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magnetic radiation (microwave and radiofrequency radiation) are compiled, condensed,
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I
PREFACE

I H

t
L Biol.ogioal Effects of Nonionizing Electromagnetic Radiation

is a’ pub) icatlon researched and prepared by the Franklin
Institute Research jj k.oratorles, Sci ence I nforma~ET

,I Ser~~c D ~~1iF~ment, under a contract with the U.S. Navy
and adminis tered by the Office of Telecommunications Policy .

This digest serves as a vehicle through which current

C documentation of research highl ights on the biolog i cal
- , effects and heal th impl i cations of nonionizing electro- ‘1

magnetic radiation (microwave and radiofrequency radiation)

I 
are comp iled , 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 activities .
The great number and d i vers ity of relevant publ i cat ions
make imperative the availability of this service to persons
whose ~~rk requires that they keep abreast of current
developments in the field.

Biologica l Effects of Nonionizing Electromagnetic Radiati on
IS publish ed quarterl y. The issues of Vo l ume I , and future
volumes, will inc l ude materials received during the preced ing
three months. Each issue wi l l Inc l ude news i tems and
announcements, a l i st ing of meet ings and conferences ,

- abstracts of current literature, arid a directory of current
resea rch. Mater i als for wh ich ~ul i text is not available
will be included as summa ry abstracts .

- ‘ .~~~~~ , ,~~~~~~ ,~~~~~~~~~~~~~~ - 
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ABBREVIATIONS AND ACRONYMS

A , amp - ampere mo - month
BRH - Bureau of Radiological Health NBS — National Bureau of Standards
C - cent igrade NIH - National Institutes of Health
cm - cent imeter nm - nanometer
cps — cycles per second NSF - National Science Foundation
dB - decibel NIOSH - Nationa l Institute for Occupation.!
EPA - Environmental Protection Agency Safety and Health

~~ •~~
‘ 

I ERDA - Energy. Research and Development NTIS - Nationa l Technical I nformat ion S.rvic.
Agency Oe - oersted

FDA - Food and Drug Admini stration OSHA - Occupationa l Safety and Health
g - gram A d m i n i s trat ion
G - Ga uss oi~ - Office of Teleconununications Policy
gHz - gigahertz PHS - Public Health Service
HEW - Health , Education , and Welfare rad - radiation absorbed dose
hr - hour R - Roent gen
Hz - hertz rpm - revolutions per minute
IEEE - Institute of Electronic and Electrical sec - second

I Eng i neers UHF - ultra high frequency
- International Microwave Power Institute USAFSAM - U.S. Air Force School of Aerospace

f lu - internationa l units Medicine
J - Joule USDA - U.S. Department of Agricul ture
k — kilo-- UV - ultraviolet

- liter VA - Veterans Administrationm - meter W - watt
m — mu ll-- WHO - World Health Organization
N - mega-- wt - weig ht
mho - unit of measurement of conductivity yr - year
mm - minute

IL

L
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seems to warrant cautiofl. Therefore, the repor t
WHAT LEADS A TERMITE THROUGH A MAGNETIC FIELD? in critical devices, such as cardiac pacemakers ,

suggests that care be exerc ised to limit the unneces—
Dr. Gunther Becker , one of the wor ld’ s leading sary use of marine radar In a reas of hi gh population
experts on termi tes claims that termi tes possess density—-fo r examp le, when docked in harbor. rhe U.S.
a natura l ability to detect weak electric and Coast Guard has reviewed the report and has agreed
magnetic fields. This ability would account, in to a program of cooperation with the Bureau on the
part , for termi tes ’ remarkable social organization . safety aspects of marine radar . The report is
A reaction to the earth’s magnetic field has been available from the Nationa l Techn i cal Information
suspected for some t ime , since it has been observed Service , as ind icated under “New Bureau Pub! icatior.;.”

• that certain termi te mounds are flattened verticall y BRIJ Bul.l.tin 10(l): 3—1.; 1976
— along an E/W direction. To demonstrate the influence

of alternating magnetic f ie lds on termites , Becker

I 
. placed a small plastic container of termi tes more

than 3 m away from a room heater generating a 50 Hz
field. Although the f ield was of such low intens i ty visuTuNS SCIENTIST JOINS BUREAU STAFF
that it could only be measured up to 10 cm from the
source, the termites built vertical galleries at the

L edges farthest away from the source . The termi tes
must therefore have been able to perceive the minute Dr. Przemyslaw Cerski has accepted an appoIntment
differences in the strength of the alternating mag- wi th the Bureau of Radiological Health to work with

netic field wi thin the confines of their container, the DivisIon of Biological Effects on a program to

Another experiment showed that termites can influence determine the effects of microwaves on the blood-

each other by their own “biofields ”. Becker demon- forming system. He comes to the Bureau from Poland’s
strated that termi tes were able to communicate through Nationa l Research Institute of Mother and Child where

5 nutt of plastic foam but could not communicate when he is a Professor of Genetics and Head of the Depart-

shielded by 5 mm of aluminum . Becker believes u*~t of Human Genetics. This department has been

bloflelds are probably alternating electric fields 
desi gnated a World Health Organization Collaborating

enabling termites to construct galleries at the Center for Bioe ffects of Non i onizing Radiation , and
borders of nesting areas where the i nsects need to 

Dr. Czerski serves as the Center ’s Head. He a l so
fo rage. Such b l o f l e l d s  wou l d enab le termit es ~ 

has served as adviser on non i onlzing radiation pro-

avoid serious competition for food. Becker ’s resea rch tection to the Polish Ministry of Health and Social

poses the question as to whether one could put a Welfa re.

magnetic field around a house to protect it from RRR Rult.’? tt n 10(1): 2; 1976
termite damage.

New .ce~ip nt io t 7l( IOu.) 391; 1976

MICROWAVE SAFETY LEVEL STILL TOO HIGH?

MICROWAVE EXPOSURE LEVELS FROM MARINE
RADAR EVALUATED

In experiments performed for the Environmental
Protection Agency, Dr. Andrew Huang of Difle Univ-

The Division of Electronic Products of the Bureau of ersity Medical Center has detected changes In the

Radiological Health has conducted a stud y of the whi te blood cells of hamsters exposed to microwave

range and magnitude of microwave radiatIon exposure doses as low as 5 mW/cm2--half the maximum dose set
resulting from marine radar units used on small by Food and Drug Administration regulations for

pleasure boats . Invastioators surveyed 33 marine mic rowave ovens. Huang exposed hamsters to 15

radar units  in actual use and compiled information minutes of microwave radiation (at 2.1.5 and 9.00 GHz)

concerninq 1.3 different models. Laboratory measure- i~e” day for seven days. The ability of the animal’ s

sents were performed in the Division ’s anecPioic lymphocytes to transform into antibody forming cells .

chamber , and calculated emission levels were compared when stimulated in the test tube, was i mpa i red by the

with experimentall y measured values. According to a microwave radiation . This preliminary experiment

recentl y published report on the study, personnel raises the poss ibi lity that the ismiune response of

e,.posure to microwave emiss ion; from the radar units hamsters to infection Is likely to be decreased as a

probably will not exceed I n*f/cm2 ave rage power result of microwave radiation exposure. Huang has

density under norma l operating conditions . However , become serious l y concerned about the safety of the

~~~~ sign ificantl y Inc reased emission levels might be rapidly growing number of microwave ovens now being

encountered if a unit is operated with the antenna sold in the U.S. He believes that if whet Ma find;

rotation stopped . The report recoemiends that exposure true in hamsters Is true in humans, exis t ing ovens
under ;u~h conditions t~e avoided . Another finding could pose a potential threat In the home . I ronIcal-

was that instantaneous peak microwave emissions in ly, the radiation levels in a typica l kitchen equipoed

( the region surrounding the antenna mi ght be quite with a microwave oven far exceed those recently beamed

high . Although any possible biological hazards 
into the U.S. Embassy In Moscow, wh i ch , it was feared ,

associated with these emission levels are uncertain endangered the health of Embassy employees .

at present, the po ssibility of interference phenomena Nt t.’ Scientist 69(987) : 323; 1976 ’
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Biological Ef f e c t s  Nonionir ing Electromagnetic
NEWS ITEMS . Radiation 1(1). October 7976

EFFECTS OF MICROWAVE ON THE NERVOUS SYSTEM MICROWAVE/RADIOFREQUENCY BIOEFFECTS BIBLIOG RAPHY

A contract In the amount of $176,065 has been awarded The eighth supplement to the “Bibliography of Reported
to the University of Utah , Salt Lake City, by the Biolog i cal Phenomena (‘Effects’) and Clinical Nani-
National Inst i tutes of Hea lth , Bethesda , Maryland, to festations Attributed to Microwave and Radio-Frequency
study the effec ts of chron i c ex posu re to low Intensity Radiation ,” published in August 1976 , is available

• (5 nIl/cm2) microwave radiation on rat behavior , EEG , from the National Technical Information Service
and blood and urine biochemIstry. The animals will (Springf i eld , VA 22151) as AD 734-391. This report,
be i r r a d i a ted e i ght hours per day, In five-day per week prepared by Dr. Zorach R. Glaser and Patricia F.
sessions at 915 and 2450 MHz. The project, under the Brown of the Nava l Med i cal Research Institute Detach—
direc tion of Dr. Om Gandhi , wil l try to answer quest- ment , Naval Surface Weapons Center/Dah lgren Laboratory,
ions on the disparate safety lev els of rad i a ti on fol Dahi gren , VIrginia , contains approx Imately 350 refer-
bowed i n  the U.S. and the Eastern-block countries. ences. Particular attentIon Is paid to the effects
The work will be performed jointly with the University of microwave and radiofrequency radiation on man.
of Washington , Seattle. AD 734-391 ; August 1976

f/ti/I Bioenqinee,’inq Newsletter 3 (5) : 1-2; 1976

ITEMS FROM ThE COMMERCE BUSINESS DAILY

O FURTHER RESEARCH ON THE NEUROPHYSIOLOGICAL
AND BEHAVIORAL EFFECTS OF CONTINUED WAVE AND
PULSED MICROWAVES IN RODENTS AND OTHER LABORATO RY
ANIMALS . - 

-

The Of f i ce of Nava l Resea rch , Arlington , v irg inia , has
contracted with the Board of Regents of the University
of Washington . Seatt le , for the above study . (January
30. 1976)

o INVESTIGATION OF ELECTRIC FIELDS.

The National Aeronautics and Space Administration ,
Lyndon B. Johnson Space Center , Houston , Texas , has
contracted with the Stanford Research InstItute ,
Menlo Park . CalIfo rnia , for the above study. (August
11 . 1976)

o EXPANSiON OF STUDY ON THE EFFECTS OF
MICROWAVE RADIATION ON THE CENTRAL NERVOUS SYSTEM.

The Department of Health , Education , and Welfare . SI

• Food and Drug Admin istration , Roc kville . Mar y la nd ,
has contracted with George Washington University,
Washington , D.C.. for the above study. (July 21 ,
1976)

• Cl RESEARCH ON MICROWAVE BIOTISSUES. • , .

The University of Mary la nd. College Oaks , w i l l perform

the above study. (July 2, 1976) . 4 .

2
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ME ET INGS AND CONFERENCES

OPERATIONAL HEALTH PHYSICS SYMPOSIUM Wel fare, Public Heal th Serv i ce, Food, Drug Admin. ,

U Bureau RadiologIcal Health , Rockv i l l e , ND) and H.
McManaway.

Date : February 9-12 . 1976
P lace : Denver , Colorado MICROWAVE-INDUCED TERATOLOGY IN THE RAT. N. E.

I Sponsor.: Health Physics Society Chernovetz (Tulsa Univ., Tulsa, OK), A. F. Oke,
Requests f o r  r nf o~~ ti~-n: Mr. J. B. Martin , P.O. Box and 0. R. Justesen .
3229, Boulder , Colorado 80303

THE EFFECT OF REPEATED MICROWAVE EXPOSURE (N

I NEONATAL RATS. R. Guill e t (Dept. Radiation Biol-
ogy and Biop hysics , Sch. MedIcine and Dentistry,

MICROWAVE POWER SYMPOSIUM 1976 Univ. Rochester , Rochester, NY) and S. Michaelson.

I Date: July 27-30, 1976
PZa~v: Louvain . Belgium
Sponsor : International Microwave Power Insti tute RADIOLOGICAL SOCIETY OF NORTH AMERICA
Req ueatB f o r  rnfo~nation: Hr. V. Decareau , P.O. Box SCIENCE ASSEMBLY AND ANNUAL MEETING

I 
247. Amherst. New Hampshire 03037

• Date : November 14-19, 1976• P lace : Chicago , Illinois

I 
Eu ROPEAN MICROWAVE CONFERENCE Sp on8or: RSNA

Requests f or  rnf o~~ ation : Ms. A . Swenson, Executive
Director , Radiolog ical Society of North America ,

Da te : September 14-17, 1976 1 5th Floor . One Mony Plaza , Syracuse, New York
Pla ce : Rome , Italy 13202

I Sponsor: Italian Association of Electrical and
Electronics Eng ineers
Requests f o r  Tnfors ~ation: Microwave Exhibition s and
Publishers Ltd ., Temple House. 36 High St.. Sevenoaks , NATIONAL TELECOMMUNICATIONS CONFERENCE

I 
Kent TN13 1JG , England

Dat e : November 29 through December 1 , 1976
Pl ace : Dallas , Texas

PROPAGATION SYMPOSIUM Roquests for ’  Thf or.nction: J. H. TIl ley , Co l l i ns• t 
INTERNATIONAL IEEE ANTENNAS AND Sr.cnsov ’: I E E E

Radio Company, North Alma Road . Richardson , Texas
75080

Date: October 11-15, 1976
~~ Place: Amherst , Massachusetts

Sponsor: I E E E , URS I
Requests for Infozsnation: R. E. Mcintosh , Electrical THE CHEMICAL SOCIETY SYMPOSIUM ON NEWER

and Computer Eng ineering Department , Uni vers i t y  of ASPECTS OF MOLECULAR RELAXATION PROCESSES
Massachusetts, Amherst , Massachusetts 01002

L Selected Bibliograp hy of Papers Pr esented: Date: December 13-14 , 1 976
• Pla ce : London, United Kingdom

LYMPHOCYTE TRANSFORMATION INDUCED BY MICROWAVE Spons or : The Chemical Society (Faraday Division) [U.K.)

F RADIATION . A. T. Huang (Dept. Medicine , Duke Requests f nr  Tnfortntion: Mrs. Y. A. Fish , Faraday

U ni v.  Med i cal Cen ter , Durham , NC), M. E. Engie Division , The Chemica l Society, Burlington House ,

and J. A. Elder. London , W I V  OBN , United Kingdom I ~
L 

EFFECTS OF PULSED MICROWAVES ON THE HEMATOPO1ETIC
• SYSTEM OF MICE. H. A. Ragan (Biology Dept..

Battelle , Pacific Northwest Lab., R i c h i and , WA
99352) and R. 0. Ph i llips. INTERNATIONAL RADIATION PROTECTION

CONGRESS

fl LOW INTENSITY M I C R OWAVE EFFE CTS ON THE SYNTHESIS
OF THYROID HORMONES AND SERUM PROTEINS . W. D.
Travers (Bionucleonlcs Dept., Sch. Pharmacy and
Pha rmacal Sc i ences , Purdue Univ., West Lafayette : t .~: April 24-30. 1977

fl IN 47907) and R. J. Vetter. PZa,e: Paris , France
So ’nsor : I RPA

CAN ELECTROMAGNETIC WAVES CAUSE CONGENITAL ANOM- Requests f or  Infor’motion: C. Bresson , BP 33, 92260-
AL IES? K. Rugh (U.S. Dept. Health , Education , Fontenay-aux-Roses, France

II
II
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MEETINGS AND CONFERENCES

MICROWAVE POWER SYMPOSIUM 1977

• S.

Dat e: May 25-28, 1977
Place: Minneapolis . Minnesota
Sponsor: Internationa l Microwave Power Institute
Requests f c r  Infonra tion: Mr. 0. P. Snyder , Univer-
sity of Minnesota , Department of Food Science and
Nutrit ion. Saint Pau l , Minnesota 55108

IEEE-MIT INTERNATIONAL MICROWAVE
SYMPOSIUM

Da te : June 2 1-2 3 , 1977
Place: San Diego , California
Sponsor : IEEE
Requests f o r  Info ~~ation: R. Casey. Code 1 300 ,
NELC , San Diego , California 92152

ELECTROMAGNETIC COMPATIBILITY
SYMPOSIUM AND EXHIBIT ION

Pate: June 28-30 , 1977
Place: Montreux , Switzerland
Sponsor: Sw i ss PIT
Requests f’r 1nfor~notion: Mr. 1. Dvorak , Hochfrequenz-
technik , 8092 ETII Zur ich , Swi tzer land

ENGINEERING IN MEDICINE AND
BIOLOG Y CONFERENCE

• P ate: November 5-9, 1977
Pl ace : Los Ange l es , California

• 
[~ponscr: Alli ance for Eng i neering in Medicine and
Biolo gy
Requests f a r  rnf c i~,ati~5n : Mrs. P. I. Hom er ,
Assistant Director and Conference Coordinator ,

• Alliance for Eng ineering in Medicine and Biology,
Suite 13 50. 5454 WI sconsin Ave. .  Chevy Chase , Maryland• 20015

Z1

18
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I I
I CURRENT RESEARCH

-
• I 0001 RADIOFREQUENCY RADIATION INTERFERENCE (RFI) for each 2 minute samp le—l iteral ly a sorting of fre—

OF MEDICAL PROSTHETIC DEVICES. Mi tchel l , J. quencies with attendant power. This power spectrum
• C.; Hardy, K. A. (U.S. Air Force , Sch. Aerospace Med- offers visua l evidence of the norma l tremor peak

i c i n e , Brooks Air  Force Base , San Antonio , TX 78235). between 8-12 Hz. (7/75—6/76 )

- 
• - ‘ J This study is aimed at developing test data on the Supporting Agency:U.S. Dep. Def., Navy .

interaction of Air Force radiofrequency radiation
emi t ters and medical prosthetic devices. The initial

- 
objective is to assess manufacturers ’ progress in 0003 CARDIOVASCULAR EFFECTS OF MULTIFREQUENCY

• developing cardiac pacemakers to operate properly MICROWAVE RADIATION. Reno, V. K.; Beischer ,
pulsed radiofrequency fields of 200 V/rn. The overall D. E. (U.S. Navy , Biomedica l DIvisIon , Pensacola , FL
purpose of this research and development effort is to 32512).
resolve the potential hazard to cardiac pacemaker

• users in the vicinity of radiofrequency radiation Laboratory experiments wIll be conducted to evaluate
emitters . A state-of-the-art test samp le of cardiac the effects of operational microwave exposure of naval
pacemakers includ i ng approximately 20 types made by personnel. This study is part of an approach that

- , 10 different manufacturers will be tested to a involves considerations of dosimetry, scaling and
variety of radiofrequency radiation sources. Tests frequency specificity as related to the observed

r w i l l  be conducted in both “free-field’ and “simulated- changes in the electrocardiogram (FCC). Subhuman pri-
implant ” configurations , in the laboratory, and at mates will be exposed to microwave radiation In the

~
.- radar and co’mnun i cation sites remote from Brooks Air range of 1-30 nM/cm2 for extended periods . Verticall y

Force Base. Test p lans inc l ude studies using the or hori zontally polarized radiation will be used at
• AWACS radar , AN/FPS-24 and 35 research radar , AN/MPS ’Tl selected frequencies between 1 and 12. 4 GHz to charac-

S ECM threat s,mulators , AN/FRT-’.9 ground to air tele— terize frequency and polarization specific effects.
metry system , and a LORAN system. The AN/FPS-85 and Changes in cardiac performance will be determined by
and AN/TPS—44 may also be sTud ied. (7/75—6/76 ) computer analysis of the ECG and correlated with the

various radiation parameters. The results from these
• .t’ Supporting Agency :U.S. Dep. Def., Air Force, experiments w i ll be integrated with those from

studies under the same conditions to provide more
complete insight into the biological effects of

0002 NONI ONIZING ELECTROMAGNETIC RADIAT I ON INTER- microwave radiat ion. This new work un it continues
ACTION WITH CENTRAL NERVOUS SYSTEM CNS FUNC- previous l y performed research . (7/75—6/76)

lION (ABBREV). Diachenko. J. P~~ Glaser . 2. R. (U.S.
Navy, Surface Weapons Center , Dah l qren . VA 22448). Supporting Agency:U.S. Dep. Def. , Navy.

• Noni oniz ing , electromagnetic radiation may interact
with the central nervous system. However , the course , 0004 PROGRAM ON THE QUANTITATION OF THE EFFECTS
character , and extent of centra l nervous system inter- OF ELECTROMAGNETIC ENERGY ON HUMAN TISSUE .
action has not been clearly defined. Neuromuscular Guy, A. W. (Univ. Washington , Medical Rehabilitation
microtremo r measured at the fingerti p offers a samp le Research S Training Center , 15th Ave. N.E., Seatt le ,
of central nervous system function. The literature WA 98105).
amply demonstrates that norma l human tremor (typ i cally

1. measured with the finger pressed upon a transducer) The purpose of this investi gation is to advance the
‘ exhibits a major peak neuromuscular frequency between existing knowledge on the human body and to provide

-: 8—12 Hz, and where the central nervous system has been realistic guidelines for safety standards of human
• ~ 3 -  acted upon by toxic substances , the tremor typ ically exposure. The electromagnetic field patterns from

~ ~ , 
shifts to a lower frequency below 8 Hz. Workers external sources of energy, both in and exterior to

~

• 
‘ exposed to electromagnetic radiation w i l l  be studied the tissues of human subjects ane test animals , w i l l

via microtremo r samp ling to i nvesti gate changes in be established quantitatively. Th~ test animals w i l l
i central nervous system function and to obtain a better be exposed to the varicus continuous wave and modulated
1 - de finition of the Onset and course of electromagnetic electromagnetic sourres at both thermal and nontherma l

~ 
j,_ interaction . A t remor sensing device has been built l ower levels while monitoring the energy in the

and used to obtain samples from workers exposed to tissues. The physiolog i ca l and behavioral character-

* 
electromagnetic radiation and from control personnel. ist i cs of the animals will be observed before , during,
Testing does not involve intentional exposure of and after exposure to electroma qr’etlc radiation. The

~ 
subjects to electromagnetic radiation , Samples are time and power density thresholds for cataract produc-
obtained from electromagnetic radiation-exp osed tinn will be determined in animals exposed to micro-
workers before and after any exposure encountered In wave radiation. Safe human exposure levels will be

~~ ~~~,. thei r normal work and consist of analog recordings determined , tak i ng into proper account the source,
from the fingertip as it presses a sensitive l y confi guration , frequency , and location . The theoret—
balanced transducer. The transducer forms one side ical analysis invo l ves the solution of Maxwell’ s

• of a balanced bridge circuit such that minute force equation for the absorbed power by biologica l systems
changes on the transdurer cause large r unbalanced for a host of different geometrIes. The experimental
voltages within the bridge , thus obtaining a direct studies invo l ve controlled exposure of test anImals to
trunslation of finge r vibrations (tremor) into vo l tage select sources of electromagnetic energy with the
shifts. These voltage changes are analyzed through a aim of quantif y ing observable effects and changes on

• fourier spectrum ana l yzer , which y ields power spectra the biolog ical systems . Thus far , the minimum catar—

• • — - - - ‘-5- - -5- - . -~~~~~ • • .  — - - —---.5-5--
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actoqenic threshold in the eye of a rabbit exposed to • on the degree of local separation of the E- and N-
electromagnetIc energy has been determined. The components of the field. Small organisms , such as ,
threshold for human auditory perception of incIdent tribOlilIf l p up ae will be introduced into known parts
microwave pulses was found to correspond to a of the field and the bioeffect , (wing deformation In
specific pulse energy density regardless of average the lmagio) determined . ThIs ser ies of experIments
or peak power. Calculated peak pressures induced In should provIde some of the fIrst Information avai lable
,nanmiallan tissue s by the incident electric fIeld on specific bloeffects of E- and H-fields at micro-
energy were found to be above the bone-conduction wave frequencies. (7/75-6/76)
threshold. The behavior of the spinal cord exposed

I ’to high leve l microwaves Indicates that this central Supporting Agency:U.S. Dep. Def.. Navy .
nervous system structure Is subject to functional
alteration by the Impingement of radiation. These
effects are not unique; they are the same as the 0007 BEHAVIORAL CHARACTERISTICS OF MONKEYS ANDeffects of nonradiation heating . if the tissues are RATS IRRADIATED WITH MICROWAVES. Delorge .proper ly cooled during microwave illumination, the ,J, 0.; Beische r, D. F. (U.S. Navy, BiomedIcal Division ,effects are ameliorated or even reversed. Thc effect Pensacola , FL 32512).of radIating the abnormally cold spina l cord with
microwaves is to change the activit y in the direction The effects of low power density microwave radiationtoward normalcy. (7/75-6/76) on monkeys and rats will be Investigated by measuring

Supporting Agency:HEW, Social S Rehabilita tion Serv,, 
their ongoing operant behavior . Rhesus monkeys, ,.-,
squirrel monkeys, and rats trained on various operant - - -

Office of Res. Demons. S Trng ., Res . tasks will be exposed for prolonged durations tos Trng. Centers Div . microwave radiation at power levels of 8—16 mW/cm2,
pulsed at selected frequencies. The animals , whi le

• work i ng, will be exposed to vertically or hor i zontally
0005 INTERACTION OF ELECTROMAGNETIC FIELD WITH polarized radiation at 1 ,7 and 6 GHz to demonstrate

HUMA N BODY . Chen . K. (Michigan State Univ., differential effects of polarization and frequency.
Sch. Engineering, Engineering Building, Eas t Lansing, The exposures will occur in es sentiall y non-reflective
MI 48824). restraint devices. In addition the animals , chosen

for size differenc es, will perform s imi la r  tasks and
This research prog ram w i l l  concentrate on the inter- provide information for comparative study of animal
action of an electromagnetic fIeld with the human Size and microwave parameters utilizing behavior as
body. A theoretical study will be conducted to the dependent variable. This new work unit continues
determine the internal electromagnetic field induced previously performed research. (7/75—6/76) — ,

inside the body and the externa l electromagnetic wave
scattered by the body when t is illuminated by an Supporting Agency:U.S. Dep. Def. , Navy. — .
alectromagnetic wave. The accuracy of the theoretical

•‘esults will be verified by an experimental study that S
• w ill be conducted to measure the electric fields 0008 COMPARISON OF THEORETICAL AND EXPERIMENTAL

induced inside of simple boxes containing saline ABSORPT ION OF RP,DIOFREQUENCY. Durney , C.
solution and Inside the phantom model , which closely H.; Johnson . C. C. (Univ. Utah , Sch. Eng ineering,
approximates the actual human tissues and torso. 1400 East 2nd St., salt Lake City , UT 84112).The theoretical method invo l ves the nume rica l solution
of a tensor integral equation for the electric field Recent data indicate tha t the biologica l hazard ofinduced inside an irregularly shaped body. Various
models of the human torso or othe r biological systems nonionizing electromagnetic radiat ion is frequency *

w i ll be considered. It is anti cipated that after the dependent , and body shape, size, and orientation are —

I t  -accuracy of the theoretica l method is established a important variables affecting power deposition and

• - user-oriented computer program for the field ca lcuta- subsequent hazard . The Air Force is advocating a
• 

tlons wi l l  be developed . (8,15-7/16) frequency related safety standard approach with the
objective of extend i ng theoretica l radiofrequency
power absorption calculations and to perform experl-
mental measurements necessary for assessing realIsticSupporting Agency :U.S. Nat l. Sci. Found., Div . Eng.

personnel exposure criteria In the ID kHz to 100 MHz
frequency range . Assessment techni ques will account

0006 8IOLOG ICAL EFFECTS OF LOCALIZED E- AND H- for size and orientation effects, to extrapolate
FIELDS IN THE STANDING MICROWAVE FIELD. from an i ma l to human radiofrequency exposure situ-

Beischer. D. E. ;  Reno . V.  R. (U .S .  Navy , Biomedical at ions. A set of prola te spheroid models will be
Divis ion , Pensacola , FL 325 12) . constructed to represent the rhesus prImate and -

human. Theoretical calculations will be made to
Standing waves are found or~ board ship due to micro- determine the amount of power absorbed for exposures
wave re f lec t ions  from meta l walls and equipment. The between 10 kHz and 100 MHz. Power absorption
effects of localized F- arid H-fields on living objects - measurements will be performed from 10-30 MHz and ~~
wIll be i nvesti gated . Electric (E) and magnetic (H) the results compared with theory. Rhesus primates
fields will be generated at di fferent microwave will  be exposed in the same geometry as the phantoms
frequencies by reflection of a traveling wave from to evaluate anisotrop lc effects. The resulting data
a metal plate in an anechoic chamber. Measurements will be used to establish appropriate personnel
based on previous experience wil l provide information exposure guidelines for a broader frequency range

6
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then can be measured wi th avai lable experimental devices have caused growing concern about the health
apparatus . (7/75-6/76) hazards resulting from exposure of personne l to micro-

wave radia t ion. Though there is general agre sent on
Supporting Agency :U.S. Dep. Def. • A ir Force. the hazards resulting from tissue heat ing by hIgh-

* ~. - . leve l m Icrowa ve Irrad ia ti on , little is known about
possible damage produced by exposure to law-power

0009 IONIZING AND NON-IONIZING RADIATION BIOLOGY . 
microwave radiation. This research is i nvestIgatIng
the response of isolated turt le hearts to pul sed

3 Appleby , A. (Rutgers State Univ., Agrlcul - irradiation and to different frequencies . Heartstural Experiment Station , O ld Queens Building, New from freshly killed turtles are placed in RingersBrunswick , NJ 08903). solution and a record of physIcal and electrical

The investi gators w i ll eva luate the effe ct of chroni c activity Is taken until stabilization occurs. Micro-

low level microwave exposures on the mammalian ante- 
wave power is then delivered to the heart, and the

n o r  lens as they relate to cataract formation at 
activities of the heart recorded. ChemIca l stimulants

various age levels. Fundamental data wil l  be obtaineu 
and depressants are added to determine which of the

relevant to the understanding of the chemical and 
two parts of the autonomlc nervous system is most

biological processes invo l ved in the interaction of 
affected by the microwave field. The microwave fIeld

are be i ng studIed . (7/75-6/76)* radiation with organisms . The results will be used 
parameters are varied and mammal Ian (rat) hearts also

to develop practical means to inhibit, neutralIze , or
reverse the biological damage caused by radiation. Supporting Agency :U.S. Dep. Def., Navy.
The mi totic index of chosen mammalian species of
different age groups will be measured after various

— exposure periods, using a tn itiated thymidlne-
autoradiographic technique , followed by observing 0012 BIOLOGICAL EFFECTS OF MICROWAVES. Baranskl ,
cataract producing doses. The relative radiation S. (Coord . Comm . PolIsh American Collab.,
sensitivity of experimental animals (e.g.. rats) Warsaw , Poland).
with or without treatment by radIated gas w i ll be
determined by standard procedures. (7/75-6/76) The objective of this monograph is to reduce the

S - . effects of microwave irradiation and improve current
Supporting Agency:New Jersey State Govt. treatment methods by disseminating new knowledge

and technological capabi l i ty .  The monograph. intended
for international use in research or medical practice,

0010 IMPACT OF RF BIOEFFECTS ON AF OPERATIONS , will review the biological effects of microwave i rr.—

Mitchell , .1. C.; Hardy , ic. P.. (U.S. A ir diation . The use of microwave generators In industry ,

H Force, Sch. Aerospace Medicine , Brooks Air Force radio-navigation , radio-communication , radio-locatIon ,

Base. San Antonio , TX 78235). and in research will be reviewed , and the possIble
hazards for personnel employed wi th in  the compass of

Specific Air force systems radiofrequency emissio n irradiation will be identified. The physical charac—

and bloeffects studies will be conducted , and a state- teristics of microwaves , the biolog ical effects

of-technology data base w i l l  be maintained to support of microwave exposure , and methods aimed at preventing

environmental impact positions and operational radio- the health hazards arising from continued exposure to

-j frequency safety criteria for future and ongo i ng ~~~~~~~ 
microwave irradiation will be identified . Th.

tems such as AN/FPS-85, AWACS , 4871, 4 l4 L , PAVE-PAW S, monograph will consist of approx i mately 350 peg.s

and SEEK-SAIL. Radiofrequency radiation effects data including supporting tahulat ions and photographs.

applicable to Air Force radiofrequency safety criteria (7/75-6/76)

and systems ’ operations w i l l  be comp iled as background
Informat ion . Systems’ studies will be undertaken in Supporting Agency :HEW . P145. NIH , Foqarty Intl Ctr.

accordance with mi ssion direction . The radiofrequency
15 biomedica l data base generated under this effort will

be used to support the A r  Force petition for a change 0013 NAVY ENVIRONMENT: INVESTIGAT ION OF THE 5101.-

in OSHA standards . Title 29. CFR 1910.97 and in the OGICAI. EFFECTS OF PULSED ELECTROMAGNETIC

will be obtained through a multi-agency contract with (Virginia Commonwealth Univ. , Sch . MedIcine , 901 W.

r 
revision of AFM 161-7 . Initial state-of-the-art data FIELDS GENERATED BY NAVAL OPERATIONS . Cleary , S. F.

- .1 the Franklin Institute to provide a quarterl y /‘i,;rnt Franklin St., Richmon , VA 23219) .

fq~j,Iiiti (.n, (7/75-6/76) High frequency, hi gh intensity electromagnetic pulse
of P “ c- 1~ si• 

‘~~ / E f ’f —- ’t n  “f M7I . r oI .,-, I ’(S v-’d R2- -1~~ f r S q 4.-nr ’:~

(EMP) fields can be produced by certain nava l opera—
Supporting Aqency:U .S. Dep. Def . . Air Force. tions. Evidence tends to point toward reversible

ef fec ts  In some biolog ical systems. Th is research Is
an attempt to determine whether the instantaneous

L 0011 NAVY ENV I RONMENT : EFFECTS ON BIOLOGICAL capable of produc ing bIological alterations of Inter-
field strengths and pulse characterIstics of EMP are

SYSTEMS DUE TO MICROWAVE IRRADIATION . est to man, ThIs will be a two-part study . The
Durney, C. H.; Lords . J. 1. (UnIv. Utah , Sch. Eng ln- first will be a study of the effects of [NP fields on
eerinq , 1400 East 2nd St., Salt Lake City, UT 84112) . serum proteins , blood chemIstry , and drug—Induced

(pentobarbital) sleeping time In the dutch rabbit.

~ t._ Recent increases in the use of microwave emitting Comparisons will be made to recent related study
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fIndIngs. The second phase of this work will examine established for 2450 MHz . A computer model of the
the EMP fIelds on an artifIcIal blomembrane of known power absorptIon in the eye of the monkey , together
res istance , membrane potential , and dIelectrIc break- with the model of the rabbit eye should a l low for
down potential. These membrane propertIes w i l l  then some extrapolation to humans. Rabbit lenses will be
be investi gated as a function of the amplitude and exposed to threshold and sub-threshold levels of —~~~
pulse repetition rate of an app lIed EMP field. All microwaves and sections w I l l  then be examIned by
exposures will be made using the EMP simulator at electronmicroscopy for ultrastruc tural changes. A . 

-

the nava l weapons laboratory, Dah l gren , Virginia. number of rabbits will be exposed to chronic , sub—
(7/75 -6/76) threshold levels. Studies of the disturbances in

blood coagulation mechanism will be moni tored together
Supporting Agency:U .S. Dep. Def. , Navy , with the eye examinations. (7/75—6/76)

Supporting Agency:U.S. Dep. Def. , Navy .
-

• 0014 NAVY ENV I RONMENT: MUTAGEN IC EFFECTS DUE TO
MICROWAV C RADIATION GENERATED BY NAVAL OPER-

ATIONS. Varma , II. M.; Joshi , S. R. (Howard Univ. , Sch. 0016 NAVY ENV I RONMENT ; NEUROPHYSIOLOG I CAL AND
EngIneering , 2400 6th St. N.W. . Washington , DC 20001). BEHAVIORAL EFFECTS DUE TO MICROWAVE IRRA -

S DIATION. Guy, A. W .; Lovely, R. H. (Univ. Washington .
‘H The use of microwave generators in commun i cations . Sch. Medicine . C3O4 Health Sciences Building, Seattle ,

navI gations, industry and the military has increased WA 98105).
tremendous l y in recent years. The poss ib i l i t y  ex is ts
that naval personnel may be exposed to these radia- An outstanding problem in the interaction of microwave
tions. This research will evaluate the mutagenici ty energy with biological systems is one of determining
as a function of frequency , exposure time , and power at what leve l the interacHon constitutes a hazard.
level of microwaves when used to expose testes of In orde r to provide a becter understandin g of the ‘ -

mice . Mice testes will be exposed to microwaves at hazards associated with microwave irradiation and a
the Walter Reed Army Medical Centt.r. After each ex- scientific basis for safety standards , it is proposed
posure the males will be mated to three une,cposed in this study to quantif y the biolog ical effects of
virgen females for five days. The females will be continuous wave and pulsed microwaves , as well as theIr
replaced weekly for eight consecutive weeks. Mated frequency and intensity dependence through controlled
females , as evidenced by the presence of a vaginal exposure of test animals. Current emphasis in this
plug, will be dissected on day 13 of the pregnancy research on the effects of acute and chronic exposure ‘ -

and the total number of implan ts , viable implants , to microwave radiation in laboratory animals is placed
and earl y and late fetal deaths wi l l  be recorded. on the quantification of behavioral change effects and
The results will be compared with concurrent control on physiological mechanisms , such as. the endocrine

- 4 groups. Adverse genetic e f fec ts  w i l l  be studied by stress response. Behavioral studies are carried out
observation of the Fl , F2 and F3 progeny of exposed by using operant and classical condit ioning techni ques.
male mice. The experiments have proceeded in an Monitoring of p Itu itary—adrenal axis activity will . . -
orderly fashion since they were begun. There is ~~~ determine the influence of microwave radiation on nor

- • 
indication that the percentage of early deaths result- ma ll y functioning hormonal systems. Additional work is
ing from matings is related to the time of mating concerned with a theoretica l inves ti gation of energy -:
following exposure of the mouse testes . Results are distribution inside the anima l bodies. (7175-6/76)
s t i l l  inconclusive pending further tests now in
progress. (7/75-6/76) Supporting Agency:U.S. Dep. Def., Navy.

. 5’

Supporting Agency:U .S. Dep . Def. , Navy .
0017 BIOLOGICAL EFFECTS OF AF RF TRANSMITTER

FIELDS . Frazer , J . W. ; Merritt , J. H.
(U.S. Air Force , Sch Aerospace Medicine , Brooks Air

0015 NAVY ENVIRONMENT ; QUANTITATION OF MICROWAVE Force Base, San Antonio , TX 78235).
RADIAT ION EFFECTS ON THE HEAD AND EYES OF

RABB I TS. PRIMATES AND MAN . Krame r . P. 0.; Emery. A. Firm foundations for e’ectromagnetic safety standards
(Univ. Washington , Sch. Medicine . C304 Health Sciences for Defense Department personne l and the general pop-
Building. Seattle. WA 98105). ulation affected by Department of Defense radiators ,

• depend on: (1) precise knowledge of the magnitude of
Exposure to microwave radiation can cause the produc- the radiofrequency insult , as In any environmental
tion of opacity and damage in the eye. The exact consideratIon , (2) the relationship between Insults

-) condItions under which the effect occurs are yet to and responses of experimental animals to those of man,
be establ ished. Consequently , there is a great deal (3) the bases on whic h the Insult , In this case inter- - -

of controversy concerning the safe leve l of human nal distribution of electromagnetic fields , acts, and
exposure to microwave radiation. The increased use of (4) the magnItude of Insult levels no longer producing
high power microwave equipment by the Navy and other a measurable response. This effort wIll InvestIgate
armed services , as well as by the general population , the biological consequences of Air Force alrcrew
demands well-p lanned and expertly executed theoretical exposures to uni que radiofrequency radIat Ion environ-
and experimental investi gations. Us i ng well estab- ments end to extrapolate the empirical findings to
lishe d and quantified exposures, the cataractogenic adjust personne l exposure criteria. Responses of
threshold for the eyes of the rhesus monkey will be experimenta l animals to field modulations reportedly

8
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a t frequencies of brain theta rhythms have been re- Ized air on neural actIvIty and behavior . The effects
ported . The present hypothesis of hIgh field Kerr of prolonged exposure to low power , modulated VHF

L effects and low field thermal dIs tributIon as major energy on the physiol ogy and behavior of manmials are
fac tors in Induc i ng responses to electromagnetIc being studied. The experiments employ a fluorescent
rad iation fields are at variance with assumed pro- dye technique as an Indicator of brain barrier perm-
cesses producing such effects. Field modulation eabi llty and a behavioral measure whIch gives quanti-

— effects, Including pulsed fields , on a variety of fiable data to relate to the physiological data. AI— cen tral nervous system Ionic and chemIcal distribu- comparison of the effects of natural light spectrum
- tions will be exam Ined. Lymphocyte responses wIll exposure and cool white spectrum exposure on physiol-

be examined as a function of field amplitude In ogy and emotlonallty also Is underway. The work w i ll
Intact animals , wh ile culture responses are examIned determine whether such exposures affect physical per-I_ in another study. (7/75-6/76) formance and neuro-endocrlne function . (7/75-6/76)

a Supporting Agency:U.S. Dep. Def., Air Force. Supporting Agency:U.S. Dep. DeE., Navy .

L 0018 BIOPSYCHOLOGICAL STUDIES OF MICROWAVE IRRAD- 0020 NAVY ENVIRONMENT : X-RAY AND MICROWAVE RADIA-
IAT IOPI. Justesen , D. R.; Sheridan , C. L. ; TION INTERACTION WITH MUSCLE CELLS; APPLICA-

Lev i nson , D. N. (U.S. Veterans Admin. Hosp., 4801 lION TO PROTECTION AND TREATMENT. Portela , A.; Perez,
L inwood Blvd., Kansas Ci ty, MO 64128). J, C. (Consejo Mac. de Inv . Clen. Tec, Junln 956,U Buenos AIres , Argentina). 

— 

-

Three years after fetal irradi ation by 2450 MHz
mic rowave energy , the las t survivors among a group This research seeks to identify and characterize in
of CUF mic e have now died. The rats were irradiated cellular and subcellular Structures the critica l - -

I once daily on the llth -l4th days of gestation with a membrane systems, organelles , and biochemical mach-
- 36 J/g energy dose administered at the rate of 30 anlsms that are affected by the absorption of ioniz-

-s u*l/g for 1200 seconds. The rats were exposed in a ing (ic-rays) and nonioni zing (microwaves) radiation
mul ti-mode cavIty at 20°C and with a high turnover l i kel y to exist in the environment of naval personnel.
of aI r (approximately 3 M3/min). at 40-60 percent Effor ts will be made to develop specific agents to
relative humidity. Complex modulation was used: prevent or counteract sIde—effects of these radiations.

H 60 Hz sinusoid half-waves superi mposed upon 12 Hz This research will concentrate primarily on microwave
pu l ses Induced by mode-stirrin g. Sham-irradiated Irradiation . The area and nature of damage due to

-
- - contro l mice reached the 50 percent mortality leve l microwave fields at the cellular and subcellu lar leve l
- - I near the 22nd month , post-partum ; radiated mice, near is being Inves t iga ted in vi vo and in vi tro , using

- the 31st month. In the same study, mice that had skeletal muscles of frogs and rats. Several parameters
a been innoculated with an homogenate of reticular cell of cel ls  and cel l  membranes such as wa ter content, ion

sarcoma developed tumors at a slower rate in radiated transport , conductance , protein-phosphol lpid structure
than In sham-Irradiated groups. The finding of en- and resistance and capacitance , will be analyzed fori hanced longevity of mice (p much less than .01) fol- microwave Induced changes . Electromagnetic emission
lowing intense fetal microwave i rradiation confirms from active nerve and muscle fibers will be spectrally
that found (but apparentl y not recognized) earlier by analyzed to determine If this technique Is able to
Prausnitz & Suaskind (IRE Trans. on Bion*d. Elec., detect changes due to nonionizing and Ionizing radIo- - -

L BME-9, 104-108). In a~~~he r stud~~
’ teratoIo~~~

’ ’  tion. (7/75-7/76)
survIval , and maze learning by mice of the C3H/HeJ
strain were observed after a single , fetall y admini- Supporting Agency:U.S. Dep. Def. , Navy .
stered dose (approximatel y 23 J/g) of energy in the
same cavity. Dosi ng of dams on the 11th , 12th , 13th , 

-:or 14th day of gestation had no reliable effects as 0021 MECHANISMS OF NEUROENDOCRINE RESPONSE TOL a function of radiation per se. However, high rates ELECTROMAGNETIC RADIANT ENERGY . Nlchaelson ,
of fetal mortality resulting from treatment of dams S. N. (Univ. Rochester , Sch. Medicine S Dentistry, 601
with a single , 5 mq dose of cortisone as an acetate Elm~c,od Ave ., Rochester , NY 1461.2).E were reliably reduced by the 23 J/g dose of radiation.

- (7/75-6/76) Neuroendocrlne function provides a sensitive indicator
of the body response to envIronmenta l Insults. As c-

Supporting Agency:U.S. Veterans Adm . presen tat ive of the neuroendocrlne systems , the hypo—

C 0019 PERSONNEL TECHNOLOGY : THE EFFECTS OF lON 

thalam ic-hypophysial-end organ axIs (HNEO) has been
chose n for s tudy. Because of the importance of this
h ierarchical system to the body’s economy, perturbation

IZINC AIR AND RAD IO ENERGY UPON THE PERFORM- at any link In the chain could have profound p.thophys-
ANCE OF NAVAL PERSONNEL. Frey, A. H. (Randomline Inc. , lologic consequences. Studies are be Ing performed in

the rat and dog to relate the sequential changes InOld York & Moreland Rd., Willow Grove, PA 19090). 
hypothalamic and pituItary funct ion to alteratIons in

Navy personnel are exposed, In many relatively closed body metabolism or homeokinetic perturbations as a
spaces, to vary ing levels of elec tromagnetIc radiatIon result of exposure to various regimens of ic-rays.

I and/or ionized ai r which could affect individua l per- microwaves, or combinations of these two electromagnetic
- formance , This work unit is  concerened wi th  the energ Ies. Various period s In the lifesp an of the rat

ef fects of exposure to radiofrequency energy and ion- from neonates to old age are beIng studIed. Radloim-

1I
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munoassay techniques are utilized to measure fluctua- determine If nontoxic amino acids are accumulated In
tions in pituitary hormones; to study hoineostasis, the MN as Is neurotoxlc Glu. Results obtained from
impa i rment of physiolog ic capacity, and structural these studies of experimentall y induced lesions will

- - and functiona l integrity of the neuroendocrlne system ; enable the eva l uation of the importance of an intact
to assess alteration In clrcadian rhythms , maturation , neuronal and/or neurogllal system In maintaining
and pathophyslologlc sequelae as a consequence of cx- function “regulated by” lesloned areas. Results from
posure to electromagnetic radiant energies. The Influ- these experiments go beyond those in wh Ich tissue
ence of microwaves alone and together with X—rays in slices or whole brain are used because quantitative
the therapy of cancer Is also under Investigation . hlstochemical measurements will be made in hlstolog-
Studies on head and neck X—irrad iation of rats indicate Icall y homogeneous brain areas. Long term goals of
that the processes leading to the appearance of pituIt— this research are to measure the metabolism of neuro-
ary and thyroid neopl asms are hormone dependent. In toxic amIno acids In the ARN and live r , to investigate
the head X-lrradiated dog, thyro.netabolic consequences how patterns of metabolism vary with age, and to study
are compatable with secondary hypothyroIdism due to behavioral abnormalities , whI~~ may be produced by
hypopitu itarIsm and/or a hypothalamic lesion . Assay neurotoxlc ami no acids and localizing subcortical
of adrena l cortical function in rats exposed to micro- neurona l destruction . (9/75-8/76)
waves reveals a definite correlation between cortico-

- 
- sterone and colonic temperature. This suggests non- Supporting Agency :HEW , PHS , NI H.

specific stress at certain power density/time relation-
ships for microwave Irradiation . (7/75—6/76)

- 0024 VESTIBULO-COCHLEAR EFFECTS OF UHF-MICROWAVE
Supporting Agency: ERDA RADIATIO N. Lebov it z , R. N. Seaman , a.

(Univ. Texas , Sch. Medic ine , 5323 Harry Hines Blvd.,
Dallas , TX 75230).

0022 VARIABLE FREQUENCY MICROWAVE EXPOSURE SYS- —-

TEN. PieRce , D. I.: Walsh. P. J .; Mathews . This research concerns the experimental es.amlnatlon of
P. (U.S. Dept. Health , Education & Welfare , Public the neura l activity In the vestibu lar system of animals
Health Service , Natl. I nst. Heal th, Durham , NC subjected to acute. cranial microwave radiatIon. This -

‘

27709). work will proceed initial l y on mongrel cats and pro-- :1 gress to monkeys as techniques are refined. With the
The purpose of this study is to develop a microwave animal i imiobillzed In a stereotaxic frame , we app ly
exposure system tha t can provide a plane-wave type microwave radiat i on to the cranium at an incident
field and a variable frequency capability of 1-10 frequency of 918 MHz, using power densities in the
GHz. The system has been assembled and calibrated , range of 5-80 n*4/cm2. The relevant data inc l ude gross
The system generates a 90% uniform field over a 10 cm fIeld and single cell electrical activity in the vest-
diameter circle with a power density capabil ity range ibu lar nerve and associated nuclei. Interspike inter-
of 0-20 n*1/cm2. Small biological specimens can be cx- vals are analyzed by computer for average rate and
posed to variable frequencies in eithe r a continuous Interval statistIcs , and correlated with the micro-

- - wave or modulated wave mode. (7/75-7/76) wave radiation . As a contro l , known but weak cranial
acceleration Is applied before and durin g microwave 3

Supporting Agency:HEW. P115, NIH. radia tion exposure to classify the unit and field
response pattern . Othe r controls include vestibular
nerve section . intracranial temperature monitoring,

0023 REGIONA L CNS UPTAKE OF AMINO AC I DS. Perez , and hls tolog ic:i verificat ion of eiectrode sItes.

V. J. (Texas Technologica l Univ. , Sch. of microwave radiation induced field artifacts In d cc—Art s & Sciences. P.O. Box 4340, Lubbock , TX 79409). trodes and to the calibration of absorbed energy. A
- 

I 
, secondary aIm of this work will be to examine similarly ‘

~ - -The major objectives of this research are (I) to the effects of microwave radiation on unit activity inmeasure in Infant and adult mice the smallest amount the auditory pathway. (5/76-4/77)of glutamate (Glu) that accumulates in the arcuate
nucleus of the hypothalamus (ARH) to produce neurona l Supporting Agency :HEW , PHS , FDA .necrosIs . (2) to determine if there is a time in ges-
tat ion when the brains of fetal mice are unaffected by
Glu , (3) to ascertain why GABA . glutamine and alanine
are not toxic in the central nervous system , (k) to 0025 ULTRASTRUCTURAL STUDIES OF MICROWAVE CATA
determine if other toxic amino acids accumulate In the RACTOGENE S IS. Simon , D. R .; McK ee. A. E.
ARN as does Gl u , and (5) to compare the effects on (U.S. Navy . Experimental Pathology Dept., Bethesda,
consunsnatory behavior of radiofrequency lesions and MD 20014).
those produced by excitatory amino acids , Results will
contribute to the understanding of placental barriers Microwave radiation (electromagnetic radiation , EM R)
to amino acids and will provide a better understanding has been shown to be cataractogenic. Although some
of central nervous system reg iona l blood-brain-barriers reports suggest that microwave cataracts are a con-
to specific amino acids and how these change wi th age. sequence of elevated Intraocular temperature associated
Comparisons of rates of centra l nervous system uptake with microwave radiation , the mechanism(s) of microwave
and maxima l levels reached and time Course of return to cataractogenesis , earliest structural changes In the
control levels will be made between Glu and Asp, both lens , and exposure thresholds remaIn controversial.
of wh i ch are neurotoxins. Data wi ll be obtained to Exposure of both military and civi lian personnel to

io
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microwave radiation (radar, mic rowave 3vens , etc.) may , ologies (hematocrlt , platelet coumt, WIC , differen tial
Indee d, constitute a genuine hea l th hazard. The count), serum proteins , gross anatomy and activity of

les t ul tras tructural changes in  manenalian lenses fol- phoglycerate kinase , phosphof ructokinas., pyruvate kIn—
objective of this research Is to investigate the earl- a serIes of glycolytic and g l uconeogenic enzymes (pI~os-

lowing exposure to electromagnetic radiation , with ase, and hexokinase) from live r, skeletal muscle and
special emphasis on defining the thermal effects. heart. This approach should Identify specific areas
Microwave cataractogenesls will be studied using for further , more detailed studies of in oiuo and in
scanning and transmission electron microscopy and vitro systoine. (7/75—6/76)
li ght microscopy . New Zealand red rabbits and owl
monkeys will be used as experimental ani mals. Support ing Agency :U.S. Dep. Def., Navy.
(7/75-6/76)

j , Supporting Agency:U.S. Dep. Def., Navy . 0028 LABORATORY AND FIELD EVALUATIONS OF HEAT
ENERGY TO CONTROL STORED-PRODUCT INSECTS.

Ki rkpatrick . a. t.. (U.S. Dept. Agriculture , Stored
0026 GENETIC AND CELLULAR EFFECT OF MICROWAVE Products Insects Research & Devel opment Lab., 3401

RADIATION . Dutta , S. K.; Nelson , W. H.; Edwin Ave.. Savannah, GA 31405).
Blackman , C. ; Bruslck , 0. (Howard Univ. . Sch . Libera l
Arts , 2400 6th St. N.W ., Washing ton, DC 20001). The objective of this. project is to develop rapid ,

simple , and practical techniques in the laboratory
The proposed research will utilize a fast and hi ghl y and adapt these methods for field eval uations usi ng
sensitive series of genetic tests and simple tests temperature , I ncluding Infrared and microwave radia-
to study cell morphological changes In order to eval- tion , to control stored-product insects Infesting
uate the effects of low Intensity microwave radiation , grain or other stored coiivnodities. Research data
Since the nontherina l (c  1 mW/cm2) effects of microwaves obtained from these l aboratory and field tests will
are difficult to distinguish from the thermal effects be used to develop a practica l and inexpensive com-
in large whole animal systems , the distInction w i l l  be mercial un it to control stored-product insects. The
stud i ed using repair-deficient his-mutants of Salir,o~ — laboratory tests will determine the repellency,
eZZa tr ’yp himuri wn and D-4 strain of Saocharornyoee attractancy. effect on life history, behavioral resp-
owrenioioe. Two component heterokaryons and excision onses, and dosage-mortality relationship of stored-
repair-deficient mutants of Nmuroep or ’a orasBa will be product insects exposed to infrared , microwave
used to investigate chronic and delayed effects of radiation and other types of heat energy. (7/75-6/16)
continuous and pulsed microwaves in the environment.
Work will then be extended to study alterat ion , if Supporting Agency:U.S. Dep. Agric , Aqrlc. Rca . Serv.,
any, of repair process by microwave radiations using Georg ia/South Carolina Area .
human fibrobiast cultures. (7/75-6/76)

SupportIng Agency:EPA 0029 THE EFFECTS OF MICROWAVE RADIATION ON THE
CENTRAL NERVOUS SYSTEM. Al bert . E. N.

(George Washington Univ., Sch. MedicIne , 1331 H St.
0027 EFFECTS OF CHRONIC EXPOSURE TO HIGH PEAK N.W., Was hi ngton, DC 20037).

POWER PULSED ELECTROMAGNETIC RAD I ATION ON
ANI MALS. Ogrady, T. C. ; Hossz u , J. (U.S. Navy, Sur- This research will investigate the existance of
face Weapons Cen ter , Dahl gren , VA 22448). morpholog ical alterations in animals exposed to

microwave irradiation. Chinese hamsters will be
The objective of this study is to evaluate the long irradiate d with microwaves at 12.5 cm and power

I - term effects of exposure to hi gh peak power (HPP) levels of 10 , 25, and 50 mW/cm2. Bra?n nuclei will
) pulsed electromagnetic radiation to develop informa - be exam i ned for radiation-Induced chi~nges usIng both
L tion useful in safety factor analysis. It is intend- li ght and electron microscopy. Spe~.iai emphasis will

ed to find some areas of interaction between the HPP be placed on the mitochondria , nuc~eolus , rough endo-
radiation and the functioning biological systems in p lasmic reticulum , golgi apparatus , and lysosomes.
animals and to investigate these areas in further (7/75—6/76)
detail. The experimental approach invo l ves the chronic
(up to 10 months) exposure of laboratory animals , Supporting Aqency:U.S. Dep. DeE., Navy.
usually rodents, to HPP electromagnetic radiation .
Three groups of approximatel y 100 animals each will —

be used as fol lows. Two groups of 100 animals each 0030 I NVESTIGATION OF BIOMOLECULAR FUNCTIONS BY
L .  (70 experimental , 30 controls) will be exposed from MICROWAVE RADIAT ION . Eisenbud , N. • Rabin-

day of birth to full matu rity. At two months of age , owitz , J. R. (New York Univ., Sch. Medicine , 550
7 experimental and 3 controls w il l  be sacrificed at First Ave., New Yo rk , NY 10016).
20 day intervals and analyzed . The third group of

L 100 (70 experimen tal , 30 controls) w i l l be exposed The objective of this research is to descrIbe ttw
from birth and then sacrificed from 1 day after birth mechanisms by whIch the absorption of mIcrowave
to 2 months at 2 day intervals for the first 10 days energy can interfere with the function of th. absorb-
and twice weekly intervals for the remaining time. ing biological molecule. An attempt will be made to
Af ter sacrifice , a variety of parameters w Ill be demonstrate these mechanisms in biological Systems
invest i gated in each case includ i ng : clinical hemat- and ident iF y the specific biomo l .culee involved .
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Tranquilized rabbits will be irradiated at 2450 MHz more) to combinat ions of hi gh power pu l sed f i e l d s ,
to determine the cause of the decrease in ascorbic pulse modulated and continuous wave f i e l d s  over a
ac id concentration of the lens . Irradiated and wide range of freq uencies , and p~~ agr levels. Also , -~ 

-

control lenses will be cultured in a medium containing as a collaborative effort , subjec ts studied for - 

-

C1’ ascorb ic acid; C~ ’ actIv ity of the lenses will specific neurophyslological change by other research-
then be determined after removal from the medium . If era wi l l  be behaviorally tested to see how neurolog-
it is transport that Is affected , and the element Ical changes mi ght be reflected in behaviora l
changed is in the transport system of the lens, then correlates. (7/75-6/76)
an attemp t wi l l  be made to determine whether ascorbic

C.acid transport Is stereo-specific in the lens . In Supporting Agency:U.S. Dep. Def., Navy.
addition , the research is aimed a t determining whether
microwave Irradiat ion Increases the concentration of — .
acetylcho l aini ne when an anima l Is irradiated at 0033 ALTE RATIONS IN THE SLEEP PROCESS OF THE
2450 MHz using a power ‘.nsity of 40 mW/cm2 , and RABBIT AS A FUNCTION OF CHRON IC LOW INTE NS I TY
whet her the hydrolysIs of acetylcho iamine by acety l- ELECTROMAGNETIC RAD IATION EXPOSURE. Manthe l • R. C . ;
choli ne esterase is affected by irradiation. Glaser , z. R. (U.S. Navy, Surface Weapons Center .
( 7/75 6/16 ) Dah l gren, VA 22448) .

Supporting Agency:U.S. Dep. D.f., NaVy. Data have shown brain electrica l activity associated
with sleep states to be biologically constant for any
given species. Furthermore , nonion izing radiation

0031 NAVY ENVIRONMENT : EFFECTS OF MICROWAVE RAD- exposure has been shown to alter brain electrical

I AT I O N AS FROM NAVY RADAR ON EMBRYO NI C BRAIN activity. The sleep process Is characterized by
TISSUE. Rioc h, 0. ( lnst ,  Itehavioral Research , 2426 cyclic fluctuations between alertness (W), slow wave

(SW) , and paradoxical (REM) stages. Rapid eye move- -,Linden Lane, Silver Spring . MD 20910). ment (REM) is a very active state metabo licall y. REM
Is functionally defined as that period of sleep in :The objective of this research is to determine whether which cortical activity paradoxically reveals low

there Is a critical period(s) In the circadian rhythm vol tage , fast activity characteristic of the awakeof the rat fetus during which microwave f Ields are phase, concurrent with rapid eye movement, and atonuseffective in increasing the fetal growth, particularly of neck muscle. This study is desi gned to test thethe growth of the cerebral hem i spheres. Pregnant hypothesis that prolonged exposure of an organism toHolt zman (albino) rats w i l l  be exposed to 1 700 MHz. electromagnetic radiation will decrease the frequency10 mM/cm2 microwaves from 1 700-1800 hours on the 6th- and duration of REM stage sleep . These data , if
9th and l2th-16th days of gestation . Additional rats tenable, wil l guide the author toward synergist ic
will be simIlarly exposed overni ght for 12-14 hours bodies of biochemical , anatomical , and behavioral
at  5 mW/ca2. On the 20th day of gestation , the rats d~ita relative to the sleep process. Sleep is viewed -.
wi l l  be sacr i f iced , fetuses wei ghed and brains as a potential i ndex of central nervous system adapt.-removed and fixed in Souin ’s sol uti on . The gross lion to prolonged electromagnetic radiation exposureform and size of the brains will be studied under a while being associated with broad theoretica l , yetd issection microscope. The brains will then be practical implication . Brain electrica l activities ofdehydrated and imbedded In paraffin for histolog i cal rabbits surg icall y implanted with plastic guide tubesevaluation. (7/75-6/76) will be continuously monitored for a period of up to

sixty days following daily exposures of mIcrowave endSupporting Aqency :U.S. Dep. Def .. Navy , pulsed hi gh energy (HEP) electromagnetic radiation .
The scope of this project depends on the Inexpensive ‘

test of the REM sleep hypothesis. Data should be
0032 EFFECTS OF HIGH POWER PULSED AND LOW LEVEL avaIlable within three months from the onset of the

MICROWAVE RADIATION ON OPERANT BEHAVIOR IN irradiation and should be considered conclusiveRATS. Diachenko. J. A.; Glaser , Z. R. (U.S. Navy, ev idence for , or against , sleep modificatIon . Pos i t IveSurface Weapons Center . Dahlgren , VA 22448) . results w i l l  require conside ration of biochemical ,
anatomica l and behavioral correlates to the sleep

This study will evaluate the eff3cts of nonion izing process as related to electromagnetic radiation insult.
electromagnetic radiation on animal behavior. Anal- (7/75 6/76)
ogous anima i behavior (rats and rabbits) will be
studied over a range of electromagnetic combinations Supporting Agency:U.S. Dep. Def., Navy.of frequency, low leve l power and exposu re durat ions. 

—
Results will contribute to: (I) better definitio n of ‘

electromagnetic radiat ion exposure safety marg ins .
(2) understanding perception of electromagnetic energy, 0034 BIOPHYS ICS OF ELECTROMAGNETIC FIELD INTER—
(3) differentiation between chronic and acute effects ACTIONS . Frazer . J. 11.; Sezauer . S. V.
relat ive to ti me f rame of behavioral change onset , (U.S. Air Force . ScM. Aerospace Medicine, Brooks Ai r
course , and recovery. Standard operant conditioning Force Base . San Antonio, TX 78235).
technique s will  be used wherein quantifIed response
rates such as bar pressing are rewarded w i t h food to Present electromagnetic radiat ion safety standa rds
establish a predictable baseline performance In lower based on total power absorption and resulti ng thermal •

anima ls. Subjects w i l l  then be sys temat ica l ly  exposed load .rc being cha llenged on the basis that pulsed
for long durat i ons (I.e., 2 hours dai ly for 2 months or f Ields may be more harmful to men than equivalent
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continuous wave fields. Th. objective of this effort It Is g .neraliy .cknowl.dgsd that the central n.rvous
is to investigate the relative effect of pulsed and system is critically sensitive to el.ctr~~~~~ tic
continuous wave fie lds on a large v.riety of t issue f is ids. In order to better understand the Inter—
components. Severa l size s of experimen tal anI mals actIons which occur , this work sessIon will •tt~~~t
will be exam i ned for differen t field distributions to increas, the knowledge of the basic electflapbys-
rad l omstrically. Several types of tissue , both iologlca l processes within the human brain. The
within an i mals and as slice s In a special spectrometer neurosciences research progra. will plan a work ses-
cel l , will be exami ned for polarization and fluorss— sIan , wi th suitable I nput from ON*, which will alien—

been determined in free solution . Polariza tion , dua l tis ts In neurophysiology . niuroanatamy, biophysIcs and
cence changes of compounds whose K.rr constants have ble approximately 25-30 of the world’s l ead i ng scu m-

and triple wavelength spectromstry and special bioengineering . Following the 2-day work session, the
f luorescence p o larization measurements are to be proceedings will be published in a special issue of

1. utilIzed. (7/754/76) the NRP bulletIn. (7/75-6/76)

a.. Supporti ng Agency:U.S. Dsp. Def., A ir Force. Supporting Agsncy:U.S. Dsp. Def., Navy.

0035 EFFECTS OF HIGH PEAK POWER PULSED ELECT RO- 0037 ThE EFFECTS OF EXTREMELY LOW FREQUENCY (ELF) 

—

MAGNETIC RAD IAT ION ON CELLULAR KINETICS. RADIATION ON MAN . Deischer , 0. E. ; Grissett ,
Ogrady , T. C.; Glase r . Z. R. (U.S. Navy , Surface J. 0. (U.S. Navy , Aerospace Medical Res. Lab., Pensa-
Weapons Center . Dahlgren , VA 22448). cola , FL 32512) .

The objec t ive of th i s  study is to evaluate the long Navy operational interest In electromagnetic radiation
term exposure effects of high peak power (HPP) d cc- effects on man includes the possible effects of the
troinegne tic radiation on cellular systems to develop extremely low frequency reg ion of the spectrum . A
information useful  to be used in safety factor ana lys ser ies of ca refull y selected phys iol ogica l and psych- 

-
Is. The main value In studying such si m p le systems as o log ica l tests is being used to determine the effects
b cter ia and roo t mer is t enia tic t issue lied in the use of low intensity f ields below 100 Hz. Well-control led
of these systems as models of more co mplex syste ms . laboratory exp osure of animals and human vo lunteers
Thus , the growth of bacteria and the division cycle should furnish needed data. (7/75-6/76)
of root t i p ce l ls ref lec t processes o c c u r r i n g  in
higher organisms . Furthermore , the rap idity of these Supporting Agency:U.S. Dep. Def., Navy.

• processes allow many experimental replicates with a
variety of exp erimental parameters bei ng i nvestigated

- ‘ (e.g.. power levels , frequencies). The experimental 0038 ALTERED CSF CONSTITUENTS AS A FUNCTION OF
approach i n  these experiments is divided into twO CHRONIC LOW INTENSITY ELECTROMAGNETIC RADIA-
areas -bacterial growth kinetics and root ti p cel l TION EXPOSURE IN RABBITS. Manthei , R. C. ; Glas.r . 2.
cycle timing studies. The bacterial studies involve K. (U.S. Navy. Surface Weapons Center , Dahlgren , VA
expos i ng population s of coamon bacteri a (Ea&,e,iahia 22448).

• ,oU , Fwe - ,donv?noa ~eru14rinioa~ , .~taphy lo~i~ ,cua aL4p ez48 ,
.c~’~r ’rntia ,.‘~1)’C~ROePt8 ) during their entire growth cycle The nerve membrane surface contains macromolecules
to fields c.f app roxima tely 100 kV /m , 25 MHz frequency. whose functional group, s i a ll c acid (sARA) , allows
At various t m e  intervals. aliqu ots are withdrawn and for rap i d conformational change and reve rsible bind-
counted in a cc..’1er counter . Comparison can then be ing of calcium ion. Two such classes of macromolecules.
made between control and exp erimental groups ’ growth ganglios i des and glycoproteins , can be judged as to
kinetics. The root tips (of Vici a f a~a)  are exposed complexity and binding capability by means of sia l ic
for 12 hours (100 kV/m , 25 MHz) prior to a 1 hour aci d content. It is hypothesized that electromsgnetlc
pu lse la bel wi th 3H-t hym idine . The labeled root ti ps radiation exposure could alter both sial i c acid and
are transferred to non-radioactive media and then calci um content in whole brain extracts and ce rebro-
harvested at hourly intervals , stai ned with acid shiff spinal fluid. Since cerebrospi nal f l u id is in t ima tel y
(feu i gen) sta in to reveal chromosome s , and autoradio— assoc ia ted w i t h  extracei lular f luid surrounding neu ron
g raphed. After exposure and develo pment , the s l i de s populations , it ~s reasonable to suggest that membrane-
are observed microsc opically to determine the presence bound substances , includ i ng ca l c ium Ion , migh t appear
of labeled chromosomes. The numbers of labeled chroin i n cereb rosp ina l fluid following electromagnetIc radii—
osoews versus time after pulse l abeling allows ce ll tion exposure. The autho r suggests that such membrane

J~ 
cycle timing lo be determined. This parameter can al terations as a function of electromagnetic radiation
then be compared between con t ro l and exp e rimental insul t could affect the quantal presynaptlc release of
groups. (7/15-6/76) neurotransm lt ter substances. This mechanism is viewed

as vi tal to central nervous system functIon . Techniques
Supporting Agency :U .S . Dep . Def.. Navy , requi red for anal ysis of sl a l ic aci d and calcium will be -

[ perfected using whole brai n extracts of adult male mice ,
Such techniques will then be applied to rabbit brain

0036 NAVY ENVIRONMEN T : %~ RK SESSION-TH ( ROLE IN t ssue , ce rebrosp inal flu id , and se rum samples. Rabbits
BRAIN FUNCTION OF EXTERNAL ELECTROMAGNETIC w i l l  be surgically i mp l anted wi th cannulae suitable for

f FIELDS AND ELECTROTONIC INTERACTIONS BETWEEN NEURONS . cerebrosp Inal fluid and blood extraction . The Implan t -
-

Worden, F . U . (Massachusetts Inst. Techno logy , Grad will be designed such that no metal elements are assoc-
oats Sch., CambrIdge, MA 02139). lated with the animal during exposure . Va lues obtaIned -
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from cerebro ipInal fluid and blood will be obtained on and longi tudinally within groups. Close contact is
• dail y basis fol lowing dai l y exposure to chronic low maintained wIth the subject populations throughout the
intensity microwave led hi gh energy pu lsed electromag- year so that situational examinatIon s may be done as
neti c radiatIon . Followi ng a period of time specified i nd I cated. (7/75-6/76 )
by Irrad ia tion protocol , the animals will be sacrificed ,
and whole brain analysIs will be performed. (7/75-6/76) Supporting Agency:U.S. Dsp. Def. , Navy.

Supporting Agency:U.S. Dsp. Def., Navy .

004) VISUAL SYSTEM DISEASES IN AIRCREII 4EN.
Tredici , T. J.; Shackie tt , 0. E. (U.S.

0039 MICROWAVE THAWING OF FROZEN TISSUE. Lehr , A ir Force, Sch. Aerospace Medicine, B rooks Air Force
H. B.; Hoist , H. I .; Ke tterer , F. (Univ. Base , San An tonio , TX 78235).

Pennsylvania . Sch. MedIcine . 36th & Hami l ton Walk ,
Philade l phia , PA 19104). ThIs study attempts to determine the incidence and

significa nce of diseases of the visua l system in
The use of microwaves to thaw solId organs , viably alrcrewman from the standpoint of retention without
preserved In the frozen state Is intriguing and compromIsing flyIng safe ty. Investi gators are try i ng
promising. The objectives of these experiments are to develop the means to prevent or correct such dis-
threefold: (1) to measure the unknown electrical orders end develop techniques for early diagnosis or
prope rties of frozen tissue , (2) to calculate the prediction of development of such disorders. Al rcrew-
heating potential distrIbution s of solid organs and “en with ophthalmologic problems receive a coinprehen-
to develop equipment to apply m i crowaves even l y to sive aeroinedica l evaluation and a battery of function
these organs, and (3) to p rove tha t p roperl y p repared testing, Includ ing manifest and cycioplegic refrac-
frozen solid organs are viable in mamsalians. These tions, motility tests, t000metry , tonography , f undus
objec tive s are to be accompl ished by direct measurements photography . Response to aerospace environmental
of the electrical prop erties of ice, physi olog ical factors (e.g., accelera t ion , al t i tude and elec t ro-
saline with cryoprotec tants , gela tin mol ds, and frozen magnetic radiation) is studied i n special cases.
mince inameallan tissue . The thawing equipment will be Longitudina l basic studies wIll assess the signif—
a meld of conunerc ially available microwave ovens in Icance of disease in relation to fl y ing operations
diffe rent frequency ranges with rabbit and canine kid— and the validity of current aeroinedical standards.
neys comprising the mansnailan test organs. (4/76-3/77) Fiuoresce ln fundus photography, elec tro-retinography ,

e lectro-oculography, stat ic perimetry, and bloinlcro-
Supporting Agency:HEW, PHS , NIH scopy w ill be uti l ized to stud y the effec t of disease

and stress on a ircrewtnen. (7/75 —6/76)

0040 MEDICAL SURVEILLANCE OF PERSONNEL OCCUPA- Supporting Agency:U.S. Dep. Def., A ir Force .
TI ONALLY EXPOSED TO ELECTROMAGNETIC RADIA-

lION. Benedum, J. L.: Glaser , Z. R. (U.S. Navy ,
Surface Weapons Center , Dahlgren , VA 22448). 0042 CARDIAC OUTPUT MEASUREMENT BY MEANS OF RF

ATTENUATION MEASUREMENT . Frazer , J. U.
- This task Is to eva l uate the effects of exposure to (U.S. Air Force, Sch. Aerospace Medicine , Brooks Air
nonionizing electromagnetIc radiation (ENR) on occu- Force Base, San An tonio, TX 78235).
pa t ion a l l y exposed personnel. The a im is to develop
hea l th and saf ety information for use w i th personnel Cardiac output determinations are necessary to acqui re
exposed to various EMR systems . Particular emphasis ph ysiol ogica l da ta on which to base safe exposure cr 1-
Is placed on advanced systems such as hi gh power pulse teria for Air Force operational environments. Present
(HPP) generators. An additional objective is to pro- cardiac output measurements in hi gh accelera t ion or
vlde input into hardware development at an early state radiation environments depend on vascular interven—
of des i gn to produce better intrinsic safety features, tion with subsequent laboratory analysis of blood or
A group of approximately 100 NSWC/DL personnel i s respiratory gases, or al ternative l y exposure of sub—
exam i ned on an annua l basis. The group includes: Jects to appreciable doses of ionizing radiation for
mi crowave and radiofrequency exposed personnel, per- chest fluoroscopy wi th subsequent f i lm development
sonnel exposed to high peak power pulse (HPP) trans- and analysis. The objective of this effort is to
mitte n , and a contro l population with no occupational develop a microwave attenuation measurement copable
exposure to EMR. The examination includes a hemato- of detecting changes In cardiac output in adverse Air
crit , white blood Count , d i f f e r e nti al  coun t , a Force environments without dIsturbIng the subject.
urinalysis , a modified SMA-l2 serum chemistry analysis , (7/75 6/76)
an electrocardIoqram , and a screening electroencephalo-
gram. Records of ophthalmologic examinations , perform— Supporting Agency:U.S. Dsp. Def., Air Force.
ed on contract by a private ophthalmologist , are -
rev i ewed. The merger of NOL and NWL to form NSWC has
brought an additiona l occupationa l group In to the
study -personne l exposed to the empress electromagnetic 0043 ELECTRICAL & ACOUSTIC PROPERTIES OF BIOLOGI-
pulse (EMP) simulator . These examination s are perform- CAL MATERIAL. Schwan , H. P. Takeshirn i , S.~ed it NSWC/WOL with results forwarded to this l abora- Fisch ler , H.; Schwartz, C. (Univ. Pennsylv ania, Sch.
tory for ana l ysis. Data obtained are statisticall y Engineering 6 Applied ScIence , 4001 Spruce St.. Ph i la-
ana l yzed on the CDC -6600 computer both between groups del ph ia , PA 19104).
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This research will Investigate the electrical and enable both LEGs and ECGs to be recorded ftc. the
acoustic properties of biological mate rials and re- brain and heart , respective ly, of acute and chronlcal-
la ted problem areas such as electrode pol a r i za t ion  ly i mplanted animais. All field exposure experiments
and forces induced by alternating electrica l fields will be conducted in air. Acutely implanted turtles
act ing on biolog ical particles. Present and future will be anesthetized and restrained . EEG5 and
emphasis will be on: (1) The behavior of electrodes ECG5 wi ll be simultaneously recorded . Chronically
used for Impedance measurements and exc i tation pur- Implanted animals will be prepared using a standard-
poses in physiology and cardiology (pacemaker) in i zed procedure. Each animal wi ll serve as its own
frequency and time domain—wi th particular emphasis control. Basel i ne recordings prior to any field
on their nonlinear characterIstics. (2) Electrica l exposure will be compared with those obt ained when
characteristics of macromolecules and water bound to an anima l Is exposed to electromagnetic radiation .
their surface. (3) ElectrIcal characteristics of Cumulative effects of recurring fie ld exposure w i l l

• b iological and artificial cells and membranes as be i nvestigated by comparIng baseline recordings to
related to their structure and function. (4) AcoustIc recovery recordings made between periods of irradia-

and the reasons why their specific absorptIon varies ure recordings with prior field exposure recordings.
,.

I 
properties of tissue s and biolog ical macromolecules tion as well as by comparing subsequent field expos-

so considerably from one type to another . (5) Field Baseline f ield exposure recovery recordings will
- induced force effects; particularly alternating field range from a fraction of a second to hours for acute

Induced forces acting on biol ogi cal ce l l s  and of s i g- preparations and minutes to days for chronicall y
fl - nificance either from a hazard point of view or wi th implanted animals. Electrophys loiog lca l techniques

Ti a potential for new biolog i cal research technIques, will be employed including spectral analyses of LEGs
(10/75 9/76) and averaged cortical evoked potentials using a

computer of averaged transients to determine
Supporting Agency:I4EW . PHS , NIH sensitivity to electrømagnetic radiation . (7/75-

6/76)

0044 COMB I N E D  STRE SS STUDIES I N HF BAND FIELDS . Supporting Aqency:U.S. Dep. Def., Navy.

Cupel l o , J. H. (U.S. A ir Force, Sch. Aero—
space Medicine , Brooks Air  Force Base , San Antonio,
TX 78235). 0046 COMPARISON OF RF FIELD DELIVERY TECHN I QUES

AND MEASURABLE RESULTS IN CELL CULTURE AND
Exposure of Air Force personnel to radiofrequency ra- WHOLE ANIMALS. G~~, A. W. (Univ. Washington, Sch .
diation environments can produce an added stress to Medic ine . C304 Health Sciences Building. Seat tle . WA
the therma l regulatory system. Existing exposure 98105).

- - standards are based on the extent to which this stress
can be tolerated. This effort w i l l  evaluate biologic High leve l national concern over the adequacy of
responses under combined temperature and radiofrequency existing radiofrequency safety standards has high-
radia tion stress. Plexiglass environmental chambers li ghted the need to define experimen tal exposure
for holding experimental animals during radiofrequency fields accurately, insure Intercomparabiiity of

~
j - radiation exposure are being designe d and constructed , powe r dep osition and mechanism of injury stud ies

These chambers will allow control of the temperature and validate theoretica l predictions with measured
— and relative humidity of the air surrounding the distribut i ons in experimental animals. This  effo r t —

animals. The effects of heat stressing the animal will investi gate ground plane and position effects on
during exposure to rad iofrequency radiation , thereby power absorption in several man models at the Univer—
overburdening his heat d ssl pa t ion mechanism, w i l l  sity of Washington and at USAFSAM/RA . Investigators
indicate the effect of combined stress in radiofre- will intercompare fIeld measurement techniques used
q uency fields. Monitoring the chambers ’ input and at the University of Washington and those used at
output temperature with relative humidity will allow USAF SAM , and compare the theoretical and measured
quantitation of the amount of heat generated in the distr ibut ions in experimenta l animals exposed in
rate due to radiofrequency exposure. Larger chambers both facilIties. In addition , an exposure system
will be constructed at a later date to perform this will be des i gned and constructed for cell or tissue
same study on rhesus monkeys. (7/75-6/76) cultures when fields within culture can be exactly

specified. Investigators hope to demonstrate the
Supporting Agency:U.S. Dep. Def., A ir Force . utility of the culture system by exposing f resh ly

isolated primate l ymphocytes with and wi thout simu lat—

0045 THE EFFECTS OF LOW POWER DENSITY ELECTRO- 
ing antigens. University of Washington personnel are
to bring thermographic equipment and field measurement

MAGNETIC ENERGY ON BIOL OGICAL SYSTEMS . devices to USAFSA M to compare their measurements with
Flanigan . U. F.: Ridgway, S. H. (U.S. Navy , B iosystenis those at USAFSAN . Killed animal models and physica l
Research Dept. .  San Diego , CA 92132) . models are to be examined after exposure to a variety

ectro- field synthesizer and the University of WashingtonThe objective of this project Is to study the ci 
of frequencies generated by the HF band coax, near

physiology (i.e.. brain wave acti vity, heart rate) resonant cavity at USAFSAM and at the University of
and behavior of repti les (turtles) exposed to low Washington. Fields generated by the multiple fre-
power density (

~ 10 mW/cm2) electromagnet ic radiation quency exposure apparatus wi ll also be provisionally
at a number of frequencies within a range of 0.1-10 exami ned at SAM. An exposure cell Is to be constructed
Gilt. Nonmetalic electrodes will be developed to from readil y available materials, and its ut i l i ty  

-
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demonstrated by exposure of freshly ~sola ted iysnpho- ture . respIration , and electrocardiogra, data slmu l tan—
cyte s to fields calc ulated for an equivalent field eously to an FM rece i ver-cassette tape recorder combin-
i n man models exposed to a variety of field geometries. atlon. Th. data are then trans ferred to the laboratory
(7/75—6/76) to be demodulated and analyzed . The circuitry utilizes

low power amplify i ng multiplexing and modulation clr-
Supporting Agency:U.S. Dep. Def., AIr Force. cults as well as a low power transmItter . The entire - - —

transmitter package is housed in butai cement and non-
toxic silicone rubber for implantIng . Electrodes for - -

the LCG , a thermistor probe for temperature , and a0047 NAVY ENVIRONMENT: EVALUATION OF THE SAFETY
EXPOSURE LI MITS OF RADAR USED BY NAVAL PER- strain gage mounted on a three-inch metal fulcrum for .

system was designed to gather data to determine exclt-

respIration are attached to the transmi t ter via con-SONNEL. Hunt, E. 1.; Phillips. R. D. (Battelle Memor— nec tIng wires . The life—time of the present systemlal Ins t., P.O. Box 999, R i chlan d , WA 99352). is about 60 days wi th the batteries used. The entire

Na val personnel exposed to the powerful electromagnetic abilI ty and state of emotiona l exci tement in animal s  ‘ -

• radiation of radar on shlpboard may suffer possible when exposed to different noIses and sounds. It isnervous side—effects as a result of long—term exposure , known that heart rate , temperature , and to a lesserwhich are not i nine diatel y apparent. This research Is degree , respira t ion ra te is affec ted by exci tement
desig ned to test for possible Ill effects of chronic stImuli. (7/75-6/76)
low-level microwave exposure. Studies will be limited
to behavioral and neurophysiolog i cal I nvestigations for Supporting Agency:South Dakota State Govt.
the detection and characterizat~Ion of effects that
mIgh t be produced by short term exposure to pulsed -
microwaves at low power levels (10 mW/cm2 or less aver-
age power), or following chronic exposures to pulsed 0049 ELECTROMAGNETIC RADIATION AND B I O L O G I CAL
m :rowaves at low average level s. Discrimination per— SYSTEMS. Bawin . S. N . ;  May. W . R.; Medici .

F formances will be tested using operant conditioning R. J . ;  Wa lt er , D . 0. (Univ. California , Sch . Medicine.
procedures. One test will look for a disturbance in 405 H i l g a rd Ave., Los Angeles , CA 90024).
the level of performance following exposure. Mother
will l ook for disturbances in the learning of a simple The study of the effects of electromagnetic radiations
discrimination task. Research will contln’.e attempts (450 MHz, amplitude modulation O—9O~. 0.1-10 nM/cm

2)
to ver i fy the avoidance by rats of the pulsed micro- on behavioral performances and brain neurochemistry
wave fIeld. In addition , susceptibility to sound- of laboratory animals . (monkeys , cats, and chi ckens)
induced seiz ures w i l l  be stud ied in sens i t i ve  and will be continued, using the field exposure techniques

- - insensitive mice following exposure to pulsed micro— developed and tested in this laboratory during the
waves i n a series of da i ly 3-hour exposures . (7/75- 1974-75 research period. Internal dosimetry studies
6/76) and deve lopment of recording electrodes will be pur-

sued in chronicall y and acutely exposed preparations.
Supporting Agnecy:U.S. Dep. Def., Navy. Theoretical models of brain tissues will be developed

to provide a basis for Interpretation of the experimen- - 
- -

tai results and possible new designs of brain tissue - -

0048 TO DESIGN AND STUDY THE EFFECTS OF BIOMED- simulation . (12/75—11/76 )
ICAL SYST EMS ON ANIMALS. Dracy, A E.;

Sander , 0. E.; Busch , L. F. (South Dakota State Univ. . Supporting Agency:HEU. P115, FDA , bur. Radiol. Health.
Agricultural Experiment Station , Brooklngs , SD 57006).

The threefold objectives of this study are: (I) to 0050 NAVY ENVIRONMENT : EFFECTS OF MICROWAVES ON
des ign and test the va lidity of a volume conduction MATURATION IN THE RAT . Mi chaelson , S. (Univ.
system for measuring body temperature continuously, Rochester , Sch. Medicine 6 DentIstry , 601 Elnwood Ave.,
(2) to study the effects of microwaves for partial Rochester, NY 14642).
and complete ster i l izat ion of farm animals , and (3) 

~
- • - :

to design and test a unit , wh ich w i l l  have an exciting Research to date has shown that microwave s affect the
effect on rats and mice. The latter will also be growth and development of the rat fetus when the expo
used for rodent control . The stated approach is to sure is properly placed during the gestational period .
use the circuitry built during the school year and Brain growth appears to be most affected. This res-
improve on the water stabi l i ty  problems as they earch will attempt to study how subsequent neo-natai

~~ ~

- affect the operation of the circuit; implant and development and maturation of temperature regulation ,
moni tor temperatures of the I nternal organs of the which i nvoles neura l , hormonal and mutat ional facets ,
animal; build a microwave cavity and obtain equipment are modified by the in utez’o exposures. The develop-
to irradiate safely the test ic les  of a sheep; and ment of the brain and ontogeny of temperature wil l  be
i r radiate the subject and test  the amount of s t e r i l i t y  studied by ex posing i n d i v i d ual rats (previous ly
as a function of radiation power and time of exposure. exposed in utmro) of specifIc age s to a mild cold
in addition , investigators will design and build a stress (25—30° C) and measuring catabolism (02 COn-
power supply from existing sources and test the sumption) and p eripheral venous vasoco nstrlction. if
effec tiveness of the sound source on the eradication a defIcit appears, substrate , hormona l or neural
of rats and mice. To date , a low—power , three channel factors which may be responsible will be examined.
telemetry system has been deslgned . bu ilt , and labora t- Some animals will be decap i tated for gross and micro-
ory tested . This telemetry system transmIts tempera- sco p ic examination of the brain. During the second

16
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J year , powe r density/time relationships w i l l  be devel- - olfactory nerves, and i nvertebrate peripheral neurons)
oped on the basis of body surface . (7/75-6/76) will be exposed to both ELF-VLF (10 Hz-30 kHz) , VHF-

UHF (30-300 MHz) and microwave radiation (1-12 G ’z) i n

t Supporting Agency:U.S. Dep. Def. , Navy, specially constructed cells. Various parameters of
- this membrane p~~paration Inc l ud i ng K, and Vmex for

N.4’, K4’, and Mg and ATP , uba ln sensi t iv i ty and Ilpase
0051 CL INICAL ASPECTS OF MICROWAV E EXPOSURE. - 

activation will be measured. Fluorescent probes of
Mi chaelson , S. N. (Univ. Rochester, Sch. membrane structures wil l be used to assess the extent

Medicine & DentIstry, 601 Einwood Ave., Rochester . of change In membrane conformatIon . Simultaneousl y,
NY 14642). rat liver and rat brain mitochondria will be exposed

S. to these frequencies us ing the same exposure cells.
Eva luat ion of alterations i n  the functiona l status of The 02 consumptIon . ADP/O ratios , state 3—4 transitIon ,

¶ - the neuroendocrine system after exposure to microwave s contro l rat ios , s w e l l i n g  and shrinking , and state of
- and elucidation of threshold levels , cumulative ef electron carriers will be measured . (7/75—6/76)

~~ 
. a  f ects , interaction with other stresses and envi ron—

menta l factor is the objective of thIs study . Mature Supporting Agency :U .S. Dep . Def. , Navy.
rats wi ll be exposed to microwave I rradiat ion in three
different regimens : 100 mW/cm2 , 10 M/&, and 1
nM/cm2 for eight weeks. Periodically throughout the 0054 EFFECTS OF NON-IONIZING RADIATION ON
exposure , body we i ght and temperature will be taken, BIOMEMBRANES AND BIOLOGICAL MACROMOLECULES.
and blood drawn. Gr oss behav ioral observations w i l l  Sheridan , J. P.; Weiss. J. A. (U.S. Navy . Resea rch

I 
also be made . Thyroid fun c~ion will be evaluated Lab., Washing ton. DC 20390).
us ing T3 and T4 resin sponge absorption studies.
Pituitary function will be determined by a bioassay This Navy program will i nvesti ga te the possible
of TSH. Mature dogs also will be exposed to micro- effects of non-ionizing radiation of living organisms.

- 
wave irradiation. Eva l uation of changes In body The objective of this research is to determ i ne the

~ 
I 

we ight , temperature , behavior , thyroid and pituitary ef fects of pulsed and continuous wave non-ionizing- function will be carried out as with the rats. In
addition , hematology, cl inica l chemistries , free elec t romagnet ic radiation on biomembranes and biolog —

~ T4TSH , and growth hormones wi l l  be studied by radio- actions at the molecular level It should be possible
i cal macromolecules. By obtaining data on these inter—

inimunoassay and serum e lectrophoresis. (7/75-6/76) e ither to substantiate or refute the possible implica-
tions of low leve l effects and aid in establishment ofL Supporting Agency:U.S. Dep . Def. . Navy , a safe ty leve l with sound and comprehensive scientific
backing. The structural properties of various model
membrane systems under the influence of low to moder-

0052 AN INVESTIGA TION OF THE EFFECT OF M#CROtMVES ate power non-ionizing electromagnetic radiation will
ON ISOLATED NEURONS. Wachte l , H.; Jolnes. be studied using raman spectroscopy. fluorescence

U. (Duke Univ. , Sch. Arts & Sciences , Dur ham . NC spectroscopy , and microcalor lmetry. The frequency
27706). dependence of any observed effects will be investigated

- - over the 100 NHz-2O GHz spectral reg ion us ing both
The effect of microwave irradiation on the neurons of pulsed and continuous wave sources . These studies
the marine mo liusc aplysia w ill be investi gated, w i l l  serve as the basis for the investigation of real

~~ 
-i ‘ Special emphasis will be given to the pacemaker cells b iological membranes and other biologicall y active

. which exhib it regular f i r ing patterns in the absence and accessible membrane structures. Concurrent with
of externa l stimulation. A neuron f rom the abdominal these studies , the ef fects of electromagnetic radia-
gang i ion of aply~ ia Is pined Out in a small chamber tion on biologica l macromolecules Includ ing polypep—
that Is inserted into a microwave strip line. The tides, proteins and polynucleotides w i l l  be examined.

: . neuronal activity is mon i tored with intracellular (7/75-6/76)
— microelectrodes. Both incident and reflected power
- 

are recorded . Theoretical , as w e l l  as experimental , Supporting Agency:U.S. Dep. Def., Navy .
determinations of the absorbed power are made.
(7/75-6/76)J Supporting Agency:U.S. Dep . Def.. Navy. 0055 BIOCHEMICAL EFFECTS OF MULTIFREQUENCY MICRO-

WAVE RADIAT ION. Rent,. V. R.; Beischer, 0. F.
(U.S. Navy. Biomedica l D i v I s i o n , Pensacola , FL 32512).

0053 EFFECTS OF NON- IONIZING ELECTROMAGNETIC Bioche cal studies will be conducted in primates as
RADIATION ON SUBCELLULAR PREPARATIONS , an index of effects of microwave radiation on naval

Straub . K. 0. (Univ. Arkansas , Sch. Medicine , 4301 personnel. Subhuman primates wi ll be exposed to_j 
~ 

U. Markham St.. Little Rock, AR 72201). pulsed and continuous wave microwave radiation
- In the range of 1-30 nM/cm2 for extended periods.

The effect of extremely low frequency and microwave Radiat i on frequencies of 1-12.4 GHz will be used and
- - radiations on the subcellular preparations responsIble the polarization varied to identify frequency and

for active transport and oxidative phosphorylation will pola rization specific effects. Serial blood samplIng
be explored. Microsoma l (cell membrane) (Nat and ~~

) procedures will provide material for biochemical and
ATPase from several sources (ox bra in , rat brain , gar hematoloq i ca l analysis. Results will be statistically[4 —
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correlated with the radiation parameters and other 0058 MICROWAVES. Anonymous. (Nati. Scientific
si gnIficant phys ica l factors , such as , the ra t io of Res . Center , 15 Qual Ana tole, Par i s, France
the animal size to the wavelength of the radiation . 75700).
The observed biochemical and hematologlcal changes
will be considered In relation to other studies Microwaves have significant effects on materials and

- - conducted under the same conditions. This new biological substances. This study will investigate
work unit continues previously performed research, the effects of microwaves and therma l treatments on
(7/75-6/76) Industrial materials in addition to the effects of

microwaves on insects and microorganisms. (7/75—6/76 ) - - 
-

Supporting Agency:U.S. Dep. Oaf., Navy.
Supporting Agency:Natl . Sd . Res. Ctr., France.

0056 RADIOFREQUENCY RADIATION EFFECTS ON BIOCHEM-
ICAL SYSTEMS IN THE CENTRAL NERVOUS SYSTEM. 0059 NAVY ENVIRONMENT : BIOMEDICAL EFFECTS OF

Merritt, J. H.; Frazer , J. U. (U.S. Air Force, Sch. RADIO FREQUENCY RAD I ATION. Un, J. C.; - -

Aerospace Medicine , B rooks A i r Force Base , San Kraus , G. E. (Wayne State Univ. , Sch. Engineering ,
Antonio, TX 78235) . 5950 Cass Ave., Detroit, MI 48202).

The A ir Force has an on-going research and deve lopment As a major user of electromagnetic radiation , espec—
effort to eva l uate the biological effects of radio- ia il y In the area of commun i cation in the UHF to VHF
frequency radiation associated with planned or opera- portion of the spectrum and having many potential
tiona l radar systems. This effort will evaluate “near human exposure situations , the Navy is attempting
field” exposures representative of those associated to establish a sound basis for exposure standards.
with the 4141. 0TH radar system. Data will be applied This research will be a part of the effort to
to Air Force safety criterIa for this and other sys- determine the potential for hazard in the frequency
tens. The study will evaluate the effects of radio— range of 50—300 MHz. This study w i l l  i nvest i gate
frequency radiation on those biochemical events sub— the effect of radiofrequency radiation on the growth,
serving and associated with neural impulse transmis- reproduction , and pathology of mice. The mice will be
sins in the central nervous system. Simultaneous exposed , both acutely and chronically, in a pa r a l l e l
estimations of 5-hydroxyindoleacetic acid , homovanil- strip transmission chanter where plane wave fields wi th
lic acid , noreplnephrine , dopamine. and S hydroxy variable F/H ratios can be produced. Temperature dis —
tryptamine will be made in discrete brain areas of tr ibut Ion and Datterns will be used to establish
rats exposed to radiofrequency f i el ds. Preliminary correla t ions . (‘/75-6/76 )
studies of the effect of a defined electrica l stimulus
and hyperthermia on the levels of these transmitters Supporting Agency:U.S. Dep . Oaf., Navy .
will be made. After preliminary data have been
obtained , the effect of “far field” cond iti ons
(19 MHz) at both continuous wave and pulsed modes 0060 OCULAR EFFECTS OF MICROWAVE RADIATION .
on the neurotransm ltters wil! be determined , The Carpenter , R. 1. (U.S. Dept . Health ,

H same studies will be done us i ng animals exposed on Education & Welfare, Public Health Service , Food &
the SAM “near field’ simulator . (7/75-6/76) Drug Admin., W i nches ter , MA 01890).

H Supporting Agency:U .S. Dep. Def. • Air Force . The objective of this project is to determine the
threshold conditions for the production of micro—
wave induced cataracts and to uni quel y charac ter ize

0057 REFLECTION AND DIFFRACTION ASPECTS OF BIO’ these cataracts. The effect of frequency, dose
LOGICAL MICROWAVE DOSI METR Y . Reno, V. R.; regimen and pulsin g on the threshold for cataract

Be ische r , D. E. (U.S. Navy, Biomedical DivIsion , Pensa- formation in rabbits will be investigated . Blo-
cola, Ft. 32512). chemica l and hlstopathological examinations of

microwave irradiated lenses will be made to determine
Procedures will be developed to provide new Insi ght if microwave induced cataracts differ In any charact- ‘

in to the energy absorbed from microwave fields by erizable manner from cataracts of other etiolog ies .
li ving systems to estimate validly the effects of (7/75-6/76)
microwave energy on naval personnel. Reflection and
diffraction studies will be performed , with the ulti- Supporting Agency:U.S. Dep. Def., Navy.
mate objective of estimating absorption of microwave
energy from Information contained in the spatial and
amplitude distribut i on of energy In proximi ty to - 

- 
-

I lluminated objects. Holographic procedures are among 0061 PROSPECTIVE EP I DEMIOLOGICAL STUDY TO EVAL
those that will be applied to data from field scans UATE NAVAL PERSONNEL OCCUPATIONALLY EXPOSED
taken near animals and objects of different shape and TO NON-IONIZING ELECTROMAGNETIC RADIATION. Blais , B.
composition. This is conceptually a new approach that 14.; Kelly, R. (U.S. Navy, Ophthalmology Dept., 17th - 

-

may provide an Improved , noninvas ive method for esti- & Pattison Ave., Philadelphia , PA 19145) .
mating the absorption of microwave energy by living
organisms . (7/75-6/76) No descriptive information is avai lable.  (7/75-6/76)

Supporting Aqency:U.S. Dep. Oaf., Navy. Supporting Agency:U .S. Dep. Def., Navy.
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0062 MICROWAVE HEATING (MAMMALS) . Guy, A. U. ta t ion and cl i nica l  eng i neer i ng app l led d i rec t l y to
(Univ. Washington , Sch. Eng i neering. 206 patients. In accordance with carefully conceived

Guggenheim Hall , Sea tt le , WA 98105). plans , these individual col laborative research efforts
- have now been organized into eight groups, wi th

• - 
See CR 0063 for descri ption of this research. (10/75- common research objecti ves, facilit ies , requi rements,
9/76) budgets , and a responsible investigator. This major

effort has been built upon a small central management
Supporting Agency :HEW , PHS , NIH , Natl. Inst. Gen. Med. Includin g accounting , purchasing, central shop, and

Sd . I nventory control . The success of this effort Is
attributable In part to a few basic policIes : (1) the -

Center supports existin g department programs and does
not dilute or compete with them, (2) the participants

0063 MICROWAV E NERVE AND MUSCLE STIMULATION BY must have clear professional benefits from the pro-
IMPLANTED DIODE S (MAMMALS) . Daniels , P. gram , (3) the engineers and life scientists must

(Univ. Washington . Sch. Engineering , 206 Guggenheim work as equal par tne rs. (Ii) the future of bIomedical I 
-Hal l , Sea tt le , WA 98105). research resides at the interface between disci plines . I -

The Center for Bloengineering also serves as an
This project Is part of a broader program (GM 16436- interface between the University and the community,
08) conducted by the Center for Bloengineering , which nurturing interaction with extramural medical research
represents a multidi sciplinary research program laboratories , not-for-profit research and development
i nvolvin g faculty and students from all the depart- laboratories , local industry, medica l centers and
ments of engineerin g engaged in collaborative research the communIty at large. By these means a comprehen-( - 
with health Scientists from many medical and denta l sive effort is directed toward transferring the fruits
disciplines . Teams of investigators have been of biomedical engineering research and development
mobilized and organized to attack more than seventy to the health care delivery system . (10/75-9/76)
projects of mutual interest ranging from the most
bas i c “bioengineering science” problems to instrun,en- Supporting Agency :HEW , PHS , N I H , NatI . Inst. Gen. Med.

Sd .

1 ..

19

U 
- --_



-:

F-
I

CURRENT LITERAT URE

- I 4500 EFFEC1’S OF MICROWAVES ON THE VdENTY-FOUR 0.5 ijsec pulsed field produced only weak alterations.
HOUR RHYTHM AND TWENTY—FOUR HOUR URINARY behavioral al terations; on the contrary, the 9.4 GHz

EXCRETION OF SEVEN’~ EN HYDROXYCORTICOIDS AND SEVEN- tisec pulsed field produced only weak alterations.
TEEN KETOSTE ROIDS (~YMP0SIUM SUMMARY). (Eng,) The theoretica l values of the fields Into the rat
Szady, J. (Postgraduate Medica l Center , MIli tary head were computed usIng data from the literature.
Medical Aced., u1 Szsaserow 128, Warszawa 60, Poland); I t is postulated that the action of microwave fields
Sleklerzynski , N,; Dziuk , E,; Jedrzejczak, W, U.; on the behavior of rats is linked to the peak power
Czarneck i , C. .1, Microwave Power 11(2): 139—140; density and not to the average power density. More—
1976. over, this action seems to be independent of the

modulation of the field , (No refs,)
The urinary excretion of l7-hydroxycorticoids (OHCS)
and 17-ketosteroids (KS) was determined In subjects
exposed to microwave radiation. Investigations were 4502 BIOLOGICAL MEASUREMENTS IN RODENTS EXPOSED
carr ied out In two groups. Group I comprised 12 male CONYINUOUSLY THROUGHOUT THEIR ADULT LIFE
subjects aged 20-22 years, working under exposure to TO PULSED ELECTROMAGNETIC RADIATION. (Eng.) Baum,
microwave radiation pulse-modulated at different fre- s. .1. (Armed Forces RadIobiology Res. Ins t. Defense
quencles , used In radiolocation and at a mean energy Nuclear Agency , Bethesda, MD 20r 4); Ekstrom, N. E.;
beam densi ty of 2-60 W/m2. Group II (control) con- Skidmore, W. D.; Wyant, D. E.; Atkinson , J. 1.
tam ed 15 males of the same age not exposed to micro- Health Phya. 30: 161-166; 1976.
wave radiation, in all subjects the urinary excre-
tlon of 17-OHCS (Porter-Silber method) and 17-KS Possible late effects in Sprague—Daw ley rats con—(N~rymberskI—Zimnerman method) was determined , and tinuously exposed to a total of 2.5 x 108 pulses of
changes in the 24-hour rhythm of excretion of these electromagnetic pulse (EMP) for 94 weeks of their
hormones were analyzed. The determinatIons were ad ult life were investigated. The EMP generator pro—
performed at four-per i od t*me intervals during 48 duced 5 pulses/sec for 2.5 x 108 pulses and a maxi—
hours, i.e., on a workday and the following day. mum electric field strength of 447 ky/rn, Blood
The results failed to demonstrate differences in chem i stry, chromosomal damage, red blood cell pro—
17-OHCS and 17—KS excretion between these groups , and duction , fer t i l i ty and reproduc ti ve capab i l i t i es,
the 24—hour rhythm of excretion of these hormones blood and bone marrow cellular concentration , and
corresponded to the norma l phys iolog ic rhyth m .
(No refs.) appearances of tumors or other defects were moni- —

tored. Exposed rats and controls showed no differ-
ences in nucleated bone marrow, The final combined
mean number of nucleated cells/rn3 of bone marrow

4501 COMPARATIVE STUDY OF THE ACTION OF THREE was 8,i x l0~ ± I D E. Earl y In the study exposed
rats showed an increase in the number of reticu lo—TYPES OF MICROWAVE FIELDS UPON THE BEHAV-

IOR OF THE WHITE RAT (SYMPOSIUM SUMMARY). (Eng,) cytes, but this difference disappeared in the las t

Servan ti e, B. (Ecole d’Applicat ion du Service de 25 weeks of the study. The incidence of tumors was
simi lar for both groups. Rat pairs exposed to 3.4Sa.,te pour ia Marine——Centre d’Etudes et de Recher— x lO~ EMP showed no loss of fertility and no anatomic-. ches Biophyslologiques appll quees a la Marine , 83800 abnormalit Ies were recorded for progeny. in effect,Tou lon Nava l , France); Gi l iard , J.; Servantle , A. EMP was believed to pose no biologic hazard to theN.; Obrenovitch, J.; Bertharion, G.; Perrin , J. C.’ roden ts, al though It is difficult to prove that

j Cre ton, B. J. Microwave Power 11(2): 145— 146; 1976. minute somatic changes had not occurred that could
be of future deleterious consequences. (9 refs.)Behavioral perturbations induced in the white rat

were studied after two weeks exposure to 2.45 GKz
continuous wave f i e l d , 9.4 GHz , 0.15 usec, 2000 Hz
and 9.4 GHz, 0.5 usec, and 1000 Hz microwave fields. 4503 EFFECTS OF EXTREMELY LOW FRE QUENCY ELEC

. Rats were first exposed to a 9.4 GIIz field modulated TROMAGNETIC FIELDS ON PHYSAR~14 P OLYCHPIL4—
wi th 2000 Hz , 0.15 usec pulses, wi th a low average LL/M. (Eng.) Goodman, E . 14. (Univ. Wisconsin—Park—
power densi ty (0.7 n*J/cm’). Their behavior was mod- side , Kenosha , WI 53140); Greenebaum, B.; Marron,
ified: in control animals , locomo tor ac t i v i ty , 14. 1. Radiat. Rea. 66(3): 531—5 40; 1976.
emotivity, and watchfulness decreased during the test,

- .  
whil e exploratory activity increased; in Irradiated Effect of extremely low frequency (ELF) electromag—
an i mals , l ocomotor ac t iv ity remained u n i f o r m, watch— netic fields (EMF) was studied on micropiasmodla of

F fu lness  a t f i rs t i ncreased then decreased , and cx- the slime mold Phyearwn pol~fc.phalw1I. Experiments
ploratory activity increased more slowly. The same included observations of vegetative growth , apheru—

- test was used to compare the actIon of three dif— lation or encystment , sexua l l i fe cyc le , and proto—
ferent f ields: a 2.45 GHz continuous wave f ie ld wi th p iasmic streaming. Ten ex perIme ntal p lates (versus

{ 
a power densi ty of 5 nM/cm2; a 9.4 0Hz pulsed field io controls) were continually subjected to a partic-
wi th 0.15 ~sec pu lses , 2000 Hz pulse repetition fre— u lar EMF , then the mito tic cycle ascerta ined by
quency, and an average power density of 0.7 mW/cm2; ethanol fixed smears. The abilit y of plasmodla to
a 9.1* 0Hz pulsed field with 0.5 usec pulses , 1000 form spheru ies or to encyst was determined by pig-

densi ty of 0.7 mW/cm2. Af ter 15 days of exposure to late and germinate , and then fuse to form plasmodia
Hz pulse repetition frequency and an average power ment extraction. The ability of plasmedia to sporu—

a field the rats were subjected to the test. The was studied in experIments on the sexual cycle.
2.45 0Hz continuous wave field and the 9.4 0Hz 0.15 Protoplasmic streaming was determined by the oscll— 4
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CURRENT LITERATURE Radiation 1(1), October 1976

latory period of four streaming channels and cho i ce occupationa l exposure showed no marked improvement.
of 4—10 channels per culture. ELF EMF exposures of Among the risk fac tors pr .dispo sl ng to cardiov ascular75, 60, and 45 Hz , 2.00 , 0.7 V/rn caused lengthening diseases were nervous-emotiona l stress , which was Iof the unitotlc cycle and slowing of sh uttle stream- found in 14 cases , overloa d factors due to combine-
I ng at 14, 90, and 120 days of exposure, respectively. tion of work and study in 4 cases , nIght shif ts In
These results may Indicate that mltotlc delay is fre- 11 cases, regular smoking In 7 cases, moderate alco-
quency dependent. Delay in cycle may be due to inter- hol consumption In 7 cases , moderate alcohol consua~-ference w ith the mi totic cycle. Threshold lntensltles tin In 7 cases , hereditary load In 5 cases , cranial
for affec t are between 0.4 and 2.0 G , and 0.15 and 0.7 trauma in t he anamnesis In 3 cases , ove rwe ight in
V/rn. Mitotic delay Is reversible. EMF had no signifl— 5 cases, hyperchoiesterolernia in 12 cases, and
cant effect on ability to form spherul.s or encyst, arterial hypertension in 10 cases. CombInation of
but delay In nuclear division was noted. (17 refe.) 3—6 of the above risk factors was found in 10

patients. The findings indicate that microwave
radia t ion may be one of the risk factors of cardlo-

4504 USE OF 300—MSEC MICROWAVE IRRADIATION FOR vascular pathology rather than a sole factor of the
ENZYME INACTi VAT ION: A STUDY OF EFFECTS disease. (16 refs. )

OF SODIUM PENTOBARB ITAL ON ACETYLCHOLINE CONCENTRA-
TION IN MOUSE BRAIN REGIONS. (Eng.) Modak, A. 1’.
(Univ. Texas Heal th Science Cen ter at San An tonio,
San Anton io , TX): Wein traub , S. T.; McCoy, T. H.; 4506 ThE RELATION OF SEX, AGE , AND WEIGHT OF
Stavinoha , W. B. J. Phar’nkwol. Rap. Ther. 197(2) : MICE TO MICROWAVE RADIATION SENSITIVITY.
245—252; 1.976. (Eng.) Rugh, R. (U.S. Dept. of Health , Education

and We l fare Public Heal th Service , Food and Drug -

Microwave I rradIation (300 msec) was used to m acti— Adminis tration, Bureau Radiological Heal th, 5600
vate chol i nesterase and choline acetyltransferase Fishers Lane, HFX-l20 Rockvllle, MD 20852). .7.
to study the effects of sodium pentobarbita l on Microwave Power 11 (2): 121— 1 32; 1976.

Sprague—Dawley rats. Microwave irradia tion of 6 kw Male and female CF; strain mice were I rradiated to
acetylcholine concentrations in the brain of male

at 2450 P*Iz for 300 msec was used to sacrifice mica dea th to determine whether sex , age , or weigh t af-
and rats treated intraperitoneall y with sodium fected their sensitivi ty to microwave radiation.

• pentobarbita l (50 , 80, 100 mg/kg). This technique Weanling (one month old), sexuall y mature (two
rapidl y causes irreversible inactIvation of the months old) and aged mice (fourteen months) were
bra in enzymes . Not only did the enzyme levels re- exposed to 2450 MHz radiation at 7.5 watts forward
maIn close to in vitro levels , but the tissue was power. A tota l of 114 mice were used with a mini-

the least (17 nmoi/g). increases of acetylchol Inc wei ght. Time to dea th increased from 4.10-7.66

fixed, thus simplif y ing mlcrodissection of the brain, mum of 14 per group. Results show that under the
The highest l evels of acetylchollne were found in same radia tion condition both sexes displayed an

— 1 the striatum (81 nmol/g), whIle the cerebellum had increase In time of death wi th Increased age and

~~

i in the brain after treatment wIth sodium pentobarbi— minutes for males and from 3,80—5.56 minu tes for
tal was found not to be due to hypothermia or anoxia, females. Absorbed dose i n J/g at death rose sli ght
The drug caused an increase of acetylchol Inc in all 1’i’ but not signif icantly, with age for males (43.9”
areas of the bra in  studied , except the cerebellum , 47.80) bu t declined sli ghtly wi th age for fema les

‘where there was a decrease. Central nervous system (42.90-39.30). The slIght depression In absorbed
depressIon was correlated with high acetylchollne dose at death for females Is believed to be sex re-

lated and due to the physiologIcal stress of bear-levels. Whe n neuronal act i v i ty returned to normal ,
acetylcholine levels decreased. (31 refs ) ing approximately 100 offspring. In the sane sex

group, the mean absorbed lethal dose was essentially
the same for all ages and weights but differed

4505 SOME ASPECTS OF ETIOLOGICAL DIAGNOSIS IN 
considerably between the sexes. All males absorbed
more microwave energy in Jig at death than camper-OCCUPAT IONAL DISEASES DUE TO THE ACTION OF able females , and therefore, are more radioreslstlve.

MICROWAVE RADIATION. (Rus.) Gus ’kova , A. K. (Inst. Norma l male mouse temperature was 37.9 C and 38.4 Cof Indus trial Hyg iene and Occupationa l Diseases of for females. Lethal rectal temperature was >43’C.the U.S.S.R. Academy of Medical Sciences , Moscow, There was no evidence of change in radioresistanceU.S.S.R.); Kochanova, E. N. Gig. Tr. Prof. ZoJ~ol. wI th age. (fl icEs.)
(3): 14-18; 1976.

Predisposing risk factors for cardiovascular diseases
were anal yzed i n 21 men , aged 35”54 year, who had 4507 MODIFICATION OF ThE REPAIR OF RADIATION
been occupationally exposed to intense super hig h DAMAGE OF HAEMATOPOIESIS IN MICE BY MICRO—
frequency rad iation for a prolonged time , and in whom WAVES (SYMPOSIUM SUMMARY). (Eng.) Rotkovska, D.
radlowave sickness was diagnosed. The duration of (Inst. Biophysics, Czechoslovak Acad, Sciences, Brno ,
the occupational exposure was over 10 years in 19 Czechoslovakia); Vacek, A. .7. Microwave Power 11(2):
pa tients. Clinical examination s revea l ed hypertonic 141—14 3; 1976 .
neurocircula tory dystonla In 7 patients , hyper tension
in 10 patients, lschemic hear t disease in 2 pa t ien ts, Microwaves (2450 MHz, 100 eM/cm2) were used to modi—
and hypothalamic insufficiency in another 2. A re- fy pos tlrrad latIo n repair of hema topoi esis in the
examination 2—3 years after the cessation of the mouse In an early period until 24 hours after whole—
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L body subletha l exposures to X-ray irradiation . Ex— rate , morphological transfoneation, and colonIzing
perlments were performed with C57BI/lO strain mice capacity. iy employing an improved fluid-filled wave

-~ subj ected to whole—bod y irradiatIon with a sublethal gu i de exposure ch~~~.r originally desI gned by Lin and
r dose of 600 to 750 R. The animals were I rradIated Chen (1975) , the nontherme l effect of 2450 MHz mIcro-

wi th mIcrowaves (100 eM/cm2, 2450 MHz, 5 m m )  at wave radlatlon on Chinese hamster cells In cul ture was
different times until 24 hours afte r X—ray irrad ia— demonstrated. The dIfferential effects of mIcrowa ve

S tin. A control group was exposed solely to X—ray radiation on Chinese hamster calls were examined as
Irradiation. In contrast to the control group, the a function of the position of the cell within Its
number of hematopoletic stem cell colonies in the generation cycle. The cytotox lc lty of the cells pro—.. spleen increased afte r combined irradiation , and duced after irradiatI on was compared over a 12—day
the difference between the control and experimental Incubation perIod . Although a clearcut cyclic re—
groups became statistically significant (pcO .Ol) for sponse of mameal Ian cells to microwa ve radiation
the intervals of 30 minutes , 6 hours , and 12 hours. could not be established , the results with Chinese
I~ craased repair of the radIation damage of hemato— hamster cells Indica te that the growth rate of ir—
polesls was also demonstrated by a higher percentage radiated cel ls showed a decrease of 10 6O*, depend—
of 59Fe incorporation in the spleen and a more rapid ing on the level of the mIcrowave exposure. Con—

- - improvemen t of the per ipheral indicators of hemato— sistent with previous observations , a great numbe r
poiesis as compared with that of X—ray controls. On of the “giant—ruffle cell” transformations were seen —

day 8 and day 20 after combIned irradiation , the when a high leve l of Inc ident power density of micro—
nisièer of leukocytes in peripheral blood was twice wave was applIed . Such microwave—induced morphologi—
that of controls. In addition , the m crowave irrad— cal transformations in the ChInese hamster cel l ap—

a-. latin resulted in a prolonged mean surviva l period peared to be i rreversible. (No refs .)
of the experimental groups as compared with controls.

- The results demonstrate tha t microwave irradiation
can mod Ify the course of repair processes in the 4510 INFLUENCE OF PULSED MICROWAVES ON HAEMATO—
hematopoietic stein cel ls  in an early period follow- POIESIS OF ADOLESCENT RATS (SYMPOSI UM SUM—
Ing the exposure to X—rays. (No refs.) MARY). (Eng-.) Pazderova—VeJlupkova , .1. (Clinic of

• - Occupational Diseases , Charles Univ., Prague , Czech—
oslovakia); Frank, Z. J. Microwave Power 11(2): 139;
1976.4508 HUMAN AUD I TORY SYSTEM RESPONSE TO LOWER• 

POWER DENSITY PULSE MODULATED ELECTROMAG—
NETIC ENERGY: A SEARCH FOR MEC HAN ISMS (SYMP OSIUM Pulsed electromagnetic fields caused a transient de—

SUMMARY). (Eng.) Eichert , E. S. (Randomline , Inc., cr ease of weigh t Incr ement, hematocri t, and a l k a l i n e
County Line and Mann Roads, Huntingdon Valley , PA phosphatase activity in  the course of in term i t tent

i r radia t ion of growing rats. Twenty male rats (m l—19006); Frey, A. H. J. Microwave Power 11(2): 14!; tial average weight 65.53 g) were irradiated for1976, seven weeks (5 days/week, 4 hours /day ) by pu lsed
electromagnetic fields with the following parameters:The human auditory system response to lower power work i n g  frequency 2736.5 liz, repetition frequency

t 
dens I ty, pulse modulated , elec tromagne t Ic ener gy may 395 Hz, pulse wid th 2.6 usec, polarization vertical ,provi de a new tool to investigate the human auditory

- system and new ins i ght into nervous system and be- mean powe r density 24.4 nM/cm2 (accuracy of measure-
ment ± 6). The recta l temperature of the i rradiated

haviora l effects. Several mechanisms, which have been animals increased an average of O.3 C after 3 hourssuggested , were studied includIng thermally launched of Irradia tion , The weight, hema tocri t, leucocy te[ acoust ic waves, direc t neural stimulation , and direct count , d ifferential count, leucocyte alkaline plios—in teraction with portions of the aud i tory system. phatase activity, and nuc leol i of l ymphocytes of theThese pro posals were considered in conjunction with irrad iated rats were compared with findings in 20the entire body of radio frequency—sound data. New controls. After the first week of Irradiation the

I pulse train modulation , in te r ferome tr ic studies wi th weight increment was significantl y lower, persist—j data , par t icu l a r l y human responses to pu lse pai r  and

-~~ 
an i mals , and reports of cochlear microphonics during Ing for one week after the irradiatIon . The hemato—

crl t was lowe r In the mi ddle of the irradiation per—ultra high frequency exposure were included in the lod and duri ng the first month after exposure. Afteranal ysi s. Most of the suggested mechanisms were
ei ther difficult to test or inconsistent wIth avail-

the beginning of the fourth week of irradiation the

able data. The models ’ success and failure as cx- 
average ie’~cocyte count was lower due to the decrease
of the absolute number of lymphocytes. Recovery took

li nes of investigation are suggested. (No refs.)

• p lana tory mechanisms are d i scussed , and add it ional place 2 months after I rradIation. The alkaline phos—
- phatase activIty was lower at the end of I rradiatIon

only. All the differences presented were in the 1*
level of significance. (No refs.)L.

4509 CYTOTOXIC EFFECTS OF ELECTROMAGNETIC RADIA—

~ 

- (SYMPOSIUM SUMMARY). (Eng.) Chen , K, C. (Dept. 4511 HUMAN ThERMAL LOADING BY EXPOSURE TO EMIS
TION ON CHINESE HAMSTER CELLS IN CULTURE

- Biology , Wayne State Univ. , Detroi t, Ml 48202); u n , SIONS FROM A MICROWAVE OVEN (SYMPOSIUM
- C. J. .1. Microwave Power 11(2): 1 40-141; 1976. SUMMARY). (Eng.) Prucha , R. V. (Range Component

Engineering, Genera l Electric Company , B u i l d i n g  2,

after irradiation was demonstrated in terms of growth 11(2): 160; 1976.

~ 

- 

The cy totoxicity of Chinese hamster cells produced Room 248, LouisvIlle , KY 40225). .1. Microwave Power
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Thermographic measurements in full scale human phan— infection resulted in lowered multIplicatIon of Herpes
tome exposed to emissions from a microwave oven were viruses (as measured by ni~~er of lesions on taI ls)
used to calculate temperature rise in a therma l model and enhanced the inhIbIting effect of Cytosar and
of the h uman body. Fu ll scale phantom models of a AM-C. (No refs .)
two-year-o ld child and a woman were exposed to em is-
sions from a forced leak in a microwave oven, The
operating frequency was 915 MHz. Thermographic analy— 4513 MiCROWAVE ThERAPY AND MUSCLE BLOOD FLOW INsis using the technIque developed at the Un i vers i ty MAN (SYMPOSIUM SUMMARY). (Eng.) McNIven,of Washing ton and reported In a compan ion paper by o, R. (Physiotherapy Dept., Inst. Neurological Sd—A. V. Guy provIded data on specifIc absorption rate ences, Southern General Hosp., Govan Road, U.K.);(sAR) and identlficatlon.of the heating pattern. 

~~per, o. j. j. Microwave Power 11(2): 168—170 ;These da ta , which rela te to the defined leakage source 1976.In tensit y, were used as the ba sis for heat input
and temperature rise calculations in thermal models The effect of microwave therapy on muscle blood flowof humans. Both worst case and typlcal case calcu— In man was stud ied. Five healthy subjects (3 male andlations based on movement patterns were made and the 2 female), in the age range 20 to 40, were investi-results were compared with those produced by other gated. Muscle blood flow was measured using thehea t ing means, such as, changes In metabolic rate xenon—l33 clearance technique. Xenon-i33 (200 uCI)(deep heating) and exposure to normal sunlight (sur- dissolved In 0.1 ml of sterile IsotonIc saline was
face hea ting) . Results also were compa red with medl- in jected into the muscle (vastis later al is), A scm —
cal dia thermy practice. These resul ts show the very tll lat i on counter was used to monitor the count rate.conserva t ive nature of the curren t microwave oven A single injection of xenon—l33 was used to measureemission standards. (No refs.), muscle blood flow at rest, during applica tion of

the microwave therapy, and during static exercIse,
— 

Once a steady value was obtained for the resting flow ,
4512 EFFECT OF MICROWAVES ON VIRUS MULTIPLICA- the microwave apparatus (2450 MHz) was switched on,

TION IN MAMMALIAN CELLS IN VIVO AND IN with the power output adjusted to produce the maxi—
VITRO (SYMPOSIUM SUMMARY). (Eng.) Luczak, N, (Can— mum comfortable heating. After about 8 minu tes , the
ter of Radiobioiogy , Radloprotect ion , 00—909 Warsaw, slope of the clearance curve was observed to Increase,
Poland); Szmigielskl , S.; Janiak, M.; Kobus, N.; i ndicatIng an Increase in muscle blood flow, On ob—
de Ci erq , E. J, Micro-wave Power 11(2): 173-1 74; ta l n i ng a new stead y value , the apparatus was sw i tched
1976. off , Flow was maintaIned at the higher l evel for

.4 about 5 minutes before graduall y decreasing. The in-
it has been suggested that microwaves at subtherma l vestlgatlon was concluded by the subject performing
field power densities may influence multiplication static quadricep contractions. A hig h ly sIgnifican t
of virus particles in vitro. Experiments on virus increase in muscle blood flow was produced In a ll
multiplication in vitro were performed using WISH subjects; the mean val ues being 2.9 al/b Og/mm at
cells (continuous line of human embryonic cells) rest and 11 .4 mi /b Og/mm at the end of mIcrowa ve
and nyxovirus para—influenza 3. The call cultures application . No significan t correlat ion was found
were irradiated with 3 GH2 microwaves at far field between athletic fitness and blood flow or between
cond i tions in anechoic chambers (30 minutes) at resting blood flow and the time delay between the
field power densIties 5 or 20 ThI/cm2. Inoculation star t of microwave app lica tion and the blood f low in—

wi th viruses (0.01 TCID50/ceii) was performed 2 crease; this varied from 5 to 12 minutes. (No refs.)
hours before, simultaneousiy, 2, or 24 hours after
i rradiation with microwaves. IrradiatIon of cells
a t a f i e l d  power density of 5 eM/cm2 resulted In an 4514 ACUTE MICROWAVE IRRAD IAT ION AND CATARACT
increase of virus multiplication in cul tures Inocu— FORMATION IN RABBITS AND MONKEYS (SYMPO- .
lated 2 hours before, simu l taneously, or 2 hours if- SluM SWiMRY) . (Ing.) Kramer, P. (U.S. Pubflc~
ter inoculation . This suggests that the increased Heal th Service Hoap., Seattle , WA); Guy, A. V.;
mul tiplication is due to stimulation of cell meta— Emery, A. F.; Harris , C. J. P4ior~~ive Power 11(2) :
bollsm (protein and nucleic acid synthesIs). Ir rad— 135—136 ; 1976.
iation of WISH cells at 20 nM/cm2 resu lted in lowered
multiplication of viruses in cells irradiated at 2 The special characteristIcs of the leakage field
hours before or after Inoculation , In cultures ir- from an imperfect mIcrowave oven were Investiga ted.
radia ted 24 hours after inoculation normal muitip l I— Effective power density (EPO)/time levels were
cat ion of viruses was found. In v~uo experiments chosen as single , acute exposures in adult New Zea—
were performed on young CFW mice infected Intraven— land rabbits to determine the cataractogenlc thres—
ousl y with vaccina or Herpes viruses. The a n i m a l s  hold, usi ng the near field of the 2450 lIz slot

m i crowaves, anechoic chamber far field cond i tions, ated, while the left eye served as the control.
were Irradia ted for 7 days postinfection (3 GHZ applicator. In all cases the right eye was irradi—

f i e ld power density 40 irMicj , 2 hours dail y). 5ev- The lowest catar.ctogenic leve l was found with an
eral of the infected and irradiated animals were EPD level of 180 nM/cm2 app li ed for 140 minutes wi th
addi tionall y injected with Cytosar or cytosine arab- a peak specific absorption rate (SAR) leve l of 99.4
inoside (AM-C). The resul ts Indicate that Irradla- V/kg. WIthin one to two days following radIation ,
tion with microwaves Influenced the course of viral typica l posterior cortica l banding was found with
i nfec t ions in mice , the effect bei ng dependent on the the biomicroscope. SAR patterns in two young-adult
schedule of Irradiation . Exposure to microwaves after rhesus monkeys ware determIned by placing the hori—
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H mentally oriented dlpol. with its center 5 cm from iaidsr experimental conditions. As induced mutations
the bridge of the nose. Al though peak SM in the are ueua ily recess Iv., they are phenotypl GaIly no—
eye was again found In the lens (2.9 W/kg/W), less tlcsable in first generations only in the case of
pow.r was aboerbed In the monkey thn in the rabbIt haplolds. In addition , chromosomo l mutations appear1 (5. 4 W/kgPd). An addi tional SM pattern was deter- phenotypically as morphologica l changes in mycellum,

- - mined In on. monkey with the slot csnt.r.d over on. whIch enables quick and easy detectIon of mutants.
eye. Peak BAR in the aye was found in the ion., In thIs experImen t, Irradiation was performe d In

H ~. wi th relativel y sy st rica l surface heating of the plastic containers at 2450 MHz, at power d.nslt ies
- - I periocuiar tissues. This SM pattern y be used ~iO #4/cm2, for 10—240 mInutes , The results do not; L as a basis for dst .rmlning the cataractogonic three— show any mutagenic effects of microwaves. Currently,

hold In the monkey. ($o r.fs.) resul ts of other experIments are being eval uated, In
—1 • particular experiments in which diffe rent innibitorsr r of DMA repairing systems (e.g. , caf feine) were used.

~ L 
(No refs ,)

4515 EFFECT OF MICROWAVES COMB INED WITH INTER—
FEROIl AND/OR INTERFERON INDUCERS (POLY I-

i r POLY C) ON D(VILOPMBNT OF SARCOMA lID IN MICE (Sm-
L j PO SIUM SUIS~RY). (tog.) Smaig leiski , S. (Center 4517 EFFECT OF CONSTANT MAGNETIC FIELDS 014

•- for Radlobiology , Radioprotection, oo—,o, Warsaw, MACROMOLECULES. (Rus.) Il i ros hnichenko ,
Poland). Luc zak, M.; Slebo c , N.; Janlak , N.; Kobus, F. 0.; Stadnlck , A. 0. (Zaporoahe State Pedagog ica l

~
- N.; Stewart , V . C., II.; do Cierq , E, I. Mi wav, instItute , Zaporozhe, U.S .S . R. ) .  Biofizika 21(1):

4 Power 11(2) : 174—175 ; 1976. 178-179; 1976.

Neoplas tlc  cells are h i gh ly sensitive to elevated The exposure of discs of polymethy lmetharcylate
temperatures. The use of micramvs radiatIon for maasUl’ifl9 2 me in thickness and 20 me In diame ter ,
cancer treatment by hyp.rther.ia (dioi cs of wave previously heated to 100’ in an electrom agnetic
frequency , control of temperature , perspectIves, — ,~ 

f ield for 60 mm led to a particular electret lc
prob lems) is r.vI.wsd, and the esp.rimsnts on tumor- state with a sup erficial charge density of about
bearing dc. IrradIated wIth 3 1Hz microwaves In l0 10 Cou lombs/sq cm, depend ing on the magnetic
combination with cy tostatics (Endoxan) , hI gh  doses field potential. The appea rance of charges was
of vi tamIn A , stroptolysln S, or staphyiococca I ~ x- due to the orientation of the magnetically an-
ins are dIscussed . Mice with transplanted Sarcoma Isotropic macromolecules and their segments.

H 180 were Irradiated with 3 lIla mIcrowaves (anechoic The magnetic susceptibility, decreasIng with- - chamb r , far field conditions , 40 #4/cm2, 2 hr t ime , increased w i t h  increasIng field potentia l
-, - dail y) during the whole period of tumor growth. In a range of 0.0032-0.123 A/rn. The decrease

Par t of control (tumor—b .arlng) and irradIated ani— of the diamagnetic susceptibility is apparentl y
• mals were injected with interferon (highly concen- due to the orientation process be i ng accompanied

I tra ted mouse interf.ron 100 IU/g daily) or Poly by an increase in polariza tion paramagnetisai.
I—Po ly C (2 mcgfg, dsIl y). SIze and weight of The changes In magnetic susceptibi lity explain

- tumors , as well as incorporation of tr it Iated pro— some peculiari t ies of the mechan ism of the effect
cursors of nucleIc acIds and proteins and intr.— 0f magnetic fields on biol ogical objects.
cellular level of cyclic AMP , were checked 14 days (3 refs.)
after tumor transplantation . I rradiatIon with micro—
waves (general hypertheru,ia) inhibi ted t umor growth

- in about 25-30* of mice , while comb ination of micro—
waves with interferon and Peby 1—Poly C led to ln- 4518 MICRO WAVE HEARING IN MAMMALS. (Eng.)

- hibiti on of tumor growth in about 75* of an imals. Ris,mann , U. J. (Dept. Electrical Engi neer—
Mechanisms leading to tumor Inhibition in vitro and ing, Bioacoustlcs Res. Laboratory, tkilv. Illi nois ,

- 
1 in vivo by general and loca l hyperthermma were die— Urbana, IL 61601); Cain , C. A. Natl, Ei.otro ~i.cussed, as wel l  as persp ectives in the use of micro— Cong. Proc. 30: 239—244; 1975.

waves for cancer treatment by intensIve loca l hyper-
- thermla (42—44’C) . (No refs.) Threshold levels for the acoustIc perception of ui~

crowaves ware de termined for the cat , dog, chinchi l la , —

and several human subjects. Beckman type scalp elec-
trodes (3 ohm Impedance at 1000 Hz) were used to

4516 INFLUENCE OF MICROWAVES ON GENETICAL PRO— monItor auditory responses of nonhuman species. A
u CESSES OF ASPERCILUIS NIDUL.411S (SYMPOSIUM speaker , and rn lcrow ave generato r were used as the

I SUMMARY) . (Eng.) Baranski , S. (Mi l i tary Inst. Avi— sti.uiators . The res t rained animal  was exposed to
( ation Medicine , 01—755 Warszawa , kras insk Iego , 54 speaker cl icks and Irradiated with 10 ms.c wide 3

Pola nd) ; Deblec , H.; Kwarecki , K.; MezykowskI , T. 1Hz microwave pulse s, both applied at a repetItion
J, ?4j crc~wave Power 11(2): 146—1 17; 1976. rate of 0.5 Hz. The evoked responses appeared simI-

lar , except for a delay factor in the a i r conducted
The influence of microwave radiation on th. genetic aco ustic st imu l i.  ISo response was recorded when
proc esses of Aape.’giZlue niduian8 was investigated microwaves were replaced with a 50 ohm di~~~y load.
to determ ine whethe r microwa ve radiation at non- The average energy dens I ty threshold for smell aim-
therma l power densities is rnutagsnic, A. nidulana male was 8.8 ~J,cm2. Five of sight hasn subjects
was chosen for Investigation , since it Is a hap b oid heard a click, which appeared to origInate from in—
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side the head when Irradiated with a IS ms.c pul se crease the rate of the soUrs cell cycle. The cx- 
,

- 
-

- I of 3 1Hz microwave energy. The average threshold posur. of cells to absorbed fr~~ - ies ‘SO lISa. - 

-

energy density leve l for humans was 10.5 i~JI&. h~~~ver , doss not Increase the overal l ra te of the
Threshold levels seempd to be directl y dspsndsnt cell’s metabolic tIme clodi. All microwave effects
upon the energy density per pulse rather than the seem to be frequency, or fr.qusncy series, sp.cif Ic
peak power density per pulse. It Is suggested that and by far the most prevalent of diea is the absence,
the differences in the humsn ability to detect ml— in the ram.n spsctrue of irradiat.d cells , of .peci—

I crowaves was due to a hearing loss in a hIgh fre— fic r~~~n— ,hift lines. Thus, sines ti~~r cells di—
quency range that could not be tested . (15 rsfs.) sorb frequencies that are not absorbed by normal . -

cells, the metabolism of tumor cells may be sslec—
tively altered by their exposur. to fr.qusnciss

1519 NEUROENDOCRINE RESPONSE TO MICROWAVE IR— harmless to norma l cells. (No rsfs.)
RADIATION. (Eng.) Vsttar, A . J. (lionu—

cleon ics Dept., 5th . Pharmacy and Ph.rmecai Science s ,
- Purdue Univ., West Lafaye t te , IN 47907). Nati. 452 1 EFFECT OF ELECTROMAGNETIC ENE RGY ON THE

- - ~l.ctron. Cong. Proc. 30: 237-238; 1975. FORMATION Of TRIGLYCERIO(5 FRE~ IENCY IN-
FLUENCE (SYMPOSIUM SUMMARY). (tog.) Deficis, A.

- I The effect of low l evel exposures to microwaves on (Centre d’Etudes Recherches di Toulouse, Toulouse,
- the function of the ii.uroendocrlne system was Inves— France); Dues., J. C.; Lauren., S.; Plurien , 0.

- 
- t lgated. Pregnant rats ware exposed for 15 days J. Mi~r~~~i~ Power 11(2) : 137—138 . 19$.

-
- (days 6—2 1 of gestat ion ) for 10 or 20 minutes t oO ,

5, or 25 #4/cm~ of 2~50 lIz contInuous wave micr o- A stud y was carr lsd out on the effect of .icr~~~vs
wave radiation. The rats were kept in an anecholc frequency and power on the rate of formation of t n —
chamber with a — 10 dl quiet zone. Blood samples gl ycerid.s in male Swi ss mice. The authors tried to

- were tested by radloliuueinoassay for thyro-blnding determine whether results, obtaIned at 2.4 1Hz, would
capacity. The results show that the thyro—bind Ing be duplicated at other fr .qusncies between 2 and 10
abili ty of the blood serum increased with mIcrowave 6Hz, Groups of 12 an i mals ware p laced in multimode
exposure; thus thyroid hormone levels decreased, cylindr ical cavi ties of a 600 cm2 cross section.
Results were inconclusive. First studies indica ted Irradiati on. took p lacs during 9 days (15 hours/day) .
a sl ight decrease In hormone levels and variance The frequency bstwsen 2.1 and 9.1 0Hz at 1.5 and 3.3
was high. Serum also was tested for protein trans— #4/cm2 pcwsrs was invss tlgated. Serum trIgl ycerides
fer ni n by measuring ser~m~ Iron and i ron binding cap.- ware determined In 200 ul of serum by s tandard teth -
city. Protein level , increased with increasing en- ni que. Controls received infrared radIation. At 

. .ergy exposure , Indicating tha t protein synthesis was 1.5 #4/cm2 no differ.ncs was found betwssn the t n —
affec ted. Results show an attempt by the bod1~ to glycer ldes rat . of the control animal , and that of

I adjus t to moderate temperature Increases Induced by the an i mals exposed to .icrcessv .s , at any frequency.
- microwaves (i.e., acclimatization ) . Further study At 3.3 #4/cm2 the triglyceride rate was th. same in

is needed to determIne whether th. effects of long- the contro l mice and mice enpos.d to microwaves at
term low leve l radiation (microwaves) are the re- 2.9, 5.4, 9.4 0Hz but signIficantly higher at 2.1
suits of adaptat ion or are subtle and dangerous 1Hz. A study made at several pce.sr levels indicates
effects. (6 refs. ) tha t micro wa ves cause an Increas e In the rate of

serum—triglycer ides formation in mIce at 2.1 0Hz
fr.que ncy . (No refs,)

1520 EFFECTS OF MICROWAVES ON NORMAL ND TUMOR
CELLS AS SEEN BY LASER—MIlAN SPECTROSCOPY

— (SYMPOSIUM SUMMARY) . (Eng.) Webb , S. J. (Dept. of 4522 PULSED UDIOWAVE (27.12 MIlz) EFFECTS 014
Phys ics , Univ. South Florida , Tampa, FL 33620) . .1. IN VIVO AND IN VITRO TUMOR GROWTH (SYPIPO-
F4icro.j ave Pcv.r 11(2): 138, 1976. SlUM SUMMARY). (Eng.) West , B. L. (Div . Medical

- 
- Oncology, Box 273, MedIcal Coil. VirgInia , Virginia . -

The microwave absorption spectrum, between 50 and Comeonwealth Univ., Richmond , VA 23298)~ Rsgs l son,
- 200 6Hz for tumor cells , dif fers  from tha t of theIr V. J. Microwave Pc’wer 11(2) : 176— i ll; 19$.

homologous normal ones. Th. observed differences
in the spectra of cells appear due to dlfferences Inhibition of subcutaneous Lewis lung tumor was di—
in the frequency constant that separates the ab— termined in SOP 1 mice after 23 daIly 20-minute per-
sorbed frequencies in one or more of the serIes of l ods of exposure to a pulsed 27.12 MHz field. Mice
frequencies absorbe d by different cell types. Some were inoculated subcutaneously with I x 10’ syngsnelc

- 
- in vivo energy states have been displayed as laser- Lewis lung carcinoma cells. Groups of eight mice
- 

Reman spectral iines from synch ron i zed populations were sImultaneously IrradIated at one of three diP—
H of cells. Many of these Reman lines are transient. fer.nt average power levels prior to tumor inocula—

Thus given that in vivo energy states are present, tin. Six groups receIved simIlar power levels of
in viva, only duri ng specific stages of the cell radiation ImmedIatel y after inoculation . All groups
cycle, this timed sequence of partIcular energy were subsequentl y i rradiated daily, twenty minutes
states seems to reflect the specific metabolic time per day , for 23 days. SIgnifIcant reduction in tumor
clock of a given cell type. A study of the effect mass was observed in all postinoculat.d, Irradiated
of exposure to various microwave frequencies on the groups. Measurement on postlnoculatlon day l~ and
t ime of appearance of given ram.n—shift lines has 20 revealed a 60—90* InhibIt ion of tumor mess when
revea led that absorbed frequencies of 2-4 6Hz in— compared to controls. Pre— tumor inoculation radia-

- I
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I I
tin demonstrated no changs from control or an in- harmful • and their use requires precaution and an
crease In tumor size. For both pre— and post—treated understanding of the potential danger. Microwaves

I animals , no s Ignificant effects on survival were seen, have the valuable capability of penetrating bio-
An in vitro study was conducted to eva luate the re- log i cal mater is Is to produce deep heati ng. The
sponse of tumor and norma l cells to the same pulsed eyes and testss , howsv.r , ar. hi ghl y susceptible
radiowave field. Each cell susp ensIon , containing to damage by microwave exposure, since they have a -

.
~~
. 1 ml (1 x 106 cells) was irradiated for twenty L ImIted biood flow for removal of heat. Exposure

minu tes. Post—radiation vital staining yielded a has been shown to cause catara cts in rabbits at
marked reduction of v i a b i l i t y  in 50—67% of all LewIs 2450 lIz with a threshold at 150 #4/cm2 for 100 -

embryo cells was 40*. In the case of Lewis l ung there fore , should be shielded from exposure during
lung cells. In contras t, lethali ty for normal mouse minutes or for 10 minutes at 500 #4/cm2. The eyes, -

~~ tumor cells , the greatest lethali ty was observed in diathermic treatment In the head region. The
the cell suspensions experiencing the hi ghest peak temperature sensitivit y of testes has been demonstrat-
and average power outpu ts. L lZl O leukemia cells ob— ed in one experiment in which Sprague-Dewley rats
tam ed from 00A2 mIce were simi larly processed and suffered testicul ar degeneration after tO minutes

-- irradia ted wi th a 60—90% lethality occurring , wi th of microwave exposure at 35C and 2450 MHz. Effects
toxici ty direc t ly related to the averag e power out- on the central nervous system Include headaches,
put. (No refs.) - increa sed fa tl g uabi l ity and irr i t abi l i ty, sweating .

difficul ties in concentration and memory, and
emoti onal instability. Other hazards include in-
correc t use of microwave blood-warmers , which may

r 4523 PHYSIOLOGICAL RESPONSES TO MICROWAVE EX— resul t in hemolysis, and possibl e electromagneticPOSURE. (5mg.) Kinnen, E. (Dept . Electr i- interfe rence wIth medical electron ics , esp eciall ycal Engineering, Univ. Rochester , Rochester , NY cardiac pacemakers. Proper adminis tration techniques ,- 
- l4627); Bogardus, R.; Lu, S.; Michaelson , S. Nati. therefore , should be used by tra i ned personne l , w i t h- tiectron. cong. PPO~, 30: 233-236; 1975. care taken to expose only the portion of the body

• Five anesthetized dogs were exposed for 60 minutes being treated with adequate protection of the
to 60 #4/cm2 inciden t power density at 2450 MHz con- operator and those in surrounding areas. (27 refs.)
tinuous wave microwaves to determine the effect on

- 
- - temperature regulation. Exposure began 60 minu tes

- after anesthetizi ng to allow for temperature sta- 4525 THE P RACTICE OF MICROWAVE RADIATION SAFETY
b ili za tion . The tynpanlc , rec tal , lngu in al , axl l— (SYMPOS i UM SUMMARY) . (Eng.) Rexford-
lary,  back , hind toe and fore toe regions were eon- Welch , S. C. (RAP Consul tant in Radlobiology , AWRE
i tored. Mean slopes of temperature curves for sham Alder maston , Near Read i ng , Berkshire, U.K.); Lindsay,
exposures (anesthetized, bu t not Ir rad la ted)  d id  not I. A. .7. Mtorowe’ e Power 11 (2) : l60-i62; 1976.

• become less negativ e by more than O.36 C/hr . The

be determined by size. Reduction of cooling rate wave radia tion generall y includes safety offIcer
change in mean slope for exposed an imal s appeared to The safety regimen adopted by major users of micro-

— 
was l.5 C/hr for an 8.8 kg dog, O.54 C/hr for a 12.6 appointments, the production of safety Instructions ,
kg dog and O.62’C/hr for the remaining dogs wei gh ing  area con t rol , and classification and medical cur-
23.5±0.9 kg. Recta l temperature was hi ghes t of re— veillance of workers, and incident investigation.

- corded body temperature s 90 minutes afte r anesthesla Appointment of a safety officer for non-IonIzIng
in eight of nine experiments. Fore and hind toes radiation requires no certified ‘evel of competency. 

I

showe d a sudden increase in rate of cooling not ap- This reflec ts the need for training stated by the
parent in other temperature curves during 6 of 9 cx— World Health Organization . Safety orders are produced
peri ments . Except for back , hind and fore toes, by major users without the spur of legislation and

animal from between 0.5-2.9 C. Results show that exposure standards for frequencies outside the mIcro-

I 
- temperature differed in other locations on the same the guidance of codes of practic e. The need for

animals remained homeothermic. Body heat regulation wave range , particularly 1-30 MHz, has to be recog-
occurred through cooling of the extremities , aided nised. Restricted areas are based on the mIcr owave
by al tered blood flow and was not dependent on micro- radiation personnel exposure standard (MPE) with

— ~ 
- wave exposure, High rec ta l temperatures Imply con- or.Iy authorized entry during operation and hazard

duc t i on and convection of hea t from body core to skin areas wi th no entry during operation. Also , it is
- or hea d. Convection to head is slowed or reversed impera tiv, to reassess areas after equipment modifi-

during exposure. This study Indica tes significant ca t ion , new ins ta l l a t ion , and fol lowing an incident. -

~ 

- changes in temperature gradients occur in anesthe— Health surveillan ce should prevent the employment of
tized animals with or without head exposure to persons who could be adversely affected by mIcrowave
microwaves. (5 refs.) radiation exposure. The classifi cation of microwave

radia tion workers, based on the MPE of 10 mW/cm2 and
wI th required med ical surveillance , is proposed, and
the voluntary participation of associated workers in

4524 POTENTIAL MICROWAVE INJURIES IN CL I N I C A L  ep idemiologic studies of exposures below this lIPS Is) t. MEDICINE. (Eng.) McRee, D. I. (Nationa l urged . Any untoward occurrance in a controlled areaI nst. Environmental Health Sciences . Research should be Invet tigated as soon as possibl e , and pre—
_

~ I Triangle Park , NC 27709). ~4nm~. Rev. Med. 27 109 ferabl y by a specIaliz ed team. This will inc lude -l l5; 1976 . earl y technica l assessment of the operating condi-
tions and med i cal exami nation of exposed workers.The use of microwaves In clInica l medicine nay be Finally, the definition of a permissible exposure -
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leve l Is paramount to any protectIon program, since toward the direction of propagation . Further, the
It is not easy for the practitioner of microwave Individua l msathers of the restraining device should
radiation safety to work with the divergence in be as th in  as practicable, and th. dielectric ma-
recoimusnd.d standards. (No refs.) terIals should correspond to th. characteristics of

free space. (5 refs.)

4526 THERMOSTAIILITY OF THE ERYTHROCYTES OF
MICE EXPOSED TO THE ACTION OF A MAGNETIC 4528 EFFECTS OF MICROWAVE—INDUCED LOCAL HYPER—

~ FIELD. (5mg.) Sebestlk, V. (Inst. Hematology, TIIERMIA ON MAMHARY ADENOCARCINOMA iN C3H
Blood Transfusion, 128 20 Prague 2, U nemocn i ce I , NICE. (Eng.) Mendsck i , J. (Dept. Radiotherapy,
Czechoslovakia); PeU , R. Phyato~. BOIwWdOaiOu. Montefiore Nosp. and Med ical Center , Ill Eas t 210th
25(3): 241—244; 1976. St., Bronx, NY 10467); Frledentha l , E.; Botstein , C.

cancer Rea. 36(6) : 2l l3—21i4; 1976.
The effect of a magnetic field , formed by the po l es
of a rotating permanent magnet of 200 gauss Induc— Micr owave-induced hy perthermia , produced by a 10 W -
tin, on the thermostab iii ty of mouse erythrocytes microwave generator at a r a d i a t i o n  f requency of
was dIscussed. Fifteen CBA-stra ln female mice, 23-25 2450 lIz, was focused locally upon ma~~~ry adeno-
weeks of age, were exoosed for an average of 17 w.,Iis carcinoma implan ted in C3N mice when the tumor reached
to the magne t i c  f l e l u. 15 additional mice served as 6 ma In diameter . In 54 treated mice , all tumors d i—

~ a control group. These groups were compared to six minished in size after the f ir s t expos ure (43’ , 45
animals exposed to the magnetic field during gasta— minute,) and disappeared completely following the
tin. Erythrocyte thermostabtllty was determi ned second treatment. No other effects from heat appii—
for this group three months postpartum. Results cat ion were apparent. A l l  the nice in the microwave- -

indicated that the rate of heat hemolysis of erythro— treated group survIved the whole period of observe-
cyses was sIgnifica ntl y hIgher in the test groups tin (4 month,) without any evidence of tumor , while
exposed to the magnetic field especially at 5 and i8 nontreated controls died within 4 weeks afte r in—

- - - 10 minutes of heating (p-cO.OlL After five minutes ocula tion . (9 refs,)
- - of heating, hemolysis In the exposed group had a

mean va l ue of 8.11±4.36, while the mean of the group
exposed in uter-o was 14.33±6,24. The control group
had a mean va l ue of 3.76±1.67. At 45 minutes , the 4529 NOtI-PERTURIING NICROPROBES FOR MEASUREMENT
dIfferences be tween afl groups were not significant. IN ELECTROMAGNETIC FIELDS (SYMPOSIUM
These results Indicate that the effect of the magne— SUMMARY). (E~~.) o~i i~ i~ , A. (O.N.E .R.A.—C.e .R.T.,tic field on the safaryonic organism persists long Laboratoire du O.E.R.N.O., 2 Avenue E douard Be lin ,
after (three months) remova l of the field. The de- s.~~. 40-25, 31055 Toulousse Cedex France); Priou , A.
crease in the thermostability of the erythrocytes .1. ~~~~~ Ptxjer 11(2): 148-149; 1976.
was assoc iated wi th  a decrease in their osmotic re- -

sls tance, Wh i ch was probably a di rect result of the The p o ssibility of obtaining a dielectric micro -
magnetIc f ield on the .rythrocyte cell mawèrane. probe that would not interfere with electromagnetIc(9 re fs.) waves has been studied. Two t ypes of probes were

def ined: one operating in the temperature range of
b .C to 40’C , another within the range —40’C to

MATERIALS USED IN LABORATORY AN IMAL RE— ing to the temperature range or density to be meas-
4527 SCATTERING OF MICROWAVES BY DIELECTRIC +20’C. Both probes included a head (different accord—

STRAINERS . (5mg.) u n , J. C. (Dept. Electrical ured) but comprisIng a thermosensitlve dielectric

Wu, C-L. ie~~ ~~~ ~~~~~~~ Th~o~~ ~~~ niqu.. fibers), and associated elec tronics . The f I r s t
Eng i neerIng , Wayne State Univ. , De troi t , MI 48202); material , dielectric li gh t conductors (optical

24(4): 219—223; 1976. probe , (a “cholesteric crystal and optical f ibers -
d ielectr ic probe ” ), had a head composed of an opt ica l

In most exper Imental investigation s of the blologi- transducer, a thermal sensor made of micro -encapsu lat- - -

cal effects of microwave radiati on , it is necessary ed cholesteric li qu id crystals , and coating absorbing
to use low—loss dielectric materIals for restrainIng waves formed by a thin film of colloIdal graphite.
animals under irradia tion . Because of the complex- In this syst em only two optica l fibers were used:
ity of the analysis of the animal—restrainer combin— one br ing ing in the light , the other collecting the
atian , an analysis was made of the scattering of reflected li ght containing InformatIon on the tempera—

-~ microwave fields by a si mplified model of the re— ture or power density variations. The second probe 
-• strainer with no animal present. The model chosen was a dielectri c thermometer operatIng within a range

was that of a plane wave incident at an arbitrary of -30’C to +bO’C. The principle of the probe was
ang le upon a rectangular slab of finIte wIdth and based on the reflection of a light beam on a theraso- -

thickness, Numerical results indicated that the d i l a table l i quid , contained in a capillary glass
scattered fields within a square region of one wave- pipe of small dimension . The electronics was similar
length In distance from the slab s urfaces are great— for both probes . A white li ght source powered the
ly enhan ced and hig h ly nonuniform, In particular , optical fiber(s). The reflected l ight wes collected ~~the maxIma for pa rallel incidence exceeded those for by a photomultipl Icr drive n by a power supply. The
norma l i ncidence by almost a factor of 2. The re- anal ysis of the reflected light was then made eIther
suits suggested that for minim a l perturbatIon the by recording on a plo t t e r  or by any other process.
broad face of an animal holder should be oriented (No refs.)
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4530 FAILURE OF 2— AND 10-METER RADIO ~~VE S TO changing diurna l rhythms, necessary hormonal re-
INDUCE GENETIC DAMAGE IN D~~~~PRZL4 sponses , and subsequent growth development. This

~fr,.4Noa4srgR. (5mg.) M itt ler , S. (Dept. Biolog i cal concern is based on the belief that man s circad lan
- ScIences, Northern Il l inois UnIv. , Dekalb , IL 60115). rhythm is cued by a geophysica l sensor , Which Inter-

I .  Ehviron. Re.. 11 (3) : 326-330; 1976. prets information f rom magnetic fields , cosmic
radiation , and gravIty. Evidence ind i cates that

Adul t male D~oecphi ia reelwsogoatar, exposed to non- planaria and mud snails will change direction with
thermal radio waves, ware studied to assess whether a change in magnetic field. In addition , elect ric
radio waves used for trans eiss lona l purp oses pose fields have been used to shorten man ’s diurnal -
a mutatIona l hazard. Di’oaophila. in via l s, were rhythm . If geophysical phenomena can be reg istered ,
attached to two antenna and exposed for 12 hours to then perhaps this infor.atIon can be used by the

8 the frequencies of 136.34 and 29.00 MHz, respective ly , central nervous syste. to alter bioelectr lc activity -

The progeny of the exposed Drosophil.a were tested and diurnal rhythms. (7 refs .)
- - for sex-linked recessIve lethals , loss of X or V

• chromosomes, and non-d isjunction. There was no
significant difference between offspring of the 4533 ELECTROMAGNETIC PULSE INTERACTION WITh
control and exposed flies with respect to the genetic MAMMALIAN CRANIAL STRUCTURES. (Eng.) -

mutations . Spermatogenesis also was unaffected. tin , j. C. (Dept. Electrical Eng i neering , Wayne - -

I t is concluded that the average portable trans- State Univ., Det roi t , MI 48202). ZEE~~Trana . Biomed.
mitter does not pose a threat to the genetic Integrity 

~~~
, 23(l)- 61-65- 1976

of its operator , since the frequencies tested are • ‘

— 
In the radIo wave band reg lbn s used by police , The transmitted field strengths in homogeneous
emergency vehicles , radio amateurs , and c iv i l ian spherical models of human and an ima l  heads were
radio operators. (13 rats. ) determ ined to be a function of time and position .

usi ng frequency ana lytic technique s for an Imping ing
pulse of Gaussian character. A Debye relaxation

L. 4531 DETERMINAT I ON OF POWER ABSORPT I ON IN p.~~ model and constant conductivity model were considered

EXPOSED TO HIGH FREQUENCY ELECTROMAGNETIC for the electrical behavior of brain matter. The

FIELDS BY NERMOGRAPHIC MEASUREMENTS ON SCAL E MODELS . constant conductivity mode l was used to predict
(Eng.) Guy. A. W. (Bloelectromagne tIcs Research continued decreases in pulse amplItude as It advanced
Lab., Sch. Nsdlcine . Univ. Washi ngton . Seatt le , in the head start ing trans the leading surface ; however,

- WA 98195); Webb , N. D.; Sorensen, C. C. IEEE Trana . the relaxation mode l predicte d reduction only from
Bior.wd. A~ig. 23(5): 361-371- 1976. the surface to the center. Moreover , it appears

that the transmitted pulse In a spherical model of
A techn ique is descrIbed In wh i ch thennograptui ca iiy the head was always related to the t ime derivative

-j determined power absorption measurements In scale of the incident radiation . Numerica l results in—
phantom models of man exposed to very high frequency dica te that the transmitted pulse amplitude Is quite
fIelds are used to obtain power absorption character- small and can be estimated using the constant con-
istic s In full scale man exposed to high frequency ductivity model. (13 rats.)
fields. When the body of man, small compared to a
wavelength , is exposed to high frequency electromag-
netlc fields , the absorbed power density patterns and 4531 PAIN SENSATIONS ASSOCIATED WIN ELECTRO
total absorbed power may be approximated by the si mp le CUTANEOUS STIMULATION. (5mg.) Mason. J.

I 
- super—position of the Internal electr ic fields obtained L. (Dept. Electrical Engineering, University of -

from the quas lstat ic coupli ng characteristics of the Canterbury , Chr lstchurc h , New Zea l and) ; Mackay , N.
electric and magnetic field components determined A. M. IEEE Trans. Biomed. Thtg. 23(5): 405-409;
I ndependently. A VHF resonant cav i ty  was used to 1976.
provide the necessary field strengths for producing
measur.~ible power absorption patterns under simulated The results of experiments to determine the feasi ’

- - NF exposure conditions . Results indicated that peak bil i ty of using electrocutaneous st imulat ion in
powe r abso rption densities as high as 5.63 W/kg could sensory substitution systems are discussed . The
be produced In man exposed to 10 nA/cm2 , 31 MHz system may provide some facility for sound iocaliza-

- radiat ion fields. The results show that the absor p- tin to the totall y deaf by direc ting auditory - -

I Li tin dec reased as the square of the frequency , as information to an alternate sense. One of the main -

predicated by theory for frequenc i es below 31 MHz. drawbacks to the development of this system has been
(8 ret,.) the sharp, pricki ng pain often associated with

- electrocutaneous stimulation. This has been found

L to be a result of thermal damage to the corneal
4532 ELECTROMAGNETIC FORCES AND CIRCADI AN laye r of the skin . The high—energy densities re- -

RHYTHMS (LETTER TO EDITOR). (5mg.) Hope- quired to create this danage of ten occur , even at
wood. P. S. (Univ. Vermont. Coll. Msdicine. Burl 1mg- moderate stimulat ion currents , because of the highly

- I , ton , VT) . N. Engi. .7. Med. 298(9) : 50 1-502 ; 1976 . nonhomogeneous nature of the skin—electrode inter- -
face . However, this pain can be controlled wIthout

I t is questioned whether a procedure , elec tromagnetIc resorting to electrode pastes by adopt i ng a sim ple -
• bougienage, (Nondron and Kale . F?nw England Journa l procedure for app lying the elec trode. The dynamIc

I Medicine 293:828, 1975) . will Interfere with a new- range and the stability of the sensation magnitude -

L born’s ab i l i ty to p.rcalve geophysical stimuli , thus have been measured under paste-free conditions , and
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the conclus ion was reached that electrocutaneous were, at two months , statistically lighter In mean -

st imu la t ion would be a viable alternative to mechani- body weight than any of the other irradiated or
cal stimulation in certain sensor y substitution app li- control females. There was no significant difference
cation,. (9 refs .) between the sexes in J/g absorbed dos. to kill at

two months of age, but there was a sign I fI cant lower-
ing of the time to death for those males previously -

~i. - 
i rradia ted at 12 and 16 days gestation ag. and

4535 ELF COUPLING TO SPHERICAL MODE LS OF MAN females at 16 gestatIon days compared wIth theirAND ANIMALS. ~Eng., Sp iegel , R. ~ respective controls. (13 ‘sf5
(liT Res. Inst., Washi ngton , DC 20006). IEEE Trans.

I ; Bioniod. £Plg . 23(5): 387 39l; 1976.

The induced fields , currents , and powe r absorbed by 4537 INFLUENCE OF 2450 MHz CW MICROWAVES ON - -

spherical models of humans or animals when exposed UTS EXPOSED IN LP1’A’RO (SYMPOS IUM SUMMARY) .
V to extreme ly low frequency (ELF) electromagnetic (Eng.) Michaelson, S. H. (Dept. Radiation Biology - -

f ie lds were calculated. Spherica l models can be and Biophysics Univ. Rochester. Sch . Medici ne end -

expected to provide values of the ri ght order of Dentistry , Rochester. NY 18642); Guille t , C.; Catal-
I 

magnitude . The induced fields were a sum of the lo , H. A.; Smell, J.; Inamlns , C. ; Nsggeness, F. W . -

quasistatic solutions for a sphere irradiated by a .7. Microwave Power 11(2) : l65—i66 ; 1976 .
uniform elec t r i c  and magnetic field. Calculations
were provided for ELF fields emanating from the pro- Rats exposed in utaro to 2850 MHz continuous wave
posed Navy ’s Sangui ne antenna and extra high voltage microwave s were exanlnt’d for IndIces of matu rat lona l
(EHV)/ultra high voltage (UHV) transmission lines deficIts. Long-Evans rats at 9 and 16 days of
proposed by the utility industry. Converting the gestat ion were exposed to 250 MM; continuous wave
predicted absorbed power into the average hea t m ic rowave radia t ion at 10 nIl/cm2 or 40 nIl/cm2 for
produced in a 70-kg man by the ELF f ie ld  was found too 1 hour. These exposures did not seem to adversel y
be approximate ly l 0 5  cal/gs . This Induced heat affect the rat or her offspring; partur ltion was -

productIon is considered too low to interfe re w i th  normal wi th no change In gestation duration, and there
norma l biologic functIon; however, this should be was no difference in litter sIze (10-16 pups) from
verIf ied. (16 refs.) exposed and sham-irradiated dams. Oxygen consumption

in cold stressed neonates from the 40 itV/cm2 cx- -
posed dams was Increased (about 75 ml 02/min/kg) -

relat ive to controls and ID rvtd/cm2 exposures (about
‘536 ARE MOUSE FETUSES WHICH SURVIVE MtCROWI~VE 50 ml O2Imln/kg and 83 ml 02/min/kg respectively).

RADIATION PERMANENTLY AFFECTED THEREBY? Prel iminary results suggest that corticosterone and -

(Eng.) Rugh, R. (U .S. Dep t. Health, Education and thyroxine levels were co mparable in all neonates - -

We l fa re. Pub l i c Heal th Serv ice , Food and Drug Admin., examined. Corticosterone levels In the first 24
Bureau of Ra d iolog ical Health , 5600 Fishers Lane , hours of life ranged from 10-25 pg% then dropped
Rockvllle , MD 20852). Health Phya. 31(1): 33-39; and rema ined at <2 ig% through the 14th day . Plasma
1976. thyroxine (T4) levels In the neonatal rat were low

(‘3ug%) for the first $0 days of life in pups from
Time-mated tFi white mice (118) were exposed when both exposed and non-exposed dams. At days 11-1 2
their fetuse s were at 9, 12 . or 16 days gestation - a rise In plasma T4 levels to 4-8 ug* (norma l adult

- - to 7.4 V forward powe r of 2450 MHz mIcrowave radia- levels) was seen In both groups . (No refs. )
tion for 4 minutes--a sub-letha l exposure . Mean - -

absorpt ions of energy ranged from 22. 4 to 27.l J/g
- and were Inversely proportional to weight and gesta- 4538 TEMPERATURE CHANGES GENERATED BY MICRO- -

tin age . After a normal delivery , these fetally WAVE THERAPY IN THE THIGHS OF HUMAN SUB
i rradiated mice were again exposed to the same ir- JECTS (SYMPOSIUM SUMMARY). (Eng.) Stevens . A. - 

-

radiation as previously, from two months of age (Dept . Physica l MedicIne and Electromyograptsy , Un i v.
until death. Death was electronically monitored on Leuven, Faculty of Medicine , 8— 3000 Leuven, Bel gium);
a polygraph. A parallel group of 25 two-month—old Peluso , F. .7. Microwave Power 11 (2) : 1 70-Ill ; 1976.
controls ware similarly Irradiated, and the absorbed
dose in J/g and the time in mm to kill were taken Deep tissue temperature elevations generated after -

as the measure of radiation tt~lerance or r dlo- exposures to microwave therapy were studied in human
sensItIvity of the orig inally Irradiated fetuses. subjects. The right antero—latera l thi gh of 20 male
Males ini tially exposed to microwave energies at 12 subjects of around 25 years of age were exposed to - -

and 16 days gestation, and females irradia ted at 16 microwave radiation at 2450 MHz. A power output of L - 
-

days gestation showed a slight but statistically 50 W was applied at a 10 cm distance from the skin
s)qniflcant reduction in the mean time to 8111 . Onl y surface for 10 mInutes. Tissue temperatures were
the 12 day males showed a significant reduction in measured i nsuiedlatel y after exposure , and 5, 10, and -

the mean absorbed dose a’ death. None showed mean I5 minutes thereafter at six depths. i.e., at the Vabsorbed doses greater than did the controls; hence, skin surface, 2, 6 , II , 16 and 21 mm beneath It.
there wa~ no evidence of any acquire d resistance to Temperature elevation decreased with depth. Im-
radiation effects. A l l  male, i n i t i a l l y exposed mediatel y after exposure very modest temperature - -

-~~ ~‘1 utpre~ had mean body weights si gnificant ly lowe r elevat Ions in the various tissue layers were found, -
than did the control males at two months of age . i.e., from 2.5’C • 0.6 on the surface to l.0 C t 0.3 -

-

Females i n itially irradiated at 16 days gestat i on at 21 mm underneath. The temperature changes In
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muscle were scal ier, i.e., from l .9’C at it ma component wave the t ransmitted field was found, and
depth to i.O’C at 21 ma . Fifteen minutes after the an integration gave the value of total transmitted
end of the radiation , the temperature elevations in field Into th. biolog ica l material. It is concluded
the muscle and at the fat—muscle Interface were st i l l  that as the height of the dip ole decreases, the -
sI gnificant. This after-exposure heat i ng effect maximum of the transmission coefficient U shifts
suggests that only small changes In blood flow occur towards the dipole projection. Also, Its value
and that other mechan i sms may have to be invoked increases , and for low va lues of the dipole heights,
to explain the therapeutic success obtained with the max imum value of transmission exceeds that
th is type of therapy. (No refs.) based on a plane wave ass um ption. (No refs .)

4539 MICROWAVE UDIATION AND OTHER HARMFUL 4541 VARIATION OF SERUM TRIGLYCERIDES RATE -

FACTORS OF WORKING ENVIRONMENT IN RADIO- UNDER THE ACTION OF ELECTROMAGNETIC WAVES :
LOCAT ION: METHOD OF DETERM INATION OF MICROWAVE POWER LEVEL INFLUENCE (SYMPOSIUM SUMMARY). (Eng.)
EFFECTS (SYMPOSIUM SUMMARY). (Eng.) Siekierzynski , Defi c is , A. (Centre d’Etudes et de Recherches de

— H. (Postgraduate Medical Center , Military Medical Toulouse , Toulouse, France) ; Dumas , J. C. ; Laurens ,
Acad. , ul. Szaserow 128 , Warszawa , 60. Poland) ; S.; Plur len , C. .7. Microwave Power 11(2) : 136—l37 ;

El - Czarnecki . C. ; Dz luk , E. ; Jedrzejczak , V . V.; Szady , 1976.
.3. .7. Microwave Power 11 (2) : 144-145; 1976.

The effect of electromagnetic field exposures on the -

Thi s  ana l~ sis  included 841 males wi th occupational liquid metabolism of mice was investigated. Groups
exposure to pulse-modulated microwave radiation, of 12 mice (Swiss origin , male) were exposed for -

H The subjects were divided Into two groups: Group I nine days (15 hours/day) to electromagnetic fields
consisted of 507 subjects exposed to energy beam of 2.1. Clix at power densities ranging from 1-3.3
densities exceeding 2 V/m2 (sometimes exceeding 60 ntW/cm2 . Three microwave power levels were applied
V/ rn2),  and Group II consIsted of 334 subjects cx- to the animals. In the lowest case (1 ntW/csn2), the
posed to energy beam densities neve r exceedi ng 2 tri glyceride rate was the same in every animal .
Jd/m2. The incidence of functional disturbances, Howeve r , at both other power levels (1.5 and 3.3

r gast r i c and duodenal ulcer , t he functiona l state of nM/cm2), a significant increase in the triglyceride
the thyroid , lens transparency, causes of disabi l i ty rate was observed in the exposed animals. in a
to work , consequences of excessive accidental radia- second experiment , the triglyceride rate for animals -

tin exposure , and changes in the abnormalities after exposed to electromagnetic radiation was compared to
cessa t ion of exposure to radiat ion were determ i ned , that of animals exposed to Infrared radiatIon . At
No diffe rences were observed In the health state 1.5 0*1/cm2, the trig l ycer i de ra te was the same for

U between groups differing only In the degrees of every animal. However , th is ra te was s ign i f i can t ly
exposure to microwave radiation . It was found that higher in animals that were e*posed for nine days
the i ncidence of many abnormalities was influenced to microwaves at 3.3 n*l/cm2 than in animals that
by Increas i ng age of the subjects and not by the were exposed for the same period and at the same
duration of work connected wi th  exposure. This power level to infrared radiation . The results
observation does not support the hypothesis of suggested the possibility that microwaves act on the
cumulat ive effects of microwave exposure with increas- lipid metabolism through an internal mechanism, which
ing leng th of work under conditions of exposure . is not iceable only over a certain exposure level.
The presence of various functional disturbances in - (No refs.)
nearly 605 of the subjects in both compared groups
i ndicated a highly neurot lzing influence of the
whole comp lex of environmental factors other than 4542 RETINAL SENSITIVITY TO SHORT WAVELENGTH

~ microwave radiation. (No refs.) LIGHT (LETTER TO EDITOR). (Eng.) 4cr—
s h a l l , j. (Inst. Ophthalmology, Judd St., London

- I WCIH 9QS, U.K.); Weale , R. A. Nature 262: 629 ;
— 4540 AN UPPER BOUND ON COEFFICIENT OF TRANS- 1976.

MISS I ON OF MICROWAVE LEAKAGE INTO BlO -
LOGICAL TISSUES (SYMPOSIUM SUMMARY). (Eng.) Kamai , Conclusions in a recent article in Natw~e on poten—
A. A. (Dept. Electronics and Conununications . Facu l ty t l a l  hazards due to exposure of the primate reti na
of Eng ineering , Cairo University, G iza. Cairo , to visible radiation of short wavelengths are
Egypt); AI-Badwaihy , K. ;  Hashish , E. .7. Microwave questioned . The lesions were thought to be mediated
Power 11(2): 159-160; 1976. by a photochen l eal mechanism; however, the reclpro— - -

city law was not obeyed in the data of the article ,
An attempt to find an upper bound on the tra nsmission although both human rods and cones obey the law in

-
. c o e f f i cien t U for various near zone fields was under- the author ’s timespan . Therma l effec ts were mini— -

taken . A planar model consisting of a half space of mized , even though the action spectrum resembled the
homogenous b iolog Ical tIssues with known e~ectro- absorption spectrum of melanin. The role of the
magnetic properties (permittivity, conductivity and crystalline lens as protection for the re t i na was -

permeability) was used In the study. The source was emphasized , al though the vitreous may be at risk In
an elementary electric or magnetic dip ole located aphakIc eyes. The morphology of the lesion was ig-
in the free space region above the biological half nored. The authors also implied that v law ing the
space . The incident field was decomposed into a sun under their experimental conditions, below the
continuous spectrum of cylindrical waves. For each threshold for lesions of iOO/sec , Is safe. I t should
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not be Inferred, however, that a shorter period is atrop ine and B blocker were added in combination to
safe in their experimen tal conditions. (6 refs.) the heart preparation, the effects of both the sym-

pathetic and parasympa thetic transmitter were blocked.
Microwave irradiation then caused only very sligh t L.

4543 RETI NAL SENSITIVITY TO SHORT WAVELENGTH changes In heart rate. A generalized heating effect,
LIGHT--AUTHOR ’S REPLY (LETTER TO EDITOR) . causing tachycardia , was predominant at higher levels

(Eng.) Ham, V. T. (Dept. Biophysics, Medica l Coil. of absorbed power (above approximatel y 15 nM/cm3).
V lrg !n ia ) . Nature 262: 629-630; 1976. It is concluded that the neura l effect (possible Utransmitter release due to microwave irradiatio n ) is

There are at least three types of radiation damage dominant at l ower sower levels, al though the exact
to the retInal In the range (1,400—400mm). These location of the stimulation causing the observed ef—

facts has not yet been determined. (5 refs.)are shock damage, the rmal damage, and photochemical
damage. Marshall’ s report appeared to be long In the

— thermal damage category. In response to the letter
from Marshall and Weale , not even therma l lesions
obey a reciprocity law , and the authors do not know 

4545 A PASSIVE ELECTRODELESS METHOD FOR DETER-the relationship of rods and cones to the observed
funduscopic pathology. Therma l effects were minimized M I N I N G  ThE IN TERIOR FIELD OF B i OLOG I CAL
only for long term exposure to the shorter wavelengths MA TERIALS. (Eng.) Brodeln, N. E. (Dept. Electrical
in the visible spectrum where maximum temperatures Engineering,  Northwestern Univ., Evanston , IL 60201);
In the retina do not exceed a few C above ambient. Taf love, A.; Matz, J. E. IEEE T~zna. Microwave - -

Theory Techniques 24(8): 514-521; 1976.The absorption spectrum of melanin would be expected
to correspond to the action spectrum for therma l
damage. Hazard to the retina rather than to the A passive remote—sensing method was developed for
vi treous for aphakic eyes was emphasized because the the measurement of the electric—field distribution

vitreous does not absorb radiation appreciably wi th i n  a biolog ical  samp le. The ins trument was used
between 300 and 1 ,400 nm. The morphology of the to analyze the intermodulation spectrum reradlated
lesion was undeterm i ned; however, i i g ht and elect ron by a diode imbedded wI thin the sample exposed to a

mic roscopy are currently being used to determ i ne dual-freq uency illumination . Experimental results - -

the nature of the lesion . Calculation s showed that In a wavegulde system Indicated that the relative

the minima l irradlance on the retina in Marshall’ s in tensities of the intermodulation products were a

experiments were greater by a factor of i03 than unI que function of the field Intensity at the diode.
those reported by the author. Marshall, then, was These results were also used to determine the basic

scattering properties of the diode. A low—powerdeali ng wi th the phenomenon of thermal in jur y ; 
- free—space apparatus is described which was used towhereas , the author sought to characterize a long

term photic damage mechanism or mechanisms in the expose the princi pal proble m associated with this

retina. (9 refs.) method: the Inadvertent generation of intermodula—
tion frequencies. Isolation techni ques e l i m i n a ted
this problem. F i n a l l y, an analysis of a complete
system revealed that at 910 MMz, fields could be

4544 RATE EFFECTS IN I SOLATED TURTLE HEARTS IN- measured in 4.0 cm of soft tissue, tan a — 0.5, with—
DUCED BY MICROWAVE IRRADIATION. (Eng.) out exceeding an inciden t power density of 10 n*i/cm2.

Tinney, C. E. (Biosystems Dept., Naval Undersea Cen— (6 refs.)
ter , San Diego CA) ; Lords , J. L.; Durney, C. H. IEEE
?i’ane. ?ficro&xzve Theory Technique s 2 4 ( l ) :  18-24 ;
1976.

I t Is known that contInuous wave mIcrowave irradia- 4546 MATERIALS FOR SELECTIVE TISSUE HEATING IN
tion at 960 MHz causes brad ycardia In isolated A RADIOFREQUENCY ELECTROMAGNETIC FIELD FOR
poikilothermic (turtle) hearts in Ringer’s solution. THE COMBINED CHEMOTHERMAL TREATMENT OF BRAIN TUMORS.J Tachycardia is usuall y produced by generalized heat— (Eng.) Moidel , R. A. (Dept. Neurosurgery, Univ.
ing, suggesting the possibi lity of a different mach— Pittsburgh , Pittsburgh, PA 15213) ; Wo l fson, S. K.,
anism in this case. The effect occurs only over a Jr.; Selker, R, G.; Weiner , S. B. .1. Biomed, Mater.
narrow power range of approximately 2— 10 n*i/g ab— I?ea. 10(3): 327—334; 1976.
sorbed by the heart. In this study, the hypothesis
that microwave radiation causes neurotransmitter A technique of creating localize d heating by implan t—
release either by excitation of the nerve remnants ing carbon steel rods and Hysterloy (1000 and 655 —

in the hear t or by some other mechanism, producing calorime try/g-mln , respective ly) in the brain of a
bradycardia over a restricted range of power absorp— squirre l monkey and inserting the head Into a radio—
t ion , was investiga ted. Approximately 8 mW/cm3con- . frequency electromagnetic f ield is described. Heat-
tinuous wave microwave radiation at 960 MHz was ap- ing of these materials was done primarily by eddy
plied to groups of isolated turtle hearts for a current (37 kliz), since their heating rates were slg-
per iod of 1/2 hour in the presence of a parasympathe- nificantl y affected by their shapes and orientation ~- .  -

— - tic nerve blocking ag..’.n t (atropine) and in the pres— in the field; the rods oriented parallel to the
ence of a sympathetic nerve blocking agent (B blocker), field produced the most heat. This prelimInary cx—
alone and in combInatIon. In the presence of atro- perimen t shows that carbon steel and Nysterloy were
pine , the heart rate increased , while in the presence successfu l in producing localized heating in live
of B blocker , the heart rate decreased. When both squirrel monkey brains. (8 refs.)
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4547 EFFECTS OF ThE SURROUNDINGS ON ELECTRO— Therapeutically effect ive hypsrthermla mus t raise

-

- 
MAGNETIC—POWER ABSORPTION IN LAYERED—TiSSUE the intratusor temperature to approximately 42°C -

MEDIA. (Eng.) Bernardi , P. (Inst. of Electron Ics, with an operational range in animals and man of -

Univ. Rome, Roam , I tal y); GIannini , F.; Sorrentino, 41.5°C to 42°C. Higher temperatures have been found
R. IEEE Trans . Mi crowave Theory Techniques 24(9): to give more rapid tumor destruction . However, host
621—625; 1976. tolerance conside ra t ions, contraindicate the use of

temperatures exceeding 42°C, which should be main-
A model for studying the Interaction between eiectro— ta m ed for a sufficient time to Inactivate the aero-

J - magnetic (EM) waves and biological tissue is intro— bic and hypoxic tumor cells , while not damaging ad-
duced. The influence of the surroundings , the thIck— jacent norma l tissue. It also has been noted that

I ness of the i rradiated tissue, and of the disunifor m- non—uniform heating enhances growth and metastasis
ity of the Inciden t field was examined by schematIz- of a tumor, Microwave-Induced hyperthermia may pro—

- 
ing the environment by a perfectly conducting screen vIde unique possibilities for minimizing the problem -

placed beyond the Irradiated tissue. The effects of of non-uniform heat distrib ution in the tumor. The
stand ing waves , which were crea ted in th i s  si tuat ion , therma l effects of hig h Intens i ty microwave absorp—
were determined as a function of the electrica l and tion in biologica l tissue is well establIshed , The
geometrica l parameters of the structure. In parti— allowe d frequencies for diathermy are 27.12, 915, —

cular , the hazard Increase due to the presence of and 2450 MHz in the Un i ted States an d 433 MHz in
the screen combined wi th a phase disuniforml ty of Europe. In contrast to infrared and surface heat-
the incident field——an elementary schematlzation of ing, the relatively long wavelengths of microwave
the “near—field”——wa s pointed out. (13 refs.) radiation permit the energy to penetrate deeper into -

biological tissue. Therefore, a more rapid and uni—

- - 
- - form generation of heat is possible using this mo—

4c 48 nIF~~RrNTIA EFFECTS OF EIE’?R~ A~’NErIr 
d a l i ty . Hyper the rm i a  has been shown to interact
wi th radiotherapy and chemotherapy synergistically.

r,LLU ~U,w ~ ‘i” Th is synergistic combination could lead to improved
DEPRESSION . (Eng.) Grunner , 0. ,Res. Centre Inst. cures s i nce l ower lev e ls  of both m o d a l i t ies could
Balncology, Lazne Pesenik, Czechoslovakia). Act, be used (10 refs
Nerv. Super. 17(4): 294; 1975.

The effects of the cerebral appl i cation of electronic
broad—band noise (EBBN) (I = 20 n~) to 20 patients 

4550 M i CROWAVE HEATING OF MALIGNANT MOUSE TU
wi th neurotic and depressive disorders were corn — HORS AND TISSUE EQUIVALENT PHANTOM SYSTEMS.
pared, Electric skin resistance (ESR) increased (Eng.) Robinson , J. E. (Div. Radiation Therapy , -

after treatment by more than 1/3; whereas, it de- Dept. Radioiogy, Un iv. Maryland , Sch. Medicine ,

4 - creased In patients treated with a “placebo.” This Baltimore , MD 21201); McC ul loch , D.; Edelsack , E. A.
indicates a significant inhibitory effect. Some J. f licrowave Power 11(2): 87-98; 1976 .
neurotics complained of dizziness and hightened ir—
ritability, while others stressed hightened phychic This study investigated the use of microwaves to
activity durIng treatment. Patients with depression , produce stable and reproducible temperatures (44°±

- treated similarly, Indicated no side effects. An 25°) in malignant maninary mouse tumors (I cm in -

EBBN of lower in tensity (1—2 mA) or squared pulse- diameter) and tissue equivalent phantom systems.
current (0.8—1.2 mA) was suitable for treatment of A 200 watt pulse mode , 2450 MHz diathermy machine was
anxious neurot i cs. Application of a continuous the microwave source. initial tumor temperatures were
direc t magnetic field (CDMF) for one hour on anxious well below body temperature, between 28°C and 31°C.
neurotics wi th insomnia and high tened irritability Phantom tumors showed a notable increase in heat
exercised a significant inhibitory effect (increase compared with mouse tumors, Heat variations may
in ESR). Repeated (CDMF) app l i ca t ion s, 9 times in have been due to thermoregulation. Temperature pro—
3 weeks, on 12 anxious neurotics with insomnia con— f i l es  were obtained for tumors under four conditIons:
firmed this finding. It is sugges ted that the ef— unheated , microwave heated , a i r  hea ted, and micro-
fect veness of the treatment depends on the type and wave and air—heated. Similar size tumors were also
in tensity of the electric curren t and magnetic field, compared under these conditions. Resuits indicated
(3 refs.) tha t both core temperature and thermal distribution

depended appreciabl y upon ambi ent temperature.
Mic rowave heating at room temperatures resulted in
unacceptab l y high non-un i form profiles. This tech—

C 4549 MiCROWAVE—IND UCED HYPERTHERMIA AS AN AD— nique , wh ich combined microwave and air—heating,

JUVAN T TO CANCER THERAPY (SYMPOSIUM SUM- decreased therma l nonun i fornilties , reduced microwave

MARY). (Eng.) Wailen , C. A. (Dept. Radiation Bio— power requirements for elevated temperatures (up to

logy and Biophysics , Univ. Rochester , Sch. Medicine 45°C) in tumor core, and allowed for reproducible

and Dentistry , Roches ter , NY 1 4642); Mlchaelson , 5, tumor temperatures (within t 1°C). However, this Is

H. .1, Microwave Power 11(2): 175—176 ; 1976. st ill  considered an excessive devIation. (6 refs.)

A review of the app l ication of microwave-Induced
hyperthermia as an adjuvant to ionizing radiation 4551 USE OF AN INDUSTRIAL PROTOTYPE MACHINE FOR

~~ and chemotherapy In cancer trea tment is presented. DRYING AND STERILIZING PHARMACEUTICAL AM—
The effects of hyperthermia and the temperature POULES BY MICROWAVES AT 2.45 GHz (SYMPOSIUM SUMMARY).
l eve ls , which must be maIntained , are also discussed. (Eng.) Mothiron , J. C. (Establissement Rene Anrep,
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Zone Industrial I. du Menneton, 37000 Tours, France) ; pages ; March 1976.
— Vialard—Goudou, A.; Maupas, P. J. Microwave Power ,

11 (2): 200— 201; 1976. The medical surveillance (range 2-5 years) perfo rmed
on a small group of personnel operating the extremely

An experimental bacterIal contam ination of emp ty low frequency (ELF) coimiunicat ions test station in
pharmaceutical ampoul.s, by different microbial Clam Lake , Wisconsin is reported. In 1971 , 24 age-
strains , made It possible to tes t the sterilizIng sex pairs of control and exposed personnel entered
power obtained with an industrial prototype machine this study, aimed a t investIgating the effects of —

using micr~m~aves at 2.45 GlIz. Gram—positive and ELF electromagnetic radiation on the health of
gram—negative bacteria in vegetat ive and sporulated personnel. In 1973, the seven individuals remaining
forms were used to contaminat, the washing water of In the surveillance program underwent physiochemical -
ampoules trea ted subseq uently with microwaves, Wi th and psychometrIc testing . Physicochemical tests
a period of fou r minutes and a power of 3 kW, drying included: serum l ipid , carbohydra tes , blood al—

J was complete and ster i l izat ion satIsfactory. Re— cohol , eye , audio , radiography , electroencephalo-
suits ind i cated that with massive contam i nation the graph (EEC), photic stimulation , glucose tolerance
majority of ampoules were sterIlize d , although some (Gil ) , elec trocard iograph (EKG), tr i glycer ides ,

- : ampoules still con ta I ned a few viable germs. There and cholesterol. The results ind icated little (
does not seem to be any significant difference in change in health status from 1971 In these seven
the sterilization of vegetative forms using micro- volunteers. In 1974/75, five of six subjects had
wave and between gram— positIve and gram-nega tive elevated GTTs. However , there was no ev i dence tha t
bacteria. The influence of the germ concentration, exposure to the ELF electromagnetic field had any

~ —1 at a given power, Is a non—negligible parameter and causa l relation to t h is  finding. Elevated CiT can ‘.

leads to variable results depending on the bac ter i al be found in connection w it h l i pi d abnorm a l i t ies ,
spec ies and more particularly with sporulated forms , obesi ty, hypertension and heart disease. Except
It seems that sterilization Is due only to the ther— for one individual , all EKG5 taken at rest were
mal effect obtained. The results of drying—steri ll— norina l EEG5 , X-rays , and pap smea rs were a l l
zation with microwaves are favorable and make it normal. Psycholog i cal testing indicated no ap- - -

possible to envisage industrial applications. (No parent changes. With the limited number of sub- -

refs,) jects , it is difficult to determine the possible ef-
fects of ELF e lectromagnetic f ie lds on the health
of the general public. (9 refs.) - V

4552 INFLUENCE OF RADIO AND TELEVISION SETS ON I —IMPLANTED CARDIAC PACEMAKERS . (Ger.)
Bisping, II.-J. , I r n i c h , W. (Abteliung I nnere Medizin 4554 POINT ELECTROANESTHESIA: REPORT I l l :
I , Technische Hochschule , 5100 Aachen, Goethestr. GENERAL ELECTROPHARMACEUTICAL ANESTHESIA.
27-29, West Germany). Otech. Med. Wocherj achi- ’. (Eng.) Limoge . A. (Institut de Recherche d’Electro-
101(17) : 669-672; 1976. anesthes ie , Facu lte de Chirurgle-Denta ire , Paris

V I , rue Maurice-Arnoux , 92120 Montrouge, France) ;

J The possible interference by radiation emitted Debras , C. ;  Louv i l l e , V.; Atinault , A.; Lepresle , E.:
by television and radio sets and their accesso- Manne , J . ;  Degos , J. -D.; Boisgontier , M. -T. U.S.
ries with implanted pacemakers with low threshold Arn,~ Medical Research and Development Conrand Repor t
was Investigated. The leakage fields generated - 

(ADAO 25075) : pp. 13-55 ; February 1976.
by ultrasonic remote controls for television and
radio se ts , with a frequency of 30-65 kc/s, had This report presents the progress toward total• too low an intensity to interfere with pacemaker e l i mi nat ion of d rugs from anesthesia and the adva nce

; function. Flex less i nfrared earphones , with an of pure alectroanesthesia. The report includes a
infrared emitter generating a carrIer frequency hemodyn mic study on animals under e lec t roanes thesla.
of 100 kc/s Installed in a television or radio E ight dogs (15 kg average weight), placed uncer
set , also represented no danger for pacemaker electroanesthesia, had a stable and deep sleep -patients. The Interfering freouency emitted by followed by a rapid awakening. There appeared to be
the tun i ng oscillator of the television set dur- no difference between neuroleptanalgesia and electro-
inq tuning was in the range of 85-900 Mc/s. its pharmaceutica l anesthesia except for an increase in
intensity was too low to cause interference with oxygen consumption during the initia l wakening
pacemakers. It was concluded that pacemaker period . H uma n c l i n i c a l  studies are discussed w i th

‘ 

wearers may go near te l e v i s i on and radio sets and applications of eiectroanesthesIa for thoracic , car-
use remote contro l accessories without any danger. diac , and uro log ica l surgery. Electro anesthesia was
(6 refs . )  found to be use ful In high risk patients on whom it

- would be difficult to operate under narco-neurolept-
ana lgesia. Three types of tests we re used to
compare patients admInistered classical or electro-
pharmaceu tIcal anesthesia: modifications of neuro-

4553 THE CONTINUING MEDICAL SURVEILLANCE OF logical exams after anesthesia , qual ity of awakening
PERSONNEL EXPOS ED TO EXTREMELY LOW FRE following Intervention , and the state of memory

QUENCY (ELF) ELECTROMAGNETIC FIELDS . (Eng.) Nouk, function . The study of psychological man IfestatIons
U. Il. (Naval Aerospace Medical Res. Lab. , Pensaco l a, included testing for modifications of pe rsonality -

FL) - I1~I~ 1. Medical Rca. Lob. Report No. 1225: 17 and memory. The results of these tests do not provide

t
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a si gnifican t diffe rence between classical and the femal, model was similar to that predicted for -

- elec troanesthes ia before or after Intervention , a p la ne slab of the same material . The maximum SAR
- Further studies w i l l  be needed to establish con- of 136 IW,I/kg per Mis/cm2 occurred at the surface and

— clusively that electroana lgesia does not cause any decreased exponentiall y wi th depth. The energy —

- 4deterioratlon of intellectual functions , and that absorption pattern in the child’ s head showed the -

personality alterations are similar to those result- nasal region to have the maximum SAR of 455 i’l/kg per
lng from classical anesthesi a. (No refs.) MiS/cm2 at the surface . There was also si gnifican t

absorption In the forehead , nose and mouth. For -

all of these regIons, the maximum SAR occurred at
the surface and decayed exponent ially with depth. It
is concluded that a power density leakage level of
5 nt,iI/crr? should be expected to have neg ligible therma l -

4555 CHROMOSOME STUDIES OF RADA R CENTER STAFF si gnificance In comparIson to the metabolic rate of —

- - EXPOSED TO ELECTROMAGNETIC RADIATION, the human. (No ref e.)
(I ta.) Ciaccia , A .; Malacarne, P.; Plffanel li , P.;
D e l l a  P i ccola , A. (Direz ione Sanita , Ia R.A., M ilan . —Italy). ?dinarva Med. 67(24) : 1557-1560; 1976.

- 
F ive subjects (ages 32-52) chro n i c a l l y exposed 4557 STYROFOAM CAG ES FOR RATS USED IN M ICR~4AVE
to electromagnetic radiation In radar centers RESEARCH: COATING WITH QUININE . (Eng.) —

(10 , 17, 25 years) were studied for chromosoma l Catravas, C. N. (Armed Forces Radiobiology Res. —
a l terat ions. ApproxImatel y 450 metaphases were Inst., Bethesda , MD 20014) . Health P~zya. 31 (l):- - analyzed in short-term cultures of peri pheral 68-69 ; 1976.
bl ood for each subject , includ ing five controls.
Hypotonic shock was obtained with sodium citrate The design for a quinine coated styrofoam cage for - -
in two emp loyees and two controls , and with pa— confinement of rats during exposure to electro-

- 
tassium chloride in the others . Results showed magnetic radiation microwaves is discussed. Of al l
chromatid a lterat iosa , two presumed chromosoma l plastIc materials used to construct cages for the
alterations In exposed personnel , and five chro- confinement of rats during exposure to electro- -mosome breaks in controls. There was no statis- magnetIc radiation only styrofoam has been found to
t ical  di f ference between the two froups. There be transparent to microwaves . Styrofoam sheets 0.5

- 
- - was a signific ant difference between the two inches thick were glued together with Elmers casein -

- hypotonic mediums in the exposed personnel with g lue to make a cage of hei ght 6 Inches, width 6.5 -
-

- - regard to chromatid and isochromatid alterations inches and length 10 Inches. Feces and ur ine were
(2.05 and 2.17 respectively) . (no refs.) removed from the bottom of the cage by a series of

parallel plexiglas tubes 0.375 inches outside
dIame ter , 0.0625 Inches wall thickness , and 0.25
inches apart to insure that waste materials would- 
not perturb the electromagnetic field. One end of- 
the tube was embedded In I inch thick styrofoam . —

- 4556 ASSESSMENT OF THE EM FIELD COUPLING OF 915 Good ventlllatlon was achieved by simi l iarl y con-
MHz OVEN LEAKAGE TO HUMAN SUBJECTS BY structed covers. A l0~ solution of quinine in

- THERMOGRAPHIC STUDIES ON PHANTOM MODELS (SYMPOSIUM absolute methanol was applied to the inner sides of
- SUMMARY). (Eng ) Webb , M. 0. (Bioelectromagnetics - the cage to determine whether this solution is ef- -

-
Res. Lab. , Dept. Rehabilitation Medicine RJ 30, fective in deterring rats from chewing their way
Uni v. Washing ton , Sch . Medicine , Seatt le , WA 98195); out of the cage. Sprague-Dawley rats , 8-10 weeks
Guy , A. U.; McDougall , J. A. J. Microwave Power old , were placed in coated and uncoated cages. Rats

- 11(2) : 162-164; 1976. in  coated cages remained in the cage for the dura-
tion of the experiment (24 hours) , whi le ra ts In

~~ Ful l-sized human female (1.63 m ta l l ;  wei ght , 59 kg) uncoated cages chewed their way out within 1—2
and child (0.94 in tail; weight , 15 kg) phantom models hours. Coated and uncoated cages were Identica l in
with dielectric properties equivalent to those of terms of microwave transparency. (8 refs.)

— 
~

- - muscle were exposed to electromagnetic leakage
- radiation from a microwave oven. A power amplifier ,

tuned to 919.5 MHz , was used. The models were
— exposed in three different positions. The female

f ’  model was placed 5cm , 10.1 cm , and 35.5 cm from the 4558 EXPERIMENTAL AND CLINICAL ASPECTS OF HYPER-
- pave r ampl ifier. The exposure time was 300 sec for THERMIA APPLIED TO THE TREATMENT OF CANCER
. each position . The child model was placed at eye WITH SPECIAL REFERENCE TO THE ROLE OP ULTRASONIC AND

leve l 4.8 cm , 9.9 cm, and 35.3 cm from the power MICROWAVE HEATING. (Eng.) Har—Kedar , I. (Onco logi-
. amplifier. The exposure time was 120 sec for all cal Dept., Sheba Medical Center , Tel Hashome r , Is-j three positions. The regions of maximum specific rael); Bleehen , N. N. Mv. Radiat. Bid . 6: 2l9—2~~;- absorption rates (SAP) were found to be those 1976.
“ closest to the power amplifier ; moderate levels of

SAR were also observed in the neck region of the The role of hyperthermla alone , end in combination
H ç. c h i l d .  In  a l l  other reg ions of the models, the with radiation and chemotherapy in the treatment of

t ! -  SAR was too low to be determined. The ene rgy absorp- cancer , Is discussed , wi th special attention given
1. tion distribution along the normal direction Into to the use of microwaves and ultrasound. The follow-
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ing mechani sms for the action of hyperthermi. are biol ogical sample. Microwave experiments are de-
considered. Tumor masses lack a good blood supp ly scribed , which verify the theory, and the results of
system, and therefore, are more sensitive to heat be- a calculation for the expected observations in a blo-
cause heat dispersion is poor. Hyperthermia may act logica l sample ar. presented. Using these results and
by inhibiting DMA synthesis in tumor cells. Auto- assuming soft tIssue, it was demonstrated that for a
radiographic studies ind icate that above 39C there material with a loss tangent of 0.5 and the diode in-
is a drop in DNA synthesis. Large temperature dif- planted 4.0 cm from the surface , 24 dBw would be re-
ferentials have been achieved by coaling the body quired for the observation . This corresponds to an
to 30—32’C and heating the tumor to 42—43 C. Micro- input density of 10 MiS/cm2. Similar calculations
waves and ultrasound beams can be focused at deep were performed for 2450 #iz. (No ref s.)
seated tumors , end therefore , have potential for wide—
spread clInIca l use. Furthe r, I t is suggested that- - ca ncer c e l l s  may be more vu lne rab le  than norma l c e l l s
to certain microwave range frequencies. Cancer cells 4561 SEARCH FOR CORRELAT ION BETWEEN GEOMAGNETIC -

may contain more bound water than norma l cells , and DISTURBANCES AND MORTALITY . (Eng.) Lipa ,
microwave energy absorption has been shown to be B. .1. (Inst. Plasma Res.. Stanford Univ., Stanford,
greater at certain frequencies for bound water . The CA 94305); Sturrock, P. A.; Rogot , E. Nature 259 :
use of whole body heating and localized limb perfu- 302—304; 1976 .
s i on , however , is considered limited , and the theore-
tica l advantages of microwaves over other methods of An attempt was made to correlate the daily number of
achieving hyperthermia remain to be demonstrated . deaths in the Un i ted States due to coronary hecit
(198 refs.) disease and stroke from 1962-66 , w ith different

- 
- geomagnetic activity. Various Soviet studies have

clai med a positive correlation exi sts between geo-
magnetic storms and the incidence of some human

4559 HEALTH HAZARDS FROM MICROWAVE EXPOSURE diseases. In this study, mortality rates were corn—
(LETTER TO EDITOR) . (Eng.) Bush , D. (Univ. pared with corresponding Ag Indices (world indices

Radiation Protection Officer , Univ. Birmingham , Birm- for geomagnetic activity) using three methods.
ingham , 815 2TT, England) . 4nnu. Rev. Med. 27; 43 1; Mortal i ty data was normalized to remove weekly and
1976. seasonal variations and a long term secular trend . No

ev idence for correlation at the 3o significance
It is stressed that the maximum permissible levels of leve l was found. In an alternate procedure , super-
exposure to non-ionizing radiation in the United posed epoch diagrams were constructed for deaths
States may be too high. The maximum permIssible 1ev- on days wlth Ap ln selected ranges. No diagram
ci in the U.S.S.R.  is 0.01 n*l/cm2, while it is 10 Indicated a statistically si gnificant association
nM/cm2 in the United States , and the United King dom . between daily deaths and magnetic index. The
The U.S.A./U.K. standard is based on aberrations due third method of presentation was to plot averaged
to therma l effects, while the U.S.S.R. standard con- deaths as a function of magnetic index for -20< kc

- 

- siders damage to the nervous system , inhibition of 20. These studies did not support the findings of
growth , and functional changes. These effects occur Soviet studies , which claim a positive correlation
at a level well below the present U.S. standard. Due exists between geomagnetic activity and disease.
to the large increase in the use of microwave power The Soviet results were either not statistically
sources , the author urges the International Radiation si gnificant or not due to a causal relationship
Protection Association to seek an International agree- between geomagnetic disturbances and coronary heart
ment on maximum permissible exposure levels to non- disease and stroke . (10 refs.)
ionizing radiation, especially microwaves. (14 refs.)

- 4562 ESTIMATION OF THE OCCURRENCE OF NEUROTIC
4560 PASSIVE TELEMETRY FOR IN VIVO MEASUREMENT DISORDERS IN SEA ECONOMY WORKERS EX POSED

OF FIELDS IN BIOLOG ICAL MATERIALS (SYMPO TO THE ACTION OF ELECTROMAGNETIC WAVES . (Eng.)
SlUM SUMMARY) . (Eng.) Brodin , M. E. (Northwestern Do lmierski , P. (Inst. Mar i t ime and Tropi cal Med ic ine,
Univ., Evanston , II. 60202). J. Microwave Power 11(2): Gdynla, Poland) ; N itka , J. Bull.  (mat. Marit. Trop.
1 5 1— 1 52 ;  1976. Med. Gdynia 27 ( l ) :  57— 6 1; 1976 .

A passive remote sensing method is described for the The incidence of neurosis In 12 persons exposed to
measurement of e lectr ic f ields w i th in  biological sam- electromagnetIc waves Is investi gated. Of the 4 2 ,
pies . The in termodulatlon spectrum reradiated by an 18 were wireless operators , and 24 were employees
implanted diode was used to determine the field. The of the Maritime Radio Service. Dail y exposure had
diode was exposed to dual frequency illumination and , been four hours with length of exposure between
because of in herent non l inea r i ty,  the reradiated 2-24 years. (12.5 average). They were administe red
field contained intermodulation components. The pow- the following tests: cuneostatic , or thostat ic ,
er dis tribution among the intermodulation components Aschner 100, Aschner 150, hyperventilation , and t ime
was uni quely related to the field Intens i ty at the of maximum apnoea. Clinical examinat ion showed 20 -

diode , and by measuring the power of the components , norma l, 19 borderlIne , and 3 neurotIc. This group
the field was determined . The theoretical relation was compared to groups of 40 normal and neurotic
between the incident field and the raradiated inter- sailors. The test group did not diffe r from controls
moduiat on component s was developed and applied to a in orthostatic , hyperventilation , and time of maximum
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apnoea tests. Howeve r , the cuneostatic tests were power depended strongly on the frequency and head
similar for wireless operators (-4.5) and neurotic size involved . The maximum absorbed powers in a

- - - - sailors (-4.5) . The Aschner 100 and Aschner 150 given size spherical head varIed only slightl y wi th -j
tests also showed a correlation between neurotic frequency for the two frequencies stud ied. N~~—sailors and workers exposed to microwaves. Neurotic ever, since a greater amount of the absorbed power

- . symptoms in more than 50* of the test group indicated occurs in the inne r sphere representing the brain
an increased risk of neurosis for workers exposed of a human head when 918 MHz rather than 2450 MHz
to microwaves. These results demonstrate a need for Is used , the former constItutes a greater health j
periodic psychoneurologic examinations and exclus ion hazard to man at the same incident power. (13 aof persons susceptible to neurosis from work with refs.)
m icrowaves . (8 refs . )

L 4565 STUDY OF THE EFFECTS OF CHRONIC LOW LEVEL
4563 BIO MEDICAL EFFECTS OF MICROWAVE RADiATION—— MICROWAVE RADIATION ON RABBITS (SYMPOSIUM

Elec trical Engineering , Wayne State Univ. , Detroi t , Washing ton, Seatt l e , WA); Harris , C. ;  Kramer , P. 0.;F 
A REVIEW . (Eng.) l.in. J. C. (Dept . SUMMARY). (Eng.) Guy , A. V. (Sch. Medicine . Univ.

MI 48202) . Natl. Electron. Cong. Proc. 30: 224-232; Emery , A. F. J. Microwave Power 11 (2): 134-135 ;
1975. 1976.

~ Research conducted in the Soviet Union , Eastern A special exposure system was deve loped and used to
a Europe , and the Unit ed Sta tes on the biolog ic chronically irradia te rabbits to a power density-~ - effects of microwave radiation is reviewed. The leve l of 10 nM/cm2 for a period of six months. The -

clin ical , hyg ienic and experimental studies from system allowe d a total of eight rabbits to be studied

that occur in the nervous , cardiovascular , di ges ti ve , continuous wave microwave radiation and four serving
the Soviet Union and Eastern Europe indicate changes simultaneousl y-—four receiving continuous 21.50 1414z

excretory, and hematopoietic systems due to micro— as controls. Lines of constant specific absorption
wave radiation . The main effect , however , is on the rate (SAR) values were measured and plotted for
nervous and cardiovascular system , while othe r ef- rabbi ts exposed in the chamber. The results were
fects (i.e., lethargy) are secondary manifestations obtained by observation of temperature lncreases
of generalized excitation of the centra l nervous in the exposed rabbit carcasses by thermography . The
system. These changes occurred in humans at low resul ts indicated that a peak SAR of 14 U/kg could
leve l exposures of 10 nM/cm2 or less and were general- be expected in the head of the rabbit when the
ly reversible. Recent United States investi ga t ions animal was in the normal resting position in the
included studies on neural , behar ioral , cataracto- cage. Four New Zealand albino rabbits wei ghing

~

. - genic , testicular , and genetic effects. Rabbits approximately 1* kg were exposed each day for 23
exposed to near zone 2450 MHz for a minimum of hours a day for a period of six months in the system.
150 mW/cm2 for 100 mm developed lens opacity. Periodic examination of the eyes with a blornicro—
However , under controlled hypothermia , rabbi ts scope and opthalmoscope were made and the following
s im i l arl y exposed did not produce lens opacities , parameters were monitored throughout the exposure
Genetic studies showed only 24% of irradiated pupae period : body weight, urinary output , rectal tempera-
of mealworm beetles exposed to 10 GHz continuous ture , hematocrit , hemaglobin , white cell count

t 
wave developed normall y. Quail eggs exposed at 2450 with differential , p latelet count , and bas i c
MHZ with an absorbed energy of 14 nM/gm showed no - blood coagulation studies . 110 si gnificant dif-
influence on cellular differentiation. The author ferences were found between experimental and control
stresses a need for studies on long term exposure animals. (No refs.)
effects, la rge scale epidem iologic i nves ti ga t ions ,
and a better understanding of the mode of inter-
action between microwave radiation and biolog ic 4566 EFFECT OF ELECTROMAGNETIC PULSE ON AVOIDANCE
systems. (80 refs.) BEHAVIOR AND ELECTROENCEPHALOGRAM OF A

RHESUS MONKEY. (Eng.) Mattason , J. L. (Armed
Forces Radiobiology Res. inst., Bethesda, MD 20014);

‘ 4564 INTERACTION OF TWO CROSS-POLARIZED ELECTRO Oliva , S. A. .4viat. Space Environ. Med. 47(6) :
MAGNETIC WAVES WITH MAMMALIAN CRAN IAL 644-648; 1976.

STRUCTURES. (Eng.) L in . .1. C. (Dept . Electrical

lEES T-vinB. I~iomed. En9. BME-23(5): 371—375 ; 1976. magnetic pulse (EMP) field with pulse characteristics
Engineering , Wayne State Univ., Detroit , Ml 48202). A 12-kg male rhesus monkey was exposed to an electro-

similar to those of industrial systems and at a
The interaction of two cross-polarized plane electro- field intens i ty and pulse rate much greater than

of a mamma Uan head was studied. The numerical was determined by electroencephalogram (EEG) and
magnetic waves with six- layered spherical models those in typical work areas. The effect of the EMP

resu lts indicated that the absorbed powers i nduced Sldman avoidance behavior. An EMP exposure at
14 Inside small animal and human heads by Incident 266 ky/rn , 5 pulses/sec was begun i n the second

circularly polarized waves and linearly polarized Sidman session and ended one hour later , midway in

L waves were very similar, excep t tha t the abso rbed the sIxth session (18 ,700 pulses) . DurIng Sidman
power in the p lanes transverse to the dIrection performance sessions, the monkey consistently avoided
of propagation is un i f orm for the r.ross-poIarized a 0.2-sec shock, adminis tered with an Interva l of
wave. It was a lso shown that the average absorbed less than 10 sec . Sessions lasted JO minutes with 
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f ive minute rests . No signIficant changes in Sid k i l l i n g  In mutant and w i idtype strains. Effects of
man avoidance behavior or EEC were noted. Almos t micr owaves on the induction of nuclear reversions In - 

-

all EMP energy in this study was In the frequ ency E. ooU and In Saooharoinyoea cerevisia. ware in—
range below 30 MHz, where wavelengths are long. vesti gat .d . In yeast the Induction of cyto p lasml re
Mode l studies predict only minima l energy de- mutations were studlød. The results clearl y demon-
position when wavelengths are long relative to sub- strate that microwave Irradiatio n produced no muta-
Ject size. Also , there was a broad distribution genlc effects. ReversIon rates observed after micro—
of energy across the lowe r frequency so t hat only wave treatment were always the same as the spontaneous
a small electric field exIsted at a specific low mutation rates. X- rays were shown to affect various
frequency. Future EMP experiments should consider targets In the cell. The sensitivity of B’. ccli
the wavelength to body s ize relationship of man cells against X-irradiat ion became variable when cells 

- I
in an EMP field. (19 refs.) were treated with microwaves before or after exposure

to X-rays. (No refs.)

4567 MiCROWAVE— INDUCED COCHLEAR MICROPHONICS
IN CATS (SYMPOSIUM SUMMARY ). (Eng.) Chou , 1.569 USE OF THERMOGRAPHY FOR QUANTITATION OF

C. K. (Bloe lectromagnetics Res. Lab., Dept. Re- ENERGY ABSORPTION IN ANIMALS IRRAD IATED
habll itation Medicine RJ-30, Univ. Washington, Sch. WITH MICROWAVES (SYMPOSIUM SUMMARY). (Eng.) Bielec , - -

Medic ine , Seattle, WA 98195); Guy, A. U.; Galambos . M. (Centre for Radiobiology and Radioprotection ,
R. J. Microwave Power 11(2): 171-173; 1976. Warsaw, Poland); Szml gielski , S. ,7. Microwave Power

11(2): 152—153; 1976.
Recordings of Cochlear Mlcrophonics (CM) from cats - .

exposed to pulsed microwave radiation fran an aperture Color thermovlsion (AGA-680) with temperature
antenna were made. Microwave pulses (ID i*sec) of 918 resolution of O.5’C was used for quantitative analy-

- MHz were prov ided by a square aperture source (13 X sis of the amount and distribution of energy absorbed I 
-

13 cm) located 8cm away from the occipital pole of in dead and live rats Irradiated with 3 GHz micro-
the cat and were fed by the ML PH4OK microwave pulse waves. Dead rats were frozen, covered wi th a thin
generator. A plezoelectric crystal transducer was layer of metacrylate , and cut a longside the long i-
also attached to the skull of the same cat providing tudinal axis of the body. Both parts of the body - —acoustic stimuli by bone conduction. Upon death of were put together and i r r a d i a ted at 3 GHz (60 mW/ ‘
the cat , t he nerve responses disappeared before the cm2) under far fie ld conditions . Thermographic
CM. After several minutes , CM a lso disappeared, but ana lysis of the Internal surface (section) was
the artifact persisted , indicating the 38 kHz 05 performed every 3 minutes after irradiation . Living
d ilatory si gnal was a genuine physiolog ica l response. animals (rats and rabbits) were irradiated at
A CM produced mechanically by the piezoelectric Identica l condItions , and the thermograph ic ana l ys i s

- 

- 
crysta l had the same frequency and dura t ion as that was performed from the body surface. Both dead and - -

- produced by the microwaves. The 38 kHz CM induced living animals were irradiated in frontal (head-tail) -

by microwaves pulses appeared to be related to the or long-side posItion to the microwave antenna. The r -
size of the cat skull when compared wIth the 50 kHz CM resu lts obtaIned showed dependence of energy absorp-
of guinea pi gs. This frequency is also consistent tlon and distribution depending on position of the 1--
wi th the fact that masking noises of 50 Hz to 15 Irradiated body in the microwave field. In rats
kHz d id not effect the threshold of evoked responses irradiated at a frontal position , the h ig hest rin the medial geniculate of cats. (No refs.) - temperatures were found at the brain base and base

of the tail , w h i l e  in those i r r ad i a ted the highest
temperatures were found at the long-side position - 

- 
-

in chest and pelvis. “Hot” poi nts were found both
4568 MICROWAVES ACT ION IN PROCARYOTIC AND in dead and living animals and were localize d in -

- EUCARYOTIC CELLS AND A POSSIBLE INTERACTION the head and chest. —

WITH X-RAYS (SYMPOSIUM SUMMARY) . (Eng.) Averbeck ,
D. (Fondat ion Curie , Inst Rut du Radium, Sect ion de
Bi ologic , 26, rue d’Ulm , 75005 Paris. France); - -

Darda lhon , M.; Berteaud , A-J . J. Microwave Power 4570 A COMPARATIVE PERFORMANCE STUDY OF SPACED
1 1(2): 143-144; 1976. APPLICATORS IN MICROWAVE DIATHERMY (SYM— 

-POS IUPI SUMMARY). (Eng.) Kantor , G. (Division of
Microwaves at frequencies between 70 and 75 GHz and at Electronic Products , Bureau of Radiological Health,
a power density 5 to 100 n*A/crn2 , were used to deter- FDA , 12721 Twinbrook Parkway, Rockvllle , MD 20852); - .

mine effects on bacterial growth and lethal and muta- Witters , D. N., Jr. J. Microwave Power 11(2):
gen ic effects in bacteria and yeast cells . A growing l64 165; 1976. . --

culture of Eecherichia coli K 12 wildtype was exposed
to microwaves No global the rmal effects were Spaced applicators in cl in ica l use and appropriate a
observed in the powe r range used. In a second ap- for microwave diathe rmy were evaluated by comparing
proach the ef fects of microwaves were studied at a near field measurements of external fields In free
power density of up to 100 nM/cm2 on the surviva l space and in the presence of phantoms, together - -

and induction of nuclear mutations In E. ccli. The with resulting heating patterns. Spatial variation s
results show that microwave i rradiation for 30 mInutes of the field components were mapped In the vicinity ~~ -

at frequencies between 70 and 75 HGz and at the of the applicators with a miniature isotro pic probe.
power density of up to 60 nM/cm2 did not induce any 

38 

Digital minicomputer techni ques were used to map J
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free space and scattered fie lds. The results The dos. .àulnlstered varied between So and 100 rA.
~ indicated that for a microwave diathermy setting of The results were compared with a con t rol-group of

100 U , the total free fIeld was typIcall y 500 nM/ 2000 patIents whose pregnancies and deli ve ries ware
!.. cm2 (equivalent plane wave power density ) . It also simi lar. Of the 2000 patients treated , 19% descrlb-

was shown that measured scattered fields around ad the anal gesic effect as good, the remaining 64
-- spaced applicators loaded wIth phantoms of simulated experienced only moderate attenuation. The “trans-

J fat-muscle tissue strongly depended on the relative calancy-group” required sIgnificantly less sedation
size of applicators and phantoms and exceeded 10 than the control group. Comparison of the average

-. mW/cm2 (equ ivalent piano wave power density) for duration of the dilation stage revealed a sl g-
typ ical treatment conditions . Heat ing patterns of nific an t shortening of the average du ration of the

- spaced applicators irradiat ing planar , arm , and thigh di lat ion period in those receiving microwave t rans-

‘ 
phantoms were obtained by exposing the midplane calency : 108 minutes for primipar ee and 43 m Inutes

-. of each phantom to an infrared thermographic came ra. for muliparae . This acceleration was l ocalized
Temperature profiles in the reg ion of maximum inten- mainly in the latent phase . No side-effects of
sl ty were obtained. For planar phantoms, the trans- microwave heating of the tissues we re observed. A fter
verse fields and temperature profiles had similar Intermittent microwave transc.iency, temperature of
shapes. Thus , for normal incidence, the longitudinal the aemiotlc fluid never exceeded 36.5 C. The
component does not si gnificantly contribute to the temperature of the newborn was s l i ghtly increased
heating pattern. bt’t never exceeded 37.8 C. (No refs.)

4571 BiOCHEMICAL CHANGES IN THE BRAIN OF RATS 4573 PACEMAKtR INTERFERENCE: A LOW RISK. (Erig.)

‘ 
1 EXPOSE D TO MIC ROWAV ES OF LOU POWER DENSITY Anonymous. Med. Worl4 Newe 17(17) : 40; 1976.

(SYMPOSIUM SUMMARY) . (Eng.) Catravas , S. Ii. (Armed
Forces Radiobiology Res. inst ., Defense Nuc lear it has been publicized tha t electromagnetic radiation
Agency . Bethesda , MD 20014); Katz , J. B.; Takenaga , (i.e., from microwave ovens) may interfere with the
J.; Abbott , J. R. J. Microwave Power 11(2) 147-148; operation of cardiac pacemakers. Experts, however ,
1976. feel that the chances of such an occurrence are rare

and would seldom be fata l .  The R-wave-inhibited
The effects of m icrowaves on macromolecular con- demand pacemaker, used in abou t 90% of recent ii,.—
stltuents of the brain of Sprague— Dawley rats were plants , operates by stimu lating the heart If an R-
investigated. Groups of rats , weigh ing 200-220 9, wave is not detected. This device is susceptible
were exposed to continuous wave microwave radiat ion to electromagnetic interference (Em), wi ch may
of 2450 MHz frequency and 10 nM/cm2 power density cause the heart to skip a beat , temporarily “control”
(8 hours/day for 8 days) in an anechoic chamber. the heart , or stop it. Moving away from the EMI
Control rats were effect ive ly protected from the source remedies the situation. Recently, manufactur-{ microwave beam. The microwave-induced changes in ers have desi gned be tter shielding and filterIng
the PGE 1-stimulated brain adeny l cyclase and se.ro- circuits to minimize ti-ic risk. FDA , Biomedical
toninergic systems were determined. Preliminary Eng i neer , J. R. Veale, feels the risk of £141 of
resul ts indicated an increased sensitivity of brain pacemakers i s low , except in some work areas where

‘ 
adenyl cyclase to PGE1, wi th a sh i f t of the dose/ 15-20% of pacemaker wearers under age 60 come into

- 
response curve to the left. This shift was more contact with high powered electrica l equipment. -

- pronounced in irradiated animals euthanatized 8 Automobile mechanics may have their pacemakers stop
hours post-exposure than those euthanatized im- w ithin a foot of a wel l—tuned operating Volkswagen
mediately after expi sure . However, the max i mal  eng ine. It Is suggested by Vea ie, that employers
adeny l cyclase act iv i ty d id not appear to be affected . warn pacemaker wearers of the potent ial EMI of pace-

- Marg inal changes (increase) in the activity of makers and be aware of the electromagnetic radiation
tryptophan hydroxylase and levels of serotonln in levels of their equipment. Dr. Doris Escher , a
the hypothalamic-thalamiC region were also observed, cardiologist at the Albert Einstein College of Ned-

L No changes In monoamine oxidase activity were seen. icine does not feel the risk of EMI is great, but
(No refs.) suggests caution to pacemaker wearers when using

-- elec trica l equipment. (No refs.)

L 4572 MICROWAVE HEATING OF THE UTERINE WALL
DURiNG PARTURITION (SYMPOSIUM SUMMARY). 4574 AN INVESTIGATION OF THE USE OF MICROWAVE

- (Eng.) Dad s, J. (Kl iniek Maria Middelares , Gen t , RADIATION FOR PULMONARY DIAGNOSTICS. (Eng.) -

~ Belgium) . J. Microwave Power ll (2):l66- l68; 1916. Pedersen , P. C. (Dept. Bloeng i neering , Univ. Utah, Salt

- Lake City, UT 84112); Johnson, C. C . ;  Durney , C. H.;

~ 

Microwave heating of the uterine wail during parturi- Braggs , D. S. IEB’E Trane. Dianed. E’ng. 23(5): 4l0—~ i2 ;  —

tion was carried out in a selected group of 2000 1976.
-

: pat ients.  The apparatus used was the Radarmed 12 5
230 with the curved Grossfeldstrahler widef ield A new technique is described in whIch penetrating

radiat ion electrode . Treatment was applied inter— microwave radiation was used for the diagnosis and
mlttent ly only during the uterine contractions, moni toring of pathologic cardiopulmonary conditions ,

~ I i
1.
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such as , pulmonary edsms. Edema was shown to cause the amplitude and phase changes of the microw ave
changes In the electromagnetic cha racteristics of the signals war. measured and correlated with lung volimus.
lung tissu., which in turn produced • change in the (S refs.)
reflected and transmi tted microwave radiation . Both -
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