate the therma l and non-therma l factors of micro-
medIate stroma l damage, it was generall y gone by waves acting on mamnalian cells In culture. Cells
the next day. On the other hand , 35 0Hz effec ts of a Chin ese hams ter somat ic ce l l  l i ne , V79 l22Dl ,
were persistent , al most always present the next day, derived orig i n a l l y f rom the lu ng of a m a l e  an i m a l ,
and associated with high levels of epithe llal In- were synchronized by treating cells with a suitable
jury. Fluorescein staIning was employed to detect concentration of hydroxymen In conjunction with
ep ithe lial damage. Power levels were principally the mitot lc shake—off technique. The synchronized
50 .v~ and below. Exposure times ranged from 15~80 cell populations were then exposed to 2450 lIz
mln. The degr ee of stroina l injury seen with the radIation of both low and high intensities in a
slit lamp correlated well with the degree of de— wave—guide chanter. The biologic effects of micro—
rangement of the colla gen fibers within the corneal wave radiation on these cells were shown to be a
layers , as seen with the electron microscope , function of inciden t and absorbed power densities
Threshold levels of power dissipa ted In the eye, and duration of exposure. The possib ility of non-
measured in the closed—wavegulde experiment , were thermal involvemen t i n the radIatIon effect at the
used to estimate free—field planewave incidence cellular ieve ) is discussed , it is concluded tha t
thresholds for mediate Injury followIng an acute this experiment could provide a model system for
exposure, it is concluded that thresholds for future studies of the molecular  mechan isms of
chronic low level exposure cannot be deduced from microwave-induced biologic effects in living systems.
these results but require additional work. (No refs,) (No refs,)

4653 MICROWAVE PERTURBATION ON CELLULAR ENZY-
MATIC REACTIONS (PROCEEDINGS ABSTRACT). 1.655 EVALUATION OF DOM I NANT LEThAL TtST AND

(Eng.) Nsl eh , S. T. (Tulane Univ., New Orl eans, DNA STUDIES IN MEASURING MUTAGENICITY
LA) ; Se to, Y . J. tnt: Pro ceedings of the 2975 CAUSED BY NON-IONIZING RADIATION (PROCEEDINGS Al-
Annual Meeting of the Interna tiona l Union of Radio STRACT). (Eng.) “arms , N . N. (Dept. Sb -Environ-
Science Reid at the University of Colorado, Boulder, men tal Engineering and Sciences, Howard UnIv.,
Colorado, 20—23 Ootob.r , 2975, USNC/URSI. (Wash’. Washington , DC); Trabculay, E. A., Jr. In: Pro—

‘ 
ington , D.C.): 131-132; 1975. ceedings of the 2975 Annual Meeting of the Inter -

na tional Union of Radio Science Raid at the
An attempt was made to accoun t for the microwave- University of CoZorado, Boulder, Colorado , 20-23
ind uced cellular growth effect In the facultat lve October, 2975. USNC/URSI. (W.shington , D.C.):
non-photosynthetic mIcro-organism observed In pre- 1 33-134; 1975.
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Two dominant letha l tests and three DNA studies to 1 .42 W/kg in the phantoms. Measurements were mede
were conducted on fifty-si x day old Swiss mice cx- for the total power absorption as a function of time
posed to mIcrowave radiation. In the first experi — in a 323 g live rat exposed for a ni.mtber of hours in
ment of the dominant lethal test, the mice were the chanter, With an Incident input power of I n*~
exposed to 1.7 6Hz, 50 nil/cm2 for 30 mm , and in to terminal RF, the mean absorbed power was 0.43 ~*l
the second experiment, the mice were exposed to with a standard deviation of ± 0.07 mW. (No refs.)
1.7 0Hz, 10 mW/cm2 for 80 m m .  in the first exper—
i nient of the DNA studies, the mice were exposed to
1 .7 Gui , 50 nil/cm2 for 30 m m ;  In the second, 1.7
6Hz, 10 nil/cm2 for 80 m m ;  and In the third , 0.985 4657 INTERACTION OF MODULATED ELECTROMAGNETIC
6Hz, 10 nil/cm2 for 80 m m ,  In the dominant letha l FIELDS WITh NERVOUS STRUCTURES (PROCEED-
test , mice exposed to 1.7 0Hz, 50 Wd/cm2 showed INGS ABSTRACT). (Eng.) Wu, C. —L. (Dept. Electrica l
tha t niutageni city was s~~nificant at the 99% leve l Eng i neer ing , Wayne State Univ. , Detroit , HI); Lin ,
in the third week and at the 95% leve l In the j. C. rn: proceedings of the 19 75 Annual Meeting
fourth, fi f th, and sixth weeks. The paral lel DNA of the International Union of Radio Science Held
study showed a change In the temperature from 87c at the University of Colora do, Boulder, Colorado ,
in the control to 85C in the irradiated group, 20—23 October, 2975. USNC/URS1. (Washington , D.C.):
wi th subsequent change s In the based composition 226—227; 1975.
and asynunetry ratio. In the second dominant letha l
test , mutageniclty was significant at the 99% leve l Low level electromagnetic fields , amplitude modulated
in the fifth week and at the 95% leve l In the first , at brain wave frequencies, have been shown to I iflu—
second, third , and sixth weeks. The parallel DNA once the conditioned and spontaneous electroenceph—
study showed changes In the temperature (86’c) , alographlc patterns In cats and to increase the cal-
base composition, and asynleetry ratio. A third DNA ci te, efflux from Isolated brains of neonatal chicks .
study was performed at 0.985 0Hz, 10 nil/cm2 for 80 One hypothesis offered was that the electric fields
m m  and si m i l a r  changes In the temperature (85.5 C), induced In the brain were modIfy ing the membrane
base composition , and asynvnetry were observed. The characteristics of neurons either by triggering con-
change in the optica l dens i ty of the irradiated DNA figuratlonal changes on the surface macromolecules
supports the p oss ibility that Irradiation causes or by inducing small displacements of the surface-
strand separation and reflects a decrease in hydro— bound catlons , This study examined the theoretic
gen bonding. A point mutation would then result , considerations for the induced fields inunediately
if there is imprecise base matching. (No refa.) surrounding the central neurons. By using a “grea ter

membrane model” as a basis , the possibi l ity of the
In teractIon of ImpIng ing low leve l electromagnetic
fields with the centra l nervous system wa~ InvestI-

4656 CHRONIC EXPOSURE OF A RAT POPULATION BY gated. A comparison between the effects of ampl i tude

CIRCULARLY POLARIZED GUIDE D WAVES (PRO- modulated and continuous wave radiations Is pre—

CEEDI NGS ABSTRACT). (Eng.) Guy, A. W. (Sloelec tro- sented. (No refs .)

magnetics Research Lab., Univ. Washington . Sch.
Medicine , Sea tt le, WA); Chou, C. K.; Lovely, R. H.
In: Proceedings of the 2975 Annua l Meeting of the
Inte rnational Union of Radio Science Fi eld at the 4658 MICROWAV E” iNDUCED SHIFTS OF GONADOTROPIC
University of Colorado, Boulder, Colorado, 20-23 ACTIVITY IN AN TERIOR PITUITARY GLAND OF
October, 2975. USNC/URSI. (WashIngton, D.C.): 138; RATS (PROCEEDINGS ABSTRACT). ((rig.) MIkolajczy,
1975. H. (Inst. Occupational Medicine , Lodz, Poland), In: ?

Proceedings of the 2975 An,uial Meeting of the Inter-
A system was developed for economica l iy exposing a national Union of Radio Science He ld at the (Iniver—
large n.jmter of rodents on a long-term basis without city of Colorado, Boulder, Colorado, 20—23 October,
disturbing their normal laboratory livi ng patterns. 2975. USNC/URS1. (Washington . D.C.): 225; 1975.
The use of separate cells consis t ing of cy l i n d r i c a l
wave-guide excited with circularly polarized guided The effects of microwa ve irradiation on the hormonal
waves provided relative l y constant and easily quan— activitIes of rat pituitary g lands were stud i ed .
t if i ab le coupling of the f i e lds to each animal, Twelve 35—day—old male rats (I) were exposed 6 hr
regardless of the animal’ s pos i t ion , posture , and da ily for 6 days weekly for 6 weeks to microwaves
moving patterns. The VSWR to each cell was suffl - ~286O-288O MH z , continuous wave , 10 mW/cm 2). Each
clentl y low that any number of cel ls  could be coupled day the an i m a l s  were caged ra ndoml y In a perforated
to a singl. source through a power sp l tter without polyvinyl box spaced for pairs of animals , and the
the need for Isolation circuitry , Tests made on box was placed In an anechoic chanter before horn
ell i psoidal phanto. models of a 333 g rat exposed antenna in far field. At the same time 12 control
in vario us p ossible shapes and posItIons in a 20 cm rats ( I i ) ,  manipulated and caged in comparable man-
diameter exposure chanter operating at 918 lIz In— ncr , were placed in a separa te anechoic chanter with—
d icated that the subjects absorbed approxImately out rad iation source. MIcrowave—IrradIated and
one— quarter of the input power to the cel l , regard- control rats were killed on the day after lest ex-
less of position. Based on a net 1 V Input (average posure, and separated anter ior pltuitaries were
inc ident power densi ty of 3 nil/cm2) the average ab- stored for b$ hr in cold aceton e. The saline cx-
sorbed power dens ity varied from 0.79 to 0.92 V/kg tracts of Ind iv id u a l pituitary homogenates were
m d  the peak absorbed power densi ty varie d from 1,06 tested separately; the extract from each pItuItary
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was tested In a s ingle i nunature hypophysectoinized calculated. This method gave the power absorbed in
rat. Six p lt uitar ies of each group of animals (I an Irradiation field In which the (/14 impedance ra-
and ii) were tested for follIcle stimulatIng hormone tb was not necessarily equal to 377 ohms. Calcu—

• (FSH) and for gonadotrop lc hormone (GM ) and the lated data for power absorbed by monkey and human
other six pi tu it arles were tested for lute in izi ng phantoms from 10 lIz to 50 MHz are presented and

• hormone (114). NIH-FSH—S7, N1H—LH— Sl5, and NIH— Gui—S discussed. For the monkey phantoms, data are gi ven
were used as standards. The following quantities for the three principa l polarizations: electric ,
of hormones were found in ug/pi tuitary (

~ ± S.D. t magnetic , and cross , but for the human phantom, data
S.E.): (I) in irradiated rats — FSH: 655 ± 123 ± are given only for magnetic end cross polarization
50; LII: 302 ± 81 33; DII: 140 ± 37 ± Ii; (II) In because the phantom was too long to allow measure-

4 control rats — FSH : 635 ± 84 ± 33; LII: 197 ± 34 ± ments with electr ic polarizatIon. (No refs.)
• 14 ; GM: 134 t 41 ± 13. The amount of LII was sig-

nif icantl y higher (at p < 0.05) In the pituItary
g land of irradiated than of control rats. The re-
sul ts of this investigation support the findings of 4661 ThE ThERMAL NON—THERMAL AND THERAPEUTIC
a prevIous study about the possible shifts of 90fl EFFECTS OF 2450 MHZ RADIATION ON MAMMALIAN
adotropic activities in p It~ itary gland of rats CELLS (MEETING AB STRACT) . ( ng.) Key, H. (Radia—
exposed to microwave radiation. (No refs.) tIon Therapy Div., Univ. Miami Sch. Medicine , Miam i ,

FL 33152); Charyul u, K. K. N. Radiat. 1/es. 67 (3) :
549; 1976.

4659 ELECTRIC DIPOLE INTERACTIONS FOR MICROWAVE Chinese hamster cells were grown in vitro and raised
PULSES AND DAMAGE TO EMBRYOS (PROCEEDINGS to varIous temperatures , between 34’C and 45°C for

ABST RACT) . (Eng.) Py le , S. D. (Dept. Electrica l periods up to 5 hr , by exposure to 2450 MHz radia-
Engineering, Univ. Colorado, Bou l der , CO) ; Ku, C. 1.; tion or Inrersion In a wa rm water bath. indices of
Caldeell, R.; Barnes , F. S. In: Pz.oceedinge of the cell damage were measured. Effects at temperatures
197.5 AnnuaL Meeting of the In ternat ional Union of below 3 7 C  were c lass i f ied as non-therma l, and in
Radio Science He ld at the University of Colorado, most of the experiments these effects were not s g
Bou 4€r, Colorado 20—23 October, 197$ , USNC/URS1. nificant. At given temperatures above 37’C there
(Wa s hington, D.Cj: 204-205; 1975. were only slight differences between the damage

caused by the microwaves and by the water bath im—
The effect of hi gh power microwave pulses on zebra mersion . No effect, other than therma l , could be
fish embryos was studied. Mlcrosec pulses with d cc- clearly determined at these higher temperatures.
tric field streng t~s between 5 and 15 ky/cm at 2.7 The therapeutic effect of the microwave radiation
6Hz were used to k i l l  fish embryos in a temperature— was assessed by using it to local iy  hea t Ehrllch
controlled environ ment, A partial temperature In- ascites cells grown Intraperltoneall y In mice . A
dependence for dan ige was found, and the orientation temperature of 42.5 C for a perIod of 30 mm was
of asymmunetric did ctric bodies may have been re- the best compromise treatment consistent with mouse
sponsibie for deau- by changes in osmotic pressure. surviva l and tumor cell deathe Severa l daily treat-
Low frequency data on electrically—Induced blrefring— mnents generally produced extended surviva l times
ence changes in blood plasma are presented. (No refs.) but very few total cures. Tumor cell v iabi l i ty  was

measured by the dye exclusion technique following

t either in vivo or in vitro irradiation. (No refs.)

4660 THEORETICAL CALCULATIONS OF POWER ABSORBED
BY MONKEY AND HUMAN SPHERO IDAL AND (h IP-

SO 1 DM. PHANTOMS IN NI IRRADIAT ION CHAMBER (PROCEED— 4662 EFFECTS OF IODOACETAMIDE , X—RAYS, AND HAG-
11165 ABSTRACT). (Eng.) Mossoud i , H. (Univ. U tah , N ETI C FIELDS Oil LYMPHOMA CELLS IN VIVO
Sa lt Lake City,  UT); Durney , C. H.; Johnson, C. C.; (II~ETING ABSTRACT ). (Eng.) Feola , J. H. (Univ.
A l l e n, S. In: Proceedings of the 1975 Annual Meet- Kentucky , Dept. Radiation Medic ine , Lexington , KY
ing of the Intern,a tio,nZ Union of Radio Science Held 40506), Radiat. Rca. 67(3) : 550; 1976.
at the Unive rsity of Colora do, Boulder, Colorad o,
20—23 October 1 1975. 7JSNC/URSI. (Washin gton , D.C. ) : Lymphoblastic ascltes tumor (LSA) of the C578L mouse
199; 1975 . was treated in viro and assayed for tumor—formIng

ab ility (1D50) in normal 10-12 wk old recipients.
The electromagnetic field perturbation technique was Seven—day—old tumors were used throu9hout; they were
used to calculate the total absorbed power of monkey initiated by the Intraperitonea l (ip ) injection of
and human spheroidal and ellipsoidal phantoms In a lO~ cells. A surviva l curve obta i ned by irradiatIon
near—planewa ve Irradiation chamber to compare exper- with x-rays had a D~ — 369 ± 50 rads and n — 1.7,mental and theoretIc values, The measured values Simultaneous experim ents were done in whIch 0.185 mg
of electric and magnetic field strength in the emprv of lodoacatamid . (IA) were Injected ip 10 mm before
irradiat ion chanter were used to calculate the ab- irradIation. it gave a surviva l curve wi th D~ • 243
sorbed power, Since the measurid values of £ and H j  35 reds and n — 0.54, showing an Independent as
did not have the planeteve impedance of 377 ohms, a well as a sensi t iz ing effec t, with  a dose—mod i fy ing
theoretic technique was developed in which the power factor DMF • 1.52 ± 0.32. The combIned actIon of IA
absorbed In the prolate spheroid phantoms in the and i-rays wa~ studied In a magnetic field (MF) of
presence of two opp o sitely traveling planawaves was 100 6, used e ither as a constant HF or alternating
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at 60 Hz. These fields produced a similar effect October, 1975. 1JSNC/URSI. (Washington , D.C.): 322—
but an intermediate dose—surviva l curve resulted , 323; 1975.
D0 — 194 ± 24 rads , n — 2.8. The MF seemed to mod-
Ify the combined action of IA and x— rays on the A techni que was deve loped for exposing Isolated nerve
tmamor cells. No synergistic action of the HF with tissue to a known electric f ield. Freshly dissected
x-rays was found; however, the results indicate that frog brains were placed in a coaxial exposure chanter
magnetic f ie lds may distort radiatIon sensi t iv I ty  of and subjected to a known electrIc field. Both ther-
cells under certain conditions. (No refs.) mal  and nonthermal field effects are possible, in

previous experiments , in which large motor neurons
of the spinal cord were exposed to high—vo l tage sub-
nanosec pulses , which produce neg li gible therma l

4663 iETABOL1C RATES IN FIVE ANIMAL POPULATIONS 
heating, no gross histologic damage was found. New

AF TER PROL ON GED EXPOS URE TO WEAK EX TRE MELY experiments have been performed to determine whether
there is any field effect that can be seen wIth the

LOW FREQUENCY ELECTROMAGNETIC FIELDS IN NATURE.
(Eng.) Greenberg, B. (Dept. Biological Sciences , electron microscope . A series of thermal heating

studies have also been Initiated to correlate tissue
Univ Illinois at Chicago Circle , Chicago , IL 60680); damage to the specific local electric field and to
Ash , N. Radia - . Res. 67(2)~ 252-265; 1976. time l oca l power dens i ty in the tissue . (No refs.)

Soil—dwelling animals were collected under or some
distance from the Navy ’s Project Sanguine extremel y
low frequency experimental antenna in September 1974
and In sununer 1975 , and the ir oxygen consumption 4665 MECHANISM OF MICROWAV E CATARACTOGENESIS
and respiratory quot ient (RQ) were tested and coin— IN RABBITS (PROCEEDINGS ABSTRACT). (Eng.)
pared. The antenna generated a 42—76 Hz electro— Krame r , P. (Bloelectroma grietlcs Research Lab., Un iv.
magnetic fleid , The species inc l uded earthworms, Washington Sch. Medicine , Seattle, WA) ; Harr i s, C.;
Ltrmbricua terreatria L. and Lmsi~ricu8 rsèellus Hoff- Guy , A. W.; Emery, A. In: Proceedings of the 1975
nse ister; s lug .4rion up.; wood louse, Oni8oua aseilue Arosual Meeting of the Interna tional Union of Radio
L.; and redbacked sa lamander , P lethodon cincs’e,ue Science Held at the University of Colorado, Boulder,
cincreus (Green) . Controls were collected on the Colorado, 20—23 October, 1975 . USNC/URSI. (Wash—
same or next day, 6— 13 miles from the nearest an— Ington , D.C.): 40—41; 1975.
tenna. Test and control animals were tested sImu l-
taneously. In September 1974 there were no signifi— The possible existence of a specifIc non—therma l
cant dIfferences in 02 consumpt Ion and RQ, except factor in microwave cataractogenesis was Invest i—
for a marginal difference (0.05 p ~ 0.025) In 02 gated by raising the retrolental temperature to a
consmanption of L. rubeliuc ; In 1975, there were no level known to be associated with cataract forma t Ion
significan t differences. Comparisons of metabolIc (42 C or above for at least 30 m m )  by means other
rates betwee n exposed and control groups In fall of than microwaves. If cataracts develop under these
1974 and between fall and smamner (1973 and 1975) conditions, heat itself is responsible for the lens
populations revealed no seasonally linked change in damage. Rabbits were exposed to conditions of gem-
sensitivity to the electromagnetIc fields. Control s eral hyperthermia and their retrolental temperatures
showed an a utmannal Increase In metabolIc rate of maintained above 4 2 C  for over 30 m m .  The animals
wood lice and salamanders. In an experiment to de- were allowed to recover , and their eyes were exam-
termine the effect of mode of animal transp o rt on m e d  periodical ly thereafter. To date no detectab le
the metabo lic rate , It was found that oxygen con- lens abnormalities have been found. Differences and
sianpt ion of wood l ice was signif icantl y (p 0.05) simIlarities between the two methods of elevating
affected by met hod of shipment. There was no evidence , the retro lental temperature are presented. (No refs.)
however , that exposed and control animals reacted d i f -
ferentl y from each other to shipment by air or by
car , i t  was a lso found that short —term (I wk) ex-
posure of earthworms to the electromagnetic fields 4666 I)DELS OF BIOLOGIC INTERACTION WITH ELEC—
d id not al ter metabolic rate; however, confinement TROMAGNETIC FIELDS (PROCEEDINGS ABSTRACT).
in ny lon bags and transiocation did , thereby limi t— ((rig.) Frazer , J .  V. (U.S. Air Force Sc im . Aerosp ace
ing meaningful conclusions . No abnormalit ies In Medicine, Brooks Air  Force Base, lx); M.cDougel, J.;
behavior , hab itat selection , or ex ternal fea t ures , Webb , N.; Guy, A. W . In: Proceeding. of the 1975
and pigeentat Ion have been observed in any of the A,mual Meeting of the Internationa l Union of Radio
exposed populations during 4 yr of collecting and Science He ld at the Universi ty of Colorado, Boulder ,
observation , (22 refs.) Colorado, 20—23 October, 19?5. USNC/URSI. (Wash-

ington, D.C.): 201—202; 1975.

Simple rectal temperature measurements in rats cx—
4664 ELECTROMAGNETIC FIELD EFFECTS ON ISOLATED posed to strong magnetic fields (40 amp meter—i) at

NE RV E TISSUE (PROCEEDINGS ABSTRACT) . (Eng.) 19 MHz In the USAFSAM near-field synthesizer demon—
SandIer , S. S. (Bioeiectromagnet ics Lab., Dept. (l.c a tra ted qualitative agreement with theoretic power
trlca i Engineer ing, Northwestern University, Boston, deposit ion predictions . An increase in diameter was
NA) . In: Proceedings of the 1.975 Annual Meeting of accompanied by more rapid heatIng over a narrow
the Internationa l Union of Radio Science Held at the range of animal radii. Distribution of absorbed
tbii ”er.i ty of Colorado, Boulder, Colorado, 20-23 energy was measured at frequencIes of 19 MHz and
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1600 MHz in ra ts sectioned along their long axis normal , and the fimbrlated end of the left tu.e was

I and In two specially desI gned head Inactivators at healthy distal to the points of diathermy . Bilateral
2450 MHz using electric and magnetic field concepts. partial saipingecto mny was performed to prevent a
In addition , energy distribution in prolate ellip — similar occurrence in the oppos i te tube . Si gns of
soids was measured at 19 MHz with a field impedance paralytic ileus developed postoperatively but re-

I 
-337 ohms . in the near field synthesizer with field sol ved within 48 hr with nasogastr c suction and
impedance of -100 ohms and -1000 ohms , as well as intravenous fiu I~ds. Histology confirmed tnat the
at 1600 MHz with field Impedances of -377 ohms. It tube was hemorrhagic and infarcted at the fImbriated
was found tha t eddy current—induced heating at 19 MHz end . No other abnormal ity was noted. This case Is
varied w ith the aspect to the f ie ld and that , even the first of its kind to be reported in the litera-

I In a un i form ellipsoid , distinctly non—un i form heat— ture . (No refs.)
Ing patterns were produced in e lectric and magnetic
fields. (No ref,.)

I 4669 ThE INFLUENCE OF SUPERHIGH FREQUENCY RAD I-
AT I ON ON BRAIN M ITOCHONDRIAL OXIDATIVE

4667 RF SOUND: POSSIBLE MECHAN I SMS AS DEFINED PHOSPHORYLAT ION. (Rus,) Rudichenko, V. F. (Kiev
BY RECENT RESEARCH (PROCEEDINGS ABSTRACT). Research Inst. General and Commnunal Hyg iene, 1(1ev,

I 
(Eng.) Eichert , E. S. (Randomline, Inc., Huntingdon USSR). Gig. Sanit. (4): 108-109; 1976 .
Val ley, PA) ; Frey, A. H. In: P~’oceedings of the
1975 Annual Meeting of the Interna tional Union of Forty-two male rats were exposed to microwave radia-
Radio Science Held at the University of Colorado, tin (wavelen gt h — 12 ciii, vertically polarized
Boulder, Colora do 20—23 October, 1975. USNC/URSI. waves) of various power flux densities (10, 25, 50,

I (Washington, D.C.I: 38; 1975. 100, 500, 1000 n*i/cm2) for 40 m m , 3 tImes/day at
5 day/wk intervals for 4 mo. Changes in the respir -

Proposed mechanisms of the human auditory system re— atory process during brain mitochondrial oxIdation
sponse to low power density , pulse modulated , alec— of succlnate and a—ketoglutarate were observed. The

I 
tromagnetic energy were cons idered, It was found changes included reduc t ions in the ra tes of phos-
that previous ly proposed radiofrequency (RF) sound phorylat lve respiration and ADP phosphory la t ion (at
mechanisms were derived from model studies and were 25 riM/cm2 and higher for e—ketog l utarate and at 50
inconsistent wIth the recently obtained physiologic riM/cm2 and hi gher for succinate) , an increase
and psychophyslc data. Several alternate possib ill— In nonphosphorylative respirat ion , and a decrease In

I ties were then considered that were consisten t wi th respiratory control va lues (at 25 nM/cm2 and higher
time body of expe r menta l data. For each, the site for both substrates). A mechanism of oxalecetlc
specific physical phenomena, which may explain the acId inhibition of phosphoryiation was observed.
energy-biolog ic tissue interaction , are discussed , No decrease I n t he ADP/O ra t io was noted during

I 
and experimentation , whic h shou l d provIde an under— succinata oxidation, but decreases in this ratio
standing of the RF sound mechan ism, is suggested . during ci—ketoglutarate oxidation (at 50 nM/cm2 and
(No refs.) hi gher) Indica ted damage to the respiratory chain

at the lipoate—NAD—flavoproteln section. SInce
power flux densities of 10 nM/cm 2 were without ef—

I fac t, this value should be considered in the des Ign

4668 INFARCTION OF FALLOPIAN TUBE AFTER TUBAL and productIon of apparatus using microwave radia-
DIATHERMY (LETTER TO EDITOR). (Eng.) tion of a 12 cm wavelength. (4 refs.)

Cordiner, .1. U. (Dept. Gynecology . Western infIrmary,

I Glasgow GIl 61(1, Scotland) ; Carty, N. J.; Mackay, C.
Lancet 1(7970): 1178; 1976.

4670 THE DEPENDENCE OF THE FUNCTIONAL ACT IVITY
A case is described in which infarctIon of a fallo— OF LIVE R MITOCHONDRIA ON SUPERH I GH FRE’~

I 
plan tube occurred after tubal diathermy in a 3$—yr . QUENCY RADIATION . (Rus.) Dumnanskii , Vu, D. (Kiev
old pars 2 + 0 on whom laparoscoplc sterilization Research Inst. General and Coemiunal Hyg iene, Kiev ,
was performed. Tht diathermy was appl i ed at three USSR) ; Rud ic henko, V. F. Gig. Sanit. (4): 16—19;
separate places on each tube. The pelvic organs 1976.
were norma l , and the appendix had bean removed pre-

I viousiy. Twenty hr after the procedure, the pa- Forty-two male ra ts were exposed to superhi gh fre—
tient complained of severe lower abdom i nal pain. quency radiation (wavelength — 12 cm, verticall y
The abdomen was rigid , and there was qenera lized polarized wave) of various power flux densities (10,
rebound tenderness. Bowel sounds were present and 25, 50, 100 , 500, i000 nM/ cm2) for 40 mm , 3 tImed

I 
excitation tenderness was noted on pelvic examine- day a t 5 day/wk intervals for 4 no. DensItIes of
then. Pulse , blood-pressure , and temperature were less than 50 nM/cm2 had no effec t, but respiratory
normal. Laparo tomy was performed through a right processe, in the liver ml tochondria were altered
lower paramed ian Incision . The small and large durin g nonphosphorylative respiration at densities
bowel were norma l throughout their lengths. The of 50 riM/cm2 and hi gher, and then during ptmosphoryl—

I f i mbr i a ted end of the right fallopian tube was ative respiration at densities of 100 nM/cam2 and
black and infarcted distal to the dlatherm led areas . hIgher. Nonphosphory lative ox idation of Krebs cycle
There was no evidence of torsion , and both ovaries metabo lites (succinate and o-ketoglu tarat. was in-
were healthy. The Infu ndlbu lop e lv ic ligaments were tensifled and the rate of oxygen consumption during

1 
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phosphorylative respiration was reduced. The reduc- ics , the head was placed In the center of a constant
tion in phosptmory lative resp iration and the partial homogeneous magnetic field (0.73 Oe) for I hr. SER
reduction in the ADP/0 ratio (during o-ketogiutarate increased in 50 neurotIcs, decreased in 8, and re—
ox i dation) led to a decrease in the rate of AOl’ malnad unchanged In I , while in control experiments
phosphorylation . Respiratory chain oxIdation of It Increased In 21 , decreased in 35, and was Un—
succinate was more radioresistant and was associated changed In 3. The results indicate tha t electronic
wi th greeter values of ADP phosphory lat ion than of noise and a constant homogeneous magnetic field have
o-ketoglutarate oxidation . Apparently there was a a tranquilizing effect and may be of va lue In the
block in the resp i ratory chain subst rate .llpoate+ treatmen t of Insomnia and neurosis. (43 refs.)
NAD.fiavoprotein-’cytochromes O to flavoproteins ,
the pathway for cz-lcetog iutarate oxidation . These
results should be considered In the development of
suparhigh frequency apparatus. (4 refs.) 4673 AVOIDANCE OF RADIATION HAZARDS FROM MICRO-

WAVE ANTENNAS. (Eng.) Shlnn , 0. H. (Mar-
con i Research Lab., GEC-Marconl Electronics Ltd .,
West Hannlngfieid Rd.. Great Baddow. Essex , Eng land).

467 1 PREDICTI NG THE I NTENS I TY OF SUPER NI GH Uzrconi Rev. 39( 201 ) : 61-80; 1976.
FREQ UENCY R A D I A T I O N. (Rus.) Sorochkin,

A. I. (No affiliation given) . Voen. Med. 7)m. (7) : A graphic me t hod was used to deter mine the boundaries
49—52; 1975. of hazardous reg ions caused by powerful microwave ra-

diation. The peak and mean power radiated , and the
A formula for determining the power flux densi ty of size and gain of the antenna were used in these deter-
microwave radiation is proposed. Examples of the minat lons. The ~biolog ica l hazard reg ion ” (100 W/m 2

appl i ed calculation methods based on this formula mean power) and the “i gnition hazard regIon ” ( 3000
i ndicate their simplicity and the close correlation f2 W/m 2 peak power , f—frequency in GHz) were found
of their results with those of Instrumenta l measure- first by a theoretic prediction , followed by actua l
ments . The calculation methods are reconumended for measurement if a potential hazard appeared to ex is t .
use In the hygienic supervision of the radiation Theories for computing the power flux for antennas
effect from radio— l ocation stat ions on the surround— with circular , elliptical , or rectangular aperatures
Ing area and population. (No refs.) are presented . For circular aperatures it was neces-

sary to determine the power flux In a near-field and
a far- f ie ld region . For elliptica l or rectangular
aperatures , where the width was greater than the

4672 THE USE OF MAGNETIC FIELDS AND ELECTRONIC vertical exten t , or vice versa , a near-field , far-
NOISE IN THE TREATMENT OF INSOMHIA AND field , and intermediate region had to be determined.

NEUROSIS. (Cze.) Gruenner, 0. (Vyzk mrmn i us tav The approprIate power flux values were calculated
ba lneolog icky , Prague , Czechoslovakia) , Cask. lieu— for a tropospheric scatter coamiun i catlons instaila-

rd .Vezmrochir 39(l)’ 1-li; 1976 tin and a radar heI ght finder. Methods of avoiding
hazards were a l so considered . (9 refs .)

Preliminary experiments showed that , on the basis of
subjective eval uation, neurotic symptoms were sign i-
ficantly influenced by atmospheric pressure and geo-
magnetic activity. Further preliminary studies on 4674 INFLUENCE OF 50 HZ ALTERNATING ELECTRIC AND
the effect of electronic noise (5 Hz—3 0 kHz) on rab— MAGNETIC FIELDS ON HUMAN BEINGS. (Eng.)
bi ts sugges ted the exis tence, primaril y in the deep Ha u f , R. (Research Inst. Electrop athol ogy, F reibu rg i n
structures of the brain , of a mechanism sensitive Brisgau , W. Germany). Rev. Gen. Fiectricite (Nianero
to such noIse. A series of four cl inical experiments Special) 85: 31-49; July, 1976.
with neurotic insomniacs were then conducted to de-
termine the effects of electronic noise and of a The effects of 50 Hz alternating electric and magnetic
constant homogeneous magnetic field , with results fields on healthy human volunteers (average age 25 yr)
evalua ted on the basis of changes in skin electro— were investi gated in a laboratory sett i ng simulat ing
conductivity (SEC), ski n electroresistance (SER) , the field conditions of high voltage installat ions .
and subjective and objective descriptions of alert— Electric field intensities of up to 20 ky/rn at 1.50 m
ness . Tests on 21 neurotics revealed no significant above the ground (undisturbed field) were used alone
di fferences be tween the effects of 1 hr of electronic or in combination with a magnetic field of 0.3 mT. The
noise superimposed on a constant uniform component latter field was also used alone in some experiments.
or an Impulse current superimposed on a constant A dIsp lac ement current of 200 pA was also generated
un i form component, but both caused significan t re— during some experiments. Test periods la5ted for a max-
duc t lons In alertness and SEC in comparison with imum of 3 hr. The electr ic field experiments resulted
placebo control tests. When pure electronic noise in an improvement In subjec t react ion time , which was
( I ef — 5 mA) was app lied to a group of 23 neuro t - considered to be a st imula t ion effec t . During the mag-
lcs , i ts effects were significantly greater than netic field and displacement current tests, no changes
those of both the other tests. Longitudinal anal y- in reaction time with respect to control val ues were
s is (treatment every other day for 3 wk) in 10 pa— noted. No differences in erythrocyte count or hemog lo- 

~)tie nts showed that superimposed electronic noise bin content ware observed during any of the tests in f
caused a significant reduction in alertness and In— relation to control val ues. However , absolute neutro- J
crease in SER compared with controls. In 59 n.urot- phlls and ret ic u locy t es increased markedly with re-
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spect to controls , although the va l ues were within alized after the field was swItched off. Daily alter-
physiolog ic l im i ts .  These changes were considered to nat ion of the field direc tion with respect to the
be related to a non-specific exci tat ion e f fect .  Cho- body position of the animals caused no additional
lestero l and tri glyceride levels of subjects exposed changes In the mitotic activity, but it caused an
to both electric and magnetic fields did not f l uctu— appreciable decr ease in the effectiveness of the
ate from the norm . tlectrocardlograms and electroen- adaptive process. The exposure did not cause chromo-
cepha l ograsns of subjects exposed to the electromagnet- soma l aberrrations , which Indicates the absence of
ic fields also remained norma l as dId arterial blood mutagenic effect. (6 rafs.)
pressure. in addition , no subject expressed any sub-
jective discomfort. The effects of exposure to the
above fields for periods lasting up to 3 hr seemed to
be limited to a stImulation effect and a nonspecific 4677 EFFECTS OF ELECTRIC AND MAGNETIC FIELDS ONexcitation effect , neither of which was pathologic. LIVING ORGANISMS AND IN PARTICULAR ON MAN:(9 refs.) GENERAL REV I EW OF THE LITERATURE. (Eng.) Cabanes, J .

(International Association on Occupationa l Medicine) .
Rev. Gen. Flectricite (Nzrtero .c~ecia l)  85: 19-26; 16.
Jul y, 1976.

4615 MORPHOFUNCT IONAL STATUS OF THE HYPOPHYSEO-
GONADAL SYSTEM DURING EXPOSURE OF THE ORGA - The literature dealing with the effects of low fre-NISM TO ELECTROMAGNETIC FIELDS WITH DIFFERENT CHARAC- quency (50 Hz) electric and magnetic fields on manTERISTICS. (Rus.) Evtushenko, 6. I. (Inst. industr i- and other biologic organisms Is revIewed. Studies ofal Hygiene and Occupational Diseases , Kharkov , USSR) ; 

~~rkers in the SovIet Union who were exposed to lowKolodub , F. A.; Ostrovskaia , I. S.; Timchenko , A. N.; frequency electric fields at 400 and 500 kV substa-Chernysheva , 0. N. Gig. ?s. Prdf. Zabol. (6): 52-54; tlons revealed neurologic , cardiovascular , and dlges-1976. tive disturbances. However, studies in the United
States involving the repetitive exposure of linemenThe effect of the magnetic component of pulsed electro- working on 345 kV hi gh voltage lines failed to re-magnetic field (7 kHz, 72 kAh n, pulse duration 1.3 vea l any biologic changes. Soviet studies involvingnsec , pulse Interval 10 eec) (Group I) and of the the exposure of volunteers to low frequency electricelectric component of high-frequency electromagnetic fields ranging from 0-30 ky/rn reveal ed hernatologicf ie ld (41 MHz , 1kV/rn) (Group 2) on the hypophyseogo- changes In addition to neurologle and cardiovascularnadal function of male albino rats was studied. Ex- disturbances at field values exceeding 5 ky/rn. Stud-posure of Group I to the pulsed electromagnetic field les In I tal y i nvolv ing the long-term exposure of mice .over 3 hr each for IS days had a direct effect on Icy- rats and guinea pigs to strong electric fIelds (100dig cells , and caused a sharp depression of the andro- kV/m) showed statistically si gnificant modificationsgenic function of the testicles. The testosterone lev~ In polynuclear neutrophil and lymphocyte numbersci In the blood draining the testIcles dropped from’ along w ith electrocard i ogram changes; however, these1. 23±0.35 pg% to 0.23±0.01 ug% in the controls. Expo- cha nges were within the physio logic range of values.sure of Group 2 to the hi gh- requency field over 3 hr Genetic studies In France involving the exposure ofdaily for 15 days caused ultrastructural changes in bacteria to electric fields of 10, 50 and 200 kV/mthe hormone—producing cci is of the posterior lobe of failed to demonstrate alterations in mutation fre—the pituitary g land , causing an activation of the se- quency. Contradictory results have also been reportedcre t Ion and release of gonado t rop ins . The to t al go- for studies i nv olv ing the biolog ic effec t of low f re-nadotropin leve l in the pitui tary gland decreased , quency magnetic fields (50 liz) rang ing In strength toThe f indin ç , s indicate th at pulsed and hi gh-frequency as hi gh as 9 6. it is concluded that the disparit y ofelectromagnetic fields direc tly affect Leydig cells these results Is possibly due to vague study proce-resultin g in a reduction of the blood androgen dures and reporting In Some Instances, and the use oflevel , which pro vokes Intensi fied gonadotropln secre- an insufficIent number of subjects in other cases.tion and re lease in the pituit ary gland . (6 refs.) (No ref s . )

I 4676 PROLONGED EFPECT OF A CONSTANT AND ALTERNA-
TING MAGNETIC FIELD OF 1 ,000 OERSTED ON THE 4678 THE EFFECT OF A DISCHARGE OF A HIGH-VOLTAGE

M1 TOTIC ACTIVIT Y . (Rus.) Strzhizhovsky , A. D. (No CONDENSER ON THE OPTIC PROPERTIES OF THE
affiliation giv en); Gaiaktionova , G. V. liosm. Diol. FROG CARDIAC MUSCLE. (Rus.) Arlevsky, I. P. (kazan
Aviakoam. M.d. 10( 2):  63-67; 1976. Advanced Training Medical Inst., Kaza n , USSR); Bezug-

b y , V. K.; Buzukin , V. 6. h ull. A’kap . hiol. Med.
The prolonged effect of permanent magnetic f i e l d  of 81(5): 531-533; 1976
1 .000 Oe on the mitotic activity of cells of the cor-
neal epithel lum and of bone narrow cells was studied A high-voltage condenser discharge , with a durat ion
In C57BI mice . Exposure to the permanent magnetic of 3-5 msec , caused a sharp increase In the intens i ty
f ield over a I S-day period caused an initial decrease of a flux of plane-p ola rized light passing through a
in the mitot ic activity of ep i the li a l and bone marrow strip of frog myocardlum. The duration of the lumi-
c e l l s , which was followed by increa sed mi t oti c act iv i -  nescence was 15-bOO misc at a discharge voltage of 500
ty and hyperregeneration. The cell count of the Els- V and 100-350 macc at 1 ,000 V. The increase In the
sues showe d only slight cha nges, and it rapidl y norm- li ght fl ux under the effect of hlgh-v oitage discharge
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is believed to be due to conformation changes in the Tumor eradication by radiofrequency therapy is dis-
membrane proteins. The configuration changes in the cussed in terms of tumor temperature measurement and
cell membrane proteins are probably due to the direct the association between preferential tumor heating
effect of the electric dIscharge on the hydrogen bonds and tumor blood flow. Criticism that radlofrequency
of hydrate layers stabilizing the steric structure of therapy causes heating of temperature sensors and
the macromolecules and to an ind i rect change In the leads to erroneous tumor temperature measurements Is
physicochemical parameters of the medium in the m ine- valid only for inductive type heating by radiofrequen~
~1late vicinity of the protein molecules . (7 refs.) cy application. Dielectric type radlofrequency heating,

which is accomp lIshed by placing the part to be heated
between two plates of a condenser , resu lts In the
heating of only poorly conductive substances and does

4679 MAGNETIC FIELD I RRADIATION , •‘JONOMOOULATOR” not directly affect the temperature sensors. Imped-

AND “E 1CHOTHERM ’ APPARATUS . (6cr.) o~~. ~ 
ance measurements of cancer and normal tissues during

R. (Kilnik und inst itut fur Physlkaiische Medizin radlofrequency therapy experiments proved to be simi-

und Balneo logie , Unlversitat Glessen , 6350 Bad Nau- lar , indicating that the amount of heat captured by

helm , Ludwlgstr. 37-39, W. Germany) ; Rusch , o. each type of tissue was similar. The only explanation

Otech. Med. Wochenachr . 101(33): 1236—1237; 1976. for an observed preferentIal heating of cancer tissue
Is that cancer cools more slowl y than normal tissue.

General physical and therapeutic characteristics of The rate of cooling depends on the rapId ity of blood

magnetic field therapy, which employ “Jonomodulator” flow . Criticism that blood flow in some tumors may

and “Eichotherin” apparatus , are described . Magnetic not be reduced is not supported , and sluggish blood

fIeld therapy experiments , In which the patient is flow in brain tumors has been confirmed by computer-

located inside a magnetic coil , have not been proven ized scanning. Radiofrequency-induced cancer dissemi-
therap eutically va l uable. Dyadynamic electrotherapy nation and destruction of normal tissue has not been

using frequency-modulated impulse current with 50- observed In over 20 inoperable cases of cancer that

100 Hz frequency (Jonomodulator) is valuable in con- were treated with dielectr ic radiofrequency heating

tr~il1ing pains and disorders of arterial blood cir- and i nanunotherapy. (5 refs.)
culation . Its effect is based upon neurophyslo lo g ic
pr incip les. The “Eichotherm” apparatus , including a
combination of light orange and UV light sources, is
used in the treatment of cervical and lumbar syn- 4682 PHYSIOLOGICAL REGENERAT ION OF THE CORNEAL
dromes. (No refs.) EPITHEL I UM EXPOSED TO SUPERSTRONG CONSTANT

MAGNETIC FIELDS. (Rus.) Strzhizhovsky, A. 0. (Inst.
Biochemical Problems , Ministry of Public Hea l th of
the USSR , Moscow , USSR); Galaktionova , 6. V. Taitol—

4680 HORMONAL REACTION OF THE SYMPATHICOADRENAL 09144 18(3) : 330-335 ; 1976.
SYSTEM ON SINGLE EXPOSURE TO ALTERNAT I NG

MAGNETIC FIELD. (Rus.) Sakharova , S. A. (No aff il - The effect of permanent magnetic field of 9.9-39.4

lation g iven); Ryzhov , A. I.; Udintsev . N. A. BiOL. k0e over 0.5-24 hr on the corneal eplthelium of mice

Naulci (I): 40-44; 1976. was studied. Exposure to a permanent magnetic field
with an intensity of 39.4 kOe over 3 hr caused a re-

The catechoi amine and dloxyp heny )ala nine levels of duction of the mitoti c index , while exposure to the

the blood and adrenals were studied in male albino same f ield over 8-24 hr stimulated the mitot ic act lv i-

rats following a 24-hr exposure to an alternatIng ty. The changes in the mitot lc act ivIty decreased as

magnetic field (200 Oe, 50 Hz). Cons Iderable In- the field potentIal was decreased. The ra te of the

crease in the catecholamine and dioxyphenyialanine 
regeneratIon of the corneal epithel ium decreased with

levels of the blood and adrenais was observed dur- increasing durat i on of the exposure. No increase was

Ing the firs t 12 hr after exposure. Dilatat ion of observed in the number of aberrant mitoses In the

the lacunae in the medulla and hyperemia of the ad- ce l ls of the corneal epithelium under the effect of

renal gland were observed. A second phase was char- 
the permanent magnetic f ield. The findings ind i cate

acter i zed by high norepinephr Ine and eplnephrine the possibility of the therapeutic use of permanent

levels in the blood and by reduced epinephrlne 1ev- magnetic fields. (7 refs.) F

el in the adrena ls. The catechol ainine levels drop—
ped both In the blood and the adrenals in a third
phasa. Normalization of the hormone levels was ob’
served 14 days after exposure. The findings l ilus- 4683 HEALTH HAZARDS IN MICROWAVE FIELDS (PRO-

t rate the powerful stress effect of alte rnating CEED INGS ABSTUCT ). (Eng.) Woolas , K. D.

magnetic fIeld on the neuroendocrlne system . (Medical Officer , MOD , Un i ted KIngdom) . In: Pro—

(16 refs .) oeadings of the 1976 Annual Meeting of the Int.z~ia-
tional Union of Radio Science held at the Uniuer.i-
ty of Colorado, Boulder , Colorado, 20-23 October,
1976. USNC/URSI. (Washington, D.C.) :  313; 1975.

4681 TUMOR ERADICATION BY RAOI0FRE (~UENCY THERAPY 
The use of rats, rabbits , and other small animal s

(Letter to £ditor ’
~. (Eng.) Le Veen , s. H. for experiments has the advantage of str ictly con-

(Veterans Admin. Hosp., Brooklyn , NY) . ..TAMA 236( 15) : trol led conditions and the grea t disadvantage that

1691 ; 1976 . the results of such work do not always clearl y ex

I
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trapolate to human beings. Among populations of of the Harvard Group Scale of Hypnotic Suscep tibility
working peop le exposed to microwave fields there is scores the patients were assigned to a high or low
a wealth of clinical opportunity for research , but suggestibility group (12/group) . These subjects were
the problem is . as always , what to look for. Much again assigned to an active TCET or p lacebo condition
work has been concentrated on discovering the thresh- (6/group). The TCET group received a burst of current
old of specific macroscopic damage to discrete organs at a rate of 100 Hz/sec with a width of 2 msec for 30
such as the formation of catarects in eye lenses, it mm for five sessions on consecutive days . Controls
was upon such work that the prei~ent 10 mW/cm2 received no electrical stimulation other than that de-
safety leve l has been based . The Russian standards , livered at an initial adjustment and 15 m m readjust-
which are not based on such heating effects , cause rant period . Six to nine days following the last treat-
much heart-searching among occ.~’e’ional health phy- ment each subject again completed the SAl . These scores
sicians. Instead of seeking gross pathologic changes indicated that for the low and high suggestibility
resulting from microwave exposure , we should be on groups the pre- and post-scores changed from 58.33 to
quard against the occurrence of more subtle effects , 43.50 and from 57.66 to 50.66 respect ively. Subjects
whi cP~ detract  from indu~tr iai comfort or an m di- in the active TCET condition showed significantly
vidu.,l’ s efficiency. For instance , recent work has greater anxiety reduction than the contro l group (pc
shown that protracted exposure to low power microwave 0.01 , F.8.26) . There was no overall ef fec t  of sug-
field s can cause snail vacuole format ion and abnor- gestib il ity, nor was there a significant interac tion
mal striation in the eye lens . While this causes no between suggestibility and type of treatment (p~O .l0 ,discernible opacity, it would cause impa irment of the F=2 .89) . Likewise there was no d i f fe ren t ia l  response
lens elasticity. The focusing capac i ty is therefore between the low- and hi gh-suggestible control subjscts
impeired , and the usual onset of presbyop ia in middle (F—<i ). (14 refs.)
life occurs at an earlier age. investi gations into
changes of this degree in human populations are advo-
cated , and preventive measures are discussed. 

4686 CONS I DERATiONS OF CHAMBER DESIGN . ENVIRON-
MENTAL CONTROL , AND MICROWAVE FIELD INTER-

ACTiONS IN SMALL ANIMA L EXPERIMENTATION . (PROCEEDINGS
4684 A TRIAL INVOLVING THE USE OF PULSED ELEC ABSTRACT). (Eng.) Houk , U. H. (Naval Aerospace

TRO-MAGNETIC THERAPY ON CHILDREN UNDER- Medical Research Lab., Pensacola , FL); Grissett , .1. D.;
G0IN~ ORCHIDOPEXY . (Eng.) Benta li , R. H. C. (Dept. Longacre , A., Jr. In: Py.oceedinpe of the 1975 Annual
Applied Physiology , Royal CoIl. Surgeons , Linco in ’s Meeting of the International Union of Radio Scienceinn Fields , London . Eng land) ; Eckstein , H. B. Z. Held at the Univereity of Colorado, Boulder, Colorado,Ki r ’~ir. 17(4): 380-389; 1975. 20—23 October, 1975. USNC/URSI. (Washington . D.C.):

137 ; 1975.The ~ffect of postoperative non-therma l pulsed hi gh
frequency electroma gnetic therapy on bruise healing The criteria for design and performance of a facility
and edema formation was evaluated during a double utilized for study ing microwave biologic effects in
blind trial i nvolving 50 paired boys undergoing rats weighing up to 500 g were investigate d. The re-
orchidopexy. Electromagnetic therapy was given 3 suIts of using a 1.2 x 1.2 x 1 .2 m semi—enclosed an-
t ime s a day for the f i rs t  4 postoperative days and echoic exposure chamber Including field measurement
consisted of the local adminis tration of 500 puises/ techniques , material selection , environmental control ,
sec at a penetration of 5 for 20 mm followed by a and biol ogic experimental design are discussed , with
second app lication of 500 pulses/sec at a penetration an analysis of the prob l ems encountered in its use.
of 4 to the epigastrium for 10 m m .  Patients so treat- The problems were related to certain biologic para-
ed showed a significant increase In bruise resolution raters studied in a finite experiment dealing primer-
rate as well as a rend toward increased rate of re-

~~ with environmental control , field measurements ,
duct ion of scrotal circumferen tial measurement. No and the simu l taneous use of several subjects in the
side ef fects were ubserved , nor was there any diff i - enclosure. Using the same basic design and pe rformance
cuity experienced in the app lication of this nonther- criteria as the first experimental chamber , a second
vea l therapy . It is concluded that previously reported larger and more sophisticated semi-enclosed anechoic
beneficial effects of this therapy on bruise resolu- chamber , 1.8 x 1.8 x 1.8 m in size was constructed.
tion and edema reduct~on were confIrmed . (33 refs.) This chamber addressed environmental control and micro-

wave field parameters from Its inception . Absolute re-
quirements included: (I) a 2450 MHz microwave reference
field located in the far field of a 15 dB standard gain

4685 EFFECTS OF TUNSCEREBRAL ELECTROTHERAPY horn showing no greater than ±1.0 dB variation over a
(ELECTROSLEEP) ON STATE ANXIETY ACCOR- 100 cm 2 working area; (2) an absolu te temperature con-

DING TO SUGGESTIBILITY LEVELS. (Eng.) Ryan , j. j , tro l of the environment where the experime ntal animals
(Psychol ogy Service , Ve terans Adm in. Hosp ., Nor th were located, in a range of 12.5 to 45°C, and control
L i t t le Rock , A R ) ;  Souheaver , G. 1. Biol. Peychia- of ±0.5°C at the selected contro l point; and (3) a
r.rv.~ 11(2):  23 3-237; 1976. uniform air flow over the experimental an imals with

provision for dumping chamber air rather than recir-
Transcerebral electrotherapy (TCET) was tested for its culating it. Using the NBS XD- l and EMD-lC microwave
ability to relieve anxiety In 24 (23 men and I woman , sensors , the fIeld pattern alteration s i nduced by poly-
aged 21-59 yr) psychiatric inpat ients . Subjects cove- styrene foam products used In the construction of
l eted the State Anxiety Inventory (SAl). On the basis animal enclosures was studied along wi th a standardized
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method of measurin g exposure levels. Using analogous liquid crystal temperature probe. These results were
techniques , field amplitude patterns around sing le and compared to those obtained in the transverse eiectro-
multi ple experimental animals were derived along with magnetic mode parallel plate chamber , name l y, of whole-
energy absorption estimates made from standing wave body values for the 220-750 MHz frequency range with
patterns created by the animals . (No refs.) 12.1 and 18.4 saline-filled figurines and prolate

spheroids of a/b—6. The hi ghest Intensity of energy
deposition was observed for the neck reg ion of the
body In both free space and parallel p late exposure

4687 NUM E RI CAL STUDY OF ELE CTR OMAGN E T I C  POWER conditions. The for the neck reg ion was approximate-

DEPO S ITI ON IN BIOLOG I CAL TI SSUE BOD I E S  i’s’ 30 time s that observed for the whole-body average .

(PROCEEDINGS ABSTRACT). (Eng.) Barber , P. U. (Dept. The values for other parts of the body, in descend-
Bioeng lnee r ing , Univ. Utah , Salt Lake City, UT) .  In: ing order of magnitude , were reported for the thi ghs ,
Proc. edings of the 1975 Annual Meeting of the Inter— shins , chest , pudendal reg ion , and the eye reg ion. For
national Union rf Radio Science Held at the Univet’— 

figur ines wi th  the feet touching the ground p late of
elty of Colorado, Boulder, Colorado, 20—23 October , the parallel-p late chamber , maximum energy deposition

1975. USNC/URS I. (Washington , D.C.): 229; 1975. was observed for the shins , with ~.i2 at 240 MHz (L/~0.15). A monopole—above-ground chamber is presently

The extended boundary condition method (EBCM) was 
under construction to permit assessment of ground ef-

applied to the problem of obtaining quantitative fects and measurements of values . (No refs.)
power absorption information for a homogeneous pro-
late spheroid model of man. it is known that this
techni que can readily be applied to power deposition
calculations for man at relatively low frequencies. 4689 CRITICAL ASPECTS OF HUMAN VERSUS TERRESTRIAL
The EBCN and the long wavelength analysi s me thod give ELECTROMAGNETIC SYMBIOSIS (PROCEEDINGS AB-
exactl y the same results at 10 MHz. This study was STRACT). (Eng.) Maxey. E. S. (Research Div . ,  Miami
concerned with making calculations at hi gher fre- Heart Inst., Miam i , FL ) .  In: Proceedinga of the 1975
quencies to determine the frequencies of maximum ab- Annual Meeting of the International Union of Radio
sorption , i. e., the resonant frequencies of man. Ex- Science He ld at the Uniocraity of Colorado, Boulder,
tension of the numeric work to bodies that are d cc- Colorado, 20—23 October, 1975. USNC/URSI. (Washing-
trica lly larger required the consideration of various ton , D.C.): 314 ; 1975.
numeric problems, including the solution of an unusua l
set of simultaneous equations. Although the matrix in- Man ’s terrestrial el ec t ri iai environment includes
voived was not Ill-condit ioned , the wIde variation in electrostatic fields , magnetic fields , field modula-
the amplitude of the elements could result in appre- lions, and aerlon (positive and negative) concentra-
ciable error in the solution because of the finite tions. Nature imposes harmonious variations in these
precision arithmetic of the computer. This behavior , four factors. Laboratory studies often attribute blo-
which is a consequence of the large diel ectric con- l ogic changes to variations in a sing le factor with-
stant of the muscle tissue used in the model , appeared out adequate consideration of the remaining variables.
to l imit the app lication of the EBCM to frequencies be- Humans exhibit revealing electric characteristics.
low 100 MHz. This , however , did permit a determination Brain waves physiologically present at frequencies
of the f irst resonance. The numeric results gave the paralleling the terrestrial Schumann resonance and
average power absorption and peak power absorption for sfe r ic s , and states of conciousness and decision
man as a function of frequency , polarization , and o n -  making abilities are correlatable to cerebral alpha ,
entation through the first resonance. (No refs.) beta , and theta frequencies. Can brains be entrained

to terrestrial field modulations in the same way that
mammalian hearts become synchronized to external ro-
tating magnets? Positive and negative aerlons affect

4688 DISTRIBUTIO N OF ELECTROMAGNETIC ENERGY DE- 
numerous biologic responses includ i ng blood pH and
serotonin f luctuat ions , changes in pulmonary oxygenPOS IT I ON IN MODELS OF MAN WITH FREQUE NCIES

NEAR RESONANCE (PROCEEDINGS ABSTRACT). (Eng) Gandhi , 
exchange efficiency, and variations in the degree of
left/right electroencephalographic synchronization .0. P. (Dept. Electrical Engineering and Bioengineer - The travel of all charged particl es is Inf~uenced bying , Univ. Utah , Salt Lake City, UT); Sed i gh , K., both electrostatic and magnetic field factors. CurrentsBeck, G. S.; Hunt , E. L. In: Proceeding. of the 1975 induced Into the human organism by earth’ s electric

Annual Meeting of the International Union of Radio forces are subtle but biol ogically significant. it is
Science Held at the (Inivereity of Colorado, Boulder, recommended that working spaces such as aircraft cock-
Colorado, 20—23 October, 1975. USNC/URSI. (Wash- pits , where rapid response and precise decision mak-
ington , D.C.): 201; 1975. ing are critical , be conditioned with regard to aerlon

concentrations , magnetic fields , electrostatic fields ,Experimental results are described for whole-bod y ab- and field modulations. (No refs.)
sorp tion of a series of saline—filled and biolog ic-
phantom figurines of major lengths (L) that varied
from 0.4 to 1.5 2~. Measurements are also reported of
• parameter value s (ra t io of mW/g of absorbed energy
to iv*4/cm2 of incident field energy) for dIfferent re- 4690 I MPACT OF RADAR IRRADIAT ION ON HUMAI~ SYS—
g ions of the body. The energy distr ibution was yeas- TEMS. (Eng.) NataraJ.n, K. (No a f f l l la— j
ured for 12. 1 and 18.4 cm tall figurines under free Elon given) ; Jagannathan, N. J. inst. ti.otronioa
space irradiation at both 985 and 2450 MHz using the Teieocnrmesioation A~tg. 22(5): 326-329; 1976.
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I
The im pact of microwave radiation on the human body viewed. Data obtained from trip le—layer models of
is discussed . Human exposure lim its regarded as the human body indicated that ~IectromaqnetIc ab—
safe are 0.03 W/cm for frequencies below 0.5 0Hz sorption increased linearl y with frequency in the
and 0.02 U/cm2 at frequencies hi gher than 3 0Hz. An region below 100 i4Iz. Difference’. in absorption for
examination of the absorption of microwave energy by the various thicknesses typ ical of the human body
various human tissues in the frequency range of 0.15- were Ins i gni ficant in the radlofrequ ency reg ion , and
10 0Hz reveals that at 0.15 0Hz the penetration is calculations indicated an absorption of about l5~much deeper; whereas , at 10 0Hz the energy is ab— at 30 MHz. It ~‘. Suggested that  per’.onnei work i r.q
sorbed in or near the skin . Parts of the body that with electromagnet ic pul se sis u l at ors be restricted
do not have blood vessels (chambers of the eye and to 1440 pulses ove’ any 6-mm period ; I pulse/m m
the hollow viscera) are particularly vulnerable to produces a power dc, y of 0.041. r,~ /cm2, wh kh is
electromagnetic radiation because the heat can di s— about 1/200 of the acceptable dose. The increase
s i pate only by conduction to the surrounding vascular In body temperature for such exposures is estimated
tissues. A case of bil ateral cataracts has been re— at 0.00009’C. Since the threshold of temperature-
ported for a person subjected to an Intermittent cx— increase sensatIon on the surface receptors of humans
posure of about 0,005 U/cm2 at 1,7—3.4 0Hz for 3 is about O.05’C , the thermal effects produced in
days and to a leve l of 0.12 U/cm2 for a total of 2 humans by electromagnetic pulses are probabl y incap—
hr. Precau tions for avoiding the hazards associated able of even generating sensations of warmth. S b -
w i t h  occupa tiona l exposure to electromagnetic radla— logic effects of nontherima l orig in resulting from
tion include incre asing the height of microwave huma n exposure to electromagnetic fields below 30
antennae , the use of reflective clothes and protec— 1hz include : vascular conditioned reflexes (static
tive goggles , and field strength mon i toring In poten— frequency, field intensity of 10 ,000 V/rn); diurnal
tia l exposure areas. (6 refs.) rhythmicity (10 Hz , 2.5 V/rn); brachycardia (static ,

2600 A/rn); changes in reaction time (less than 12
Hz , about 2 V/rn), and interference with cardiac
pacemakers (0.5—1.0 Hz or 10—30 Hz at hig h—frequency

4691 EXPERIMENTAL DEVELOPMENT OF SiMULATE D 510— communication s levels for the la tter frequency range).

MATERIALS FOR DOS I METRY STUDIES OF HAZARD— (39 refs.)
OUS MICROWAVE RADIATION . (Eng.) Cheung, A. Y.
(Dept. Radiology, Section RadIation Physics and Radi-
ation Biology, Univ. Mary land at Baltimore , Baltimore ,
MD,; Koopman , 0. U. TREE ~ror.s, Mt.croware Theory 4693 A MICROWAVE APPL I CATOR FOR IN VIVO RAPID
Technique. MTT—24 (lO): 669—673; 1976. INACTIVATION OF ENZYME S IN THE CENTRAL NER-

VOUS SYSTEM. (Eng.) Lenox, R. H. (Dept. Neuroendo—
Simulated biotlss ue s for microwave radiation dosime— crino logy, Div . Neuropsychiatry, Walter Reed Army
try studies at X— band frequencies and for S—band Inst. Res., Washington , DC 200 12) ; Gandh i, 0. P.;
modeling experiments , which use miniature phantoms Meyerhoff , J. L.; Grove , H. M. 4 pp., 1976 (ava i lab le
at X—band frequencies , were developed. The influence through Inst. of E lect r ica l  and Electronics Eng ineers,of mater ia l  composition on the d ie lectr ic  and heat Inc., New York , N.Y. , No. 6O IMT IO I 4 ) .
properties of the mater ia ls  was studied at frequen-
cies of 8.5 and 10.0 0Hz for two types of materials: A microwave applicator for the in vivo rap id inactiv —
one corresponding to tissues of hig h water content ation of rat brain enzymes is described . The app l i—
(muscle) and the other for bone and fat t iss ues. cator inc ludes a WR 430 wavegoide test cel l and a
Based on measured d ie lect r ic  properties using a 2450 MHz pulsed power source that del ivers 3.5 kW of
short—circuit waveguide techn ique, a simu lated bone microwave power , which is matched to the con~~lex
mater ia l  consist ing of Laminac 4 110 (a polyester led (rat ’ s head) by a double screw tuner . The rat
resin) , acety lene black , and aluminum powder was is placed in a plexI glas tube , which is wrapped with
chosen. A muscle composition simulated by combining copper screening that acts as a cy l indr ical  waveguide ,
a gei ling p lastic Super Stuff (Whamo Manufacturing) and the shielded tube Is Inserted into the wavegulde
with water , polyethy lene powder , and sodium ch loride chamber. UniformIty of f ie lds along the width of
was s imi la r ly  chosen . Formulations for the proper— the wa veguide (ear to ear of the animal) is obtained
ti es of high-wa ter—content materials are valuable as a result of the symm etrical dielectric loading
for identifying phantom materials for many parts of achieved with the rat head In that dimension . Improv-
the human body that have a wide range of dielectric ed unIformity of heating the brain Is achIeved In the
properties. (8 refs.) rostral to caudal dimensions by attaching tapered

aluminum shims to the broad faces of the waveguide.
In the vertical plane , a sli ght heating gradient
exists tha t apparently is due to the overheating of

4692 EFFECTS OF ELECTROMAGNETIC FIELDS BELOW the abundant muscle on the ventral side of the brain.
30 1hz ON ANIMAL BIOLOGY. (Eng.) Pier- The exposure time required for enzyme Inactivation

luissi , J, H, (Lawrence Livermore Lab., Univ. Call— Is 2.8 sac. Measurements of cyc l ic  adenosine mono—
for n ia , Livermore , CA 94550). Prepared by Lrnerence phosphate In the microwave-treated brain Indicate
Liverevr. Laboratory for ERDA under Contract No. rapid enzyme Inactivation and the prevention of post-
W—?405—Eng—48. (UCRL-51880) : 14 pages; Augu st . 1975. mortem changes in enzyme activity associated with

The biolog ic conseq 
more conventiona l methods of sacrifice. Measurements

uences of exposure to eiec t ro.nag- of cycl ic adenosine monophosphate and cyclic guano-
netic fields below frequenc ies of 30 1hz are re- sine monophosphate have been made in 13 distinc t re-
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gions of the rat brain: cerebellum , brainstem , mid— they had been absent , increase in the alpha—wave am—
braIn , substant la nigra , thalamus , hypothalamus , pl itude and durat ion, irradiation of the alpha—waves
hi ppocampus , amygdala—pyr iforrn cortex, septal nuclei , into’ the temporal reg ions of the cerebrum , and its
nucleus accun*,ens , olfactory tuberc ie , str latum , and synchronization in all regions. Correlation was es—
cortex. ( is refs.) tab lished betwee n the c l in ical  improvement and the

normalization of the EEC. The therapeut ic effec t
of pulse current on menopausal symptoms is thought
to be due to Its direct action on the neuroendocrine

~i696 EFFECTS OF SMALL ELECTRICAL CURRENTS ON and vascular systems. (IS refs.)

COLLAGE N IN SOLUTION. (Eng.) Erlksson ,
C. (Inst. Stomatology . Sch. Dentistry, Univ. Pretoria ,
P.O. Box 1 266, Pretoria , 0001 , South Africa) ; Jones ,
S. ~. Afr. .1, Sc~. 72: 114—11 6 ; 1976 , 4696 MEDICAL CONTROL OF MEN WORKING WITHIN ELEC-

TROMAGNETIC FIELDS. (Eng.) Maiboysson , E.
The effects of small electrical currents on soluble (Hidroelectrica Espanola S.A.). Rev. Gen. EZectricite
collagen solutIons made up from rat tall tendon were (fJ~’~ ro SpeciaC) 85: 75—80; July, 1976.
investi gated . When a direc t current of 15 iA was
passed through a 400 ug/ml collagen solution (pH 6.80) PerIodic medical examination data and absentee i sm rates
via vertically p laced stainless steel electrodes , a were analyzed for 84 workers exposed to electric
brown—colored interface denoting a boundary between fields at transformer stations or near high voltage
two regions of apparently differing viscosity was lines (up to 400 kV) and 94 lInemen working on low
observed. On the cathode side of the band , the solu- vo l tage overhead lines . The first group showed a
tion appeared very viscous , indicating the presence highe r incidence of digestive , nervous , and locomotor
of collagen. The phenomenon appeared to be one of system disorders; however, differences in the living
collage n molecule aggregatIon rather than pol ymerlza- and working hab i ts of these two groups mIght also
tion , and electron micrographs of the viscous band explaIn the different rates. Absenteeism due to I l l —
revealed no fibers. The passage of a lO— ~A direct 

ness was greater for the second group, thus confound-
current through a 160 ug/ml collagen solution (pH ing the si gnificance of the above findings , It is
4.70) via vertically placed stainless steel wire concluded that electromagnetic fields caused no last—
eiectrodes did not produce a band-l ike structure, ing pathologic effects in the workers, since no bio
and there was no evidence of collagen molecule ag— chemica l changes were observed. (No refs.)
gregation. When a 5u A direct current was passed
through an 80-iig/ml collagen solution (pH 6.50) via
horizontal platinum electrodes , polymerization of
the tropocoliagen no!ecules into well—characterized 4697 RESEARCH CARRIED OUT IN ITALY BY ENEL ON
fibers was observed in the form of a whitish band THE EFFECT S OF HIGH VOLTAGE ELECTRIC FIELDS .
that formed concave to the cathode In a horizonta l (Eng.) Cerrete lli . P. (Inst. Human Physiology, Univ.
plane. Thus, different effects were observed for MIlan , Milan , Italy); Malaguti , C. Rev. Cen. Elec—
different current grad i ents and different collagen cricite (Nurwrr, Speciat) 85: 65—74 ; J u l y, 1976.
solutions, (8 refs.)

The effects of high voltage electric field exposures
on experimental anima ls were investi gated. Anesthe-
tized rabbits were exposed to 80 kV/m electric fields

4695 DYNAMICS IN CHANCES OF THE CEREBRAL ELEC- at a frequency of 50 Hz for periods vary ing from a
TRIC ACTIVITY IN MENOPAUSAL PAT I ENTS DURING few minutes to about 500 hr. No significant altera-

THE TREATMEN T OF PUL SE CURRENT. (Rus.) Persianinov , tlons In cardiac output , heart rate , or arter ial
1. S. (All—Union Scientific Research Inst. Obstetrics blood pressure during acute exposures were observed ,
arid Gynecology, USSR MInistry of Public Health , Mos- although the last cardiovascula r parameter tended to
cow, USSR); Tkachenko, I. M.; Smetnik , V. P.; Verul- be elevated in animals receIving chronic exposures.
ashv lll , Ya. V. Aku~h. Ginekot. (2): 

8.~l4; 1976. Increases in heart rate were observed in a conscious
dog exposed to 25 kV/m during the first 10 sec after

The cerebral electric activity was studied in 76 men- a change in electric field. Sligh t changes in the
opausal women before, af ter 5, 10, 15, 20 and 25 total and differential white cell count were observed
pulse current treatment sessions , and 4-6 no after in rats and dogs exposed to elect ric fields of 100
the trea tment, The current intensity was 0.5-0.8 nse~, and 25 kV/m , respectivel y; the dogs also showed a
at a frequency of 300—600 Hz, and a pulse duration fall in hemoglobin concentration and red cel l count.
of 0.5 msec, The current contained an additiona l Male rats exposed to an eiectric field of 100 kV/m
gal vanic component. The electrodes were placed in for acute exposures of 30 mm /day and chronic expo—
the frontoewitoida l region. The pulse current ther— cures of 8 hr/day over a total period corresponding
apy resu lted in an improvemen t of the general well- to the complete maturation cycle of the germinal
being, In normalization of the ar te r i a l  pressur e , cells showed no change In gonada l funcdon; i~~~’:~r ,
reduced Irritability, and dis appearance of conges- diminished libido was observed during acute exposures.
tion, NormaUzation of the electroencephalogram No .sbryotoxlc or teratogenic effects were observed
(EEC) was observed in most abnormal cases. Regard- In the f i rst  generation pro9eny of male rats sub—
less of the or igina l EEC pattern before the therapy , Jected to acute (30 mm /day) or chronic (8 hr/day)
the pulse current treatment caused stereotypica l exposures of 100 ky/rn. Likavlse, no changes In the
changes in the EEC; appearance of alpha-waves when macro- or microscopic structure of the live r, kid-
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neys, lungs , heart, spleen , pituitary gland, thyroid exposure. The changes in the enzyme activity were

4 gland , ad renal g la nds , prostate , sem i nal ves icles , dependent on field IntensIty, exposure t ime, and the
testicles , cervIcal lymph nodes , or stomach were ob- specific ana tomic sItes. (10 refs .)
served in rats subjected to acute and chronic expo-
sures of 100 kV/m. (6 refe .)

1 4700 EFFECT OF MAGNETIC AND ELECTRIC FIELDS ON

I THE GROWTH AND RATE OF MUTATIONS OF VAR IOUS
4698 B I B L I O GRAPHIC STUDY ON THE E L ECTRIC AND MICRO-ORGANISMS. (Eng.) Rlviere, J. (Nail . Agricul-

MAGNETIC FIELD EFFECT ON LIVING ORGANISMS. tura l Coil., Parls—Gr ignon, France). Rev. Can. E1 a—
(Eng.) Cabanes, J. (30, avenue de Wagrarn, 75008 tricit. (Nwiero Special) 85: 98-101; July , 1976.
ParIs , France) . Rev. Can. Eiaotrioite (Nimwz’o Spe-.
cial) 85: 27-30; Jul y, 1976. The effect of magnetic and electric fields on the

mutation rate and growth of the bacterium Eecheriohia

I
A b ibl iography of 145 documents dealing with the ef— coli and the fungus Penjoitliwn ohrijaoganwn was in-
fects of electric and magnetic fields on living or— vestl gated. Electr ic fields ranging from 1 0—200 ky/rn
ganisms is presented . Specific topIcs covered In— were generated between two circular metal plates
d ude: occupational exposures to electric fIelds , situated In an Incubator, The magnetic field experi—
the ecologic influence of electric fields, the dynam- ments Involved exposing the above microorgan i sms to
Ics of low frequency magnetic f ields , the effects of 50—Hz alternating magnetic fields ranging from 1 0—350
electro.nagnetlc fIelds on patients with cardiac pace— tImes the earth’s magnetic field. The exposure t ime
makers, the development of safe working procedures was 48 hr. Nei ther mutation rate nor growth rate of
for persons occupationally exposed to electromagnetic the above organisms changed durIng exposure to meg-

I 
radiation , cen tral nervous system effects i n a n i m a l s  ne tic or elec tr ic f ields , even at the maximum dosages
exposed to extremely tow frequency magnetic fields, applied. (No refs.)
the locomotor activity of anim als exposed to hi gh
tensIon alternating fields, the ef fects of low fre-
quency electric fields on plant growth, devices for

I measuring the intensity of alternating current al ec— 4701 BIOLOGICAL EFFECTS OF ELECTRIC FIELDS.
tr lc fields , the Interaction of extremely low fre— (Eng.) Kornberg, H. A. (Electric Power
quency electromagnetic fields with brain organell.s, Research Inst., Palo Al to, CA 94303). Rev. Gen.
the effects of electrica l currents on Eaoh.r’t~ohia Electricite (Nwnero Special) 85: 51-64; July, 1976.
coli growth ra tes , dis p lacemen t curren ts to the human
body resulting from dielectric fields under overhead Results from experiments investi gating the effects
line s, the absorption of electromagnetIc energy in of high voltage fields on humans and a n i m a l s  a re
body tissues , the mechanlsm of the behavIor of cells reviewed. Studies In the Soviet Union on 319 men
in an alternating electric field , and the influence working in 220, 330, and 500 kV switchyards revealed

I of weak electromagnetic fields on human clrcadlan nonspecific central nervous system distu rbances.
periodicity . (145 refs.) Similar observations were reported from Spain where

8 or 9 switchyard workers were transferred to a new
500 kV stat ion and several of them complained of

I 
headaches, d rows i ness, fatigue , and nausea . In con

4699 CHANGES OF ThE ACTIVITY OF SUCCINATE DEHY— trast, a rev iew of seven studies performed In the
DROGENASE IN CELLS OF VARIOUS BRAIN STRUC— U.S. and Western Europe reveals no adverse effects

lURES UNDER ThE EFFECT OF UHF FIELD OF LOW INTENSITY, in humans exposed to f i e l d s  as h igh  as 20 kV/m (50
(Rus.) Be lokrin l tsky, V. S. (A. N. Marzeev Kiev he) for 45 m m .  These stud i es also revealed no ad—

I Scientific Res. Inst. General and Coemiuna l Hyg i ene , verse effects in humans exposed to 60 Hz fields from
Kiev , USSR); Niki tina , N. C. Vr’doh. Delo (3): 127— 765 kV lines. Laboratory studies with animals in-

131; 1976. volvin g exposures as high as 160 kV/m (60 Hz) over
1500 hr also have revealed no adverse effects. How—

I Changes in the succ inat. dehydrogenase actIvity of ever, the Progeny of mice exposed to the above field
cells of the archipaltium , pel.opalliue, n.ocortex , strength showed a slightly slower growth rate than

subcort icai str uctures , viscular pl exes of the yen— con trol s, which could have been due to differences
tr i c les , ependyma and p la ma ter of the brain were In wa ter availability and temperature. Research in

studied In 99 sexually mature male rats during I- to the U.S. and Western Europe has not reproduced the
4-mo exposure to low—Intensity IMF el.ctromsgn.tic adverse effects noted in Soviet and Spanish studies.

• 
field wi th 10- 1,000 rVd/cr.~. The anIma ls were exposed (19 ref..)
to the .lectromsgnetlc field on work days more than
three times daily for 40 mln. ConsIderable field

I lnt.nsity—dependent increase was observed in the
succinate d.hydrogen.s. activIty following a 30— day 4702 I MMEDiATE EFFECT OF ELECTRIC CARDIOVERSION
.i,pcsure in all brain st ructures. The smallest In— ON ThE INDICES OF HEMODYNANICS AND MYOCAR—
crease wes in the nucleu s caudatus and subiculia., 011tH CONTRACTILITY IN PATIENTS WITH AURICULAR FiBRiL-

I 
and tIle field Int.nsl ty had little affect on the LATION. (Rus.) Bogoslovaky, V. A. (A. L. Mlasn ikov
actIvity Increase in Aemon’s horn. The enzyme act lv— Inst. Cardiology, USSR Acid. Med i ca l ScIences , Moe—
ity d~~reased at the end of a ~0—day exposure to cow, USSR); kjubarchuk, V. V.; Mazaev, A. V.; Plchu—
show Incr.aced values aga in at the end of the 4-mo gin , V. N. Tar. A34ch. 47(4) : 100- 104; 1976.
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4
The effect of cardloverslon , using a 4,700 V defibr il- provided tha t the pore opening is of a sultabi’ form
lator , on the In dices of central hemodynamics was and carries charges at the Interface. The energy
studied In 29 patients with left atria l fibrillation , required to partially dehydrate sod i um and potassium
The patients were administered phenobarb ital and ions plays an essential role in the process.
anesthetized with hexenal. The minute vol ume showed (22 refs.)
no change 25-30 mm after the restoration of the
sinus rhythm. However , the frequency of the cardIac
contractions decreased and the systolic vol ume in-
creased after cardioversion , The reduction In the
Sonnenbllck—Feragut contractility indice s was ~~ 4705 MYOSIN SYNTHES IS IN CREASED BY ELECTRICA L
lieved to be due to the adverse effect of the elec— 

STIMULATION OF SKELETAL MUSCLE CELL CUL-
TURES. (Eng.) Brevet, A. (Dept. Medicine , Stanfordtric discharge on the myocardium, and partly to the Univ. Medica l Center, Stanford, CA 94305); Pinto , E.;hexenal anesthesia. (18 refs.) Peacock , J.; Stockdale, F. E. Science 193(4258):
1152—11 54 ; 1976.

The effect of electrica l stimulation (100 V and 5 n~
4703 CERVICAL ENDOMETRIOSIS AS A COMPLICATION maximum) on protein synthesis in skeletal muscle cel l

AFTER DIATHERMIC COAGULATION OF THE UTERINE cultures established from 12— to 13—da y embryonic
CERVIX. (8u1.) Karaglosov, I. (Medical Acad., Ma- chick breast muscle was investigated . When the mus-
tern lty and Pediatric Center, Bulgaria) ; Malcaveeva, d c  cultures were 4—5 days old , they were stimulated
V. Akueh. Ginekol. (Sofia ) 14(3): 203—208; 1975. for 14—48 hr wIth a 0.6—sec train of 10- to 25—msec

b i phas ic pulses  del i vered ever y 4 sec by way of agar
A study of the incidence and col poscopi c morpholog y sal i ne b r id ges. The quantity of protein extracted
of cervical endometriosis as a complication of dla- from the cul tures with pyrophosphate buffer was in—
thermic coagulation (not described) of the uterine creased by a mean of 21* over that of unstlmulated
cervix Is presented . Of 5,531 women examined coi po— control cultures , and the amount of radIoactive l eu—
scopicail y, 40 (.72%) showed evidence of cervica l cine in myosin heavy chaIn protein was increased by
endometriosis. All cases occurred In patients in a mean of 39% over controls, A 29% increase in the
whom diatherma l coagulation had bean performed pyrophospha te—extrac tab ie protein as compared with
(40/636 patIents , 6.28%). Pseudotujnors, f la t, ulcer- only a 7% increase In total cellular protein lnd i
ous and pseudoectopic forms of cervica l endometriosis dated that the electrical stimulation effect was
were distingu ished colposcoplcall y. (14 refs.) greater on contractile proteins , such as myosin. A

comparison of the deoxyrIbonucleic acid content of
stimulated and unstlmulated cultures revealed that
the protein enhancement In stimulated cultures was

4704 CONFO RMATIONAL EFFECTS ON THE ACTIVATION due to Increased protein synthesis rather than to
FREE ENERGY OF DIFFUSION THROUGH MEMBRANES cell proliferation. Thus, direct electrica l stimu-

AS INFLUENCED BY ELECTRIC FIELDS. (Eng.) Offner, lation of the contraction of skeletal muscle cells
F. F. (Technolog ical Inst., Northwestern Univ. , ~~ vi tro enhances the amount of protein produced by
Evanston, IL 60201); KIm , S. H. J. Theor. .9iol. myotubes, and this increase Is greater for the con—
61: 97— 112; 1976. trectile proteIns. (26 refs.)

The Influence of an electric field on the permeabil-
ity of biolog ic mel ranes to potassIum and sodium
ions Is theoretically ana l yzed. Permeability changes 4706 ELECTRIC FIELD—INDUCED CONFORMATIONAL CHANGE
in membranes are explained by simple electrostatically OF POLY(L LYS1NE) STUDIED BY TRANSIENT ELEC
i nduced conform.tional changes at the mouths of men— TRIC BIREFRINGENCE. (Eng.) Kikuchi , K. (Dept. Chen—
brane pores, which result from the deflection of Istry, Col l. General Education , Univ . Tokyo, Meguroku,
long-chain molecules having Ionized polar groups near Tokyo, Japan); Yoshioka, K. Biopo lyrnare 15(9) : 1669—
the interface. The deflection of such a chain in— 1676; i976.
creases approximately as the cube of the number of
def lectIng atoms in the chain increases. Such a Transient electric blrefringence measurements on poly
molecule w ill suffer a conside rable deflection if (L..lysi ne hydrobrom i de) In methanol—water mIxtures
BshJec ted to a component of an elec tr ic  f i e l d  norma l were carried out at various solvent compositions in
to its axis. For example, a 20-atom chain would de- the vic ini ty of the hel ix—coi l  transition region
fl ect 1.0 Angstrom as a result of a norma l field (from 87 to 98 vol % methanol). The electric field
component of 100 ,000 V/cm acting on a s ingle elec t ron was applied to the solution In a Kerr cell in the
charge. A conformat iona l change requirIng a low for m of sing le rectangular pulses of up to 6 kV ampli—
free energy for Its production may result In a large tude. Anomalous birefringence transients were ob-
change in the free energy of activation . This dif- served between 90 and 95 vol % methanol above a thres— jference is due to the time scale of the two pro- hold field strength. A distinct difference between
cesses: the electrical displacement can occur cver the responses to weak an d strong electric fields was
a relat ively long tine (frac t ion of a meec), wh ile noticed over a narrow range of the so lvent coinposi—
the process affecting activation energy occurs over ti n, The effec ts of po l ymer concentration and tern—
a time scale on the order of 10 12 sec Thus the perature on the field—strength dependence of the
actIvation energy for diffusion through pores should birefrIngeflce were studi.d at a solvent composition
be hi gh ly sensitive to the boundary .lectrlc fIe ld , of 90 vol * methanol where the anomalous transients
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appeared most clearl y , The doub le logarIthmi c plots are totally related to tumor blood flow Is doubtful ,
of the steady—state specific birefringence versus and in the absence of data outlining intratumoral
the square of f ield strength for different concentra— temperatures , necrosis related to high temperaturec
tions and temperature s could be superimposed by shif t— seems more reasonable. Total tumor necrosis can
ing them horizontall y along the abscissa. The thres- occur within minutes after the application of radIo-
hold field strength , which was determined from the frequency heat. (5 refs.)
sh i f t fac tor , decreased with decreasing concentra-
tion. The results provide further evidence tha t
strong electric fields can cause a helix—coil trans I-
tIon In this system under favorable conditions . 

4709 COMPLEX PERM1TT1VITY AND PENETRATION DEPTh
• 

( 17 refa,) 
OF MUSCLE AND FAT TISSUES BETWEEN 40 AND

90 GHz. (Eng.) Edrich , J. (Dept. Electrical Eng i-
neerIng, UnIv. Denver, Denver , CO 80210); Hardee,
P. C. 16’A’E Trane. Microwave Theory Te ’h, MTT-24(5) :4707 EXPER1NENTAL AND THEORETI CAL STUDIES ON 273—275; 1976.

ELECTROMAGNETIC FIELDS INDUCED INSIDE FI-
NITE BIOLOGI CAL BODiES. (Eng.) Guru , B. S. (Dept. The dielec tric constant (c), conductivity (a), andElectrical Engineering and Systems Science , MIch igan penetration depth (6) of mIllim eter waves in fat andState Univ., East Lansing, Mi 48824); Chen, K—N. muscle tissue were measured over the frequency bandsTh’

~~ 

Trane . Microwave Theory Tech, MTT—24(7) : 433—440; 40—54 GHz and 85—90 GHz. Fat from recently S laugh—1976. tered catt le, and muscle tissue from Sprague—Dawley
ra ts, were used for measurements. The measured 6The tenso r Integral equation was used to calculate of fat at 40—54 GHz and 85—90 GHz ranged from approx-the induced electric field InsIde a biologic body Imateiy 1.8—2.5 “vs (peak at 45 GHz) and from approxilluminated by a simple plane wave. Simulated bio— imete l y 1.2—1.3 mm (peak at 90 GHz) , respectively.logic bodies made of plexig las were filled with The 6 for muscle in the two frequency bands rangedsaline and put Into an anechoic chamber and il lum in— from approximately .4 to .27 nan (peak at 40 ONz) andated by electro magnetic waves with frequencies rang— from approx Imatel y .22 to .21 sin (peak at 85 GHz).ing from 1 .7-3.0 GHz radiated from a horn antenna, A phaseless technique was used to determine the relaThe induced electric field InsIde the solution was tive e and the a for the tIssues. A substantialmeasured by a d ipo le—t ype probe loaded with a micro - shif t in the characterIstIcs of fat was determ i nedwave detector diode at the terminal. Model sizes by these values. The Initial values for c and a

were 6x6xl cm, l2xi2xi cm, l6x l 6xl cm , and l2x12x2 cm. Increased from 8.4 and 15 O~~ m
1 respectively, forResults of the theoretic and experimental values of about 1.5 hr, after which they shifted dowmaard tothe dissipated power (OP) are presented graph cal~ y. 4 and 7 ~~ m~~, This shift did not seem to be afThe distribution of the DP was shown to change sig— fected by temperature, The results ind Icate thatnif icantly when frequency, conductivity and permit— millimeter wave irradia tion of human body tissue

tivities changed only slightl y. in the model 2 cm similar to that i nvesti gated has to be considered
deep (two I cm layers) the DP In the first layer was for microwave hazard studies. (II refs.)severa l decibels higher than that in the second
la yer , as was theoreti ca l l y predicted. The patterns
of the DP indicated the complexity of the induced
field In the models. (10 refs,) 4710 EXPERIMENTA L REGENERATION IN PERIPHERAL

NERVES AND THE SPINAL CORD IN LAB ORATORY
ANIMALS EXPOSED TO A PULSED ELECTROMAGNETIC FIELD.
(Eng,) Wilson , 0. H. (Accident and Emergency Dept.,

4708 RIMOR ERADICATION BY UDIOFREQUENCY ThERAPY General Infirmary at Leeds, Leeds, England); Jaga—
(Le tter to Edltor j. (Eng.) Selker , R. C. deesh , P. P~2rap~.gia 14: 12—20; 1976.

(Univ. Pit tsburgh , Pittsburgh , PA); Wolfson , S. K.
JAM.4 236(15): 1690—1691; 1976. The use of pulsed electroma gnetic fields for p e n —

phsral nerve and spina l cord regeneration in Iabora—
A report of tumor erad i cation by radiofrequency thor— tory animals was investigated. The apparatus used
apy is ques tioned because of problems associated with was a Diap u ise machine that is capable of delivering
tumor temperature measurement and the assumption that f ield strengths of from 5—120 M~/cm2 In the form of
all tumors have decrease d blood flow. Most tempera- 65—microsec pulses over frequencies of 80—600 pulses/
ture measuring devices are directly heated in the sac, PerIpheral nerve section and suture (medIan—
radiofrequency field and g Ive false readings of in- ulnar nerve in the upper forelimb) was performed on
tratuaioral events ; therefore , special thermistors 132 rats , and postop eratively half  of the rats were
must be used to preven t distortion of the absolute treate d for 15 mm /day with diapulse therapy (dosage
temperature values produced, A revi ew of the con— not given) . The diapulse—treated animals demon—
flic ting reports in the literature concerning the strated a return of nerve conduction 12 days after
effect of radiofrequency therapy on tumor eradication division and suture of the nerve, a1thou~h a 10—fold
ill ustrates the importance of the above t.mperatur. increase In stimulus strength (0.5—5 .0 V) was re—
measurement precautions. At 40C , for exam ple, en- qui red for the response . No respon ses to the 5.0—V
h.nced tumor growth with nustastatic Imp lan ts and stimulatIo n were observed In control animals, His—
rapid dea th occur In experimental animals. Tha t the tol oglc sections di stal to the point of suture In
results of radiofrequency—induced tumor eradication the treate d ani mals 30 days after surgery showe d
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chat the nerve contained abundant regenerating nerve inge of the Z.97~ Annual Meeting of tho In ternal ~:naZfibers but of reduced diameter . Comparable sections Union of Radio .‘~cience Held at the (miveraitt,t ~ffrom untreated animals 60 days after divisi on and Colorado, Boulder, Colorado, 2(-~ ? October , iWIt.suture also showed regeneration , but the degree of USNC/URSI. (UashIngtr ~~. D C ) :  226; 1975.recovery was not as grea t as that in treated an i m a l s
at 30 days postoperatIve. Studies of spinal cord To study the effects of radiofrequen cy radiation onregeneration following hemicordotomy in cats were the trace metal ëontent of specific regions of thealso performed. Exposures to diapulse therapy were rat brain , rats were exposed to 80 n*4/cm 2 plane wavefor 0.5 hr each day for I mo uSi ng an average field fIelds at 1.6 GHz in the USAFSAM anechoic chamber.strength of 50 n~/cm

2 and a frequency of 400 pulses/ Companion studies were made on the brains of animalsSec. When the an i mals were sacrificed 3 mo after exposed to an environment of 80°C In a warm aIr ovenheinicordoton,y, electromagnetlc—Ind~~ed nerve fiber for an equivalent period of time . Brain areas ana-regenera tion across the scar region was observed, l yzed included the cortex , corpus strIatum , hippocamp-(6 refs .) us , hypothalamus , midbrain , cerebell um, and medull a .
Metal s an a l yzed were Na , K, Ca , Mg, Fe , Cu , and Zn,
all by atomic absorption . Major differences from
controls were found In the magnesIum content of the

471 THE EFFECT OF 1.6 GNZ RADIAT ION ON NEURO- hypothalamus in both hypertherma l and radlofrequency
TRANSM ITTERS IN DI SCRETE AREA S OF THE RAT exposed ra ts. if the iron changes are interpreted

BRAIN. (Eng.) MerrItt , .1. H. (Rad)obiology Dlv ., ~5 due primarily to alterations in blood distribu-
U.S. Air Force Sch . Aerospace Medic ine , Brooks Air tion , then it appears that Intracerebra l circulatory
Force Base . TX); Hartze il , R , Frazer , J. H . In: changes were produced by hyperthermai environments

which were not produced by radiofrequency exposure.Proi’~edinga of the 1975 Annual Meeting of the Inter— Previous studies have found decreases In zinc con-national Union of Radio Science Held at the (iniver— 
tent in liver and Increases in the zinc conten t inBit4 of Colorado, floulder, Colorado, 20—23 October, 
braIn cortex of animals exposed to high frequency1975. USNC/URSI . (Washington . D.C.): 227—228; 1975. 
band radiation. The present results are similar
to the latter findings and show that some cerebralTo inve sti gate the effects of radlofreguency radia- 
effects are produced Indirec tly as a result oftion on the centra l nervous system of rats, power
primary effe cts on other organ s . (No refs.)distribut ion was thermographically determined In

rats exposed to 1.6 GHz radiation at a measured power
density of 80 mV/cm2 for 10 m m .  Rectal temperature
rise was h°C. Serotoniri and its metabo lite 5—hydroxy-
i ndole acetic acid , dopam Ine and its netaboilte homo-
vani ll ic acid , and norepi neph rlne were measured In the 4713 EFFECTS OF ThE FIELD FREE SPACE ON THE CIR-hypothalamu s, corpus striatum , midbrain , hippocampus , CADIA N RHYTHM OF ThE HOUSE SPARROW , PASSERcerebellum , medulla-pons , and cortex. Parallel hyper- DO!’ESTICUS, AND OF THE SONG SPARROW , MELO~PIZA /.~LOD-therma l and nornotherma l controls were also exma i ned . IA. (Eng.) Bliss , V. (Dept. Zoology, Un i v .  RhodeThe hypertherma l controls were main tained In a 75°C island , Kingston , RI);  I4eppner , F. In: Proaqedingaenvironment for 10 mm which resulted in a rectal of the 1975 Annual Meeting of the Internationaltemperature rise of 4°c. A significant decrease in Union of Radio Science Reid at the Univereity ofhypotha l amic norepinephrine content was noted in the Colorado, Boulder, Colorado, 20—23 October, 1975 .irradiated and hyperthe rma l groups compared to the USNC/URSI . (Washington , D.C.): 268; 1975.nornotherma l controls. The hippocampa l conten t of
serotonln was decreased In the irradiated but not Experiments were performed to test the hyp othesisthe hypertherma i animals. Conversely, cerebe l l a r  that changes In the earth’ s electromagnetic fieldand cor t ica l  serotonin concentrations were decreased can act as a Zeltgeber for birds that normally demon-in the hypertherma l but not the irradiated rats. The strate pronounced circadian rhythms. Two identicaldopamine content of the corpus s t r ia t um was si gnif i-  Heimholtz coIls were constructed , each containin gcantl y lower in the Irradiated group but not In the ei ght nonmagnetic cages arranged symmetrically withinhyperthermal an Imals. The decrease in hypotha lamIc the computed f ield-free space. The birds ’ ac t i v i t ynorepinephrine supports other data suggesting that was moni tored with an event recorder . The experimentneurotransniltter subserves a neuronal system to lower was conducted in a Soundproof room at a constant temp-body temperature. The other changes agr ee w i t h  erature. Osci llation s In background noise from thethermographic Imagery of rats exposed to 1 .6 Gi4 z power supply and recording apparatus were masked by aradiation , The results indicate that the effec ts wh i te noise generator . Ei ght birds (one bird/cage)on the neur otran smitte rs are a result of radiofrequen- were placed in each coil. Each group consisted ofcy radiation induced hyps rtherm ia and not a direct four House Sparrows and four Song Spa r rows . All bi rdseffect on Innervated tissue . (No refs .) were entrained to an 10 9:15 cycle. The experimental

group was plac ed on an electromagnetic field 9:15
cycle (9 hr field-free space: 15 hr earth’s electro-
magne tic field) that coIncIded wi th the LD cycle.

4712 THE EFFECT OF 1.6 6Hz CV FIELDS ON TRACE A ll birds were maintained at the LO 9:15 cycle.
METAL CONTENT OF SPECIFIC REGIONS OF RAT After several weeks, all birds wars placed in constantBRAIN. (tnq.) Chanmess , F. (U.S. Ai r Force Sch . darknes s. The electro magnetic field 9:15 cycle wasAerospace Medicine , Brooks Air Force Base , TX); maintain ed for the experimental group , and all actlv-Sclioles , H.; Sexaue r, S.; Frazer , J. V . In: Proceed— i ty was t •st ed for p.riodicity. (No ref..)
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4714 BROADCAST RADIATION: A SECOND LOOK. (Eng.) are examined in terms of present radiofrequency expos
T e l l , B. A . (Environmental ProtectIon Agency , ure standards and philosophy . (No refs .)

Washington , DC) . Janes , 0. E. In: Prooeedinga of the
l~ 75 Annual Mee tinj of the International Union of
Radio Scionce Field at the Unive reity of Colorado, 4715 EIGHTH SUPPLEMENT TO BIBLIOGRAPHY OF REPORT
‘~~~ i?  ~i’r , Colorado, 20-23 October, 1975. USNC/URSI . ED BIOLOGICAL PHENOMENA (‘EFFECTS’) AND
(Washington , D.C.): 312-313; 1975. CLIN iCAL MANIFES tATIONS ATTRIBUTED TO MiCROWAVE AND

I RADiO-FREQ u ENCY RADIATiON . (Eng.) Glase r , 2. B .
As part of its program to determ ine the health and (Naval Medical Research Inst. Detachment at Naval
environmental effects of exposure to nonlonizing Surface Weapons Center, Dahigren Lab. , Dah igren , VA
radiat i on , the Environmental Protection Agency is 2241.8); Brown , P. F. Prepared by DaJilgren Laboratory
gathering and analyzing info rmation on sources tha t for the ?kzval Medical Reeearch 4 T)evelop ’nent Coertznd,
produce radiation levels In the environment. This Betheeda, MD. AD 734-391: 19 pages . August . 1976.
pape r extends the results of a previous project that
studied broadcast stations as environmental sources of ApproxImately 350 references on the biolog Ical respon-
nonionlzing radiation . This investi gation was develop- ses to radiofreci uency and microwave radiation are in-
ed around vertical radiatIon patterns and data supplied cluded In this continuing bibliography of the world
by the Federal CommunIcat i ons Comm ission regarding the literature , Citations include such topics as biomed-
hei ghts of transmitting antennas above ground and Ical studies using electromagnetIc pulse radiation ,
above supporting structures , such as, building roofs, bIolog Ical dosi metry, effects of electromagnet ic
In particular , power densities at roof and ground radiation on Imp lanted electronic cardiac pacemakers,
leve l were calculated for areas very near FM broadcast microwave exposure limits , regulations and standards ,
installat ion s using recent information on steep depres- and electroanesthes a. Particular attention is paid
sion angle radiation from conni~ nl y used FM transmitting to the effects of nonlonizing radiation on man. Soviet( antennas . Associated field measurement data are also and East European literature Is Include d in detai l .
discussed and the overall implications of this analysi s (331 refs.)
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