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PREFACE

Biologica l Effeote of Nonionizing Electromagnetic Radiation
Is a publication researched and prepared by the Frank lin
Institute Research Laboratories , Science Information
Serv i ces Department , under a contract with the U.S. Navy

: and administered by the Office of Telecommunications Policy .

This digest serves as a vehicle through wh i ch current
documentation of research hig hlig hts on tne biolog i cal

• effects and health imp lications of nonion izing electro-

I magnetic radiation (microwave and radiofrequency radiation)
are compiled , condensed , and dissem i nated on a regular
basis. Biological Effecte 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 diversity of relevant publications
make imperative the av ailability of this service to persons
whose work requires that they keep abreast of current
developments in the field.

Biological Effecte of Nonionizing Electromagnetic Radiation
is published quarterly. The issues of Volume I , and future

I 
volumes , w i l l include materials recei ved during the preced i ng
three months. Each issue w i l l  include news items and
announcemen ts, a listing of meetings and conferences,
abstracts of current literature , and a directory of current

I research. Materials for wh i ch full text Is not available
will be Included as summary abstracts.

I
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ABBREVIATIONS AND ACRONYMS

I
A , amp - ampere(s) n - neno --

I BRH - Bureau of Radiolog i cal Health NBS - National Bureau of Standards
C - centigrade N IH - National Institutes of Health
cm - centimeter(s) NSF - National Science Foundation
cps - cycles per second NIOSH - National Institute for
dB — decibel(s) Occupational Safety and Health
EPA - Environmental Protection Agency NTIS - National Technica l Information( FDA - Food and Drug Administration Serv i ce
g - gram(s) Oe - oersted(s)
G - Gauss OSHA - Occupational Safety and Health

fi GHz - gigahertz Administration
I. HEW - Health , Education , and Wel fare OTP Office of Telecommun i cations

hr - hour(s) Pol i cy
Hz - hertz PHS - Public Health Service
IEEE - Institute of Electronic and rad - radiation absorbed dose• Electrica l Eng i neers R - roentgen(s)

• IMP I - Internat ional Microwave Power rpm - revolutions per minute
Institute sec - second(s)

• llJ — international unit(s) USAFSAM — U.S. Air Force School of
J - joule(s) Aerospace Medicine

U k - kilo-- USDA - U.S. Department of Agriculture— liter(s) UV — ultraviolet
m - meter(s) V - volt(s)
m - mil l i-- VA — Veterans Administration

• M - mega-- W - watt(s)
mho - unit of measurement of WHO - World Health Organization

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

i i
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NEWS ITEMS

GE MICROWAVE OVEN CORRECTIONS TO 8E MADE studying the effect of HV transmission lines on
smal l  ani mals , such as , ra ts , m ice , and hamsters.

The Bureau of Radiolog ical Health in earl y January 
& Dt~8t~~bu t iCf l  28(12): 12; 1976

approved the General Electric Company ’s plan to
correct potent ial microwave leakage problems In

E GE ‘Versatronic ” and Hotpolnt “Cook Center ” microwave
ovens manufactured since November 1973. The correc- BUREAU’S MICROWAVE AND RF PROGRAMS REVIEWED
t i v e  action program is scheduled to begin by February AT SYMPOSIUM1 , 1977. A yea r ago , the Bureau found that some of

J the ovens were leaking microwaves in excess of the
l i m i t  perm itted by the Federal performance standard. A symposium on the Bureau of Radiolog ica l Health’ sIn October 1975. the Bureau informe d General E l e c t r i c current in-house and extramural activities in theof the ‘ioncompliance and directed the f i r m  to submit area of microwave and radiofrequen cy research wasa corrective plan. The company contested the Bur- held February 16-18. 1977 at Bureau headquarterseau ’s find i ng at a Food and Drug Administration in Rockv ill e , Maryland . The Symposium on Biologicalregulatory hearing. The Agency upheld the Bureau. Effects and Measurement of Microwave and RadiofreGeneral Electric then requested an exemption from
the notification and repair requirements; the Bureau quency Sources was the second in d series of meetings

the Bureau has convened to bring together all Bureaudenied the request on the grounds that the company ’s personnel , cont rac tors , and grantees working in aevidence was insufficient to prove that the noncom- single program area to exchange Information onpl y ing ovens create no significant risk of Injury their research and to review the status of ongoingand again asked the firm to subm it a correction plan .
The plan was submitted in September 1975 and approved projects. The agenda for the February 1977 symposiu.rt

included presentations on the aenetic and somaticby the Bureau. According to the Bureau-approved effects of huaiian and animal exposure to variousplan . General Electric wil l  manufacture modification levels of microwav e radiation , microwave and radio-kits and train service personnel to install the new frequency measurement Instrumentation and techniques ,p a r t s .  Owners will be notified by letter and also and the health imp lications of occupational exposure .will be sent a customer brochure exp laining the The proceed i ngs will  be publish ed as a BRI~ report.problem and the nature of the repairs. The modifi-
BI~h BV.LLETIII l0(2Z’)”~~3; 1976cations will  be made In owners ’ homes at no cost to

consumers. The company estimates that repairs will
be comp le ted by December 31 , 1977.

BRH Bu ’1~~ i~: 11(1): I; 1977.

SEMINAR ON MAGNETIC FIELDS AND ORGANISMS

HIGH VOLTAGE EFFECTS ON ANIMALS TO BE STUDIED A Seminar was held in November , 1975, on the effect
of magnetic fields on organ i sms; It was organized
by the Faculty of Ele ctrica l Eng ineering of the

U.S. Energy Research and Development Admini stration pers dealt with the physical lews of the formation
The Electric Power Research Institute (EPRI) and the Technica l Universi ty of Prague. The presented pa—

(ERDA) are cosponsoring a two—year , 52.3—million and measurement of magnetic fields and the effect
project to study the effect of exposure to electric of magneti c field s on biolog ic processes in organ-c fields from hi gh voltage (Hv) transmission lines on i sms .
anima ls. EPRI project manager for electric field ~‘c~ k. (‘ u~. F~~ . 2 6( 3 ) : 319 320 ;  1976

b iologic effects , Dr. Harry Kornberg, explains that
EPRI will study electric field effects on large
animal s, EPRI his awarded a $1 .i—m fl l ion contract
to Batte lie , Pacific Northwest Laboratories , to
investigate the possible biolog ic effects on Hanford ROBINS NEED MAGNETIC NORTH TO FIND THE STARSminiature swine of long—term exposure to el ectric
field s of 30 ky/rn. This is equivalent to a 15-ky/rn
exposure for a human , which Is almo st twice the
field intensit y anybody would be exposed to from I nvesti gators at the Un i versity of Frankfurt pre—
transmission lines In the U.S. A number of studies viou sl y reported that birds seemed to use their
have been conducted recently both in the U.S. and magnetic compass “even If other cues were present
abroad in response to concern that exposure of and that the magnetic information possibly overrode
hun~a,,s to HV electric fIelds may have harmful blo— to some extent  the other systems. ” Recently, “As
logic effects. The experiments at Battel ie will a test of this hypothesis, they kept some migratory
Involve 40 swine kept In four modules with d cc— robins underneath an artificial starry sky in a
trode s activated on a 21i-hr basis In addition to a magnet icall y screened room. The migratory tendency,
control group of 20 swIne, An Interd iscip l inary measured by the perching time in each part of the
team of scientists will monitor the experiment, cage , was randomly scattered. When they appl ied an
ERDA , companion sponsor In the project , w i l l  be ar tificial rnagnrtlc field of the same intensity as

I
I
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Bio logical E ffec t, Non,o,iizing E/ec romagnet,c
NEWS ITEMS Radiation 7(3) . April 7971

I
that of the Earth , a fl utter trend in the normal of microwave safety hazard assessment, the def ini—
migratory northerly directio n inenedlately evolved. tions of such terms as biolog ic eff ec t, haza rd, and
Th. next nigh t, in the absence of the magnetic field standard are required . in addition , i mportant con—
and under the same sky, which first gave a random cepts of threshold , cumula tive effect , and adapta—
sca tter, the northerly trend was maintained just as tion must be considered. The laboratory environment
strong ly. It seems that the robins are able to for experimental animals and the real—life situation
label the stars In the same way, given a magnetic for man , which incl udes the clinical eval uat lon and
north, as we label a landmark using a compass and epidemiologic assessment, have to be kept in per-
then manage without the compass.” spectlve. Of considerable Importance Is the ques—

l~ew scientist 71: 642; 1 976 tion of extrapolation; this requires consideration
of physical scaling by sIze , vol ume , and wavelength
in relatIon to physIolog ic scaling for interspecles
comparison and extrapolation to man, In a discus-
s ion of standards or protection guides , it is Im-
portant to consider personnel exposure standards in

MILLIMETER WAVE TISSUE SPECTROSCOPY relation to occupational exposure standards , includ-
ing the military. In some countries the m ilitary
Is not subject to the constraints as are other oc—

Using avaI lable m illimeter waveguide equipment and cupational groups. The discussion also touched on
components, a special waveguide cell has been devel- whether a separate standard Is requIred for the
oped for making millimeter wave measurements on tls- general population vls-a—vls workers. The relation
sue samples and cell suspensions . PrelIminary tests of product emission standards in contrast to per—
conducted by Dr. Om Gandhi with a cylindrical pipet sonnel exposure standards was noted. The question
tissue holder have not produced striking differential of International standards and whether un i form
absorption effects. However , tests w ill be performed standards on an international basis can be developed
with the new sample holder in an attempt to duplicate were also discussed .
selective absorption effects (tumo r versus norma l f’icrowave Energy Applications Newsletter
cells) reported in the literature. 9(5): 6—7; 1976

Utah 8ioengineeri n~ Newsletter 4 ( 1) :  1 ;  1976

HAD YOUR RADIATION DOSE TODAY’
MAGNETIC DIRECTION FINDING IN MIGRATORY

INDIGO BUPI TINGS

W i t h  all the discussion about p ollution of the en—
vironment , very little attention has been focused

An investigation was conducted to study the orienta- on radlofrequency radiation as a possible health
t ioma l capabili t ies of caged mi gratory ind i go bunt— hazard , according to Frederic B. Jueneman, director
ings under di f fer ing magnetic field conditions, of research for integrated Navigation and Conmiun i-
“When tested In a situation allowing minimal expo— cations Automatics (INCA). Jueneman states that
sure to visua l cues but in the presence of the nor- twentieth-century man has had “to undergo continuous
eel geomagnet ic f ield, the birds demonstrated a exposure to electromagnetic radiation where the
signIficant orientation in the appropriate migratory broadcast spectrum of quarter- and ha l f—wave lengths
direction (to the north).” The authors report that spans our growth cycle from infants to adults. ” Al—
when the “horizontal component of the magnetic field” though the evidence on subliminal broadcast energy
was deflec tud, the orientation of the bunting shifted as a heal th hazard Is conflicting, Jueneman cites
according ly. They conclude that “I ndigo buntlngs a case from a Texas metropolis where a person of
are not onl y able to detect the geomagnetic field , unusual sensitivity was nervously affec ted in some
but also can use this information In the fina l Iza— urban areas and not in others, This pecu liarity
tion of their migratory direction. ” was traced in part to FM reception and the var iab il—

science 193: 505—508; 1976 ity of si gnal strength throughout the city. Th i s
Individua l was most affected in a horizontal posi-
tion , so that It ml ght be assumed that the body—
antenna was receiving a planar wave, of the sor t
used for reception of FM or TV broadcasts. Jueneman
points out that the heigh t of children (between 0.5

PANEL DISCUSSION ON M ICROWAVE SAFETY AND HAZARDs and 1.5 m) makes them particularly receptive to wave-
lengt hs (full , half , and quarter) of 50 to about 600
li z—the wa velength range of TV-FM cha nnels well into

Inc luded in the agenda of the 1976 MIc rowave Power the ultra high frequenc y reg ion. For adults whose
Symposia’ was a pa ne l discuss ion on microwa ve safe ty he ights range from 1. 5  to 2 m , t here Is a l i t t l e
and hazards chaired by Dr. Sol Michaels on of the more se lec t i v i t y  that confines them to the vary high
Un ivers i ty  of Rochester. Various considerati ons re— frequency band , wh i ch ranges from around 37 to 200
quired for microwave sa fety hazard assess ment were MHZ . Juene men concludes that “There may be se veral
discuss ed, V t was suggested that In any dis cussion alternative and perhaps more effective means of

2 1
1
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conmiunlcation on the horizon (e.g., cable or light smaller animals is described by a numeric field
p ipe communication), but until then we can bask in theory technIque , but resu l ts are only par t ia l l y
the ‘radio—active ’ wastes of twentieth-century available near the resonance reg ion for the man
c i v i l i za ti on and take our dail y dose of inspiring model. This research was sponsored by the School
messages.” of Aerospace Medicine , Brooks Air Force Base .

Industr ia l Research 1 8 ( 2 ) : 9;  1976 Utah Bioengineering Newsletter 4 ( l ) :  I; 1976

f BRITISH STUDY EXPLORES RADIATION HAZARDS MICROTRANSDUCER PACKAGING

m e  prol i ferat ion of hi gh-power troposcatter conanuni- An Integrated c i rcu i t  pH mlcrotransducer has been
c~,tions systems in England has led to a comprehensive packaged at the t ip  of 5 and 6 French 2-lumen cath-
study to define radiation hazard zones associated eters. This particular packag ing configuration has
wit h antennas propagating non l onizing energy. A proven to be so convenient that i t w i l l  be used in
report by D. H. Shinn indIcates that a typ ical tropo future in vitro studies and is additionally suitab le• I installation has a biolog ic hazard zone that extends for planned anima l studies. Recent long-term tests
I km or more from the antenna . Shinn developed an have indicated that these pH transducers respond
easy-to-use graphic method for locating the approxi- well after 3 ma of continuous testing . This project
mate boundaries of danger zones for biologic damage , is supported by a grant from the Nationa l Institute
i gnition , and detonation. The curves are based on of General Medical Sciences.
the peak and average radiated power, and the size Utah Bioengineering Newsletter 4(l): I; 1976
and gain of the antenna ; all data are referenced to
the accepted biolog ic hazard level of 100 W/m 2 . A
thresho ld for detonation depends upon the mater ia l
in question. Circular , eI iptica l , and rectangular

j antenna ap ertures are covered , along with the pheno-
menon of ground enhancement , which may be as hig h
as 6 dB.

Microwave s 15 ( 12)  30; 1976. ITEMS FROM THE COMMERCE BUSINESS DAILY

0 FURTHER RESE ARCH ON THE E FFECT OF

I) HIGH POWER MICROWAVE GENERATOR ELECTROMAGNETIC FIELDS ON THE CENTRAL NERVOUS
SYSTEM OF MAMMALS.

A 750 W , 9 15 MHz microwave generator has been corn- The Office of Naval Research , Arlington , Virginia ,

pleted for use in microwave hypertherm ia research, has contracted with the Regents of the UnIversity

The system will be used for studies of localized of Cal i for ni a , Los Angeles , Cal i f ornia , for the

~~~~~ hyperthermia with differen t types of micro- above study. (December 8, 1976)
wave applicators . In addition , the generator will
be used in rewarming infants after hyperthermic
surgery, in local ized hyperthermia In mice for
cell sensitization studies , and in hyperthermic
ce l l  cul ture research. 0 RELIABILITY GROWTH MICROWAVE STUDIES.

‘,‘ta h Biceng ineering Newsletter 4 ( l ) :  I; 1976

The Nava l Electronic Systems Command , Wash i ngton,

fl DC , will conduct negotiations wIth Tractor , I ncor—
pora tod, Aust in, Texas , for the above contract.

MICROWAVE DOSIMETRY HANDBOOK (December 24, 1976)

Detailed graphs of specific absorption rate versus 0 EFFECTS OF MICROWAVE RADIATION ON THE
microwave frequency have been deve loped for a series NERVOUS SYSTEM.
of man and animal models. These data are based on

fl theoretic calc u la t ions and prel iminary expe r imental
ver ification below resonance , projections based on The National InstItutes of Health , Be thesda , Mary-

~ P approxImate models above resonance , and combi ned land , are negotiating with the Un i versity of Wa sh—
theoretic and experimental studies near the reson- ington at Seatt le for addItIona l work under the
ance region. The resonance region for many of the above contract. (December IS. 1976 ) 
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MEET INGS AND CONFERENCES

.
4 THIRD INTERNATIONAL CONFERENCE ON STATIC URSI SYMPOSIUM ON ELECTROMAGNETIC

ELECTRICITY I WAVE THEORY

T~z~~’: April 18—20 , 1977 Date: June 20—24 , 1 977
I~’.z~~~: Grenoble , France 

~‘?~~ c: Palo Al to , CA: Stanford Univ.
: , .~~ ::i’: European Federation of Chemical Engineer- Sponsor: URS I (US National Comittee)--lnternation-

I i ng; Society of Indu st rial Chemistry (Fr) al Union of Radio Science
- “:.~~~~~ ,:‘:: Society of I ndustr Ial Requests for .~nfo rrn ,~t f ~~:: Dr. F. M . Tesche ,

Chemis try Science Applications , Inc., Box 277, Berkeley ,
• CA 94701

I INTERNATIONAL RADIATION PROTECTION:

ASSOCIATION IV INTERNATIONAL CONGRESS 1977 IEEE M’fl~ INTERNATIONAL

4 , MICROWAVE SYMPOSIUM
4 1a~~’: April 24—30 , 1977

I :~~~~: Pa r i s , France: Par is  Convention Center T~it~~: June 21—2 3 , 1977
• ‘:~~

;.: I RPA Place: San Diego , California
i . ‘. , p ” : : ’ ~~~:: Gilbert Bresson , BP 33, Spon8or: Inst itute of Ele ctrical F. Electron i cs

92260- Fon tenay-aux-Roses , France Eng i neers (MTT)

•J 
Requests “cv i~~~ ;r: v i:: 0.  Rubin , Code 2330 ,
NELC , San Diego , CA 92152

P 
AMER ICAN INDUSTRIAL HYGIENE CONFERENCE

May 22-27, 1977 
, SECONDELECTROMAGNETIC COMPATIBILITY• I : . New Orleans , LA: Fa~ rmount

• Am erican Conference of Governmental Industrial
• Hyg iene ‘)c t . :  June 28-30 , 1 977

. c i’: American industria l Hyg i ene Assn .; SYMPOSIUM ANDEXHIBIT

;:~. c a  ‘ i ’ :.“ z’-u ’ .’~ l: W . E. McCormick , AIHA P a’ c : Montreux , Switzerland

I . 
.Yr 3 :a. r ’: Cony, of Nati. Electrical Eng i neering
Assn. of W. Europe (EUREL) ; nt . Union of Radio

FOURTH UNTERNATIONAL CONFERENCE ON Science (URSI); Inst. of Electrical and Electronics

& ELECTRICITY DISTRIBUTION (CIRED) (AE-4) (USA) ; et alI 
Eng i neers (EMC Gp) ( m t . ) ;  Soc . of Auto Engineers

S , ’. c ’ f ‘ -v ! :‘ ‘~‘:z ’ T .  Dvorak , (TN Zentrum
• zt . : May 23—2 7 , 1 977 (HF), 8092 Zurich , Switzerland

London , United Kingdom: Roya l Lancaster
. :‘c’.~i , , ’: CIRED• ( S. ;:.~‘sE a • .: Org. Corn., 4 C IRED , INTERNATIONAL SYMPOSIUM ON MICROWAVEd o  lEE Conference Dept., Savoy Place , London ,
WC2R OBL . UK DIAGNOSTICS OF SEMICONDUCTORS

J •~ z~ ’: July 1 3 — 1 5 ,  1977
MICROWAVE POWER SYMPOSIUM •~~~~: Porvoo , Finland : Haikko Manor

. :j, ~i’: Technica l Research Ctr . of F,riland--VTT
May 25-28 , 1977 (Sem i conductor Lab.); Helsink i Univ. of Technology

• : Minneapo lis , Minnesota (Electron. Ph ysics Lab.) Finland

I : .. ‘ ; :  International Microwave Power Institute •~ ‘~~ ‘~ :v :~v ,‘ - . ‘ pi .r ’v . R. Paananen , VTT
.i. ;:~~- .r~~ ,“ l’ ~~~~~~~~~ Mr. 0. P. Snyder ,
Un versity of Minnesota , Saint Paul , MN

ELECTROMAGNETIC COMPATIBILITY SYMPOSIUM

$ IN1ERNATIOFIAL IEEE/AP SYMPOSIUM 7 S,1~~ : July 26-28. 1 977
l~~~2~~~~: Seattle . WA : Washington Plaza

U$NCIURSI MEETING (RADIO$CIENCE/ANTENNAS . :; . . ,,~e : i . :  in st .  of E l e c t r i c a l  & Electronics

n AIdDPROPAOATION) Eng ineers ((MC)

U -:, ~~~~.“t5 ‘ , -y  i ’: ’c1 ~’:: ’ c’.: B. L. Car lson , Jr .,
: 4 -

~~~: Jun. 20-24 , 1977 Boe Ing Co. • Box 3029 , S e a t t l e , WA

~~~: Palo Al to , Cal i fo rn ia

e 
.“ ‘c~ j ’: Inst .  of Elec t r ica l  & E lec t ron ics
Engineers (AP. lnt .); Int. Union of Radio SEVENTH EUROPEAN MICROWAVE CONFERENCE
Science--US National Committee (USNC /URS I)
&‘quea c ‘ •“ • ‘ “-r ~- ~r S  ‘ . J. B. Damonte , 1716 .‘~~ e: Septembe r 5-8 , 197 7
Hi llm an Avenue , Bel mont , CA 94002 1’ , i -  : Copenhagen , Denmark : Be lia Center

I - 
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1 .
DAOkigica/ Eff scts f Vonioni,ring Electromagnetic

MEETINGS AND CONFERENCES Radiation 1(31. April 1977

Sponsor : Dansk ingeniorgorening Rosentha l , Chairman , Symposium Steering Committee
Requests ~vr Thfo rmia tion : Professor Preben Polytechnic Inst. of NY , Route 110 , Farm lngda le ,
Gudmandsen , Conf. Chairman , Electronics inst., NY 11735
348 TechnIcal Univ. of Denmark , DK--2800 Lyngby,
Denmark ENGINEERING IN MEDICINE AND BIOLOG Y

CONFEREN CE

INTERNATIONAL SYMPOSIUM ON BIOLOGICA L Date : November 5-9 • 1 977
EFFECTSOF ELECTROMAGNETIC WAVES Place : Los Angeles , Cal ifornia

Sponsor: Alliance for Eng ineering in Medicine and
Sc:e: October 30-November Ii, 1977 Biology
Pl ace : Air l ie , V irgin la Requests for Infomnation: Mrs. P. I . Hom er ,
:~~,:$,.:r: International Union of Radio Science Asst . Dir. F. Coof. Coord i nator , Alliance for

Conmiissions A and B Eng ineering In Medicine and Biology , Suite 1350 ,
Roquests fcv Inforrntion : Professor Saul W . 5454 WIsconsin Ave ., Chevy Chase , MO 20015
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I
CURRENT RESEARCH

0089 RADIOIMMUNOASSAY OF NEUROENDOCRINE CHANGES their hazards or potential for new biologic research
FOLLOW I NG MICROWAVE EXPOSURE. Vetter , R. techn iques. (9/76—11/76)

,j

~ 

(Purdue Univ., Sch. Pharmacy, Executive Building,
Lafayette, IN 47907). Supporting Agency:HEW, PHS, NIH , NatI. Heart, Lung

& Blood nst.
The feas ib i l i ty  of us ing radlolninunoassay to moni-
tor changes in pituitary and thyroid hormone levels
In the serum of animals exposed to var ious levels

0092 LAB ILE METABO LITES , TRANSMITTERS IN THEof nonion izing radiation w i l l  be determIned. Ra ts 
HEART CYCLE . Stavlnoha , W. B.; Med i na,wi l l  be exposed to 2450 Pllz microwave radiation

8 hr/day for 21 consecutive days. Before exposure M. A.; Kodak , A. T .; Jones , D.; Deam, A. P. (Un iv.
and at 7, 14, and 21 days of exposure and at 7 days Texas , Sch. Med icine , 7703 Floyd Cur l Drive , San
following exposure, some rats will be sacrificed , Antonio, TX 78284).
and the levels of T3, 14 , and thyroid—stimulating

Electromagnetic radiation is being used to m acti-hormone in the serum will be determined by radio—
vate the enzymes at specific time s during the beat

~nvi~unoassay tectiniques. (6/76 5/77) 
cycle of the spontaneously beating turtle heart.

Supporting Agency:Purdue Res. Foundation , Electrocardiogram and reflectrometry is used to
monitor events in the beat, After inactivation of
the enzymes , the following compounds from the right
and left auricles , ventr icular apex , and ventricular

0090 NONINVASIVE ESTIMATION OF TISSUE TEMPERA— base are assayed: acetylcholine , cholIne , cycl i c
TURE. Diller , K. R.; Eberhart , R. C.; adenosine nonophosphate and guanosine nonophos—

Cogdel l , J. it.; Thompson, K. (Univ. Texas, Sch. phate , the high energy phosphates , lactate , and
Eng ineering, 200 W. 21st St., Au stin , TX 78712). pyruvate. (9/76—8/77)J Microwave radiation emission from biologic tissue Supporting Agency :HEW, PHS , NIH , NatI. Heart , Lung
is detectable at depths up to I cm with conventiona l S Blood Inst.
Dicke-switched superheterodyne rad loastronomy radio—

J meters. ThIs allows for the potential detection of
tumors, estimation of the sever i ty of burns , and
estimation of blood flow , undetectable by conven- 0093 EFFECT OF PHYSICAL STIMUL I ON INSECTS .
tion .l infrared thermography. Microwave antennas (am p, U. F.; Perianpral , J. V. (Virginia
and receivers , which most efficiently couple with Poiytechnlca l Inst. & State Univ., Sch. Agriculture
and can be adapted to, biologic tissue will be de- & Life Science, Burruss Hail , Blacksburg, VA 24061).
signed and analyzed. Data on radiation absorption
coefficients , their frequency and temperature d.— The object ive of th is  project is to determine the
pendence and t issue specif ic i ty,  will be determined response of certain insects of economic i mportdnce
to assess the effectiveness of this techn ique. in Virginia to physical stimul i , especially elec—
(7/75—6/76) tromagnetic field energy, and to determine the fea-

sibility 0f using such stimul i as an attractant or
Supporting Agency:Univ. Texas. repellent of insects or as a population suppressant.

Insect behavior will be studied in magnetic and
e lec t ros ta t i c  f i e lds  in the zero frequency range.
Experiments w i l l  be conducted to determine the ef—

0091 ELECTRICAL S ACOUSTIC PROPERTIES OF 810” fect of electromagnetic fields In flight chamt,ersLOGIC MATERIAL. Schwan, H. P.; Takashlma , for orientation behavior in homogeneous fields for
S.; Fischler , H.; Schwartz , G. (Univ. Pennsylvania , egg—laying and hatchabi lity, and In CO 2 prod uctionSch. Engineering L App I led Sc i ence, 4001 Spruce St. ,  monitoring for insect ac t i v i t y .  Tests to determine
Philadelphia , PA 19104). the effect of electrostatic fields on ovip osition

among cabbage loopers were completed. Field grad—
Research will be conducted on the electrical and lents ranging from 100 V/cm to 5000 V/cm were con-
acoustic properties of biolog ic materials and on sidered . Results show that in higher gradient
electrode polarization and forces i nduced by alter- fields egg productIon is comparatively lower than
nating electrical fields acting on biologic parti — normal. These results are useful to evaluate the
d es, Present and future emphasis will be on: Cl) potential use of electrostatic fIelds for the con—The behavior of electrodes used for Impedance neas- trol of Insects. A manuscript ent i t led Low—Intensity
uremants and exc i tation purposes In phys iology and ?.*~~netic Field Studisa on Cabba ge Looper was com-
ca rdiology (pacemaker) , wi th p a rticular emphasis on plated , The fina l rep ort on the study is being
their nonlinea r characteristics. (2) ElectrIcal prepared. (10/76—9/77)
character is t i cs  of macromolecules and water bound
to their surface. (3) Electrical characteristics Supp orting A genc y :Vlrg inia State Government.
of b iologic and a rtificIal cel ls and meatranas as
related to their structure and function. (4) Acous-
tic properties of tissue s and biologIc mscromole-
cu les and the reasons why their specific absorption 0094 HATCHABILITY OF CHICKEN AND TURKEY EGGS.
varies from one type to another. (5) Field ind uced Krueger , V. F. (Texas A S N Univ. Sys tem,
force effects , particularly alternating fIeld In— Agricultural Experiment Station , College Station ,
duced forces ac t ing on biologic ce l l s  to determine TX 77843) .
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C U R R E N T  RESEARCH Radiation 1(3). Apr il 1977 , -

This study will investigate and evaluate incubationa l brane under microwave radiation; (3) record the
and pre— incuba tiona l fac tors Influencing hatc hability ethograni of an avian species previously incubated
of chicken and turkey eggs under southern climatic In a microwave field; (4) determine the utility of
conditions. The causes of egg spoilage during In— evoked thermal responses as indicators of perception
cubation will  be determIned , and methods of prevent— of microwave energy; and (5) obtain evidence of the
ing this condition will be establi shed . Incuba— use of hypotherma l agents in mamais to determine
tional and pre—incubationa i factors necessary for the blodosimeter of absorbed electromagnetic energy.
opt1n~an embryonic development wfll be correlated The multlmode cavity will be used for exposing or—
with seasons. The interrelationshi ps between hatch— ganisms to microwaves and the effects of continuous
ability and other genetic characters of economic wave versus pulsed radiations of the same average
Importance will be investigated under vary ing incu— density will be compared, (9/76—8/77)
bational and pre— incubational conditions. Pedigree
hatching eggs wUl be characterized after treatment Supporting Agency:HEW , PHS , FDA.
by various chemical and weight measurements of the
shell , al bumen , and yolk of eggs I wk each no. SIm—
liar eggs from the same pedigreed hens will be in-
cubated usuall y under three incubation condition s 0097 ACCELERATION OF FRACTURE HEALING BY (LEC-
to determine treatment effects. Studies are in TRICAL FIELDS . Brighton , C. 1.; Frieden—
progress to determine methods of effi cientl y pre— berg, Z. B.; Black , J.; Korostoff , E,; Heppensta ll ,
venting spoilage of hatching eggs and of sanitizing R. B. (Univ. Pennsylvania , Sch . Medicine , 36th &
hatching eggs prior to and during incubation, Gene— Hamilton Walk , Philadelphia , PA 19104).
tic differences in the various egg characteristics
must eventuall y be related to other physiologic This research will continue the i nvestigation of
characteristics of the bird to avoid genetic antago— the effects of an app lied electrical current and/or
nisms . Records are being kept on a pedigree basis field on the acceleration of fracture healing in
to study these potential antagonisms. Experiments laboratory animals. The research will determine
with laying hens and males exposed to three types of the comparative effectiveness of direct constant
electromagnetic fields for a 20 wk period resulted and pulsed current , alternating current , electro-
in significant differences in rate of egg production , static fields , and magnetically induced electrica l
There were no si gnificant differences produced in fields in producing osteogenesis and in accelerating

— fertility, hat chab iiity, chick quality, or sex ra fracture healing in laboratory animals. In addi—
tb . Continuous exposure to microwaves at low power tion , the site and mechanism of action of electrical
densities and low l evel magnetic and electric fields stimulation on medu ilary canal cells and on fracture
did not appea r to influence reproductive abil Ity of callus cells will be determined. The methodology
chickens. (10/76—9/77) wIll include point—counting analysis of histologic

sections for new bone formation produced in an In-
Supporting Agency:Texas State Government. tac t medu llary canal around a cathode In response

to various parameters of current , voltage , electro—
static , and electromagnetic fields ; mechanical test-
ing for maximum resistance to bending of healing

0095 QUANTIFICATION S MEASUREMENT OF INTE RNAL fractures in laboratory animals; point-counting
ELECTROMAGNETIC FIELDS INDUCED IN FINITE analysis of electron micrographs of fracture callus

BIOLOGICAL BODIES BY NONUNIFORM ELECTROMAGNETIC cells to quant itate changes in cytop lasmic compon—
FIELDS. Chen , K. (Michigan State Univ., Sch. Eng l— ents; electron microscopy combined with histochemi—
nearing, Engineering Building, East Lansing, MI cal analysis of fracture callus cells to detect
48824). changes In cell membrane surface charges; and deter-

mination of changes In tissue PO 2. 02. and pCO2 con-
See Current Research 0073. (10/76—9/77) sumption using a tissue tonorneter system. (9/76—

8/77)
Supporting Agency:U.S. Dep. Def., Army.

Supporting Agency:HEW , PHS, NIH , NIAMDD.

0096 8IOPSYCHOLOG ICAL STUDIES OF MICROWAVE IR-
RADIAT I ON. Justesen , D. R.; Sheridan , C. 0098 NAVY ENVIRONMENT: QUANTITATION OF MICRO

I..; Garrison , R. G.; Levinson , D. M. (Univ. Kansas , WA VE RADIAT I ON EFFECTS ON THE HEAD ANDj  Sch, Medicine , 39th & Rainbow Blvd., Kansas city, EYES OF RABBIT S, PRIMATES AND MAN . Krame r, P. 0.;
KM 66101). Emery, A. (Univ. Washington , Sch . Medicine , 500 17th

Ave., Seattle , WA 98122).
Dose-determinant exposures of pregnant m ice and rats
to 2450 liz and 915 lIz microwaves w i l l  be performed Exposure to microwave rad ia t ion  can cause the pro-
in studies of letha l —dosing, teratology, longevity, duction of opacity and damage in the eye. The exact
and maze—learning. Related studIes will: (1) eval conditions under which these effects occur are yet
uate the role of endogenous (psychogenic) heating to be established ; consequently, there is a great
in maimnals as i nduced by handling and restraint in deal of controversy concerning the safe l evel of
le tha l ity  of dosing ; (2) examine growth and ultra— human exposure to microwave radiation . The in—
structure of a thernophilic organism tha t exhibits creased use of hi gh power microwave equipment by
retarded growth and hyperplasia of the plasma men— the Navy and other armed serv ices , as well as the

‘4

8

I



__~~ a~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - — - - -

SioIoQscal Effects Nonionizing Elect romagnetic
Radiation 7(3) . April 7977 CURRENT RESEARCH

4 
-. genera l population, demands well-planned and cx- tion obtained will be applied to establish more

pertl y executed theoretic and exper imental Investi- appropriate safety standards for personnel working
gations . Rabbits will be exposed to 300 n~J/cm2 in c lose proximi ty to Air Force RE emi t te rs .  The
inc i dent power (2450 lIz) leve l for subthreshold effec t s of RF radiation on the CNS , specifically on
time periods but with the interva l between exposures a specialized function of the neuron, namely synap-
vary ing by 1 to 5 days. These tests should help to tic transmission , wi ll be studied : brain cel ls  are
determine : (1) the period of time needed between connected , directly or ind i rectl y, by chemical

1
4 

exposures that will “protect” the lens from persia— switching systems (synaptic transmission) . This
j  nent damage, and (2) whether repeated subthreshold effort will attempt to quantify changes produced

exposures al ter the temperature regulating inecha- by RF energy in these chemical systems , determine
nisms of the eye. Rabbits will also be exposed to thresholds for frequen—y and power density, andr lower power levels, using a slot irradiator, to Interpret these changes In terms of the expected

f determine the lowest threshold leve l for the forma - effect on man in Air Force operational environments.
L tion of cataracts. The slot threshold for the (10/76—9/77)

monkey wi ll also be determined. An investigation
~ of the effects of long—term , low level chronic ir- Supporting Agency:U.S. Dep. Def., Air Force.

radiat ion on rabbi ts has been inIt iated and wi ll be
continued for at least another year . E lectron-
microscopic studies and f iuorescein angiography
w ill be used to help determine the mechani sm of 0101 RADIOFREQUENCY RADIATION INTERFERENCE (RFI)
cataract formation. (10 /76-9/77) OF MEDICAL PROSTHETIC DEVICES. Mitchell ,

.1. C.; Hardy, K. A. (U.S. Air Force , Sch. Aerospace
Supporting Agency:U.S. Dep. Def., Navy. Medicine , Brooks Air  Force Base , San Antonio , TX

78235) .

-

S 

A biomedical data base on the Interact ion of A i r
0099 ThE EFFECTS OF LOW POWER DENSITY ELECTRO- Force radiofrequency (RE) radiation emitters and

MAGNETIC ENERGY ON BIOLOGICAL SYST EMS. med ica l prosthetic devices w i l l  be establ ished. The
F l a ni g a n , W . F.; Ridgway, S. H. (U.S. Navy, Bio- data wi ll be applied to operationa l s i t u a t i o n s  in
systems Research Dept., San Diego , CA 92 132) . accordance with Air Force regulation (AFR) 16 1—42 .

The effort will inc l ude a state—of-the-art techno l-
The electrophysio logy (I .e., brain wave ac t i v i t y  ogy watch on cardiac pacemaker interference. Manu-
and heart rate) and behavior of rept i les  exposed to facturers ’ progress in deve loping pacemakers to

-n low power density (~ 10 n*I/cm2) electromagnetic operate properly in pulsed RF fields of 200 root-
radiation will be studied at 960 and 2450 lIz. mean—square V/m will be assessed. New state-of—

~ Turtles , land torto i ses, the North America n box technology pacemakers w i l l  be accepted on loan from
turtle , the North American painted turtle , and the manufacturers and evaluated under a variety of RF
Southern Ca i iforn ia  desert tortoise w i l l  be used, emission sources in the USAFSAM laboratory. Sources

~~~ Electroencephalograms and electrocardiograms w i l l  w i l l  include radiofrequencies between 50-500 MHz.
be reco rded from semichronica lly implanted animals. Field tests will also be conducted using a high
Averaged cortical evoked potent lais will also be frequency band transmission system at Ava , NY.
recorded using a computer of averaged transients. Additional field tests will be conducted in support

t An i mals will be unanesthetizerl but fu l l y  restra ined of spec i f i c  operational problems as provided by

Y dur ing exposure and recordings. BaselI ne record— AFR 161-42. (10/76-9/77)
ings  prior to field exposure will be compared with
those obtained when an anima l is exposed to d cc- Supporting Agency :U.S. Dep . Def., Ai r  Force .

, tromegnetic radiation. The cumulative effects of
I recurring f ie ld exposure wi l l  also be investigated .

4 J (10/76—9/77 )
0102 VISUA L SYSTEM DISEASES IN AIRCREWMEN .

Supporting Agency:U.S. Dep. Def., Navy. Tred ic i , T, J.; Bu rman , H. 1. (U.S. Air

I Force, Sch . Aerospace Medicine , Brooks Air  Force
Base , San Antonio , TX 78235) .

0100 RADiOFREQUENCY RADIATION EFFECTS ON 810— The incidence and s igni f icance of ophthalmologic dis-
CHEMICAL SYSTEMS IN THE CENTRAL NERVO US orders in f lying personnel will be determined from

SYST EM. Merr i t t , J. H.; Frazer , J. U. (U.S. Ai r  the standpoint of retention without compromising f l y—
Force , Sch . Aerospace Medicine , Brooks Air  Force ing safety. The means to prevent or correct such
Base , San Antonio , TX 78235). d Isorders , and techniques for ear ly diagnosis or pre-

diction of development of such disorders will be

I The Department of Defense Tr iserv ice Electromagnetic developed . Flying personnel with ophthalmolog ic
Radiation (EMit) BIoeffects Research Program describes problems will receive a comprehensive aeromedical
the centra l nervous system (C$S) as the “s ingularly eva luation and a battery of function testing, inc lud—
most i mportant area where there is evidence that ing manifest and cyclopleglc refraction s, motility

I 
EMR interacts with biological systems .” The objec- tests , tonometry, tomography , funduscopy and fundus
t ive of this effort Is to quant itate the radiofre— photography, The response to aerospace environmen-
quency (RE) EMR effects on biochemical events sub- tal factors (i.e., ac celera t ion, al titude and alec-
servi ng nerve transmission in the CNS. The informa- troniagnetic radiation) wil l  be studied In special

1 9
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iI cases. Long it ud i na l basic studies will assess the 0107 MEASUREMENT OF POWER DISTRIB UTION AT
signif icance of disease In re lationship to f ly ing RESONANT AND NONRESONANT FREQUENCIES IN
operations and the validIty of current aeronisdi cal EXPERIMENTA L ANIMALS AND MODELS . Guy, A. U.;
standards . Fluorescein fundus photography , electro- Lovel y, R. H. (Univ. Washington , Sch . MedIcIne ,
retinography, electrooculography , static perimetry, 500 17th Ave., Seattle , WA 98122).
and biomicroscopy will be utilized in studying the
effect of dIsease and stress on alrcrew,nen. (10/76— See Curren t Research 0046. (10/76—9/77)
9/77)

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

0108 NAVY ENVIRONMENT : BIOMEDICAL EFFECTS OF
0103 CLINICAL ASPECTS OF MICROWAVE EXPOSURE . RADIO FREQUENCY RAD IATION. u n , J. C.;

Michae lson , S. M. (Univ. Rochester , Sch. Kraus, G. E. (Wayne State Univ., Sch. Engineering,
Medicine & Dentistry, 401 Elnwood Ave., Rochester , 5950 Cass Ave., Detroit , Ml 48202).
NY 14642).

See Current Research 0059. (10/76-9/77)
Evaluation of alterations in the functiona l status of
the neuroendocrine system after exposure to micro- Supporting Agency:U.S. Dep. Def., Navy.
waves and elucidation of threshold levels , cumulative
effec ts, interaction with other stresses and environ-
mental factor i s  the objective of this study. Mature

0109 MICROWAVE IRRADIATION OF BRAIN THROUGHrats will be exposed to microwave lrrad iation in 
CRAN IOPLASTY . Sutton , C. H. (Univ. Miami ,three different regimens: 100 n*J/cm2, 10 nM/cm2,

and I n*J/cm2 for 8 wk. Periodicall y throughout the Sch. MedIcin e, 1400 N.W. 10th Ave., Miami , FL 33124).

exposure , body weight and temperature will be taken, No descri ptive information is available. (1/77—12/77)and blood drawn. Gross behavIora l observations wil l
also be made. Thyroid function will be eva l uated Supporting Agency:American Cancer Soc., Inc.

Pituitary function will be determined by a bioassay
using T3 and T4 resin sponge absorption studies.

of thyroid-stimulating hormone. (10/76-9/77)
01 10 COMPARI SON OF THEORETICAL AND EXPERI MENTAL

Supporting Agency:U.S. Dep. Def., Navy. ABSORPTION OF RADIOPREQUENCY POWER. John-
son, C. C.; Durney, C. (Univ. Utah , Sch . Engineer-
ing, 1400 East 2nd St., Salt Lake City, UT 84112) .

0104 NAVY ENVIRONMENT: INVESTIGI. “ OF THE Methodo l ogy for quantitating electromagnetic radia-
BIOLO GICAL EFFECTS OF PULSED EL~CTRO— tion (EMit) energy distribution and measurement will

MAGNETIC FIELDS GENERATED BY NAVAL OPERATIONS . be developed. Methods and data are critically
Cleary, S. F. (Virginia Conuionwealth Univ., Sch. needed to extrapolate (via appropriate scaling fac-
Medicine , 1200 Eas t Broad St., R i chmond, VA 23298). tors) anima l data to man to establish more realist ic

personnel safety exposure guidelines for Air Force
See Current Research 00,3. (I0/16 9/77) operations. The specifIc objectives of this study

are (I) to define adequate models , (2) to extend
Supporting Agency:U.S. Dep. Def., Navy, 

~ 
theoretic radiofrequency (RE) power absorption data
to assess consequences of human exposure to 10 KHz
to 1.5 GHz RE radiation fields, and (3) to develop

0105 NAVY ENVIRONMENT~ EFFECTS OF BIOLOGICAL methods, accounting for size and orientation ef—
SYSTEMS DUE TO EXPOSURE TO MICROWAVES. fec ts , to extrapolate animal exposures to equivalent

Durney, C. H.; Lords, J. L. (Univ. Utah , Sch. Engi— human exposures. Twenty phantoms will be con—
nearing, 11,00 Eas t 2nd St., Sal t Lake cit .,., UT structed to simulate 3.5 kg monkeys. Absorbed pow—

3 84112). er will be calculated utilizing thIs monkey model
for exposures in free space , near f ie ld , and on a

See Current Research 0011. (10/76—9/77) ground plane. Experiments will be conducted to
measure power absorbed in the phantom ano in actual

Support ing Agency:U.S. Dep. Def., Navy , monkeys for sIx exposure orientations. The best
mode l for man , monkey, rat and mouse wi ll be de-
ve loped and calculation s w i l l  be performed to de-
termine power density to which these animals should

0106 NAVY ENVIRONMENT: EFFECTS OF MICROWAVES be exposed to produce the same average absorbed
ON MATURATION IN THE MT. Mi chaelson , S. power as man when exposed to 10 mW/cm2 at the same

(Univ. Rochester , Sch. Medicine & Dentistry, 40) frequency, The exposure frequency for animals sub-
£l,m~ood Ave., Roche ster , NY 14642). jected to the same power density as man to accom-

p lish equiva lent average power absorption w i l l  also
See Curren t Research 0050. (lO/76~’9/77) be ca l cula ted. These data w i l l  be used to compile

a handbook (Researcher ’s Guide) for use in selecting
SupportIng Agency:U,S. Dsp. Def., Navy, appropriate exposure parameters (frequency and power

4 •110
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p 
~ density) for animal studies to simulate bioeffe cts nonchemical control mi ght be accomplIshed wil l  be

in lean . Power absorption calculations for man and provided . Insects w i l l  be exposed to various fre-
animals will be extended to 1.5 GHz using wave sol— quencies and intensities to determine response,
ution , numeric techniques, or other applicable thresholds and probable locations of sensory re-
methods. (10/76—9/77) ceptors. Precise receptor location will be accom-

p l i s hed elec trophys i olog ically. Because of the In-f Supporting Agency:U.S. Dep. Def., Air Force, creased power and wavelength penetrability of laser—
produced infrared (IR) radiation , IR spectrum studies
will utilize frequencies produced by gas lasers; the
feasibility of using laser technology and techniques

0 11 1 BIOLOGICAL EFFECTS OF AIR FORCE TRANSMIT— for behavioral work involving Insect detection of
TER NEAR FIELDS . Stavinoha , U. B.; Ned- and attraction/repulsion to these frequencies will

m a , N. A. (Univ. Texas, Sch . Medicine , 7703 FIo~’d be determined . The princip le of differentIal ab-
Cur l Drive , San Antonio , TX 78284). sorption of laser-produced frequencies between com-

modity and insec t will be utilized for possible de-
The independent and synergistic effects of high tection and control of the infestation within the
frequency band (3— 30 lIz) magnetic and electric coesnodity. Electromagnetic radiation has been used
field vectors on a variet y of biolog ic systems will to alter the behavior of severa l species of stored-
be i nvestigated us ing the USAFSAM “near—field” ra— product insects. UV radiation has been shown to
diation simulator , Th is Information is required have an extremely damaging effect on Plodia inter—
to establish personnel exposure criteria in close punctetla, 7~jr op hagua putreacentiae, and Pyemotea
proximity to Air Force hi gh power radiofrequency i,entricoaua; although , each is able to repair the
radiation emitters operating in the frequency rangn UV damage (photoreactivation) through either a li ght

-
~~~ of approximately 3—500 lIz. Various mammalian ~~~ 

or dark mechanism. UV radiat ion has also been used
tems will be exposed in the “near field” simulator to destroy the biolog ic activity of the synthetic
and studied to detect any possible alterations In sex pheromone of P. interpun.cteila and thereby pro-
growth and reproduction , central nervous system vide a possible new nonchemical method of insect
effects (neurotransmitter turnover , brain nuc l eo— control. IR radiation emitted by a CO2 gas laser
tide levels , brain cyclic AMP assay), endocr i ne has been used to elicit responses from two species
status (corticosteroid assays depending on experi— of stored-product insects. The response was ob—
menta l anima l , water balance , van i ll ylma ndel i c ac i d , served and quantified by two newly developed tech-
norep lnephrlne and eplnephr ne analysis) , hematol- niques . A system utilizing iR CO2 analysis was
ogy (primates), and liver and renal function, In developed to detect hidden insect infestations. The
selected animals specific examination of the heart method is rapid , nondestructive , and applicable to
will be undertaken, (10/76-9/77) a wide variety of materials , either packaged or

bulk , and can be employed at any point In the market-
Supporting Agency:U.S. Dep. Def., Air Force. ing channel. (10/76-9/77)

Supporting Agency:U .S. Dept. Agricultu re , Agricul—
tural Res. Service . Georg ia-South Carolina Area .

‘‘ 0112 EFFECTS OF MICROWAVE RA DIAT ION ON THE
NERVOUS SYSTEM. Lovel y, it. H. (Univ.

Washington , Sch. Medicine , 500 17th Ave.,  Seat t le,
WA 98122). 

0114 I MPACT OF RF BIOEFFECTS ON AF OPERATIONS .
4 The effects of long—term , low intensity microwave Mitchell , J. C.; Hardy, K. A. (U.S. A ir

exposure on the nervous system , particu larl y the Force , Sch. Aerospace Medicine , Brooks AI r Force

brain , wi l l  be investi gated. The effects of micro— Bas e, San Antonio , TX 78235).
waves on the brain will be measured and correlated A radiofrequency radiation (RFR) bioeffects tech—f with behavior and biolog ic functions . (6/76—6/77) nology data base will be main tained to support

Supporting Agency:HEW, PHS, NIH , NatI . Inst. En- 
environmental i mpact positions and to establish

vlronmenta l Health Science, operationa l RFR safe ty criterIa for current and
future Air Force systems. Specific biologi c conse-

F quences of human exposure to unique pulsed radio—
fre quency field s from phased array emitters will be
eval uated and compared with the findings of pulsed

011 3 BEHAVIORAL EFFECTS OF NON I ONIZING ELECTRO- versus continuous wave radar exposure experiments.
MAGNETIC RADIATI ON ON STORED-PRODUCT IN- Radlofrequency radiation effects data will be cots-

SECTS . Bruce, U. A. (U.S. Dept . Agriculture . S tored p i led , anal yzed , and applied to establish systems
Products Insects Resi’arch & Development Lab., 3401 specific exposure criteria in accordance with Air
Edwin Ave., Savannah , GA 31405). Force mission requirements and operational situa-

tions. Addition a l research da ta will be obtaIned
The electromagnetic frequencIes (EF) capable of con- through a multi-ag ency contract with the Franklin
trolling and/or altering Insect behavior will be Institute . (10/76-9/77)
determined. Workin g mo dels , based on insect physi-
ology , morphology, a nd behavior by which economic Supporting Agsncy:U.S. Dep. Def., Ai r Force.

I I I
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(U.S. A ir Force , Sch, Aerospa ce Medicine , Brooks of microwave t reatment on the frequency of sister

Bsokgical Effect, Nonionizing Electromagnetic
CURRENT RESEARCH Radiation 7(3) , Apr 11 7977

0115 BIOLOGICAL EFFECTS OF AF RF TRANSMITTER In a water bath showed no signif icant differences
FIELDS. Frazer, J. U.; Merri tt , J. H. In cell survival. Also being studied is the effect

A ir Force Base, San An tonio, TX 78235). chromat ld exchange (SCE) In the chromosome com-
plement of CHO cells. SCE frequency has been found

The setting of safety standards for Air Force per— to be hig hly sensitIve to various physical and
sonnel exposed to electromagnetic radiation (EMit) chemical carcinogens. Furthermore , it has been jmust rest on a foundation of known bloeffects. This found that conventional hypertherm ia (44 C) drives
effort will investi ga te radiofrequency (RF) f ie ld  up the frequency of this event significantly. Work
effects on biophysical model systems. The infor- is underway to determine whether mIcrowave heat ing
mation gathered will allow the adjustment of expo- has a comparable effect on SCE production and
sure criteria for Air Force personnel working in whether heat combined with x-ray exposure leads to
unique RF radiation environments. Field modulation an additive or possibly a synergistic effect on
effec ts, Includ ing pulsed f ields , on a varie ty of the forma t ion of sister chromatid exchanges.
centra l nervous system (CNS) ionic and chemical
distributions will be examined . The effects of Supporting Agency :Not Specified

‘ (MR fields on solvent transport processes In tissue
and polarization processes in macromolecules will
also be investIgated. Alterations in the trace
metal content in various areas of the rat CNS will
be related with frequency , power density, and ther— 0118 MILLIMETER WAVE SPECTRA OF LIVING TISSUE .
mal s t ress , and these findings will be extrapolated Gandl , O.~ Johnson , C.~ Par t low , L.; H ill ,
to an expected effect on Air Force personnel oper- D.; Stensaas , L.; Mlllhouse , G. (Univ. Utah , Sch.
ating in (MR environments. (10/76—9/77) Eng i neering , 1400 East 2nd St., Salt Lake City,

UT 84112).
Supporting Agency:U.S. Dep. Def., Air Force.

GHz band of normal and maligna nt cells , the absorp—

J 

To determine the microwave spectra over the 8-90

0116 EFFECTS OF MICROWAVE RADIATION ON THE NERV- tion spectra of cells bearing temperature-sensitive
OUS SYSTEM. GandhI , 0. P. (Univ. Utah, viruses and cells with isolated spontaneous trans-

ScM. EngineerIng, 1400 East 2nd St., Sal t Lake ~~~~ 
formants and drug-Induced transformants wil l be

UT 84112). evaluated. Light and electron microscopy experi-
ments will be performed to study the effects of

The effects of long term, low intensity microwave microwave irradiation on the morphology of several

t exposure on the physiologIc function of the nervous cloned lines and primary cel l cultures .
system , particularly the brain of rodents, w i ll be
Inves t igated . Biochemical analyses of the cholines Supporting Agency:N IH Iterase ac ti v ty of the blood , the sulfhydryl groups
in the blood, and ketosterold in the urine will be

h 
performed, and the data will be correlated with nerv-
ous system and behavioral measurements, (6/76—6/77)

0119 BiOLOG I CAL TEMPERATURE SENSOR USING OP-Supporting Agency:HEW , PHS, NIH , Natl. Inst. Environ— TICAL ETALONS. Christensen , 0. (Univ.mental Health Science. Utah , Salt Lake City, UT 84112).
.-

~~
A fiberoptlc temperature probe using a small solid

0117 CELLULAR EFFECT OF MICROWAVE RADIATION , optical cavity (etalon) as the sensor will be
Livi ngs ton , G. (Univ. Utah , Dept. Bio- developed. Temperature will be determ i ned by meas-

engineering , Salt Lake City , UT 84112). surlng the temperature-dependent wavelength shifts
In the optical reflectivity nulls from the sensor.

The biol ogic effects of 2450 MHz microwave radiation Such a probe , being entirel y nonmetallic and non-

being i nvestigated. One aspect of the study is the and radlofrequency biohazard studies , m Icrowave
on cultured ChInese Hamster Ovary (CHO ) cells are perturbing , would find applications In microwave

ri ty of the cells following treatment. Measurements hyperthermia studies.
affec t of such radiation on the reproductIve integ- cookIng and thawing experiments , and microwave

of cell surv ival fol lowing hyperthermlc exposure
to mIcrowave compared with conventIonal heating Supporting Agency:N iii
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4800 COMPAR I SO N OF THEORETICAL AND EXPERIMENTAL pulsed microwaves interact with massna l i an auditory
ABSORPTION OF RADIOFREQUENCY POWER. (Eng.) systems in a manner similar to that of conventional

Allen , S. J., Durney, C. H.; Johnson , C. C.; Has- acoustic perception . The authors suggest that a
soud i, H. (Dept. Bioengineering, Univ. Utah , Salt p ossible mechanism of microwave interaction is the
Lake City, UT 84112). 16 pp. 1 975. tava l lab l e acoustic energy release from rapid thermal expansion
through National Technical Information Services , due to power absorption In the gross structure of
Washington , D.C., Document No. AD AO228901. the head. (44 refs.)

Power absorption calculations using prolate spheroid
models were performed for radiofrequency exposures
between 10 and 50 MHz, and these data were compared 4802 USE OF MI CRO WAVE AND LOWE R FREQUENCY RF
with experimental data obtained from sal i ne-filled ENERGY FOR I MPROVING ALFALFA SEED GERHINA-
prolate spheroid monkey and human phantoms as w e l l  TION. (Eng.) Nelson , S. 0. (Univ. of Nebraska ,
as from live monkeys (rhesus primates) . The agree- Lincoln , NB 68583) . J. ~~~~~~~~~ T:~~ -i 11 (3) : 271-
ment , generally, between the ca lculated and measured 277; 1976.
value s for the phantoms was good, with the best
agreement occurring at the higher frequencies. The The use of microwave and radlofrequency energy for
perturbation theory appeared to be valid for de- Increasing the germination of alfalfa seed (Medicago
scribing the power absorbed by prolate spheroid Bativa L.) by l owering the hard-seed content is re-
phantoms . A total of 20 l ive monkeys , however , ab- ported. Exposure of a l fa l fa  seed to frequenc ies of
sorbed significantl y more power than the phantoms , 5, 10 , 39, and 2450 MHz ef fect ive ly  reduced the
and data taken at a frequency of 40 lIz revealed hard-seed percentages and provided increased seedling
significant differences in absorbed power at a germination; all of these frequencies were equally
given polarization when the monkeys were rotated effective when the resulting seed temperatures were
about their long axis. This indicated that a spher— comparable. Germination responses to different
oid , which is circular in cross section , is not an field intensities were also similar when the final
adequate model for the monkey . Ell i psoid models temperatures were similar. Moisture in the seeds
better approximated power absorption for both rIon- was an important factor , wi th  treatments generally
keys and humans . (2 refs .)  more ef fect ive at lower seed moisture contents.

Optimum germination response to microwave and radio-
frequency radiation depended mainly on the elevation
of the seed temperature to the proper level . The

4801 ELECTRO PHYS I OLO G ICAL EFFECTS OF ~LECTRO- optimum temperature for increasing seed germination
MAGNETIC FIELDS ON AN I MALS . (E~g.) Guy, was about 75’C for seed lots of norma l moisture con—

A. W.; u n , .1. C. ; Chou , C. K. In: Fundament al and tent (about 6—7%). (19 refs.)
App lted Aspeot a c,~’ Noniani~ ing Radiation. M i c h a e l -
son, S. H.; Miller , H. U.; Mag in , it .; Cars tensen , E.

~~
- L., eds. (New York: Plenum Press): pp. 167-211 ;

1974.

In vivo and in vitro studies were performed on ncr- 4803 BRAIN TE MPERATURE AND ENZY ME HISTOCH E M IS
vous tissues of cats exposed to microwave radiation TRY AFTER HIGH I NTENSITY MICROWAVE I RRAD-
to determine thresholds of e tctrophysiolog ic phe- IATION. (Eng.) Butcher , L. L. (Dept. Psychology,
nomena observed In absorbed electromagnetic power Univ. Ca l i fornia , Los Angeles , CA 90024) ; Butcher ,
levels and possible t emperature increases at sites S. H. Life Sci . 19(7): 1079-1088; 1976.
of interact ion. The microwave frequencies extended
from ultra-hi gh frequency to X band , and the expo- Cerebral temperature measurements and histochemical
sure f a c i l i t i e s  included near zone reflectors , horns analyses were performed on the brains of male and

a and apertures , and waveguide irradiation chambers. female Sprague-Dawley rats fo l lowing exposure to
It was shown that the conduction and transmission high intensity microwave irrad iation . The brains
latencles and amplitudes of evoked potentials in were subjected to low intensities of microwave radi-
both the central nervous system of anesthetized ation of 2.5 kW x 1.0 sec. 5.0 kW x 0.5 sec, or less ,
ca t s, isola ted nerves of Cats , and gang l i a of rab- and hi gher intensi t ies of 2.5 kW x 2.0 sec . 5.0 kW
b its were affected by continuous wave (CW) micro- x 1.0 sac, or more. It was found that brain temPera
waves in a manner very similar to that of localized ture increased wi th increasing intens i t ies  of irrad-
conduct i on heat. Temperature rise s were always as- lation. Histochemical l y assesse d telencepha llc and
sociated with observable changes of the measured mesencephalic acety lcho llnesterase (AChE) was in-
characteristics in the nervous tissue s exposed to act ivated for a considerable distance pericentrall y
CU irradiation, The threshold of occurrence of by a microwave power level of 5.0 kW applied for 0.5
la tency changes was between 2.5-5.0 U/kg of ab- sec. With these parameters , core brain temperature
sorbed power density in the affected tissues , which was 56C , and neuronal somata in the red nucleus and

~~ is about one-quarter to one-half of the normal meta- other neural regions dis played pyknotic nuclei or
- ~~

‘ bolic rate of brain tissue . Thu absorbed power compacted nucleolei , an Infla ted appearance, and de
corresponds to 5-10 nWcm2 and 10-25 n*i/cm2 inc ident creased Nissl stainlng . AChE was completely lnact Iv-

- 

~
- 

~ 
upon a ca t head and a human head , respective ly. ated by a I-sec application of 5.0 kW microwave
Pulsed m ic rowaves of h i gh peak intensity and low power. At the same time brain temperature was 78 C,
average power Induc a hearing phenomenon in nan . and , as after lower intensi t ies of microwave Irrad-
El.ctrophyslolog ic studies on cats indicated that lation , neuronal somata were hypochromic and in-
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yates thermolabile bra in enzymes , compared with the E

~ polarized (TM) case. However , at 433 MHz,

a
flated . NADI4-diaphorase was found to be less ther- tion patterns in the thl gh model resulting from Hzmo lab ile than ACME. Because it more rapidly m acti- polarized (To plane waves were simil ar to those of

freezing by i nvnerslon and chemica l fixation proto- there was hi gh intensity in the muscle reg ion at the
cols, the use of microwave IrradIat i on of neural muscle-bone Interface. In the arm model , at all
t I s~~e is recoavnended for neurochemical studies . frequencies of incident E polarized (TM) plane
(25 refs.) waves the absorption In t~e bone region was neg ii gl-

ble , while the absorption in the fat region was
smaller than that of the muscle region. In the arm
model , the Hz polarized (TE) plane wave source re-4804 NERVOUS SYSTEM CHANGES IN WORKERS OF RADIO- sulted in patterns similar to those of the E pa-

TELE VISION STATI3NS EXPOSED TO MICROWAVES . larized (TM) case. However , the absorption fn the
(P01.) Be ls k i , J. (Wle lkopoiskl Zespo l Specja l ls- muscle region was more intense at the muscle-bone
ticzny Medy ,~ny Przemyslowej, Instytut Chorob Wewn- interface than at the fat-muscle interface. It is
etrznych AM , 60-852 ~oznan . ul . Poznanska 55a, P0- concluded that since there is a large variation of
land); Planowska , J.; Saw inska , A . ;  Grugzka , W. Pci. energy absorption characteristics in tissues , these
~~~~~~ ~-ek. 31(32): 1369-1372 ; 1976. characteristi cs should be considered in the des i gn

and interpretation of experimental results in rela-
A group of 115 people , mean age 40 yr . ..nth a mean tion to health protection. Dosimetry in biologic
length of 10 yr of employment in telev ision and ra- effects experiments should be quantified in terms
dio , was evaluated for the effect of microwaves on of total absorbed energy and the distribution of
their central nervous system. Among them , 88 worked the absorbed energy in the biolog ic body. (7 refs.) I
within the range of tele-radlo-consnunicatiori equip-
ment w ith a microwave frequency of 3,000-7,000 MHz
and a power density below 0. 1 U/rn2 . Another 27
workers were not directly exposed to the emission
of microwaves , and 39 of equal age and tenure , who
worked outside of microwave range , served as
controls. A complete psychophysical examination
established that the complaints of 88.7% of the 4806 HYGIENIC ASSESSMENT OF AN ELECTROMAGNETIC

exposed people were the result of autonomic nervous FIELD CREATED BY HIGH-VOLTAGE LINES OF

system dysfunction. However, the same Syndromes ELECTRO-TRA NSHISSION . (Rus.) Duinansky, Y. 0. (A. N.
were also found in 70% of the controls--probably Marzeev K iev Scientific ites. Inst. of General and

due to the stress-inducing nature of their work, Coagnunal Hyg iene , Kiev , USSR); Popovich, V. H.;
Among the exposed individuals , slight but si gnificant Rokhvatilo , E. V.  ~~~ S~~it. (8): 19-23; 1 976.
cardiovascular a l terat ions and increased pathologic
Ienticu lar eye changes were observed compared to The intensity of electromagnetic fields around hig h—
controls. The microwave exposed group showed a voltage , 50 Hz , power transmission lines was measured,

higher resistance to stress and reduced soc iability , and the effect of such fields (100-5,000 V/rn) on var—
Elec t roencephalograms in both exposed groups revealed ious physiologic parameters was studied in male al-

a higher number of flat low—voltage tracings in bin o rats In a 4—mo experiment. Power transmission
lines with 330-750 kV generated electromagneticyounger men than in controls. The autonomic nervous 
fields with intensitie s of 1 ,500-7,500 V/rn at 10 msystem and electroencephdlogram changes observed

were minor. (9 refs.) distance , and of 100-350 V/rn at 50 in distance . Ex—
cita ticn , unusual motor activity alternating with
inhibition , and hyperemia of the mucosa of the nose
and eye were observed In rats exposed to 5, 000 V /m.
In the groups exposed to 1 ,000-5,000 V/rn the follow-
ing effects were observed : reduct1on of the blood

4805 ENERGY ABSORPTION PATTERNS IN CIRCULAR chollnesterase activi ty by 34.3 37.8%, reductIon of
TRIPLE-LAYERED TISSUE CYLI NDERS EXPOSED TO the sulfhydry l group level by 1 2.4-16.6%, significant

PLANE WAVE SOURCES. (Eng.) Ho, H. S. (U.S. Dept. Increase in the urinary 17— ketosteroid level , and
Health , Education , Welfare , Public Health Service , reduction of the fixation and elimina tion of radio-
Food and Drug Adinln., Bureau Radiological Health , active iodine In the thyroid gland . In addition ,
Div. Biological Effects , 5600 Fishers Lane, Rock- s i gnificant hyperglycemia , si gnificant increase in
v ille, MD 20852). Health Phy a. 31 (2): 97-108 ; 1976. the residua l nitro ge n and urea levels in the blood .

reduct ion of the oxidat iva phosphorylat ion in the JThe energy absorption patterns in arm and thi gh brain and liver cell mltochondrla , and Increased
triple-layered phantom tissue circular cy linders serum lactate and succinate dehydrog enase act ivities
were calculated for plane wave sources of 433, 750, were observed. Dystrophy of tissues and vascular
918 , and 2450 11Hz. The three layers simulate d fat , changes were found at the end of the experiment in Jmuscle , and bone . At all frequencies for incident the brain , myocard ium, liver , kidneys , ad renals , and
tz pola rized (TM) plane waves , the absorpt i on pat- thyroid gland . These changes were proportiona l to
tern in the thigh model was less inten se in the fa t the f Ie ld intensity to whIch the animals had been
region than in the muscle reg ion; the bone reg ion exposed. The results suggest tha t electromagnetic Ihad practically no absorption. At 2450 MHz, the field around high voltage power transmission lines
absorption in the muscle attenuated almost exponen- pose a po tential health hazard to adjacent populated
tia l l y  from the fat-muscle interface. The absorp ” areas. (5 raft.)
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4807 THE EFFECT OF A STATIC ELECTRIC FIELD ON crease 2 days after exposure. Marked dilation of
THE BODY OF MAN AND AN IMALS . (Rus.) the vessels , acidoph lli a of the cardiomyocytes , at-

Skorobogatova , A. II. (Leningrad Inst. Hyg iene and traction of the nuclei to the sarcolemma , loss of
Medicine , Leningrad , USSR); Tarasova , G. M.; Solo- the regular shape of the nucleus , and isolated focal
viev , A. V.; Plotn ikov , V.  C.; Plo tn ikova , L. B.; subendocardlal destruction were observed wi thin 48
Yakovleva , M. N. ~~~ Sani~ . (6): 20-24 ; 1976. hr. These changes disappeared In 28 days. The find-

i ngs indicate the activation of the glycolytic pro-
The effec t of static electric fields on textile mi l l  cesses as a consequence of tissue hypoxia , which may
workers was studied , arid related experiments were be due to pronounced edema caused by disturbances in
Carried Out on rabbits. Potentials of 2,800-25,000 the blood and lymph circulation . (12 refs.)
V/cm were measured in a textile mill at air humidi-
ties of 35-55%. The static field potentIal decreased
with increasing humidity. The incldences of hyper-
tension and vegetative dysfunctIon were 7.6 and 35.8%, 4809 THE DEVELOPMENT OF HYPERTHERMIA MICROWAVE
respectively, versus 1.4% and 5.7% in the control GENERATORS AND THERMOMETRY (MEETING AB-
group. Static electric field reduced the skin re- STRACT). (Eng.) Sandhu , T. S. (Roswell Park Memor-
sistance and increased the perspiration. In rabbits ia l Inst. Buffalo , NY 14263); Kowal , H.; Johnson ,
exposed to st ic electric field (1 ,000 V/cm) for R. J. m t .  J .  Radiat . Oszcct. Biol. Phy 8. (Suppl . I):
2 hr , dilata L on of the cutaneous vessels on the 100; 1976.
back and ears , increased skin temperature , pronounced -

bradycardia (25% reduction of the heart rate), and To study the normal tissue and tumor response of
absence of reflex reaction of the heart to the skin superficial human tumors , reg iona l hyperthermia and
irritation were observed . The findings indIcate that thermoanetry were developed . Initial animal and
the interference of static electric field with the clinical studies were performed with a 2450 MHz
regulation of the Cardiovascular system is pr imar i ly microwave source using the intermediate f ie ld  of a
due to activation of the sympathetic nervous system . corner reflector type C app licator and foi l colli-
(3 refs.) mation for localization. Thermometry showed that

the tumor at 1 cm depth could be heated to 4l-42 C
with an exposed skin temperature of 4l-42 C. A

- 915 MHz microwave generator that theoretically could
almost triple the energy penetration was desi gned4808 ACTIVITY DYNAMICS OF LACTIC DEHYDROGEPIASE and built us i ng a direct contact applicator sepa-

IN THE SKELETAL AN D HEART MUSCLE AFTER A rated from the skin by l Iquid dielectric In a bag.S IN GLE EXPOSURE TO AN ALTERNATIN G CURRENT MAGNETIC The li quid dielectric was circulated through a heatFIELD. (Rus.) Udlntsev , N. A. (Tomsk Medical Inst ., transfer unit to keep the skin at constant tempera-
Tomsk, USSR ) ; Kariskaya , N. V.; Schepetilnikova , A. ture. The steady flow rate and the temperature of
I.; Ordlna , 0. II.; Pichurina , R. A. Biul l .  Ekep. i ncoming and outgoing liquid through the bag were
Biol. Med. 8 1(6 ) : 670-672 ; 1976. recorded to measure the energy lost to the liquid.

A thermometric device was developed us i ng intratumo r
The activity, lsoenzyme pattern , and intracellular 30 gauge thermocouples , surface thermistors , anddistr ibut ion of lactate dehydrogenase (LDH) in the surface liquid crystal fibro optic Units. It can
skeletal muscles and myocard i um of male rats were be used to mon i tor the operating temperature and

r studied I hr to 28 days after a ting le 24-hr expo- regulate the microwave output . (No refs.)
sure to an alternating current magnetic fIeld (200
Oe , 50 liz). The LDH activity in the skeletal muscle - -

showed an increase from 489~24 to 6l2t27 nwnol/min/gof t issue I hr after exposure ; it remai ned at that
leve l for 2 days and reached the control level af ter 4810 PATHOGENE SIS AND AGGRAVATi ON OF OCCUPA-
28 days . Two days after exposure the percentage of TIONAL DISEA SES CAUSED BY RAYS OF DIFFER-
H type 10*1 in the cytoplasm was 38.3% versus 66.4% ENT WAVELENGTHS . (Ger.)  Nlko lowsk i , J. (Univer-
in the control , and that of H type was 61.7 % versus s i tae ts - I4autk l i r i k , 74 Tuebingen , Liebermei sterst r .
33.6% in the control. These values returned to near 25, W. Germany); Schuele , 0. Beruf nde r,natoeen 23(2) :
norma l in 7 days. Five iosenzymes were found in the 55-61 ; 1975.
mitochondria; the percentage of LDH5 was 32.6* on
the second day after exposure versus 51.7 % in the The effects of occupational exposure to ionizin g and
control. The changes in the ratios of the other iso- non ioniz ing radiation are reviewed. Exposure to
enzymes were less marked . Histologic examinations high frequency and ultrahi gh frequency radiation
performed wIthin 24 hr after exposure revealed dila- induces fir st- and second-degree burns , but there
tion of the cap i l lar ies , venu les , and l ymph vessels; have been no cases reported of del ayed effec ts on
p.r lvascular edema; edema of the tissues; and vac- the skin from these sources. Cataracts may develop

~J uol i za tlon of the cytoplasm. The muscular tissue in persons exposed to infrared radiation. A case Is
was nearly normal 28 d y s  after exposure . The LOll cited in which first- and second-degree skin burns

t activIty of the myocardiian increased during the of the face and neck occ u rred in an eng i neer who
P first 2 days after exposure , and it normalized in 7 had been exposed to an electromagne tic f ie ld,  The

days . One hr after exposure type H accounted for fI el d emanated from a generator operatIng at 500-
40.7* of the total activity in the cytoplasm , versus 2 ,000 kW (corresponding to 50,000 kW in the bundled
76.4% in the control. Three isoenzyme s were found beam) at 5”26 MHz and extending 500-2 ,000 m from thea_ h i
In the ml tochondria; LOll1 ,2 showed a tendency to de- generator. (10 ref s . )
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1,811 CIRCADIAN ACTIVITY RHYTHM INFLUENCED BY ments and animal experiments on the effect of such

NEAR ZERO MAGNETIC FIELD. (Eng.) Bliss , fields and stray currents on animals. It is hypothe-
V. 1. (Dept. of Zoology , Univ. of Rhode Island , sized that magnetic and/or e lec t r ic  f ie lds provoke
Kingston , RI 02881); Heppner , F. H. Nature 261(5559): irreversible changes in the regulatory system of in-
411-4 12; 1976 . fants who are sensitive to such fields or have been

sensitized by the fields . Since this effect is po-
The effect of a near zero magnetic field on the cir- tentiated by the hypofunction of the organs during
cadian rhythm of house sparrows ( P aaeer do ’nesticue) sleep, this hypothesis would account for the tendency
was invest igated . Both experimental and control of cr ib  death to occur during sleep. (1 3 re fs . )
bi n s were maintained in a li ght-darkness 8:16-hr
cycle and in the earth’ s normal magnetic field for
the first 2 wk of the experIment. During the next
2 wk , a l l  birds were maintained in the li ght-dark- 4813 EFFECT OF CONSTANT MAGNETIC FIELDS ON
ness 8:16 cycle , but the experimental birds were MACROMOLECULES . (Rus.) Miroshnichenko ,
exposed to 8 hr of near 0 G magnetic field and F. D. (Zaporozhye State Pedagog ical Inst., Zaporo-
16 hr of the earth s magnetic field , with the 8 hr zhye, USSR); Stadnik , A. D. 8iof i ~~~ a 21 (1): 178—
of near 0 C magnetic field synchronized wIth the 8 hr 179; 1 976.
of li ght. For the last 4 wk , all birds were main-
tained in darkness , with the controls kept in the The effect of constant magnetic field on macromole—
earth’ s magnetic field and the experimental birds cules of polymethylinethacry late was studied. Disks ,
kept in the near 0 C magnetic field. During the measuring 2 ‘inn In thickness and 20 em in diameter ,
fina l 4 wk , the period length of most of the contro l were heated to 1 00°C and silTultaneou sly exposed to
birds became longer , and the onset of activity be- a constant nagnetic field with intensities rang ing
qan later and later each day. This resulted in a from l6xlO to 128xl0 3 amp/rn for 60 mit,. The cx-
large amount of activity from 1800-2400 hr. The posure to the constant magnetic field led to the —

act ivity period of the experimental birds lengthened development of a peculiar electretic state with a
in most cases , and th is lengthening was due to the surface charge density in the order of magnitude of
activity beg inning earlier and ending later than it 10 10 Coul/cm 2 , depending on the field intensity.
had while the li ght cycle was in operation. The The appearance of the surface charges was due to the
experimental birds had a period length of 24 hr; orientation of the magneticall y anisotropic macro-
however , the relat i ve amp litude of the 24-hr period molecules and of their segments. The exposure caused
was less marked than in the li ght-darkness 8:16 a field intensity -dependent decrease in the magnet ic
cycle. The activity between 1800 and 2400 hr was susceptibility of the material probabl y due to the
significantly greater for the controls than for the Orientat ion in the magnetic field , which was accom-
experimental birds during the 4-wk total darkness pan ed by an increase in the polarization paramag-
period . The results indicate that circadian activ- netism. It is concluded that the effects observed
ity  of the house sparrow may be entrained by a cycle may explain some peculiarities of the mechanism of
of change in the intens ity of the ver t ica l  coanpo- the effect of magnetic fields on biolog ic objects.
rient of the earth’ s magnetic fIeld. (19 refs.) (3 refs.)

4814 DEVElOPMENT OF RETICULOCYTOSIS IN THE PERI—
4812 SUDDEN , UNEXPECTED DEATH u ’ INFANTS AND PHERAL BLOOD DURING AN EXPOSURE TO A CON-

ELECTRO MAGNETIC FIELDS . (Ger.) Eckert , STANT MAGNETIC FIELD. (Rus.) Borodkina , A. G . (No
E. E. (14 Green Briar Lane , Newtown , CT 06470). Med.  affiliation g iven) . 1085,. Biol.  4viako8n, . Med.
Kim . 71(37): 1 500-1505; 1976 . 10(1): 66—70; 1976.

On-site investigations of 200 cases of crib death in The effect of constant magnetic fields on the re— j
Philadelphia . Pa., and 294 cases in Hamburg , West ticu locyte count of the peripheral blood was studied
Germany, were conducted to assess the possible causal in CBA mice. Exposure to a 1 ,000 Oe magnetic field
relationship between crib death and electromagnetic for 1-3 hr or 1-1 5 days , or exposure to 4,500-5,000
f ields. The invest igations in Phllad elp ht a revealed Oe for 7.5 hr caused no changes in the erythrocyte
a hi gh incidence of crib death in buildings near count or in the hemoglobin leve l , but it increased
electric railroad and subway lines , hi gh-voltage the ret lcu locyte count. During the 15-day exposure
power transmission lines , water mains magnetized by to 1 ,000 Oe , the reticulocyte count peaked 2-3 days
power supp ly lines , transmitting antennae , airports , after the beginning of the exposure , reaching 246%
and churches with lightning rods. The survey con- of the control leve l , and dropped to 145% of the
ducted in Hamburg revealed that the incidence of control value on day 5 and to the control va l ue
crib death was hIghest in temporary accommodations on day 15. Two days after the IS-day exposure the
built near railroa d and subway lines , and high- retlcu locyte count rebounded to 235%— h igher than the
vo l tage transmission lines , especially when combined control group count on day 6. It is concluded that
with hi gh groundwater level. The risk of crib death the hypoxia caused by the magnetic fIeld leads to
was higher In cellars and f i rs t - f loor  apartments st imulat ion of the erythrocyte system and can be
than in hi gher floors. The findings indicate a pot- ,accompan led by the deve lopment of ret lcu locytosls ,
s Ible causal relationship be tween crib death and ab- which is regarded as a typical manifestation of the
normal electromagnetic fields and stray currents In reaction of the blood to constant magnetic field.
the ground. The findings warrant on-site measure- (10 refs.)
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4815 THE EFFECT OF SOME ANALEPTICS ON THE OUT- 4817 INHIBITING ACTION OF ELECTRIC FIELD ON
COME OF AN ACUTE MICROWAVE LESION IN MICE. KSCFIKRZC71ZA coLr . (Rus.) Sadovnich y, B.

(Rus .) Koldaev , V. H. (Vladivostok Med Ical Inst., E. (Mordvln State Univ., USSR ); Prytkova , T. N .;
Vlad ivo s tok , USSR) . F-~r,r,akol. Tokaikol. 39(5) : 543- Sidorova , V. I. Mikrobioloqiia 44 ( 5 ) : 948-949; 1975 .

• 544 ; 1976 .
The ef fect  of a s tat ionary electric field with 300 V

The effect of analeptic agents on the surviva l time potential on the growth of Kaa hericthia aoli suspended
of microwave-irradiated mice was stud i ed . Imedi- In sterilized distilled water was studied. The ax-

~ ately after irradiation (62±5 t,*~/cm
2 , wavelength 12.5 Dosure time to the electric field was 30 or 60 m m .

cm , duration 14-16 mm ), male albino mice were ad- The effect of the exposure was determined by comnpar-
ministered the following analeptics: strychnine ing the number of colonies after incubation for 24

T nitra te . nicot ln ic acid dieth ylamide (Cordiamin , hr at 24-25°C to a control. The experimen ts den-
nikethamide) , cytitone , camphor , caffe i ne sodium onstrated a hi ghly si gnificant inhibition of the

• benzoate , corazol (penty lenetetraz ole) , and lobeline growth of K. coli by the stationary field. The in-
hydrochloride . The ratio of the survivals after ir- hibition intens ifie d as the length of the exposure

~ 
radiation + analeptic treatment to survival after increased . (4 refs.)
i r radiat ion alone was 1.48 for strychnine nitrate ,
1.43 for nikethamide . 1.26 for cytitone , 1.16 for
camphor , 1.16 for caffeine sodium benzoate , 1 .07 for 4818 TREATMENT OF DISEASES OF LIMB STUMPS WITH
penty lenete t razole , and 1.06 for lobeline hydro- ALTERNATING CURRENT MAGNETIC FIELD. (Rus.)

r chloride . The optima l doses were determined to be Kucherenko , A. E. CDept. Orthopedics , Traumatology
I mg/kg for strychnine nitrate , 50 mg/kg for nike- and Field Surgery, N. I. Pirogov Vinnitsa Med i ca l
thamide , 5 mg/kg for cytitone , 200 mg/kg for camphor , I nst., Vinn i t sa , USSR) ; Shevchuk , V. I . K~~ n. Khir ’ .
10 mg/kg for caffeine sod i um benzoate , 20 mg/kg for (7): 47-49; 1976.
penty lenetetrazole , and 50 mg/kg for lobe line hydro-
chloride . As the optimal dose of strychnine nitrate The effects of treatment with variable magnetic field
is close to its toxic dose, niketham ide is of the (200-400 Oe) were studied in ninety 48- to 75-yr-old
greatest therapeutic value among the substances invalids with painful neuroma and edema of the limb

, tested . The findings indicate the favorable effect stump and with phantom l imb pain. Limb amputation
of the stimulation of the vital centers of the medul- had been performed 29-32 yr earlier. The limb
la oblongata on the outcome of acute exposure to stump was placed between the poles of the d cc-
microwaves. (4 refs.) tromagnet. The therapy course consisted of 4-40

da ly 15—mirm -session s with an average of 18.2 ses-
C sions . Alleviation of edema , inflammation , and pain;

normalization of sleep; improvement of the general
- well-being ; and an increase in the surfece tempera-

4816 THE CHANGES OF THE EVOKED CEREBRAL POTEN- ture of the stump by 3.5-5 C were observed after the

7 TIALS DURING EXPOSURE TO A CONSTANT HAG- therapy . Increased bi oelectric activity of the mus-

NETIC FIELD. (Rus.) Kllmovskaya , 1. D. (No affi l ia- d e s  of the stump was noted . Complete cure was

tion g i ven) ; Smirnova , N. P. Biu~~. ~~~~~ Th~~ . 
tied.  achieved in 80 patients , considerable umpr ov~ment

82(8) : 906-910; 1976. 
_ in 6, and improvement in 4. Twenty-eight patients

were able to resume the use of their prostheses..

I The effect of a constant magne~ lc field (CMF ; 500- The findings indicate the therapeutic value of van-

J 4,000 Dc , 10-20 m m )  on the cerebrocortical and able magnetic field in the treatment of diseases of
cerebel locortlcal potentials evoked by stimulation limb stumps . (9 refs.)

of the sc la t i c  nerve was studied In Nembutal anes-

I theti zed albino rats. Exposure to the CMF caused
increases in the latency period (12.5—16.5 msec in 4819 EFFECT OF ELECTROMAGNETIC FIELDS ON AIR
the cerebral cortex versus an initial value of 15 ION I ZATiON . ( R u s . )  Miroshnichenko , I. I.
‘i,scc; 15 .5-17 msec versus an initial value of 15 .5 (No affiliation g iven) . ~~~~~~~~~ t. i ~. 7n~~.

I miec in the cerebellar cortex) , in the first phase (6): 105-106 ; 1976 .
of the primary responses (164.7-197.4 V versus an
initial leve l of 155.9 uV in the cerebral cortex; Hi ghli ghts of a conference on “Physico-mathe matical
1 23 .6-171.6 i~V versus 123.4 ~V in the cerebellar and Biolog ical Problems of the Effect of Electro

I 
cortex), In the duration of the first phase of the magnetIc Fields and of Air Ionization (Yalta , USSR ,
primary response (from 22 msec to 19—23 msec in the Nov . 25-28 , 1975) are presented . Natural and artifi-
cerebral cortex; from 26.5 msec to 22—26 msec in cial electromagnetic fields have been recognized as
th. cereb e llar cortex) , and the appearance of addi- an I mportant ecolog ica l factor . Electromagnetic
tiona l phases (1.9-4.9 phases versus 2.0 before fi elds have a different iated effect on human organs;

I exposure in the cerebral cortex , and 1.3-5 .3 versus however , they have a d irect  e f fect  on the nervous
1.5 in the cerebellar cortex). The maximal amp l i- system. The ability of the human body to adapt it
tude was 262.9-364.9 iv In th, cerebral cortex var- self to electromagnetic fields is limited in hea l thy
sue an initial amplitude of 239.8 ~V , and 138.7- subjects and impa fred under patho l ogic conditions .

I 336.8 ~iV versus an I n i tial valu , of 144.6 .V in the The mode of action of electromagnet ic fields on the
cerebellar cortex . The effect of the CMF enhanced . body is unknown . The i mposit ion of standards on
with Inc reasing Intensity between 400 and 5,000 Oe. ar ti f ic i al electromagnetic fields is suggested .
(I? raft.) (No refs.)
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4820 EFFECTS OF ELECTRIC FIELDS ON LARGE ANIMALS : Ing I-field level) signal , which could adversel y af-
A FEASIBILITY STUDY . (Eng.) Phillips , R. fect cardiac pacemakers and was potentially hazard-

D.; Richardson , R. 1.; Kaune , W. T.; Hjeresen , 0. L .; ous for other types of medical prosthetic devices .
Seamer , J. 1.; G i ll i s , H. F. (Batel le Memorial Inst., It is conc luded that pacemaker manufacturers will
P a c i f i c  Northwest Lab., Richland , WA 99352). 84 pp. eventua l ly resolve most of the potential pacemaker
(available throug h National Techni cal Information EMI problems. The authors recommend that manufac-
Services , Washington . DC. Document No. PB 251-632 1. turers of other medical Instrumentation and d cc—

tronic prostheses incorporate good EMI rejection
Experiments to determ i ne the fea sibility of and cx- techniques In al l  new devices. (12 refs.)
penirnental conditions required for the long-term
exposure of Hanford Miniature Swine to 60 Hz high-
strength electric fields were conducted. The be-
havior of swi ne appeared normal at field strengths 4822 GROWTH AND DEVELOPMENT OF NEONATAL MICE
up to 50 kV/m. At 55 kV/m ear flicking was commonly EXPOSED TO HIGH-FREQUENCY ELECTROMAGNE TIC
observed , and one swine exhibited head shaking. No FIELDS . (Eng.) Stavinoha , U. B.; Modak, A.; Medina ,
corona occurred on or near the swine at field H. A.; Gass A. E. (Univ. Texas Health Science Cen-
strengths up to 55 kV/m. Minishocks were avo i ded at ter at San Antonio , 7703 Floyd Curl Drive , San An-
field strengths as high as 55 kV/rn by maintaining tonlo , TX 78284); 8 pp., 1975. (available through
the swine in a stall with noncondu cting walls , by National Technical information Services , WashIngton ,
providing a metal ground olate for the animal to DC , Document No. SAM-TR-75-5l].
stand on , and by keeplrg the drinkin g water system
at or close to qroun.~ potentIa l. The threshold The effects of radiofrequency (RF) radiation on the
field strength for pi loerection and hair oscillation growth and development of neonatal rodents were in-
was about 50 kV/n’. The swine appeared to perceive vesti gated in two studies. In the f i r s t  experiment ,
electric field s at 30-35 kV/m without visible hair 4-day-old Swiss Webster mice , in p lastic containers ,
movement. Ele ’:.tnic f ie ld  measurements made with and were exposed to 10.5, 19.27, and 26.6 t*4z RF radia-
without the ‘wine in the electric field indicated tion for 20 m m .  The measured electric field was
that the fi’:ld was markedly altered in the vi cinity approximately 5800 V/rn. Controls were kept in sim-
of the swin • s body, emphasizing the need for more liar containers outside the exposure chambers. The
complete anc detailed dosimetry if results from animals were wei ghed daily to the nearest mil l i gram
studies with experimental animals are to be used for for the following 21 days. In the second study,
establishing human exposure limi ts. Data for the 4-day-old Sw ss Webster mice were divided into three
design of a full-scale prototype configuration for groups: (1) control mice , kept in individual cages;
investigating the possible biologic effects of cx- (2) therma l control mice , exposed to an environment
posure to hI gh strength electric fields were obtained , of 37C for 40 mm for 5 consecutive days; and (3)
(4 refs.) irradiated mice , exposed to RF radiation at 19 MHz

for 40 mln for 5 consecutIve days. Following expo-
sure , the mice were weighed for 16 wk. No si gnifi-
cant differences in growth and development were ob-
served among the irradiated and nonirrad iated mice
in both studies. It is concluded that nonlonizing482 1 INC DES IGN EFFECTIVEN ESS IN ELECTRONIC MED-

ICAL PROSTHETIC DEVIt.ES. (Eng.) Mitchell , radiation at the frequencies used had no effect on
neonatal mouse growth. The authors point Out , how-J. C. ; Hurt , U. 0.; Steiner , T. 0. In: Fundamental
ever that since the size of the mice was muchand Applied Aepe cta of Nonionizing Radiation. Mi- smaller than the wavelengths used , their bodieschaelson , S. H.; Miller , N. W .; Mag ln , R.; Carsten-

ten, E. 1., edt . (New York : Plenum Press) : pp. 351- probably absorbed only a relatively small amount of

363; 1974. energy. (9 refs.)

Cardiac pacemakers were tested to assess the extent
of radiofrequency e lect r~~~gnetic radiat ion inter- 4823 COMPARISON OF IONIZING AND MICROWAVE RADI
ferenc. ((Ml) possible from a variety of radlofre- ATIONS WITH RESPECT TO THEIR EFFECTS ON
quency (RF) sou rces. Seventy pacemakers with 21 THE RODENT EMBRYO AND FETUS (ABSTRACT). (Eng.)
different designs and from 10 manufacturers were Rugh , R. (U.S. Dept. Health , Education , We lfare ,
tested , Radiati on sources inc l uded laboratory gen- Public Health Service , Food and Drug Admin., Bur eau
erators operating at pulsed frequencies of 450 and Radiolog ical Health , 5600 Fishers Lane , Rockv i lle,
3100 MHz, vario us household electric devices , and MD); NcManaway, H. Tera tology 14(2) :  2 51 ; 1976. ‘1
the RF emIssion from an auto mobIle i gnition . The
pacemakers were tested in free-field and simulated- Rodent fetuses and embryos , exposed to nonionizing
Implant confi gurations for each of the radiation electromagnetic radiat i on from conception to organo-
sour ces. Rela t ive interference thresholds were genes i s , were studied for the developmne,,t of con-
vastly different , with the most sensitive pacemaker genital anomalies. A radiation frequency of 2450
adversely affected at electric (I) field levels as MHZ was employed w i th in  a wavegu lde at  a forward
l ow as 10 V/rn and the least sensitive pacemaker rel- power of 7.5 W , at an average absorbed dose rate of
at ive ly free of i nterference at levels as hi gh as 78.8 136 .2 nM/g and a mean value of 107,4 n*J/g. The
several hundred V/rn. In many cases the real time incidence of congenital anomalies among rodent fe-
(-fIeld leve l around RF radIation emitters mani- tuses exposed for le mm was hi ghes t at 8 and 10 days
fas ted Itself as a pulsed or pseudo-pulsed (chang gestat ion. Teratogenes is followed both ioni zing and

I18
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electromagnetic radiation exposures at comparable 4826 A REPLY TO THE CONCEPT OF CANCER TREATMENT
gestation stages , Indicating the inherent radio- BY NMR (LETTER TO EDITOR) . (Eng.) Reisse ,
sensitivity of embryos and fetuses. There was es- J. (Chimie Organique I. P., Univers lte Libre de
sentiall y no thermal stress with ionizing radiation Bruxe lles , 50, avenue F,D. Roosevelt , B 1050 Brux-
and no ionizations with microwave heat energies. d Ies, Belgium) ; Piccinni—Leopardi , C. Pv,ssioi.
For humans , hypersensi t iv i ty  stages correspond to Chem. Fhy 8.  8(2): 175-176 ; 1976 .
gestation days 9 and 20. (No refs.) 

The authors claim that a proposal advanced by Zaner
and Damadlan [Phyeiol. Chem. PhyB ., 7, 437 (1975)) to
i r radiate tumors at “cancer speci f ic frequencies ” to

48214 AN APPROACH TO BIOLOGICAL RESPONSE TO Ml- selectively kill cancer cells is totall y unrealIstic.
CROWAVES : A PRELIMINARY THERMAL VERSUS The proposal contended that a large scale radlofre-

NON—ThERMAL EXPERIMENT . (Eng.) Way land , J. R. ; quency (RF) source (“cavity resonator”) could be con-
Brannen , J. P.; Morris , M. I. (Sandia Lab., Albu- structed to provide a homogeneous field (with a homo-
querque, NM 87115) . 18 pp; 1975. (available through geneity of a few parts per million (ppm) since the
Sandia Laboratories , Albuquerque , NM , Document No. frequency differences between normal and cancer ab-
SAND75-0494J. sorptions are of this magn i tude] to Irradiate the

subject at “cancer specific frequencies” and selec-
The separation of thermal and non-thermal effects in tive l y kill onl y neoplast ic tissue and leave normal
response to microwave radiation was studied using tissue unharmed. It is argued , howeve r , that it is
spore inactivation rate of Boo-i ~‘?ue arth~ i~lia var I mpossible to effect a select i ve increase in t he  tern—
ni ger as the measurable response. Dry spore stock perature of cancer cells by subjecting a patient to
In a quartz tube was exposed to microwave radiation RF irradi ation. It is pointed out that Zaner and
at a frequency of 2450 MHZ over power levels rang- Pamadian overlooked the fact that cancer specific
ing from 9—30 kU. Therma l effects on i nactivation absorption frequencies only existed because their
were measured durin g dry heat inactivation , and the test sample had been exposed to a very homogeneous
temperature during exposure to microwave energy was magnetic field. With no magnetic field , specific
monitored by infrared microscopy . A comparison of absorptIons would not exist either for cancer cells
the reaction rate constants versus power for heat or for normal cells; only a non-specific absorption
alone and for exposure to microwaves revealed a non- of RF radiation would be present. This non-specific
thermal effect that was evidenced by a difference in absorption can be described as the result of dielec-

r posed not only to a “cavity resonator” but to a
the spore inact i vation rate Constants. (9 reft.) tr ic j ss. The patient would consequently be cx-

strong magnetic field. Moreover , this magnetic
f i e ld  would be extremely homogeneous since the dif-
ference between the absorption frequenc i es of normal

— and cancer t issues is a few ppm. The homogeneity of
4825 THE INSENSITIVITY OF FROG HEART RATE TO the f ield must therefore be superior to I ppm to

PULSE MODULATED MICROWAV E ENERGY (Eng.) maintain a distinction between normal and “cancer
Liu , 1. H. (Dept. of Biophysics , Medical Coil , of absorptions .” It Is concluded that , given the cx-
Virg inia , Richmond , VA 23 298) ; Rosenbaum , F. J~ ; treme difficulty which is encountered in obtaining

~ Pickard , U. F. J. ‘4i c’r-7waVe Pc - ‘r  11 (3) : 225 such magnetic characteristics In a vol ume of 2 or 3
232 ; 1976. mill i l i t e r s  between the poles of an electromagnet

(the poles having been set a few centimeters apart),
The effect of pulse modulated microwave irradiation it is apparent that the concept of an electromagnet ,
on the heart rate of the frog (Rana p i1 i.’n8 ) was in- which could contain a man , even partially, is totally
vest igated. Two types of experiments were conducted. unrealistic. (I ref.)
In one , frog hearts were irradiated in u ’ 4 with
100 4.sec bursts at a carrier frequency of eithe r
10.0 GHz or 1.42 GHz at an average power delivered
to the vicinity of the heart of either 16 uW or 12
uW . respectivel y. In a second experiment , Isolated
frog hearts were irradiated with 100 usec bursts at

(delivered to the v ic in i t y  of the heart) of 7 uW . 4827 A REPLY TO THE CONCEPT OF CANCER TREATMENT
a carrier frequency of 1. 42 GMz and an average power

No s igni f icant  changes in heart rate were obse rved BY NMR (AUTHOR’S REBUTTAL) (LETTER TO (Di ’
during either experiment , A comparison of the above TOR) . (Eng.) Zaner , K. S. (No a f f I l i a t i on  given) ;
negative results with similar experiments , which led Damadian , R. Phyaiol. Chars. Phya. 8(2): 176; 1976.
to the production of tachycardia in isolated frog
hearts , and performed by other i nvesti gators is made. The authors state that critics of their proposal to
It is concluded that the rate of energy absorption , irradia te tumors at cancer specific frequencies
though virtually unmeasurable with either a horn or failed to consider the poss ib i l i t y  tha t the 2—m ll l l—
a microprobe , may be of crucial Importance and that, liter spot of high unifo rmity, which they cite , could
if an optimal dosage for the production of arrhyth be moved through the pat lent. Therefore , the entire
mias does ex is t , then it pointt toward the presence field need not satisfy a stringent high-resolut i on
of a putative l y atherma l effect that Is dIfferent requirement. This is the basis of the FONAR (field
from that implicated in the teratogenIc action of focusing NMR) rn thod for nuclear resonance imaging.
microwaves. (12 refe.) (I ref.)
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4828 DIELECTRIC PROPERTIES OF BIOLOGICAL MATER- pressure and stri ctive force . The authors conclude
1ALS AND INTERACTION OF MICROWAVE FIELDS AT that the amplitude of the stress—generated acoustic A

THE CELLULAR AND MOLECULAR LEVEL. (Eng.) Schwan , si gnal is of such magn i tude that It represents a
H. P. In: F undran ental and App lied Aepe ote of Non- probable exp lanation of the microwave pulse-induced
i~’rvzing Radiat:~ n. Michaclson , S. H.; Miller , H. aud i tory phenomenon in man. (19 refs.)
V . ;  Mag in , R. ; Carstensen , E. L., eds. (New York:
Pl enum Press): pp. 3-19; 1974.

Dielectric properties of biologic materials are re- 4830 MEMBRANE-BOUND AlP SYNTHESIS GENERATED BY
vIewed and discussed in terms of the interaction of AN EXTERNAL ELECTRICAL FIELD. (Eng.) 4
microwave fields at the cellular and molecular 1ev- Wi tt , H. T. (Max—Volmer lnst itut fuer Physikalische
el. Forces that are caused by alternating fields Chemie und Moiekularbio logle , Technische Un i versitaet
are not likel y to be significant at the molecular Berlin , 1000 BerlIn 12 , Strasse des 17, Jun i 135,
and microscopic cellular level unless huge fIeld Germany); Schiodder , E. • Graeber , P. FEBS Lz~tt .
strength values are assumed—-values so large that 69(1) : 272-276 ; 1976.
accompany ing thermal effects may be siqnif icant .
However , on a macroscopic level , these effects may An external electrical field was used to generate 

—
well be si gnificant. The phenomenon of hearing membrane-bound adenosine tri phosphate in isolated
pulsed microwave fields may be explained by the spinach chloroplasts. The chloroplasts were sus-
forces rhythmically applied to the middle ear struc- pended in a cuvette between 2 platinum electrodes.
tures as the field is turned on and off. Therefore , Voltage pulses (30 msec pulse width) of 220 V were
forces which can be generated by the application of applied to the electrodes , correspond i ng to an cx-
alternat i ng fields (field evoked forces , dielectr o- ternal electrical field strength of 1.1 x lO~ V/cm .
phoresis , electromechan i cal effects) deserve con- The amount of adenosine triphosphate/chiorop hy ll gen-
slderation and may be responsible for the phenomenon crated by the external voltage pulses increased lin-
of hearing pulsed field and also for some of the be— early with increasing numbers of pulses , and the
havlorai effects reported in the 1— 10 mW/cm2 range . y ie ld  of adenosine triphosphate was 7. 6 x lO ’~ mole!
range. There appears to be no basis for anticipating mole of chlorophyll. Assuming that there existed
thermal e f fects  be low about I mW/cm2 , and any ef- one adenos i ne triphosphatase per 860 chlorophy ll
fects evoked by fluxes below this power level ap- molecules , at least 6.5 adenos i ne tripho sphate sole-
pear to be of the nontherrnal type . (20 refs.) cules were synthesized per adenosine triphosphatase

by the externa l electrical pulses. Substances that
inhibit the reaction of the adenosine triphosphatase
inhibited adenosine triphosphate formation when the
electrical field was app lied , and substances that

4829 MICROWAVE AUDITORY EFFECT--A COMPARISON OF in hibit li ght-induced linear electron flow did not
SOME POSSIBLE TRANSDUCTION MECHAN I SMS. affect adenos i ne triphosphate formation , indicating

(Eng.) Lin , J. C. (Dept. Electrica l and Computer tha t the measured adenos i ne tri phosphate was not the
Eng ineering, Wayne State Univ., Det roit , Ml 48202). result of artefacts. Hence , an artificial electri -
J. Microwave Power 11(1): 77-81; 1976. cal potential difference alone was sufficient to

generate phosphory lation with y ields comparable to
First order calculations were used to compare three those i nduced by lig ht under natural conditions.
possible physical mechanisms that may be invo l ved (27 refs.)
In the auditory effects of pulse-modulated microwave
radiatio n . The forces due ro radiation pressure ,
st rictive forces , and rapid therma l expansion were
compared using a simple one-dimensional model that
assumed uniform power absorption at and near the 4831 MICROWAVE iNDUCED HEARING: SOME PREL IMN
surface of the lossy dielectric body . A comparison NARY THEORET ICAL OBSERVATIONS. (Eng.)
of the magnitude of the acoustic energy generated Lin , J. C. (Electrica l and Computer Eng ineering Dept.,
by the radiation pressure , strict ive force , and Wayne State Univ., Detroit , MI 48202). J .  Microw~ive
thermal expansion revealed that thermally i nduced Power 11(3) : 295-298~ ‘976 .
forces exceeded radiation pressure by a large margin.
While the strictive forces were hi gh in comparison A theoretic ana l ysis of microwave-induced auditory
with radiation pressure , they were much smaller sensation is presented. It Is shown that the fre-
than thermal expansion In both water and muscle ma- quency of cochlear microphonics recorded from the
teria l . I f a 6* coup ling efficiency and a peak ab- round window of guinea p i gs is the same as the fun-
sorbed power density of 2400 V/m2 (the minimally damental frequency of vibration (50 kHz) of a spheri”
effective value for 21.50 14Hz microwave radiation to cal model of the guinea pig ’ s head consisting only
produce audible si gnals in an adult with norma l hear- of brain matter. The model was exposed to pulsed
1mg) are assumed , the computed maximum stress is microwave radiati on at a frequency of 918 MHz. The
approxImately 0.02 Newtons-m2 for both muscle and auditory phenomenon is believed to ar is e from the
brai n . Thi s value is above the previously estab- rapid temperature r ise in the brain as a result ~f
Iished threshold of hearing for bone conduction , microwave absorption. This neg li gible temperature
The results Indicate tha t while all three forces are rise , which occurs In a very short time , creates
capable of producing auditory effects , the stre ss thermal expansion of the brain matter and launches
resulting from therma l expansion may be so grea t the acoust ic si g,al that is detected by the cochlea
that It completely masks the effects of radiation and Is received by bone conduction. (8 refs.)
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4832 HISTOMORPHOLO GICAL STUDY OF WOUND REGENER - the medial preoptic area or median eminence. The
ATION IN ANIMA LS FOLLOWING LONG-TERM EX- stimu l us used consisted of 30 sec tra ins of accur-

POSURE TO LOW-INTENSITY MICROWAVES. (Eng.) Shapo- ately balanced bip hasic square-wave pulses with a
shnikov , Vu. C. (Dept . Surgery , Central Postgraduate frequency of 60 Hz , a pulse amp litude of 500 iA (I mA
Medical Inst., Moscow , USSR) ; Yares ’ko , I. F.; Vern- peak-to-peak) , and a pulse duration of I msec . Ova-
igora , Vu. V. Bull, Exp . Biol ,  ~~d. 80(8): 988-990; riectomy on the morning of diestrus reduced the LII—
1976. RF response to preoptic stimulation , while estradio l

benzoate (OB ; 2.5 or 10 
~g) or testosterone prop ion-Wound regeneration was stud i ed in vitr o in guinea ate (TP; 2.5 mg) administered i mmediately after ova-

p i gs following long—term exposure to low—Intensity riectomy si gnificantl y augmented the response (peO.O5
microwave irrathation. Linear wounds 5cm long were and p<O.O5, respectively ) . The facil itatory effect
incised down to the dermis in the dorsal region of of TP was possibly due to its conversion to an aroma-
8o guinea pi gs (30 of them controls) following cx— tized derivat i ve since Scs—dihydrote stosterone mono-
posure to 5 mW/cm2 microwave irradiation (experimen- benzoate (2.5 mg) was ineffective. Progesterone
tal group onl y). The animals were killed on days (2.5 mg) did not facilitate preoptic responsiveness,
3, 5, 7, 9, and 1 1 following wound incision. The and , when administered to animal s ovariectomized at
skin flap containing the wound and postoperative 12.00 hr of proestrus , reduced the LH-RF response at
scar was excised , and the wound area was I nvesti— 18.00 hr the same day. Stimulation of the median
gated histolog icall y. The wounds in the Irradiated eminence produced a significantly greater increment
and nonirradia ted groups healed by first intention . (p.~O.O5) In LH—RF than stimulation of the preoptic
In the explants of the irradiated animals , killed area . The faci litatory action of OB on the LH-RF re-
on the third postoperative day, regeneration of the sponse was less marked for median eminence compared
epi the lium was stimulat ed and granulation tissue with preoptic stimulation. The administration of
developed in tensive ly  in the lower parts of the the antiestrogen , ICI 46474 (0.5 mg), at 17.00 hr of
tissue . Tensimetric readings (In g) of the scars dioestrus did not reduce preoptic responsiveness on
were 220 ± 2.3 (p o.OOl ) for nonirradiated animals the morning of the next day , suggesting that this
compared with 344 • 2.7 (p<O.OOl) for the Irradiated compound does not act as an “antiestrogen at the
animals. in the explants of Irradiated animals , level of the preoptic area. It is concluded tha t , as
killed on the fifth postoperative day, proliferating assessed by the release of i nm,unoreactlve LH-RF , sex• fibroblasts were rich in RNA , and an i ncreased con— steroids facilitate the responsiveness of preoptic
tent of acid mucopol ysaccharides was found in the neurones to electrical st i m’.Iation, (57 refs.)
ground substance indicating active synthesis of
proteins , including collagen. In the explants of

• Irradiated animals , k i l l ed  on days 7 and 9, young
connective tissue formed in the place of the gran-
ulation tissue , and it was sore mature than in the

y unirradiated animals, In the eleventh—day explants ,
the wound edges were completely united throughout 4834 POLARIZATION OF FUCOID EGGS BY STEADY
their depth in the irradiated and nonirrad lated ELECTRICAL FIELDS . (Eng.) Peng , H . B.
animals. In the irradiated animals the scar tissue (Dept . Biolog ical Sciences , Purdue Univ. , West La-
differed only sli ghtly from the surround i ng con- fayette , IN 1.7907); Jaffe , I . F. Dev. Bio!. 53:
nective tissue. However , in the 1 wer parts of the 277 284; 1976.
tissue of the controls , the regenerating connective
tissue was not yet mature. Tensimetric read i ngs The effects of electrica l fields on rhi zoid initia-
of the eleventh day explants were 1100 2.7 for tion In fucoid eggs were InvestI gated . Pelvetia

r 

the controls compared with 1420 ± 2.6 (p<D.OOl) for eggs were exposed to steady electric fields from 5
the experimental group. It is concluded tha t micro- hr after f e r t i l i za t i on  and were kept on for 12 hr.
wave irradiation improved wound healing. (3 refs.) When the field was shut off , 95* germination was

observed. Eleven batches of eggs responded by Ini-
t iating rh i zoids towards the positive electrode ; two
batches responded by growing towards the negative
electrode; and three grew towards the negative one

4833 I MMUNOREACT IVE LUTE INIZI NG HORMONE RELEAS- in small fields and towards the positive one in
INC FACTOR IN PITUiTP.1V STALK BLOOD FROM hi gher fields. Polarization , defined as the average

FEMALE RATS : SEX STEROID MODI.J; AT ION OF RESPONSE TO cosine of the outgrowth directions , was proportional
ELECTRICAL STIMULATION OF PREOPTIC AREA OR MEDIAN to field strength up to polarization va l ues of 50%
EMINENCE. (Eng.) Sherwood , N. 14. (Dept . Biology, for the positive responses and 75% for the negative
Univ. Victoria , Victoria , Briti sh Columb ia , Canada ones. A voltage drop of 6 mV/cell induced 10% polar-
V8W 2Y2); Chiappa , S. A.; Fink , C. .‘. Emdc ’rl nol .  ization in the positively galvanotrop ic batches ,
70: 501-511; 1976. while 3 mV/cell did this In the negative ones. It

is concluded that both responses were mediated by
The effects of sex steroid hormones on the responsive- faster calcium entry at the future growth point. It
ness of the neura l mechanism responsible for the Se- was faster there In po sitively gal vanotropic eggs
cretion of luteiniz ing hormone releasing factor (LH- because the membrane potential , and therefore the

were examined in female W i s ta r  ra ts .  Respo nsive- driving force , was highest. In negat ively gaIvano—
ness was determined at proestrus by measuring the trop ic eggs it was faster because depolarization
increments in imunoreactive LH-RF of pituitary Induced an overbalancing increase in calcium per-
stalk blood produced by electrical stimulation of m eabi ll ty. (19 refs.)
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1.835 DIELECTRIC INCREMENT OF LOW MOLECULAR exposure at 25 mW/cm2. Pathology find i ngs included
WEIGHT RNA IN DIOXANE AFTER APPLICATION a mild , repairable nephrosis in animals exposed at

OF STATIC ELECTRIC FIELDS. (Eng.) Galzi gna , L. a power density of 25 mW/cm2. A further lnvestiga-
(Inst. Biolog ical Chemistry , Univ. Padova , 35100 tion of analeptic effects in phenobarbital-sedated
Padova , Italy) ; Carbin , L.; Pagura , C. Biochim. rabbits at power densities vary ing from 5-50 ir*J/cm2
Biophy~~. Acta 447(2): 230-237; 1976. resulted in a statistically si gnificant decrease in

sleeping time s, apparentl y proportional to power
Static electric fields were app lied to an RNA solu- densities below 15 mW/cm2. It is concluded that the
tion to study changes of the permanent polarization results of the blood chemistry and sleeping time
of the RNA molecules. A soluble RNA with a molecu- experiments were consistent with a dose-dependent
lar weight between 15,000 and 23,000 was extracted response to a nonspecific therma l stress at all power
from calf thymus and chromatographica ll y purified , densities used. (9 refs.)
The RNA was slightl y soluble in dioxane (approxi-
mately 2.5 p/mI) and RNA-dioxane solutions were
used to fill a cell (452.02 pF capac i tance) to which
5-60 ky/cm s ta t i c  e lec t r i c  f ie lds  were app l ied . The 1.837 MICROWAVE HAZARDS . (Eng.) Anonymous .
RNA solutions showed dielectric increments propor— (No affiliation g iven). Lr:i~~ 2 (7977 )
tiona l to the strength of the applied field and to 135; 1976.
the RNA concentration . The existence of a hystere-
sis was proven , and the effect of the electric field The discrepancy between the microwave exposure
on the RNA molecule mi ght be related to a dielectric standards of the Un i ted States and Western Europe
saturation phenomenon parallel to long-term changes and of Russia and Eastern Europe is discussed .
of the molecule. The results suggest that it is Western concern over U.S. embassy dip lomats in Mos-
possible to consider macromolecules analogous to cow who were exposed to Soviet directed microwave
those used in this experiment as devices suitable beams is noted. However, it is pointed out that
for the storage of a record of ele ctr ic events for the exposure levels at the embassy, which had been
a considerable length of time . Further studies are as h i gh as 30 uW/cm~

’2 . were lower than the U.S. and
in progress to quant itate the time—course of these B riti - ~, exposure standard of 10 mW/cm 2 . In Soviet
processes and the t ype of structural transit ions uSage , 10 mW/cm 2 is regarded as hi gh-intensity re-
presented by the RNA in dioxane. (19 refs.) dia tl on , and they claim that even low-intensity

microwave rad iation wi l l  lead to neurasthenia.
Rather than to induce this syndrome , the author
Contends , it is more likely the Soviets sought to
jam American listenin g devices. The author con-

1.836 THE I,V VIVO EFFECTS OF 2.45 GHz MICROWAVE cludes that this affair serves to support the need
RADIATION ON RABBIT SERUM COMPONENTS AND for additiona l studi ri s recommended by the World

SLEEPING TIMES. (Eng.) Wangemann , R. T. (USA En- Health Organiza tion on world-wide microwave exposure
vironinental Hyg iene Agency, Laser Microwave Div. , standards. (1. refs.)
Aberdeen Proving Ground , MD 21010) ; Cleary, S. F.
had. Envi r~n. Rior ~ ua. 13: 89-103; 1976.

The effects of relatively low powe r density microwave
exposures on various seru , components were studied 1.838 RADIO AND MICROWAVE RADIAT I ON AND EXPERI-
in 6- to 10-mo-old Dutch rabbits weighing 2.09 ± 0.29 MENTAL ATHEROSCLEROSIS. (Eng.) Sparks ,
kg. Both continuous wave and pulsed mode 2-hr expo- H . V. (Dept. Physiology, Univ. Michigan Medical
sures at 2.45 GHz were used at power densit ies of Sch., Ann Arbor , Ml 48104); Mossman , 0. L.; Seidel ,
25, 10, arid 5 reV/cm2 . Blood chemistry studies were C. L. Ather i’~ leroaia 25: 55-62; 1976.
performed on the following serum components: cal-
ci um , inorganic phosphate , g l ucose , blood urea nitro- Aort ic wall in iury caused by radiofrequency and
gen (BUN) , uric acid , cholesterol , total protein , microwave irradiation and potential atherogenesis
alkaline phosphatase , lactic deh ydrogenase , and serum enhancement was studied In diet-induced athero-
glutam ic oxa lic transam i nase. Samp les were taken sclerotic rabbits. Two sets of 16 New Zealand
prior to exposure . htwnedlately post irrad iation , and white rabbits were exposed to microwave (2.45 GHz)
at I , 2 , and 7 days after exposure . Gross and histo- radiation at a power density of 20-30 reV/cm2 for
patholog ic examinations were performed on representa- 1. hr a day, 5 days a week for 8 to 10 wk. Each Set
tive samp les of anim als. Statistically si gnificant was divided Into an experimental irradiated group
and consistent changes were noted in g l ucose , BUN , and a control group. Following irradiation , the
arid uric ac id following microwave exposure. The re- serum cholesterol concentrations , aortic wall cho-
sponse appeared to bc dose-dependent with Increases lesterol concentrations , and percentage of intirs a l
of 1.1% in animals exposed at 25 reV/cm2 , continuous surface involved in atherosclerotic lesions of the
wave (CV); 29* in animals exposed to 10 n*4/cm2 , CV; experimental animals did not differ si gnificantly
&rid 18* in animals exposed at 5 mW/cm2 , CV. Other from the indices of age and weight matched controls.
serum components did not show consistent variation Continuous radiofrequency irradiation (1 MHz) for
from baseline values. Observed physiolog ic response , 8 to II wk with a field strength of 30 V/cm also
as well as rectal temperature measurements , indicated faIled to change these indices of atherogenesis.
that the the rmoregulatory capability of the rabbits It is concluded that radlofrequency and microwave
was sufficient to compensate for the thermal burden irradiation do not affect the course of diet-induced
at 5 and 10 mW/cm2 but could be overridden by a 2-hr atherogenesis. (Ii refs.)
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~ 
483~ THRESHOLD EFFECTS OBSERVED IN CONFORMATION granulation type healing in the treatment area. The

I CHANGES INDUCED BY ELECTRIC FIELDS . (Eng.) second dog had a fibrosarcoma located in the left

~j Poerschke , 0. (Max Planck Institu t fur Biophy si kal- posterolatera l hard palate involving the left molar
i sche Chemie , 34 Goettingen , W. Germany). BiopriZy— teeth , The tumor area and surround i ng tissues re-

4 -~‘ri ~ 15 (10) : 1917-1928 ; 1976. ce l ved 4 ICE treatments at 43’C for 30 mm and 750
I - rads within 10 rein of the terminating hyperthermia.

I Sing le-stranded pol ynucleotides were used as mode l The tumor area regressed continuously for 8 wk at
systems for the i nvesti gation of conformationa l which time the owner had the animal euthanized .
changes induced by electric fields. It was demon- Previous to the combination hyperthermia and radia-

• strated that the single-strand helix-coil transition tion study, 14 anImals with spontaneous neoplasms
in poly(A) , poly (dA) , and pol y(C) can be induced by were treated with ICE alone. Thirty-three percent
app lication of hi gh electric fields. The trans i- of the cases have had no recurrence of disease for
tion was measured by UV absorbance using polarized I to 3 yr following t rea ünent; forty-five percent

~.. li ght at an ang le of 54.8’ with respect to the vec- of the tumors regressed with the animal returning
- tor of the electric field and by electrodichro i sm. to norma l function. (No refs.)

I - A linear increase of the absorbance , reflecting the
2. helix-to-coil transition , was observed at increas-

ing field strength. When Ions were added to the
I polyme r , electric fields did not induce conforma- 4841 PRELIMINARY CLINICAL RESULTS OF 433 MEGA

tion changes , unless a threshold value of the d cc- HERTZ MICROWAVE THERAPY AND RADIATION
tr ic field strength E0 was exceeded. At field THERAPY ON PATIENTS WITH ADVANCED CANCER (MEETING
strengths above this threshold , the degree of tran- ABSTRACT) . (Eng.) Hornback , N. B. (Dept. Radia-

-~~ sition was a linea function of the increase in tion Therapy, Indiana Univ. Sch. Medicine , 1100 West
- field strength. The threshold values E0 showed a Michi gan St., Indianapolis , IN) ; Shupe , R.; Shidnia ,

I linear increase with the logarithm of the Ion con- H .; Joe , B. 1.; Sayoc , E. M. T,v. J. Radia t- . Or-t ool.
centrat lon . Biva lent ions caused thresholds at much Riol. Ph io. (Supp i. I) : 102-103; 1976.
lower ion concentrations than monovalent ions. The
shielding efficiency of ions was corrected to the Severa l patients with advanced head and neck and
binding affinity of these ions to the polymer. It gynecologic cancers who failed to respond to surgery,
is concluded that the conformation changes induced radiation , and/or chemotherapy were treated with hy-
by the field and the existence of thresholds can be pert hermia and low dose radiation therapy . Each
exp lained on the basis of dissociation field ef- daily dose of 100 to 200 rads to localized fields

• fects. Similar threshold effects may be expected was preceded by 10 to 20 rein of hyperthermia using
- for other macromolecules as well as for membrane a 433 MHz RE generator. Total dose varied from 2000

structures and may be important in the regulation of to 5000 rads , depend i ng upon response and condition of
b io el ectr ic it y. (28 refa.) the patient. Early treatment results confirmed the

previously described synerg ism between thermal rad l-

Ii at ion and ionizing radiation as manifested by subjec-
& tive and objective improvements of patients.
F (No refs.)-~ 4840 COMBINATION RADIATION THERAPY AND LOCALIZED

I CURRENT FIELD HYPERTHERMIA OF SPONTANEOUS
MAL I GNANT NEOPLASMS OF ANIMALS. A PRECLINICAL STUDY
(MEETING ABSTRACT) . (Eng.) Day , P. W. (Univ. New

I Mexico , Sch. Medicine , Albuquerque , NM) ; Sternhagen ,
C. J. ; Doss , J. D. ; Edwards , S. Tnt. .~. Radiat. On- 4842 THE EFFECT OF POST-RADIATI ON HYPERTHERMIA

B~~~!. Ph:io. (Supp l . I) : 99; 1976. ON HUMAN SKIN AND TUMOR RESPONSE (MEETING
ABSTRACT) . (Eng.) Johnson , R. (Roswell Park Mere-

One cat and two dogs with spontaneous malignant neo- or lal Inst ., Buffalo , NY) ; Dosi , K. S.; Song, S. V.;
plasms were t reated by combination radiation therapy Sandhu , T. S.; Boy le , D. Tnt. ,~~. ihz ft -r t. •~~ii~~~~~~ .

and non-invasive localized current field (LCF) hyper- •~~o?. Phy~~. (Suppl. 1) :  98; 1976.
thermia. The neop lastic area was covered by a cop-
per pad surface electrode. A second large electrode Ten melanoma patients with m ultip le superficial

• 

r 

was placed on the bottom of a saline water bath with metastases were treated with orthovoltage X-rays
an electrical resistivity of 500 ohms cm. The animal usIng 3-6 fractions in 2-3 wk. Reg iona l heat was
was then p laced in the sa l ine  water bath unti l  2 5~ applied I rran ediately after radiation for 2 hr at 41—

Z of its surface was I mmersed w ith no direct contact 42’C usin g a 2450 MHz microwave generator. Multiple
of the second electrode. The first dog had a fibro- control lesions were t reated with identica l field
sarcoma located on the ri ght anterolatera l naso- s i ze  and fractionation but vary ing total doses.

• psarynx . The tumor and surround i ng area received Surface thermistors and intratumo r 30 gauge needle
5 LCF treatments at 43C for 30 re in and 750 rads thermocouples were used for thermometry together
withIn 10 mm uf terminating hyperthermia. The anl- with a li quid crystal fibro-op tic unit to monitor

I real showed no ev i denc e of d i sease 3 mo post-treat- operating surface temperature. The skin responses
• merit. The cat had a squamous ce l l  carcinoma of long were scored , and tumor responses recorded for 40

standing located in the medial canthus of the right separate tumors. No skin reaction occurred in the4 - eye. The tumor area received 4 LCF treatments at areas exposed to heat alone to 41-42 C to a depth
43’C and 700 rads within 10 mm of terminating hy- of 1 cm. The skin ra diation reaction was si gnifi-
pierthermla. The tumor regressed for 12 wk wIth cantly i ncreased in the heated lesions . (No refs.)

I i 
23



- .~~ ~ ~~ -i44s ~~~~ - - ..— ~

__ 
•- .- - - -

CURRENT LITERATURE 
Biological Effects No,rmonizing Electroaimjneric
Rathat,on 7(3) . April 797?

4843 W V.T!~7 EPIPHYSEAL PLATE GROWTH IN VAR I- Temperature control proved to be inadeguate in the
OUS CONSTANT ELECTRICAL FIELDS . (Eng.) second series of experiments , and an apparent within-

Bri ghton , C. T. (Dept. Orthopedic Surgery, Univ. peri od effect observed during these experiments
Pennsy lvania Sch. Medicine , Philadelphia , Pp); Cron- might be attributa ble to temperature changes. The
key , J. E.; Osternian , A. L. .1, Bone Joint Sur’g. results appear to indicate that continuous microwave
(Am.) 58(7): 971-978; 1976. irradiation has no effect other than therma l on

synaptic transmission ; however , the experiments were
The e ffec t of e lec t r i c  f ie lds on bone growth was stud- not designed to test the effects of pulsed or modu-
led in an ;n vitrc- epiphyseal-p late model, obtained lated microwave fields . (12 refs.)
from the costochondral junction of a 21-day-old male
Sprague-Dawley rat. Explants were grown for 10 days
at 0 , 500, 1000, 1500, 2000, 2 500 , and 3000 V/cm .
The percent tota l elongation of the ep iphyseal-p late
was significantl y greater (p<O.Ol) at 500 V/cm than 4845 PROSPECTS FOR EXPANSION OF INDUSTRIAL AND

that of contro ls.  The percent tota l  elongation in- CONSUMER USES OF MICROWAVES. (Eng.)
creased with each voltage increment , reached a max- Osepchuk , J. H. In: Fun ,-~~~”~~cZ ~~ App ~ed A.~-
i mum at 1500 V/cm (p<O.0005) , and declined at higher p’~~a of Nonionizinq Radiatm~on. Michaelson , S. H.

voltage gradients. The percent elongation of the Miller , N . W .; Mag in , R.; Carstensen , E. I., eds.

bone portion of the explants followed the same pat- (New York: Plenum Press): pp. 411-432 ; 1974.
tern. The percent elongation of the cartilage por-
tion of the explants reached a maximum at 1500 and The present trends in industria l and consumer uses
2000 V/cm (prO.0005) and became less than that of of microwaves were surveyed to assess potential
the control group at 2500 and 3000 V/cm (p<O .Ol and hazards of microwave radia tion. The interest in the

p<O .OOl , respectively). The incorporation of ‘5Ca microwave portion of the electromagnetic spectrum is

was significantly increased over tha t of the control related to its property of optimum coup ling of en-

group only at 1 500 V/cm (p.rO.0O5) , while the i ncor ergy to macroscop ic objects of human interest. A
poration of ~ S was si gnificantl y Increased over survey of sources showed that electron tubes , though

that of the control group at both 1000 (p<O.0l) and mature in technology, will continue to be the main
1 500 (p<O.O5) V/cm, The incorporation of ~H-thy rni- 

sources of microwave power. However , there will  be
dine was si gnificantl y increased over that of the a large growth In low power solid—state sources for
control group onl y at 1500 V/cm (p<O.0Ol). HistO— a growing numbe r of low—power appl i cations. The
log ic examination revealed few discernible differ- bi ggest growth market in noncorrsnunication types of
ences between the various experimental groups and microwave applications is in consumer microwave
the controls. Although the mechanism of action 0q ovens. Numerous Indu strial applications were re-
the electrical field on bone growth is not known , viewed , including those in the forest products , m m -

the authors suggest that the voltage gradient , Ing , chemicals , and agriculture industries. A few
either directly or indirectl y, incites a physiolog ic were selected for favorable expectations in market
response of the growth-p late chondrocyte. ( 135 refs.)  growth. The po tent ia l  for microwave rad ia t ion  haz-

ards in this ent i re field is considered small and
under strict government control. The problem of
incidental interference , as with cardiac pace-
makers was distinguished from direct biolog ic hal-

4844 THE TRANSMISSION OF REFLEXES IN THE SPINAL ards and was shown to require standards on device
CORD OF CATS DURING DIRECT IRRADIATI ON susceptibility. With appropriate relation of per-

WITH MICROWAVES. (Eng.) McRee , 0. I. (Na t I. Inst. sonnel exposure to emission of microwave sources a
Environmental Heal th Sciences , Res . Triangle Park , hig h degree of safety is expected for microwave pro-
NC); Wyatt , R. H.; Haseman , J. K.; Somjen , C. ~ 

ducts and systems directed toward industrial and
- ‘~~r’owave Power 1 1(1): 49-60; 1976 . consumer use. (30 refs.)

The spinal cord of cats was directl y exposed to con-
tinuous microwave radiation at a frequency of 2.45

lot experiments , no obvious differences in electra- (Eng.) Berkley, C. (No affiliation given).

• 0Hz to study the effect of such radiation on reflex
response and synaptic function . During initial p i- 4846 A NEW OCCUPATIONA L DISEASE? ——OF DIPLOMATS.

physiologic recordings taken before , during , or Med. Re8. &zg. 12(3): 3—7; 1976.
after irradiation by microwave energ ies (ranging
from 1-10 mW/cm 2) were observed . Exposures varied The potential radiation hazard produced by the con—
from a few mm to several hr. During a first series siderable increase in the use of microwaves and
of more systematic experiments in which the intensity rad iofrequencles for commun i cations and surveillance
of incident radiation was always 10 ,r*1/cm2 and the is reviewed wIth particular emphasIs on the Soviet
duration of irradiation was varied both within and microwave bombardmen t of the U.S. embassy In Moscow.
among experiments , there was a small but st atisti - A var iety of ai lments of embassy personnel Including
call y s i gnificant enhancement of reflex transmission headaches, t ics , menor rhea, hematologic disorders ,
dur ing periods of i rradiat ion . However , th ese e f ’  and cancer have been blamed on the microwave Ir—
fects were not observed in a second more ri gorous radiation . Al though microwa ves are known to cause
set of experIments where the Incident power densi ty chromosoma l abnorma litie s and hematologic effects,
was increased to 20 mrM/cm2 and all exposure and the i rradIatIon of the embassy personne l has not
control periods were un I form (30 mm duration) . been direct ly implicated In the development of the
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ailments noted. However , there is growIng concern 4848 EVIDENCE OF MORPHOLOGICAL AND PHySIOLOG I-
among environmentalists and medical -scientists that CAL TRANSFORMATION OF MAMMALIAN CELLS BY
the proliferative use of microwave and other fre— STRONG MAGNETIC FIELDS . (Eng.) M a l in i n , C. I. (B io-
quencies for communicatIon s may pose a potential chemical Res. Lab., Res. Foundation of Children ’s
radiation hazard to the general population. Radia— Hosp., Washington , DC 20009); Gregory, W. D.; Nor-
tion sources include megavolt transmitters , suc h as d l i , I . ;  Sharma , V. K.; Houck , .1. C. Science
those In the troposphere scatter range and In micro— 194(4267) : 844-846; 1976.
wave communications systems, televisIon receivers ,
and high voltage power lines. A typical case Is The effect of strong magnetic fIelds on eukaryotic
the microwave communications system used along many cells in culture was stud i ed . Cultures of hetero-

U U.S. hig hways. Those who travel these highways p loid 1-929 and dip loid Wl-38 cells frozen to 4.2
regularly, suc h as truckers , are lIkely to be cx— Kelvin and exposed for 4-8 hr to 5000 Oe magnetic
posed to higher than average concentrations of m l— fields were markedl y inhibited in their growth as
crowave energy. A few m illl w atts or even watts In compared with controls. While controls had to be
a narrowly dIrected beam, away from human hab i tation , splIt at approximately ID-day intervals , there was
will probably not cause an appreciable hazard; how- no need to split experImental cultures for as long
ever , concern should be give n to the cumulative as 30-40 days. Moreover , the experimental cultures
risk effect of a constantly increasing installed failed to maintain a consistent monolayer , leaving
voltage . (89 refs.) extensive free surfaces not covered by cells. In

cultures grown on cover slips approx i mately 7 days
after  exposure to the magnetic field , morpho l ogical-
ly distinc t cells emerged and were propagated from
generation to generation. In the case of 1—929
ce l ls , they were characterized by enlarged nucleoli
and coarse chroinatin , which Jointl y tended to form
a synenetric Intranuclear network. The cytop lasm of

4847 ANALYSIS OF OCCUPATIONAL EXPOSURE TO MICRO- these cells was filled with ti ghtly packed pen
t WAVE RADIATION . (Eng.) Czerski , P.; nuclear granules that persisted throughout the cell

Siekierzynsk i . M. 0: F undame nta l and App lied As— cycle. Although the cytoplasm of Wi-38 fibroblast s

pects c- ’ ‘frn’ ~r : ~~ ina ~~-i~ ion. Michae lson , S. M.; appeared to be free of granular mater ial , it was
MiIl er , M W .; Mag in , R .; Carstensen , E. I., eds. enormously elongated. Four weeks after magnetic

(New York: Plenum Press): pp. 367-377; 1974. field exposure, contact inhib itIon was abol i shed in
• f lask cultures . The observed transfor mna t Ions ap-

The effects of occupational exposure to microwave peared to be due to magnetic field effects alone .
radiation are reported. Headaches and fati gue dis - (9 re s.)
proportionate to effort showed mncldences of 47 and
45*, respectivel y, among workers exposed to hi gh
levels (1-1 0 nM/cm2) of microwave radiation , 30 and
34% in workers exposed to medium levels (hundreds of
sW/cm 2 up to 1 rrrW/cm2), and 30 and 3O~ , respectively,
among workers exposed to low levels of radiation 4849 ThE RESPONSE OF AN AMELANOTIC HAMSTER
(tens of sW/cm 2) during the f rst year of work. MELANOMA TO VARIOUS TREATMENT MODALITIES
Th~~i. complaints disappeared for 2 yr , recurred dur- UTILIZING X-RAVS AND HYPERTHERMIA (MEETING ABSTRACT).
Ing the period of 3-5 yr of work , and sometimes re- (Eng.) Shupe . R. E. (Dept. Radiation Therapy, Indiana
appeared in certain individuals after 5 or 10 yr Univ. Sch. Medicine , 1100 West Michigan St., Indiana-
Abnormally excessive sweating during the ni ght had polis, IN 46202); Hornback , N. B.; Sayoc , E. tnt. J.
a similar time dependence and was found in 68.8% of Radiat. cmcol. Biol. Phys. (Supp l . I): 137-138; 1976.
workers exposed to hi gh levels of microwave radia-
t ion , 33.1.% of workers exposed to medium levels of
radiation , and 22.5% of workers exposed to low 1ev- The prelimin ary findings of a study utilizing ham-
els of microwave radiation during the f i r s t  year of sters tha t compared the effects of radiation alone
work. Changes in blood pressure occurred onl y in with radia tion and the addition of two forms of hy-
workers exposed to h i gh levels of microwave radia- perthermla (microwave and infrared) is described.
tion . Diverse white blood cell responses were ob- It was shown that when x-ray treatments alone were
served dur i ng the first year of work among workers used no effects on tumor growth or reduction in
exposed to low levels of mIcrowave radiation ; and tumor volume were noted , Indicating a marked radio-
after 10 yr . I O . 5~ of the workers in this group resistance against the tumor . However, delays in
showed absolute l ymphocytosis that was usually ac- tumor growth ware observed in groups treated wi th
coimipanicu by monocytosis. Decreased cardiazole hyperthermia alon e , and definite decrease in tumor

• tolerance ha~ also been observed in microwave work- volume was observed In hamsters us i ng comb i nations
ens . Altho ugh the intravenous adm inkt rat ion of of microwave hyperthermia and radiation therapy.
500 mg of cardiazole does not provoke any brain Because of the increa se in radiosensItIvIty with the
wave changes in normal adult males , this same dos- use of hyperthermla (microwave therapy) and resul-
age has produced theta waves , theta discharges , tant greater survival time s , thIs study formed the
sp ik , d i sc harges , and even convulsions in microwave basis of an ongoing clinical study using coimb i na—
workers wIth greater than 3 yr of exposure. tion of hyperthermla and x-ray therapy on patients
(30 ref..) w i t h  advanced cancer. (No refs.)
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4850 ENHANCED UPTAKE OF ANTINEOPLASTIC AGENTS ability to use a control stick to maintain an equi-
PRODUCED BY MICROWAVE-INDUCED TUMOR HYPER- libri um platform in a level position In the pitch

THERMIA AND DIFFERENTIAL HYPOTHERMIA IN A MURIN T axis. A comparison of their performance (as mea-
GLIOMA (MEETING ABSTRACT). (Eng.) Sutton , C. H. sured by the root-mean-square value of platform
(Dept. Neurologica l Surgery, Univ. Miami cch. Mcdi- position) with that of eig ht control animals in a
cine. Miam i , FL 33152) ; Olinger , R.; Collazo , 1. simi lar experiment revealed no decrement in perfor-
ci ’ -L :~~~,~~ 13(6): 660; 1976. mance as a result of the radiation exposure. Oph -

thalm ic examinations completed 22 mo postexposure
An experimental model was devised to study the en- showed no abnormalities in the exposed animals. The
hanced uptake of ant i neop lastic agents by microwave- level of radiation energ ies in this experiment was
induced hypertherm ia and dUferential hypothermIa In about 50 time s hi gher than that expected for worst-
brain tumors. C57BL/6 mice were inoculated subcu- case crew exposures during airborne radar operations.
taneousl y in both flanks with an experimental mur ine (13 refs.)
glioma , the Zimme rman ependymoblastoma. Microwave
irradiat ion at 2450 ~54z was employed to heat one
flank tumor In each animal to 40, 41 , or 42°C, while
the remainder of the animal was cooled to 28°C by
differe ntial hypothermia. Tracer doses of either 4852 ELF ELECTROMAGNETIC FIELD EFFECTS ON LIFE
[3 Hjcytosine arabinoside or [3H]mnethotrexate were FORMS--BIBLIOGRAPHY. (Eng.) Formanek ,
injected intraperitonea lly. When concentrat i ons of V. C. (lIT Res. Inst., ID West 35 St., Chicago , IL
these agents were measured in heated and unheated 60616. 181 pp ; 1976. [avaIlab le through National
tumors , and in other tissues , it was found that peak Techn i cal Information Services . Washington , DC , Docu-
plasma concentrations of both agents were reached ment No. AD-A 023 0941.
after 30 m m .  The greatest uptake of each agent
during a 45-mm period was obtained by heating Four hundred references , many with accompanying ab-
tumors to 41 C. With both agents , the peak plasma stracts , are contained in this bibliography of the
concentrations achieved were two to three time s world literature on the biolog ic effects of extremely
greater in hypothermic than in normothermic mice , low frequency electromagnetic fields. The bib liogra-
Hi gher concentrations were achieved in heated tumors phy emphasizes the following areas: (I) the biolog i c
us~ng cytosine arabinoside than were achieved with effects of alternating current (AC) electric and
methotrexate . These studies confirmed that the dIi- magnetic fields between 45-75 Hz. (2) the alp ha-
tribution of antineoplastic agents can be affected rhythm interaction of AC electric and magnetic fields
by temperature gradients. They demonstrate an en- between 1-1 5 Hz; (3) AC electric and magnetic field
hanced accumulation of ant imetabo lites selectivel y influences on patients with cardiac pacemakers; and
in microwave-heated tumors in the presence of body- (4) behavioral influences , such as , migration , orien-
core hypothermia. it is conc l uded t,hat microwave tation , and sensing-detection. Radiofrequency studies
heating of t umors to 41°C for periods of 30-45 mm - involving modulation frequencies in the 45-85 Hz
after the parentera l administration of antmneop las- region are also referenced . In addition , representa-
tic agents may prove beneficial in the chemotherapy live samples from the Eastern European literature
of neoplasms that are sens i t i ve  to those agents. are included. (400 refs.)
(No r e f s .)

- 
4853 STOMATAL RESPONSE TO MICROWAVE INDUCED

THERMA L STRESSES. (Eng.) Barthakun , N.
(Dept . of Agricultural Physics , Macdonald Campus of
McGill Univ., Ste. Anne Dc Bel levue , Quebec , Canada

4851 PRIMATE-PERFORMANCE ASSESSMENT FOLLOWING HOA lCD). J. Mi~’p ~wat ’,: Pc wc-r 11(3) : 247-254; 1976.
3.2-GMZ EXPOSURES . (Eng.) Farrer , 0. N.;

Yochnmwitz , N. G.; Jaeger , R . J.; Alle n , S. J.; The stomatal responses of bean and water hyacinth

tlonal Technical Information ServIce , Washington , ation at a frequency of 2450 MHz. The power density

Wo l f l e , T. 1. (USAF Sch. Aerospace Medicine , Aero- leaves to microwave induced thermal stress was

space MedIca l Div ., Brooks Air Force Base , TX studied. Attached leaves of plants were heated in-

78235). 14 pp., 1976. [available through the Na- side a closed-circuit wind tunnel by microwave radi-

D.C., Document No. AD A023495). at the leaf surface could be varied from 0-200 nM/cm2
with an oval-field applicator. Attached bean leaves

Performance data were obtained from two rhesus mon- responded to thermal stresses I nduced in darkness by

keys (Macac e mulatta ) exposed to pulsed nonlonizing lowering equilibrium leaf temperatures between 2-10°C 
jelectromagnetic radiation to assess possible pe r— in stIll air. The lowering of equ il br lum leaf tem-

formance decrements that mi ght result in humans cx- peratures of exposed water hyacinth plants in dark-

posed to average power densities of about I rrM/cn2 ness was even higher than 10° C In s t i l l  a i r .  The
• during future airborne radar operations . The monkeys  same behavior was also observed for leaves that were

wst’S exposed for 3 hr/day for 7 days to 3.2-0Hz ra placed in an air stream. The observed phenomenon

dia t ion (average transmitter power output of 200 W), is explained as transpirational cooling when 510-

which was modulate d with square wave pulses (pulse mates are opened In darkness in response to absorbed

width of 50 microsec) at a frequency of 4000 pu lses/ microwave radiation and hi gh leaf temperatures.

sec . The anima ls were evaluated in terms of their (13 refs .) I
26
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4854 MICROWAVES SCORE TKO IN FIGHT AGAINST CAN- of nerves and muscles at specific absorption rates
CER. (Eng.) Guy, A. w. (No affiliation of 0.3-1500 U/kg for continuous wave and 0.3-220 kW/

given) . •‘~‘i’rowzr- ’s 15(9): 14 , 16; 1976. kg peak for pulsed fields. No direc t field stimula-
tion or dependence on fIeld polarization was observed

The use of microwave radia tion for localized heating, during the i rradiation. In the second experiment ,
either to kill malignant tumors or to make them more the effects of electromagnetic fields on muscle con-
susceptible to X-ray therapy, is reviewed. In a traction were studied. Rat diap hragm muscles were
study conducted at New York’s Montefiore Hospital and Isolated and exposed to 2450 MHz microwaves at a
Medical Center , the use of a newl y developed micro- specific absorption rate from 0.3-1500 U/kg for con-
wave localized heating system resulted in a complete tinuous wave and pulsed waves of 0.3-220 kU/kg peak
eradication of tumors and a 100% surviva l rate in a for pulses of 1-10 usec width. The results showed :
study employing six groups of mice; each group con- (1) no change in amplitude and t ime course of sing le
tam ed 12 tumor-bearing animals. The microwave de- switch tensions as long as the temperature was kept
vice was a closed loop microwave generator operating constant , (2) a hi gh power effect reproducible by
a t 2.45 0Hz, and it featured a thermometer that was chang ing the solution temperature , (3) no effect on
placed into the tumor. Some researchers caution , tetanic contraction , and (4) no direct stimulation of
however , that the thermometer ’ s presence in the test muscle by microwave fields. In the fina l experiment .
tumor could , in i tse l f , change the heating pattern the mechanisms of the microwave auditory effect were
within the tumor and contribute to temperature non- i nvesti gated . The oscillation frequency of cochlear
uniformity. If heat i ng is not sufficiently uniform , nicrophon ics in the guinea pig skull induced by mi-
severe damage to norma l tissue mi ght occur in loca l crowave radiation was compared with the oscillation
heat spots; in inadequatel y heated regions , tumor frequency Induced by laser pulses , as well as the
growth mi ght be enhanced. An alternat i ve microwave bone-conducted acoustic stimuli provided by a p iezo-
heating device tha t produces a un i form (± 0.1°C) electric crystal. A 50 kHz frequency was recorded
front-to-back temperature profile within the tumor for all three sources . Since the laser and piezo-
has been proposed. The method reduces temperature electric crystal pulses provided onl y a mechanical
gradients by surround i ng a tumor wi th a material disturbance to the skull , it was conc luded that the
(bolus). similar in composition to th. tumor tissue, microwave pulses also produced a mechanical disturb-
Because the temperature gradient is distribut ed over ance. It is suggested that the mechanical disturb-
a larger vol ume, a smaller temperature differential ance was due to the thermal expansion pressure gen-
exists in the encapsulated t umor. Although the crated in the head . Addit ional research is necessary
Montefiore study did not employ bolusing , it is to further elucidate the microwave auditory effect.
pointed out that the 100% cure rate achieved in that (70 refs . )
experiment cannot be i gnored. It is proposed that
microwave radiation be used to complement X-ray. and
chemotherapy. This proposal is supported by a theory
tha t contends X- rays fa i l  to k i l l  about 2-3 % of
hypoxic cancer cells. By heating the entire tumor
with microwave radiation , some of these cells would
become oxygen carry ing and theref ore susceptible to 4856 TRANSIENT EFFECTS OF LOW—LEVEL MICROWAVE
k i l l i ng  by X - ray s .  (No refs.)  IRRADIATION ON BIO ELECTR IC MUSCLE CELL

PROPER TIES AND ON WATER PERMEABILITY AND ITS DIS-
TRIBUTION. (E ng.) Portela , A.; Ll obera , 0.; Ml—
chaelson , S. N.; Stewart , P. A.; Perez, J. C.; Guer—
rero, A. H.; Rodriguez , C. A.;  Perez , R. J. Zn:
Fund amenta l and Ap; ZZ e! Aspects ~~~

‘ Nonionizing Rod-
° . 4855 THE EFFECTS OF ELECTROMAGNETIC FIELDS ON iation. Michaelson , S. N.; Miller , M. U.; Magin ,

THE NERVOUS SYST EM. (Eng.) Chou, C. (Dept. R.: Carstensen , E. 1., eds. (New York: Plenum

P 

Electrical Eng i neering, Univ. Washington , Seattle , Press) : pp. 93—127; 1974.
WA 98105). -; ‘~~~ Arbor , .- J!n ” ’pnpj ’~~ MZoro ’i lmg In-

r . - ~nz! , 76-17,430, 1975, 11 5 pp . Microwave radiation effects on passive and dynamic
electrical properties -and on cell water parameters

A series of experiments were performed in t.’itro to were studied in muscle cells from muscle s of the
i dentify the affects of elec t romagnetic field radla- South American frog Lept oda ctilus ocellatus. Micro-
tion on the nervous system . In the fir st experiment , wave exposure of 10 nM/cm2 for a period of 120 m m
th. effects of electromagnetic fields on the compound produced transient changes in membrane resistance ,
action p o tentials of both myelinat.d and unmye lIn ated membrane capac i tance , and the space constant. The
nerves were studied, isolated frog sciatic nerves , elec trical p arameters related to the excitation and
cat saphenous nerves , and rabbit vagus nerves and prop agation of th. action potential , th. maximum
superior cervical gang ll a were exposed to 2450 MHz rate of ris. V+ and fall V- of the action potential ,
microwav . radiation at a constant temperature in an and the limitin g membrane conductances (gNa and gK)
S band waveguid. exposure system . The tissues were were transiently al tered. In addition , the peaks of
stretched through the waveguide either p a rallel or sodium i nward and potassium outward ionic currents,
perpendicular to the electric field of the transverse the net ionic charg, accumulation p.r ac tion potun—
electromagnetic mode. Compound action p o tentials of tial , and the propagation ve l ocIty of the actIon
th. nerves were recorded before , durin g, and af ter p o tential were transiently altered . Th. water msm-
microwave Irradia tion. The results showed no effect brans p e rmeability and tine fraction of osmotically
other than therma l on the conduction characteristics available cell vo l ume were also transie n tly altered .
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An analysis of these parameters revealed that the tors under different operat i ng conditions were char-
transient changes evoked by microwave radiation are acterlzed. The field produced by the m.~qnetronlarger In muscle cells from “winter frogs” than from source operating at a frequency of 2450 MHz was l00~“staluner frogs.” Seasonal differences in the Observed ap l i t ude modulated (at a frequency of 120 Hz) due
transient microwave radiation effects were ana l yzed, primarily to the unfiltered power supp l y used in the
It was conc l uded that microwa ve exposure to 10 nM/cm2 unit. The field generated by the t raveling wave tube
did not produce permanent effe cts on electrical and generator was not modulated to a si gnificant degree.
cel l water parameters. (32 ref~.) Measurements of the magnetron field taken with a

Nationa l Bureau of Standards (NBS) sensor (electric
energy density meter) and a Narda Microwave Corpora-
tion broadband i sotrop ic radiation monitor showed
tha t the latter instrument , which had a relatively

1.857 DECREASE OF ACETYLCHOL 1 NE RECEPTOR SYN— slow response , tended to obscure field variations
THESIS IN MUSCLE CULTURES BY ELECT RICAL detected by the NBS instrument , which had a fast

STIMU LATION . (Eng.) Shainber g, A. (Dept. of Life dynamic response. Field measurements during a sim-
Sc iences , Bar- il an Univ., Ramat-Gan , Israe l); Bur- ulation of microwave pulsing with the magnetron
stein , N .  Nature 264(5584): 368-369; 1 976. (pulse duration of 100 msec were made while the

average output power per pulse was varied over the
The effect of electrical stimul at on on acety lcho line maximum-to-minimum obtainable range of 4.5 to I and
receptor synthesis by chick muscle cultur es was in- indicated that the waveform was different depending
vesti gated. Six-second (sec) trains of I msec square on the ave ra ge power level. Interpu lse variatio ns
wave pulses with an interval between pulses of 200 in waveform and in the time of pulse onset were also
msec were delivered to cultures every minute at a present at each power leve l except at maximum power
potential of 20 V. Pulse polarity was alternated for where the pulse characteristics appeared more con-
each train to prevent polariza tion . When the muscle sisten t . Thus , the microwave field Incident on an
cultures were stimulated electri cally, the amount experimental animal can differ depending on both
of acetylcholine receptors , as measur ed by labeled the generator and the conditions of its operation .
s-bungarotoxin bindin g, was reduced considerably in and these differences may not be apparent If the
comparison with controls or tetrodotox i n-treated field Is described only in terms of average power.
cells. There was no decrease in the a’Iount of ace- (8 refs .)
ty lcholine receptors in the presence of the protein
synthesis inhibitor cycloheximide , suggesting that
the electr ical stimulation/sec did not inac tivate
the receptors. To measure the effect of electrical
stimulation on receptor synthesis , existing cholin-
erg lc receptors were saturated wi th unlabeled ‘-
bungarotoxln , and the rate of appearance of new re- 4859 THE EFFECT OF CONTINUOUS EXPOSURE TO LOW
ceptors was measured by tt~e binding of radioact ive FR EQUENCY ELECTRIC FiELDS ON THREE GENERA-
o-bungarotoxin after various periods of stimulation . lIONS OF MICE: A PILOT STUDY . (Eng.) Mario , A. A.
Electrically stimulated cultures bound much less . (Veterans Adrnin. Hosp., Irving Avenue and University
12
~ Iodine-labeled cz-bungarotoxin than did control P l ace , Syracuse , NY 13210) ; Becker , R. 0.; U ll rich ,

or tetrodotoxin-treated cultures , suggesting that ~ c’r~~~:~~~ 32(5): 565—566; 1976.
th. decrease in ci-bung arotoxi - binding as a result
of electrical stimulation was due to a partial sup- Three successive generat i ons of Ha/ICR mice were
pressm an in receptor synthesis rather than an in- studied to assess the possible impact of the contin-
a ct lvat ion of existin g acety lcholmne receptors or uous presence of a low frequency electric field.
an increase in the rate of their turnover. Further- Mice were allowed to mate , gestate , deliver , and
more , since total protein synthesis and nucleic acid re~r their offspring in a horizontal 60 Hz electric Jsynthesis in stimulated cultures were similar to field of 100 V/cm. At maturity, randomly selected
those in controls , the effect of electrical stlmu- individuals from the first generation were similarl y
lat ion on acety lchollne receptor synthesis appeared allowed to mate , gestate , deliver , and rea t their
to be sp ec ific rather than general , affecting the offs p r i ng while being continuously exposed. Ran-
receptor synthesis machinery. (17 refs.) doml y selected nice from the second generation were

then mated to produce the third generation. A paral-
lel procedure was followed for a group of mic .~ ra i sed
for three generations in a 60 Hz vertical electric
field of 150 V/cm and for the control group raised
for three generations in an ambient electric field.

4858 SOME CONSIDERATIONS CONCERN I NG THE USE OF In the first generation , males and females reared
MAGNETRON GENERATORS IN MICROWAVE BIOLOGI- in both the horizontal and vertical electric fields

CAl. RESEARCH . (Eng.) Rena, V. R. (Naval Aerospace were si gnificantly smaller than controls at 35 days 3MedIcal Res . Lab., Bureau of Medicine and Surgery, postpartum. Larger depressions in average body
Pensacola , FL 32512) . 13 pp; 1975. ava il ab l s weight were seen In the second generation at 35 days

• through Nationa l Technical Inform ation Services , postpartum , w h i l e  a t 10 wk postpartum , the differ-
Wash i ng ton , DC , Document No. AD Aol33291 . ences between the experimental and control weight

narrowed considerably. A large mortality rate (mean
Microwav, fields produced for biolog ic studIes by .46.5%) occurred in the second and third gener.tion
magnetron generators and traveling wave tube genera- vertical field mice during the 8-35 day postpartum •1

-
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period . This was possibly due to the greater In- 4862 SUPERCONDUCTIVITY--A POSSIBLE MECHANISM
tensity of the vertical field, in addition , in the FOR NON-THERMA L BIOLOGICAL EFFECTS OF
vertica l field experiments , a relat i ve l y constant MICROWAVES. (Eng.) Cope , F. W. (Biochemistry Lab.,
dorsi-ventral exposure vector existed , particularly Nava l Air Development Center , Warminster , PA 18974).
for the centra l nervous system , regardless of the .1. /f icrowcwe Power 11 (3): 267-270; 1976.
movement of the mice. The increased mortality of
the vert i ca l field exposed mice may indicate the The evidence p ointing to superconductivity as a
existence of a directionally sensitive sensing mech- possible mechanism for onthermal biolog ic effects
anism within the mouse which ini tiated a response of microwave radiation is  reviewed. Superconduction

• proportional to the time the ele ctric field existed is the passage of electron current without genera-
along the dorsi-ventral axis. The authors reconvngnd tion of heat and therefore with zero electrical re
furthe r studies to explore the basic causative fac- sistance. Although it has not been demonstrated
tors for the observed effects. (8 refs .)  e x p e r i m e n t a l l y ,  it has been predicted that super-

conduction should occur in organic materials at
room temperature and above , as it occurs in certain
metals. Biologic phenomena, difficult to understand

0000 PROCEDURES FOR STUDY I NG THE ACTION OF in terms of classical physical-chemical mechanisms ,
ELECTROMAGNETIC WAVES OF RADIO-BAND FRE- can be explained by superconductive mechan i sms .

QUENCY IN OCCUPATIONALLY EXPOSED INDIVIDUALS . (Rus.) These include the abrupt changes observed in rates
Gabovich , R. D. (A. A. Bogomolets Medical Inst., of metabolism of growing tissues caused by magnetic
Kiev , USSR); Zhukovskii , 0. M. Gcg. Tr. Prof. fields of 50-150 G; the ability of birds , insects ,
Zabol. (10) : 26—29; 1976. snails and possibly man to detect very low magnetic

fields (0.5-0.1 G), and the observed onlinear Ar-
The ligh t and color sensitiveness of the eye was rhenius plots of these processes. The hypothesis
examined in 25 workers occupationally exposed to of biologic conductivity has been strengthened by
centimeter waves with intensities of 235—370 cM/cm2 , experimental evidence for supe rconductivity in bile
in 22 workers exposed to electromagnetic fields with acids at temperatures as hi gh as 277°K. It was
intensit ies of 10-50 n*d/cm2 , in 19 workers exposed found that abrupt changes in magnetic suscept ibility
to reflected electromagnetic waves with intensities occurred as a function of temperature and magnetic
of up to 10 nM/cm2 , and in 25 control subjects . The field. Other studies showed that current through
daily exposure time was 60-90 m m .  A highly si gnif- thin pyrolyzed carbon films was a periodic function
Icant Increase was observed in the color discrimin a- of’ magnetic field for fields of 0.1 C and below.
Elon thresholds for blue , green , and especial ly for Onl y superconductive tunneling can explain this
red , and in the temporary li ght sensitivity thres- phenomenon. Subsequent studies showed that micro-
hold in the first group compared with the control . wave i rradiation of these carbon films at room tern-
The second group showed a significant increase in the perature caused steps in the voltage-current curves ,
color discrimination thresholds but not in the light as exp erimentally observed in metallic Junctions
sensitivity. No si gnifican t difference was found with two-electron superconductive tunneling. It is
between the third group and the control . However , concluded that since the microwave effect on two-
the incidence of increased red discr iminat ion thres- electron superconductive tunneling in metals has
hold was 15.8% versus 9.1% in the cont ro l .  The been used as a sensitive detector for microwaves,
changes observed intensIfied with increasing period the same mi ght serve as a sensitive nonthermal mach-
of employment in all g -oups . (4 ref’s.) anism for the biologic actions of microwaves .

(29 refs.)

4861 BIBLIOGRAPH Y OF REPORTE D BIOLOGICAL PHE-
NOMENA (‘EFFECTS’) MD CLINICAL MANIFESTA-

TIONS ATTRIBUTED TO MICROWAVE AND RADIO—FREQUENCY
UDIATIOW : COMPILAT ION *110 INT~GU TI ON OF REPORT
MD SEVEN SUPPLEMENTS. (Eng.) Glaser , 2. R.; 4863 MICROWAVE OVENS . (Car.) Roehl , D .
Brown, P. F.; Brown, N, 5. (Naval Medical Research (Kreiskrankenhaus Main-Taunus , 6232 Bad
Inst, Detachment , Naval Surface Weap ons Csnter , Soden , Kronbergerstr . 36, W . Germany). Dt&sch. Med.
Dahl gren Lab., Dahl gren , VA 22448). 185 pp; 1976. Wochensohr. 101 (18): 721; 1976.
ava ilab l. through the Naval Med i ca l Research $
Development Convuend, Bethesda , MD 20014). Th. p o ssible health hazards of microwave ovens and

the possible contamInation of food prepared in such
Nor . than 3.700 references on the bIologic responses ovens are discussed . There are presently no data on
to rad iofreq uency and microwave radiation , publIsh ed any harmful effect of foods prepared in microwave
up to May 1976, are incl uded in  th i s  b i b l i o g r a p hy o~an s .  Th. mean r a d i a t ion densi ty a t 5 cm distance
of th. world li terature . Part icular attent ion his from the microwave oven Is limited to 5 cM/cm2 , ver
b..n paid to the effects of nonionizin g radIatIon on sus a tolerance of 10 nM/cm2 for whole-body lr rad la-
man at these freq usnci.s. Soviet and East Europ an tion . MIcrowave ovens satisfying the safety stan-
ll t.ratur. is included in detail . This report Is dards do not represent a biologIc hazard for their
a compilation and integrati on of seven bibllogra— operators. Since pacemakers , not encapsula ted In
phies prepared previously by the Naval Medica l Na— a metal casing. may be dIsturbed even by a radiation
search Ins titute , Dah l gren Labora tor y, Dah lgre n, densi ty as low as 10 n*I/cm2, patients with pacemakers
Virginia. (3,700 ref’s.) should avoid microwave ovens. (3 refs.)
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4864 EVALUATING OPHTHALMOLOGIC CHANGES IN PER- health effects. A capacitive probe was constructed
SONS EXPOSED TO MICROWAVES . (Rus.) Arta- to measure the electric field strengths at the

nvnova , V. 6. (Inst. of Hygiene and Medicine , Lenin- ground and on top of the head of a nan (1.8 m in
grad , USSR); Samorodova, L. N.; Saik ina , A. S. ~ig. height) in a 400-ky substation . The syninetric di-
Tr. Prof. Zabol. (10): 24—26 ; 1976. pole probe was constructed with flat rectangular

electrodes placed at opposite sides of a shielding
Ophthalmologic changes were studied in 269 parsons metal case, which contained the electronic compo—
occupatlonafly exposed to radlofrequenc~ microwaves nents, The circuit consisted of a transient protec

• with intensities not exceeding ID n*i/cmn , and in 245 tion device , current shun t resistance , a two—stage
on-exposed control subjects aged 22-1*0 yr. The cx- vol tage amplifier , and a rectifier. Electric field
posed persons were under 40 yr old , and the period strengths were measured with the dipole at 1 .8 m
of einp l oymne~~~was 5-23 yr in 78.4%. Pruritu s of the height in a 400 kV-substation, The values agreed ,
eyelids , Ia ynation , and blepharitis were diagnosed wi thin 30%, with the va l ues reported in similar
in four exposed persons. Reduced visual acuity due Soviet studies . To measure the Internal distribu—
to anomalous refraction was diagnosed in 17.8% of tion of the capacitive Current to man , a dumv~ny wasthe test group, and in 21.6% of the control. Changes built and painted with a semi-conducting pai nt with
in the fundus of the eye were found in 6 exposed a surface resistivity of about 1 ,000 ohms/square.
persons , and in 10 control subjects. Biomicroscopic The capacitive curren t distribution to a person in
examinations revealed turbidity of the crystalline an electric field was measured with the dsasrcy at two
lens in 10.2% of the exposed persons , and in 82.4% different places in the substation with different
of the control . The changes were bilateral in most field strengths at the ground , 8.6 kV/m and 18 kV/m,
cases in both groups . There was no relationship be- respectively. The capacitive current in the dummy
tween the incidence of turbidity and the period of in various positions (arms up, arms down, etc.)
employment. The findings indicate no si gnificant ranged from II uA to 89 ~~ at the 8.6 ky/rn field
differences between the exposed group and the control . strength. The exposure to electric field strength
(11 refs.) is reconsnended for use as the single parameter of

stress related to extra high voltage. The con-
struc ted instrumen ts can measure exposure, and cor—

• retate analysis made by medical i nvestigators with
4865 POSSIBLE INFLUENCE OF ATMOSPHERIC ELECTRI C- any observed health deviations. (17 ref’s.)

ITY ON WELL—BEING. (6cr.) Re i tner , R,
(Institut fuer Atmosphaerlsche Unweltforschung ,
Garmisch-Partenkirchen , W. Germany); Scheld , K.;
Zoebisch , E.; Wanner H. U.; Fische r , 6.; La nd , S.
KZima iCae lte Ing. 4(~ l) : 65-68; 1976. 4867 ELEC TROMAGNE’I’IC F :E ~:~: BY HENRYK MIKOLAJCZUK

(BOOK REVIEW) . (Pol.) Mika , T. (No af f i lAn interview with investi gators concerned with the iation given) . Wiad. Lek. 29(l): 71-72 ; 1 976.possible effects of atmospheric electricity on human
health is presented . Certain investi gators doubt
that atmospheric electricity has any effect , either In a general’y descriptive manner without supp l ying

data , a book dealing with the effects of electro-beneficial or hazardous , on humans . However , others 
~1recoewnend that electric held genera tors be in- agnetic radiation on the physical properties and

stalled in large office rooms to generate a constant 
biophys i cal aspects of the human and anima l organ i sm
Is reviewed. The review contains information aboutfield with superimposed square—wave Impulses of 10 natura l and artificial sources of electromagneticHz at stochastic intervals. They claim that such a radiation , dos i metry methods, pertinent ecluipmnent ,

• field would have a positive effect on the well-bein g , and the effect of force fields on matter. It also— perfo rmance , and mental processes of workers. The 
tr -hes on dispersal of electromagnetic energy,4 effect , however , varies among individuals. Screen— protective measures , exposure , control , domestic anding humans from atmospheric electricity has been foreign legally permissible intensities , and theshown to cause a reduction of fat deposits and an presence of electromagnetic- radiation in occupationalincrease in the water content of tissues. (No ref ’s.) environments. Penetration and absorption of radia-
tion energy as well as electric conductivity of
biologic materials are mentioned. The demodulation
of electric processes in the cell membranes as the
result of electromagnetic radiation is a lso dis-
cussed. Regulatory systems of live organisms , their

4866 DETERM INATION OF EXPOSURE TO ELECTRIC positive or negative reaction , and their organ
FIELDS IN EXTRA HIGH VOLTAGE SUBSTATIONS, sensitivity to the radiation are pointed out .

(Eng.) Loevstrand , K, C, (The Research Inst. of Pathologic changes due to radiation , based on
ElectricI ty, Husbyborg, 5—755 90 Uppsala , Sweden), experimental da ta , and disease syndromes in exposed
3o~cd. .T. Work F’n’iron, !IaaZth 2(3): 190—198; 1976. individuals are indicated . A discussion of the

biologic hazards in man exposed to electromagnetic
The physical parameters of electric field strength , radiation concludes the book rev i ew . The puh li ca-

to extra high voltage were studied to determine the point of popularizing knowledge of electromagnetic 1capacitive current , and el e ctrical dIscharge relate d tlon is considered to be valuable from the stand-

occupational exposure of personnel to electric radiation risks in contemporary life and in the
fields in sub stations and to relate the results to occupational env i ronment. (No ref’s.) i
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4868 MICROWAVE RADIATION . (Pol.) Bogucka , A. t o n  has a frequency lower than that of light , it is
• (No af filiation g iven) ; Bogucki , J. ‘hr. non-ionizin g in nature , and damage of molecules or

~~“. (10): 7-8; 1 976. bio logIc tissue cannot result from a single ab-
sorbed quantum of microwave energy . The basic bio-

The harmful effects of human exposure to an electro- log Ic effects of microwaves underlying exposure safe-
magnetic high frequency field (microwave radiation) ty standards are associated with si gnificant tissue
are discussed . Pathophysiolog ic changes occur only temperature rise , which requires exposure to at
after an appropriatel y long exposure time . The maIn least moderate levels of radiation intensity fo r a
effect is a thermal one , which causes the tempera- substantial exposure duration . Damage from such
ture to rise in the affected tissues. Depth of pen- heat-produ cing radiation can be In the form of burns ,
etratlo depends on the_ radiation wave length . Al- which may be repairable or unrepa i rable. Exposure
though 100 l4d/c~r attain permissible human tempera- to at least 100 rrM/cm2 for extended durations (many
ture of 39C. lower levels can affect the central m m )  appears to be required to produce thermal dam-
nervous system over longer exposure times. The ef- age. The exposure standard developed by the American
fienc y of wire mesh screens , used to prevent the National Standards Institute , kown as ANS I C95.l ,

• effect of microwave radiation , can be determined by specifies safe unlimited duration whole-body exposure
means of a nomogram . The suppression of electro- up to 10 iNJ/cm2 or a maximum energy density exposure

• magnetic waves is calculated upon passage through of I mW-hr/cm2 in any 1—hr period . Contrasted with
the wire mesh for variable mesh and wave length exposure standards are conservative federally regu-
parameters. For higher frequencies , sheet metal lated emission standards , which specify maximum
screens are frequentl y employed . Individuals most l eakage level at external surface of equipment , such
susceptible to microwave radiation suffer phychologic as, microwave ovens . United States standard defines
and ph ysical traumata or severe infections . Polish the maximum emission l evel as 1 ,t*4/cm2 at 5 cm before
labor legislation differe ntiates four areas with purchase and 5 mW/cm2 at 5 cm when the equipment is
v a r y ing  field Intensity l evels: (1) safe area—field operated. The International Microwave Power Insti—
intensity less than 0.1 watt/In2 , (2) intermediate — tute ’s voluntary standard on industrial equipment

• 0.1-0.2 watt/rn2 , (3) hazardous—2-iOO watt/rn2 , and (4) specifies that a max i mum emission level should be
dangerous area—field intensity above 100 watt/rn2 . 10 mW/cm2 at 5 cm when operated with the minimum

• The length of stay/per day in each zone is legally load specified by the manufacturer. (Il refs.)
determined for medicall y qualified workers. (No refs.)

4869 INVISIBLE ENVIRONMENT . (6cr.) Koeni g, H.
1. (Lehrstuhl fuer technische Elektrophy- 4871 ELECTRONIC SMOG AS A POTENTIATING FA TOR

sik , Techniache Universitaet Muenchen , Munich , Wes t IN CARDIOVA SCULAR DISEASE : A HYPOTHESIS
Germany). thne ” . Wi8e. Te’~~. 76(20): 636~ 1976. OF MIC I~OWAVES AS AN ETIOLOGY FOR SUDDEN DEATH FROM

HEART ATTACK IN NORTH KARELIA. (Eng.) Zaret , N.
Hi ghlights of a colloqui um on ‘Bioc limahc Effects N, (No affiliation given) . Med. Rca. e~9. 12(3):
of Electrical and Electromagnetic Fields ” are pre- 13— 16; 1976.

~~

‘ sented . Electrical and magnetic field s have biologic
effec ts on humans. Depending on the type of field , The possibility that nonion izing electromagnetic
its frequency, and on the circunisfances of the cx- radia t io n i s  a fac tor in the development of cardio—
posure, such fields may have beneficial or hazardous vascular disease Is discussed . A Soviet study is

L effects. The effects of ele ctrical and magnetic cited that analyzed 100 cases of microwave sickness
• fie lds are especially hazardous on fatigued indiv id- in whIch clinica l follow—up was obtaIned over a

uals. There is no stric t dose-effect relationship, period of 1—ID yr. Of 71 patIents with cardiovas—
Nan-made electrica l fields above a certain intensity cular fIndings , 49 had continuing occupationa l cx-
level cause stress due to the inability of man to posure and 22 did not. Of the 49 patients with
have ada pt ed himself to such fields during the past continuing exposure, a l l  exh ib it ed progression of
50—100 yr. Driving simulator tests showed that the disease. Of the 22 patIents whose occupational
elec trical fields have no effect on the reaction exposure to microwaves terminated , none recovered,
time of the driver , but they red uce the i ncidence 20 sta b i l I z e d , an d 2 exhibited progression. It was
of errors while driving. Even alternating magnetIc concluded from this study that mIcrowave exposure
fields , whose intensity accounts for only 0.1% of was a potential contributing factor in the genesis
that of the magnetic field of the Earth , were demon- of ca rdiovasc u lar  d i s ease and that in some cases
strated to influence electrocardiograms . (No ref ’ s. ) microwave exposure was the precipitating or poten-

~~ ti a ting factor. To test the Soviet hyp othesis that
microwave exposure is a contributIng factor in the
development of heart attack , the World Health Organi—

4870 SAFETY FROM MICROWAVE HAZARDS IN USING zation has sponsored an epidemiolog ic study——the
MICROWAVE POWE R EQUIPME NT-AN IMPI POLICY North Karelia Project. North Karelia , a reg i on of

STATEMENT. (Eng.) Anonymous . (Internationa l Micro- Finland border i ng the Soviet Union , has experienced
wave Power Inst.). J. marowave Power 10(4): an unusua l Increased Inc i dence of heart attack in—
333-341 ; 1975. volving a shif t toward younger age of onset. In

additIon , an unexp l a i ned inc reased inc i dence
Hazards of microwave radiation are reviewed in rela- of cancer has occurred. Microwave i rradiation
tion to exposure standards . Since microwave radia- has been Imp licated in the high incIdence of
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heart attack in this reg ion , since North Kare lia 4874 EFFECT OF ADENOS I NE MONOPHOSPHORIC A C I D
lies directl y in the path of a Soviet defense corn- ON OXIDAT I VE PHOSPHORYLATION IN THE LIVER
munications system, which includes troposcopic DURING PROLONGED EXPOSURE TO MICROWAVES. (Rus.)
scatter units. The inhabitants are exposed con— Rudichenko , V. F. (Inst. of General and Conmlunal
tinuously to ground waves and scatter radiation Hyg iene , Kiev , USSR) ; Dumanskii , lu. 0. ~~~~~ ~r.every day of the year. An additiona l observation , Prof. Za.bol. (10) : 51-52; 1976.
which incriminates microwaves as a major factor in
the North Kare lla health problem is the increased The Influence of exposure to microwaves (wavelenqth
incidence of sudden death from heart attack tha t — 12 cm , intensi t y 100 or 1 ,000 mW/cni2 , 3x40 mm /day,
appeared after World War II. As with other delayed 4 mo) on the effect of adenosine monophosphate and
radiant enerpy effects on man, the North Karelia triphosp hate on oxidative phosphory lat Ion in liver
Health probl em also exhibited latency, as it d i d  not mitochondria was studied in albino rats. After ir—
man i fest unti ’ after the Soviet radar networks be— rad iation , the animals received intraperitonea l in—
came operatIonal, It is conclude d tha t the North jections of adenosine monophosphate and triphosphate
Karelia Project represents a uni que opportunity to before decapitation . In the animals exposed to
investi gate the potent iating role of microwaves in 100 ‘nW/cm2. reduction of oxidative phosphorylation ,
the evolution of cardiovascular disease. (17 refs.) complete regeneration of the activity of the hepatic

mitochondria , and increase in the rate of phosphory la-
tion of adenosine diphosphate under the action of
adenosine monophosphate were observed . Exposure to-

4872 EF FECTS OF ELE CTR I CAL STI MULATION ON BONE 1 ,000 mW/cm2 caused more pronounced changes in oxida-
GROWTH IN V ITRO AND ON FRACTURE H E A L I N G  tive phosphory lat lon. Adenosine rnonophosphate caused

(ABSTRACT). (Eng.) de Haas, U. G. (Dept. Surgery, only partial recovery of ox,dat!ve phosphorylation 
• -

Lk~iv. Cal gary, Calgary , Alberta , Canada) ; Watson , j, n these animals. Adenos,ne truphosp hate , admin-
C’~ 1. J. Sag. 19(4): 333; 1976. istered to animals exposed to 100 mW/cm , caused no

recovery of resp iration and phosphory l ation . (15
The effect of electrical stimulation on bone growth refs.)
and fracture healing was studied -

~~~ Vitro and in a
patient with a fracture. The growth of embryo chick
tibias was found to accelerate In pulsed magnetic -

and pu l sed electric fields. In osteotomized radii
of rabbits subjected to a pulsed magnetic field , -

an inconsistent acceleration of bone healing was 4875 PREL IMINARY RESULTS USING LOCALIZED CUR-
also observed. In a 50—yr—old man with post— RENT FIELD HYPERTHERMIA IN ORAL CAVITY
traumatic pseudarthrosis of the tib ia , treatment CARC I NOMAS (MEET I NG ABSTRACT) . (Eng.) Sternhagen ,
in a pulsed magnetic field for 6 wk resulted in c. .i. (Cancer Res. and Treatment Center , Univ. New
bone union 6 ‘no later , The authors suggest that Mexico , Albuquerque , NM) ; Doss , J. 0.; Day, P. U.;
the use of a pulsating magnetic field to induce an Edwards , U. S. ; Poberneck , R. C.; Herzon , F . S. ;
electric field at fracture sites to effect bone Powell T. D. ; O Brien , 6. F. J..~ . .‘ . Ra!.~at. 7n—
healing should have clinical appUcations. (No refs.) 

~ z. Biol. ~~~~ (Supp l . I): 101; 1976.

A clinica l trial was In stituted using localized cur-
rent fie ’d (LCF) hyperthermia to treat accessible

48 73 THE EFFECT OF CHO L I N I R G IC AG E NTS ON TH E malignancies uncontrolled by conventional methods.
OUTCOME OF ACUTE AFFECTION OF MICE IN IR- Three previousl y rradiated patients were t reated

RADIATION WITH MICROWAVES. (Rus.) Koldaev , V. M . using both noninvasive and invasive techniques.
(Vladivostok Medical Inst ., Vlad i vostok , USSR). Radiofrequency current (500 kHz) was used in four
8i ’~1 Z .  ~~~~ .9io . Med. 81(3): 285-286 ; 1976 . treatments. Thermistors , strateg ically p laced with-

in the t umor treatment volume s , controlled and mon-
The effect of cho linoly t ic arid cho linomime tic drugs itored the temperature . Two patients presented with
on the survival of male albino mice irradia ted with advanced squamous cell carcinoma of the base of the
m icrowave’ (wavelength 12.5 cm , intens ity 62±5 mW/cm2) tongue . Each received a single noninvasive LCF treat-
over 15-1 6 mm by contact method was studied . The ment with electrode plates. Prior to hyperthermia
drugs were administered intraperitonea lly or sub- the first patient had massive obstructing local dis-
cutaneousl y inr~ediately after irrad iation . The sur- ease with widespread metastasec . The patient became
viva l In the contro l amounted to 47-52k. Treatment ambulatory with tumor shrinkage; pain was pal liated ,
with p i l-ocarp ine (ID mg/kg), proserine (0.05 mg/kg), and there was airway Improvement , She expired after a
and cytislne (1-5 mg/kg) resulted in a 1 .2-1 .3 in- cardiopulmonary arrest on the sixth posthypertherm ia
crease in the ijrviv ~ l rate; whereas , other chollnom i- day. The second patient , debilitated with advanced
net ice did net Increase the surviva l rate. Cholino - loca l disease prior to LCF , obtained excellent tern—
lytic s (atropine sulfat e , scopolamine hydrobromide , porary tumor regression and pain palliation . The
aprophen , tetamone, bmnzohexonium , pachycarp mne tumor decreased initi a lly, stabilized for 4 wk, and
hydro i odlde , azamethonium bromide , and pyrilene) de- then increased in size, Methotrexate , 20 mg, in-
creased th. survival of Irradiated mice . The fInd ’ travenously , was given weekly; however , pain , inani-
ings ind i cate the lesion of the parasympathetic tion , and tumor growth Increased. At 11 wk metho-
region of the nervous system under the influence trexate was stopped . The patient expired with pro-
of high—intensity edcrowaves. (3 reV s .) gressive disease 15 wk posthyperthermia. The third
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I patIent , a debilitated alcoholic , presented with a altered by the sing le var iab le  of dose ra te. S i x
rapidly regrowhsg 3 cm mass in the floor of the groups of male and female CF1 white mice were Ir-

— mouth , the second local recurrence. Two cou rses radia ted in a microwave waveguide with six levels
of hyperthermia were given. Tumor regression occur- of forward power , from 4.83-8.56 U mean value. For
red only after the second course at a hi gher temper- both males and females , as the forward power was In-

~ 
ature (44 C) . Pain d imi nIshed ra pi dl y the f i rs t creased , the average absorbed dose rate also in-
week . The patient gained 19 pounds and was a l i v e  creased , while the average time to death decreased
and well over 4 ‘no posthyperthermia. in all cases, by approximately 90*. In male mice exposed to 4.82
the complications , which ranged from mild erythema W forward power, the average absorbed dose rate was
and nucositis to ves ic le  for ma t ion , chronic mucositis , 50.47 mW/g, compared with 125.36 nW/g in male mice
and ulceration , 3’ere related to temperature and dura- exposed to 8.56 W forward power; the time to death
tion of treatmer~~~. (No refs.) was ~ 60 mm compared with 7.62 m m .  Parallel with

V 
this was a decrease in the average absorbed dose to( death expressed in joules per gram to 31% in the[ males and 24% In the females between the lowest and
the hi ghest exposure rates. For male mice exposed

4876 THE RELATION OF DOSE RATE OF MICROWAVE to a forward power of 4.82 W , the average absorbed
i RADIATION TO THE TIME OF DEATH AND TOTAL dose was 181.7 JIg compared with 55.9 J/g in male

ABSORBED DOSE IN THE MOUSE. (Eng.) Rugh . R. (U.S. mice exposed to 8.56 U forward power. The data for
Dept. Health , Education , We l fare , Public Health both males and females were similar at comparable
Se rv i ce , Food and Drug Admin., Bureau Radiological dose rates. It is concluded that the average ab-
Hea l th , 5600 Fishers Lane, HFX- l 2O , Rockvi l i e, MD sorbed dose cannot be used as the sole criterion of
20852); Ho, H.; McManaway, H. J .  Microwave Power microwave radiation sensitivity, since as the rate

1 11(3): 279-281; 1976. of exposure was increased , the absorbed dose I”
joules per gram and the time to death both decreased.

The effect of graded exposure rates of microwave The absorbed dose rate and the duration of exposurer radiation was studied in relation to both the time must both be determined in any microwave biologic
of death and the total absorbed dose at death , as effects experiri~nts. (6 refs.)
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~~~~~~T his  digest presents current awareness information on the biolog i ca l

effects of nonioniz ing electromagneti c radiat i on (microwave and
- 

I 
radiofrequency) in the range of 0 Hz to 100 6Hz. The effects of
magnetic and electric fields (static and alternating) are also
covered. Each issue contains abstracts of English and foreign
current literature , summaries of ongo i ng research i nvestigations ,

I news i tems, and a directory of meet i ngs and conferences.
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