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8iological Eff ects Electromagnetic
Radiation 11W, Mar ch 1975

PREFACE

Biological Effenta of El..ctroent’rts.tic Radiation is a
publication ‘researched and prepar.d by the Franklin Inst 1—
tute Research Laboratories , Science Inf ormation Services
Department , under a grant from the U • S. Army Research
Office. The grant i. co—sponsored by the Bureau of Radio-
logical Health , Food and Drug Administration; Office of
Naval Research; U. S. Navy Bureau of Medicine and Surger~y;U. S. Air Force School of Aerospace Medicine; and the Wal-
ter Reed Army Institute of Research. The U. S. Environ-
mental Protection Agency is cooperating in this project .

Biological Effect. of Eleotromagn.tio Radiation serves as
a vehicl, through which current documentation of research
highlights on the biological effects and health implica-
tions of nonionizing electromagnetic radiat ion (microwave
and radiofrequency radiation) are compiled , condensed and
disseminated on a regular basis . Biological Effects of
Ei.otr-csv2gn.tio Radiat ion is intended to be a highly use-
f ul current awareness tool for scientists engaged in
research or related activities. The great number and
diversity of relevant publications make imperative the
availability of this service to persons whose work requires
that they keep abreast of current developments in the field .

Biological Effects of Eieotrcmiagn.ti~ Radiation is pub-
lished quarterly . Volume I, 1974, consists of three issues,
which cover the scientific literature published from July
1973 through December 1974. The first several issues also
cover past work of importance. The quarterly issues of
Volume II , and future volumes, will include materials
received during the preceding three months. Each issue will
include news items and announcements, a listing of meetings
and conferences, abstracts of current literature, and a
directory of current research. Articles carried over
because of space limitations and materials f  or which full
text is not available will be included as citations. When
available , a special report section, tschnical note , book
review, or topical retrospective literature survey will be
included .
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D~~~~~~ Eff ~* fSssu.__IA
~~~~~ H( U. ~~~ ASSaRVIATIONE AND ACRONYMS

(used in this issue)

- I -

£ - ~~~ere (also ~~ ) IRis — instit ut, of Electro nic end Electrical
ac — alternating current Engine,zs
Me - adenosins unnophosphats Dill — lnt.rnaUonal Nicrovave Power Institute
LiSt — Aenrican National Standards Institute i.p . — intraperi ton_sal
IT, - oi.nostne iriphosphats 155 - assigned industrial, scientific and dical

frequsaci..
~‘ B e i v.  — intravenou

Iii — Dersau of Isdiological Health
111 — Ir ittub Stan dards Institute . -

i—joule
3115 — Joint Publication Research Service

C — Cyclic
C-Centigrade - K -CL — Current Literature
en — centinoter

— kilogrencis — central nervous syst ___ — k(’cb.rtscpa — cycles per second 
—- Cuzysnt Research kV — kilovoltCV — continuous vat. kV — kilowatt

dl - decibel
dc — direct current 1 — literD5A - deoxyribonucleic acid LI - low frequencyDCC - Dspar~~~~t of Defense

-N -

DCC - electronardiogrsa — ester
DC — alactrosnc.pbalogra. U — .flhiasp.re
S—field — electric field strength (V/n) c — .sgacycl.
is? - extr .ly high frequency alq - silltequival.nt- ar tr an ely b y  frequency - .edi*a frequency
55 — electrosagnetic — •iiligranmt — electrc—sgneti c cospat ibility .ho — unit of ceasur enent of conductivity— electrosag netic field — negabort s
551 — electro sagnecic interference ftC — .icrovave integrated circuit— electrosagnetic pulse sin — ainute— electros.gnet ic radiation ci - ailliliter
SPA — Envi roensatal Prote ct ion Agency - ~illiaeter
ES — electrostatic ho - .illiaho
ES? — electrostatic field Son - .onth

aW — .illivatt
F We — aegavatt- - NW - aicrovsve

uP — .illivoit
f — frequency
FDA — Food sad Dru g Adainistratio n - N -PM - frequency .odulat ion

- 6 - HIS — Nationa l Bureau of Standards
NIX — National Institutes of Health
NIR — nonionizing radiati on

$ - gr — nanoseter
Oh — gigahertz — nuclear sagnetic resonan ce

— guanosiae coecpho.phste naec - nanosecond
NSF — Nationa l Science Foundation

- H $1081 — Natio na l Institute for Occupational Health
and Safety

NTIS — Nationa l Technical infor na tion Service
~~~~ , DREW — Dept. of Health, Education and Welfar e
HP — high frequ ency
NFC — high freque ncy current - 0 -
Mr field — s.$sett c field
hr - hour
Hz — harts Oi~ - Office of Naval Research
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Sic Wlcsl E~*ts E.cvcmq.uek
ABBREVIATIONS AND ACRONYMS (continued) Radiatiw, lI(U. Mwc* 1975

P - pulsed
lID — power flux density
PHI - phytoheno$$lUtinift
PBS — Public Health S.rvic’

r — Roentgen
red — radiation absorbed dos
INC — red blood cell
RI - radiofreque ncy

— rotati ng nagnetic field
EllA — ribonuc leic acid
rp. - revolutio ns per .inute

s.c. - subcutaneous
sec — second
SHY - super high frequency

-U-

U - units
UHF - ultra high frequency
USAISIII — U.S.  Air Force School of Aviation Medicine
U SDA - U.S . Dsp . of Agriculture
UP — ultraviolet

- v  -

V - volt
VA — Veterans Adninistration
VI.? - very low frequency

- w  -

V - watt
Wa — unit of .e,eur ent of sagnetic flux
WIC — vbite blood cell

— vaveguide
— World Health Orga nization

v t — w eight
uk -w eek

a — dielectric constant
A — wavelength

— nicto
o — specific conductance
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PicA VAr! Eff .cf, Ekcvom wtk NEWS ITEMS

INTERNATIONAL SYMPOSIUM ON BIOLOGIC EFFECTS. WARSAW• Equipsent & Ccsponent., Craft House, lancroft , V.1.POLAND, 1973
Enown as Apollo II, the hand-held U ensitor is de—

Abstracts of the Proceedings of the Internat ional By.- Signed to indicate the rec~~~saded. safe Hal ts of U
posiwa on Biologic Effect s and Health Hazards of xlc o- radiation specified by REV and 151. The unit nuni-
wave Radiation , which was in Worsen, Poland , Oct— tots the 2423 to 2475 — freqUency ba*d. It i. cal—
ober 15—18, 1973 , are included in the Ocreent Liteta— ibrated with a direct reading scale fros 0 to 10
tare section of this issue of SioZogioal If fsot. of .w/ c.2 , vita a cardinal point at 5 .V/& indicating
Il,otreuusns~,ti, Radiation Digest (CL 0404 through ~~ the poeurs and eniuston standards. Accuracy is

procesdings were published last year ~~ said to be ± 1 dB f or Dlaaecsv.. of all . pol*riaatton.
Polish Medical Publishers , s*d the full—tent articles A 9 V battery po~~~s the monitor. ii.. en Rosier,
fee, the book have been used for the abstracts presen - 196(6)~ 2O3, L973~C d  here. Dr. Sal K. Kichaelson’s coneribueieq “Ther—
*il Effects  of Singl, and Repeated Napoeures to Micro-
waves—A Ravia,,” was included in Volune I, issue 2 , of JOINT RESEARCH EFFORTthe Digest , as CI. 0081, and is not r.peated. Dr.
Nichaelson’s evaluation of the sy.po.iu. baa been Recently, 24 monkey phant~~~ and one ~~~~n phanton
included instead • and appears as CL 0431 • were transported under the supervision of Dr. Cvttie

Johnson I rca the University of Utsb,. Salt Lake City,
to Brooks Air Force kee, Tens.. The phant~~~ will
be evaluated in the School of Aerospace Medicine’sEMC SYMPOSIUM MONTREUX, 1975 55 irradi~t~on chaab.rs . The prelialnaty tests, also

— in collaboration with Dr. Arther Ouy m d  associbt s,The VIC Syuposiwa being held in Nontrsux, Switzerland , University of Washington , were conducted in prepara-Nay 20—22 , 1975 , is considered to be the “f irst ” of tion for more extens ive tests during April. Utahits kind in Europe. The at. of the event is to pro- Dio.ngtnuring InusZ.tt.r, March-April , 1975.note interdi sciplinar y contacts and uchange of inf or—
nation on pro bi..s which nay be describ ed as “protec-
tion of the 55 eaviroenent .” The conference will trea t
prob l~~~ of the interacti on of Eli energy with electron-
ic and biological syst ens, the i~~~~ 4 ty of electron ic ITEMS FROM THE COMM ERCE BUSINESS DAILY
sys e to interference, as well as their conpetib j i—
ity with the Eli suviroeseut • e C~J ARISON OF THEORETICAL All) EXPERII($TAL AB-

SORPTION OF RADI0FREQUEI~ Y POWER.The Synposi~a is held und er the auspices of the Director—
General of the Swiss PIT. Cosponsors are the ~~~I , ~~~~~~ 

The RID Contracts Division, Brooks Air Force Base ,
SAD , CISPE , the Association of Polish Electrical login— Texas , has contract ed with the University of Utah ,
ears , and the Convention of the Societies of Electrical Left Lake City, for the above study . CJaaiary 22 ,
Engineers of Western Europe. The keynote address , open— 1975)
log day, N.y 20 , by Professor 1. 5. Showers, University
of Penn sylvania , is entitled “Ilectrosagnetic Cospati- • AMLYZING All) PREPARING THE AVAILABLE WORLDbility Cases of Age.” The 36 pape rs presented tha t day LITERA TURE Oil THE BIOLOGICAL EFFECTS OP NONIOII IZIN Gwill includ. those in a session on “Vt and the Hospi— ELECTRON*$NETTC RADIATION.tal . ” On Thursday , the 22nd , 44 pap.r. viii be deliv-
ered. Aaong the sessions is one on the “Biological Nsgotietione ar. being conducted between the Cia—
Aspects of Vt.” trac ting Branch , U. S. Ax~~ Medical R&D Cc~~~ad ,

and Need Technology Lab oratories , Dayton , Ohio .
The largest a ber of contributions on all topics cases (See CI. 0103, this issue , for a brief descri ption
fros the United Statss , followed by Pola nd , Geiwsay of the pr ojec t.) (February 11, 1975)
Svits.rland and England . Papers were also contributed
ftc. Japan , Australia , India , USSR , Czechoslovakia , the . NICROI(~VE EFFECTS STUDIES.Scandinavian countries , the Netherla nds , Auat ria , Italy,
Prance, Bulgaria and Canada . The full ~~~~ of the u. fl, Office of Naval Research, Arlington , Tit5inia ,
papers and 15 s* arteu will be made available in a 350— has contracted with the University of ~~-.hlmgton ,
page report , n.st r ~~‘,stio C~~pat iMUt5~ 2976. Papers Seattle , for the above study. Oisrcb 2$, 1975)
presented on biologica l effects of 55 radiation will be
abstracted in a later issue cf the Digest. ~ EFFECTS OF HIGH LEVEL EXPOSURE TO NICROI~ yE

RADIATION .
F or further lnforvarion conta ct: Mr. I. Dvorak, III—
HP , Stsrnwartsarasee 7 , $006 Zurich , Svitzetland . The Food and Drug £~~(~S.trat ion proposes to negoti—
Phone (Zur ich) 32 62 11, En t. 27$0. ate a contrac t with the Aaerican Health Foundation

for the above study . (March 31, 1915)

• STUDY THE SEI*VIORAI. EFFECTS OF ANIP~LS EX-MICROWAVE OVEN LEAKA GE DETECTOR POSED TO NICROl~ VE RADIATION.
A device that provides a fas t neasurenent of Eli liak- The toed and Drug Adainietration proposes to negoti-ag. fields from NV ovens is now available fr an UI. ate a continuation and expansion of ongoing work with



D~~1cp~ a1 Eff ec ts E~~ine. .jt~
NEWS I T E M S  Radi.tio,, l~(1~, Mach ‘VS

Randomline , Inc ., Willow Grove , Pennsylvan ia . (March line for abstracts in this Series i. July 1. Ab—
fl , 1975) st rac t s and inquiries should be direc ted to :

Prof . A. V. Guy
Dept. of Rehabilitation Medicine , SJ—30

NFl REPORTS.. .  University Hospital
Seatt le , Washington 95105

Th. World Health Organization (WHO) has designated the (206) 543—1071
Bureau of Radiological Health as the WHO Collaborating
Center for Standardization of Protection Against Non— A call for papers , which includes detailed abstract
ioni zing Radiation , for the next three years. The information, has been mailed . Talks are limited to
Center is to assist W~~ in estimatin g pr esent levels 20 minutes; abstracts should be 200 to 245 words ,
and trends of h~~an exposure from nonionizing rad ii— submitted with two copies . An abstract form is
tion; pr~~~ting the estab lislaent of inatronentation included in the back of this issue of the Digest.
calibration and reference services in various countries ;
establi shing internationally scc.ptabl. nomenclature , Pap ers preSent ed in this Series will appear in a
definitions , and dosimetry methods ; traini ng public special issue of Radio Science, early in 1976.
health personnel ; establish ing nonionizin g radiation
control progr ; and stinulating research. It is ex-
pected that the Bureau ’s new assignuent will greatly
aid in the exchange of scientific inf ormation on radi-
ation bioloaj between the Uni t ed States and other
countries .

At a ptthlic meeting in Decenbor , in Rockville , Mary-
land , the need for a MW oven standards amendment was
debated . It was proposed that the standard be amended
to prevent the sale of ovens in which the concealed
inter lock is clearly visible and readily susceptible
to defeat. The amendment also would clarify the test
criteria for assuri ng tha t the insertion of an object
into the oven while the door is closed does not cause
microwave leakage in excess of the limit set. The
Bureau of Standards will a~~~unce its decision soon
after the first of the year .

An inform ion exchange program related to the regula-
tion of radiation—producing electronic products was
formalized last week between FDA ’s Bureau of Radiolog-
ical Health and the Canadian Department of National
Health and Welfare ’s Health Protection Branch. The
progra, will provide a .echa niss for co inica t ing
information and experience in conducting national
coepliance pro gr .

~~~I IsNVLsttar 3(1), 1973

USNC/URSI SERIES ON BIO LOG ICA L EFFECTS OF ELECTRO.
MAGNETIC RADIATION MdNOUNCID

The United States National Comeittee of the Imt eros—
tiomal Union of Radio Sciescs (U C/uUI) has an-
nounced that its l~ 75 meeting, October 20—23 , 1975 ,
at the University of Colorado , b alder , will include
the following topic .:

General Effects of Electromagnetic Fields
behavioral , Neural and d R  Effects
Cellula r and $iochenical Effects
Quantification and Nessisr ssts
Medical and Biological Applicattena

Seesions will be organised by the Progr C~~~ittes
for the Rio—Ef f ect. Series, which includes : A. V.
Guy, C. C. Joheson and S. V. Rose.thsl. The des$

S
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Dio ical Eff ects Eceumq,wtk
R~~ec~ n I1( fl. Merh 7VS MEETINGS AND CONFERENCES

46TH ANNUAL SCIENTIFIC MEET ING, AERO. ‘ ‘  SYMPOSIUM & TECHNICAL EXHIBITION ON
SPACE MEDICAL ASSOCIATION ELECTROMAGNETIC COMPATIBILITY

Date : April 28 — May 1, 1975
Pine.: San Francisc o , California Date : May 20—22 , 1975
Spo nsor: Aerospace Medical Association Pier.: Mootreux , Svitaerlaad
Requests for r, f o3t~ tion: Dr. N. B. Goodwin, Naec. Co po nsors: International Union of Radio Science ,
Vice President , Aerospace )Iedioal Association , Wash— Prof. Group on ~ IC of the Inst. of Electrical and
ington National Airport , Washington , D. C. 20001 Eloctr onic Engineers , came . AZ—4 on ~ IC of the

Soc . of Antonotive Engineers.
Seinoted Bibliography of ~~~eri to be Presented: Requests for Inf o~~~tio~s: T. Dvorak, Secretary

General , STE—HF , 7 Sternwsrtstras e, 8006 Zurich,
MEDICAL SURVEY OF PERSO*IEL OCCUPATIONALLY LX- switzerland .
POSED TO NONIONIZING ELECTROMAGNETIC RADIATION.
V. C • Nilrow (Naval Surf . Weapons Cant., Deblgren , S.l.ot.d Bib Uogr aphy of Pape rs to be Pr esented:
Vs.)

SOME ENd PROBLEMS IN HOS PITALS. A. Kirkeby
(birch A Lrogboe , Virus, Deamsrk) .

1975 INTERNATIONAL MICROWAVE SYMPOSIUM ELECTROMAGNETIC EMVIROWIENTS IN MAJOR MEDICAL
FACILITIES . .1. C. Tolar (Georgia Inst. Tech .,

Date: Nay 12—14 , 1975 Atlan ta , Ga. ) .
Pine.: Palo Alto , California
Sponsor: San Francisco Chapter lilT—S
Request. f o r  Infonvation: 1973 IEEE G-MDT Interna— A COST EFFECTIVE METhOD FOR ASSESSING ELECTRO
tiona l Microwave Symposium , Rickeys Hyatt House , MAGNETIC PERFORMANCE OF DEMAND PACEMAKE RS .
4219 Xl Cs,ino Real, Palo Alto , California 94306 . J. J. Crenc a (At lantic Has . Corp., Alexandria ,
(415) 493—6000 Va.) .

~.lect.d BibUograp hy of ~zpsrs to be Pr esented:
ENERGY DENSITY : A PROPOSED PARAMETER FOR

RESONANT ELECTROW.GNETIC POWER DEPOSITION IN MAN ASSESSING ELECTROMAGNETIC PERFORMANCE OF
AJ~ ANIMALS. 6. P. Gandhi (Klectr. Eng. Dsp., DEMAND PACEMAKERS. 3. C. 101ev (Georgia
Univ . Utah , Salt Lake City) . inst. Tech. , Atlanta, Ga.).

NONINVASIVE MICROWAVE MEASUREMENT OF RESPIRATION .
3. C. Lin (Electr. Na g. Dep ., Wayne Univ . • Det— ELE CTROMAGNETIC ENVIRON MENT TO PACEMAKERS IN
roit , Ilich.). TERMS OF MODULATION FREQUENCY ND FIELD

STRENGTH . B. Sch lentz (Medtr onics Corp.,
COMPLEX PERMITTIVITY AND PENETRATION DEPTH OF Min neapolis , Minn .).
CERTAIN BIOLOGICAL TISSUE BETWEEN 40 AND 90 GHz
J. Edrich (Univ . Denver, Cob .) and P. C. Hardee.

QUANTIFICATION OF HAZARDOUS RF FIELDS .
DIELECTRIC MEA SUREMENTS FOR THE DESIGN OF A H. Borniewics (Centralny Instytut Ochrocy
PHANTOM EYE. N. R. Foster (Mass . Inst. Tech. , Pracy, Warsaw , Poland , .
C bridge) and W . B. Westphal .

EFFECT OF MICROWAVE FIELDS ON RABBIT VAGUS
NERVES AND SUPERIOR CERVICAL GANGLIA . c. x. MICROWAVE POLLUTION OF ThE ENVIRC IMENT MD ThE
Chou (Univ. Washin gton , Seattle) and A. V. Guy. ECOLOGICAL PROBLEM. 3. It su del Blanco (Queen ’s

Univ., Bingston , Canada) and C. Ra nsr o-Sier ra .
MICROWAVE IRRADIATION DE SIGN USING DIELECTRIC
LENSES. H. S. Ho (HEW, Rockville, lid.), 0. J .

agan , and N. B. Foster. MICROWAVE POWER DENSITY MEASUREMENT IN ThE PRE-
SENCE OF BIOLOGICAL SPECIMENS . J .  M~u del

A MOMPERTU RBING LIQUID CRYSTAL FIBE R OPT I C MIC RO - Ilenco (Queen ’s Univ. , Bingaton, Cana” )  and
WAVE POWER PROBE . 0. P. Gandhi (Electr. Nag. 3. A. T~~~er.
Pep., Univ . Utah , Salt Lake City) and 1. C.
Rossell.

EFFECTS OF PULSE MODULATE D MICROWAVE ENERGY ON
FIBEROPTIC MICROPROBES FOR MICROWAVE ELECTRO- ISOLATE D FROG HEART. B. Chapman (Univ.
MAGNETIC FIELDS MEASUREMENT . A. Deficis (Lab . du Illtho ii, Urbana) and C. Cain.
D. 1.R .M.O., 0.LE .R.A. -C. E.I .T. ,  Toulouse , Frante) .

3



8~o cg1caIEff .cia EI.clromtgn.tl c
MEETINGS RadiatiOn 11(7), Mwch 1976

•••‘ 10TH ANNUAL MICROWAV E POWER SYMPOSIUM THE GENERATION OF ACOUSTIC SIGNALS IN MATERIALS IR-
RADIATED WITH MICROWAVE PULSES--A ThEORETICAL ANALY -
SIS. D. Borth (Pep . Electr. Hag., Univ . Illinois ,

~~t :  Hey 27—30, 1975 Urbana ) and C. Cain.
Pine.: University of Wa t erloo , Waterloo , Ontar io ,
Canada STRIPLINE TECHNIQ UES IN ThE STUDY OF MICROWAVE BlO-
S~,onsor: International Microwave Power Institute LOG ICAL EFFECTS ON ISOLATED NEURA L PREPARATIONS . R.
Requests for Z ifbr,rction: DIP ! , lox 1556 , Edmonton , L. Seaman (Dep . h osed . lug., Duke Univ., Durham, N.
Alberta , Canada C.), H. Wachtel and W. T. Join s..

Seinoted RibUographji of Paper. to be Presented:
THE OCULAR LENS AND CATARACT. S. N. Michaelson (Univ.

MICROWAVE HEATING OF MALIGNANT MOUSE TUMORS ~~ TIS- Rochester Sch . Med . Dent., N.Y . ) and S. V. liagin.
SUE EQUIVALENT PHANTOM SYSTEMS. J .  H . Robinson (Univ ELECTRON MICROSCOPIC EYALIMTION OF ThE LENSES OFMaryland Scb. Med ., Baltimore) , D . licCulboch and I. A RABBITS EXPOSED TO LONGTERN 2450 HNz CONTIISJOUSEdelsack. MICROWAV E ENERGY AT 10 HN/CN2 . B. 3. Williams (Duke
ENERGY DEPOSITION IN HOMOG ENEOUS AND MJLTILAYER TISSUI Univ . lye Cent., Durham , I . C .) , .A d  licEse , H. D. Finch
SPHERES AND EFFECT OF CIRCULATION . H. P. Schvan (D.p. ~~ P. V. Pulk.
Iioemg., Univ. Pennsylvania, Philadelphia) and H. N. A MODEL FOR THEM~~. CATARACTOGENESIS . 14. 1. Poste rXritikos .

(Div . blob . Effects, Bur . Radiol. Hlth , Winchester ,
COLOUR THERMOGRAPHY AM) MICROWAVE RADIOMETRY : THEIR Mass.).
APPLICATION TO BIOLOGICAL SYSTEMS UNDER MICROWAVE
RADIATION EXPOSURE. .1. Bigu del Blanco (Aaat . Dep., BIOLOG ICAL EFFECTS OF LOCALLY APPLIED MICROWAVES ON
Queen’s Univ . lingiton , Ontar io) and C. Romero—Sierra . 1NE ThYROID GLAND OF DOGS . B. L. Nagin (Univ . Ro-

chester Sch . Ned . Dent., 1.1.), S-T. Lu and S. V ..
MICROWAVES IN TIJI)R ThERAPY . F. Dietnal ~~~~~~~ Radi- )iicbaelson.
ol., Justus Liebia Univ., Giesssn , V. Germany).

EFFECTS OF RF FIELDS ON NERVOUS ACTIVIT IES. H. E n —ELECTROMAGNETIC THAWING OF FROZEN GRANULOCYTES. C• P~ tikos (D.p . Bioeng., Univ . Pennsylvania , Philadelphia )
bur ns (Georgia Inst. Tech. , Atlanta) Ii C. bu rdette 

~~. ~~~~~~~~~~~~~ an~ H. P. Schvan.and V. P. Popovic.

FAST FIXATION OF BRAIN IN VIYO BY HIGH INTENSITY LOW LEVEL MICROWAV E INTERACTION WITH ISOLATED MAIPqAL-
MICROWAVE IRRADIATION FOR NEUROCHEIIICAL STUDIES . S. IAN HEARTS . B. C. Olsen (Dep . Electr. Hag., Univ .
H. butcher (Dsp . Pb ar aacol., Univ . Californi a , Los Utah, Salt Lake City), C. H. Durney , 3. L. Lords andAngeles) , I.. I.. Butcher , N. S. Harms and P. 3. Jenden. c. C. Johnson .

A NEW TECHN IQUE FOR MEASUR ING POWER DEPOSITION PAT-
TERNS IN PHANTOMS EXPOSED TO EN FIELDS OF ARBITRARY LIGHT AND ELECTRON MICROSCOPIC OBSERVATIONS ON HAM-
POLARIZATION--EXAMPLE, THE MICROWAVE OVEN . A. V. STERS AFTER MICROWAVE IRRADIATION . E. N. Albert
Guy (lioelectrosagn.tics lee. Lab., Univ . Washington (George Washington Univ. Med . Cent., Washington, D.C.).
Sob. lied., Seattle) , N . P. Webb and S. A. HoDougall.

MICROWAV E SPECIFIC EFFECTS ON BEER YEAST . B. Thourel
BIOLOGICAL ALTERATIONS OBSERVED UNDER MICROWAV E IR (O .l.E.R.A. -C .E .R .T . ,  Toulouse , Franc.) , A. Pr iou and
RADIATION. A. D.ficis (Lab. D l.R .LO., O.Ll .l.A. c. ins..
C.l.l.T., Toulouse , Prance), 3. 5. Dumes, S. Laurens .

STUDIES ON MICROWAVE LEAKAGE SUPPRESSION OF MAGNET-
LOW LEYEL MICROWAVE EFFECTS ON THE TOTAL IRON BIND- RUNS . A. Harada (Hitachi, Ltd., Ilobara, Chibs, Sap—
1MG CAPACITY OF PREGNANT RATS . V. P. Travers (Dsp . Si an) , I. Oliara , and !. Oguro.
nucleonics , Purdue Univ., V. Lafayet te , bid.) and 1. J
Teeter. MICROWAVE DOSIMETRY. N. Piotrovaki (liii. Inst . Hyg .

Rpid iol., Savsaw, Poland) and B. Daieciobowski.
EFFECT OF MICROWAVE FIELDS ON NOSCLE CONTRACTION.
C-B. Cbou (lioelsctromagn.tics R.. Lab., Univ. Wash— OCULAR EFFECTS OF 35 AM) 107 6HZ CW MICROWAVES. L.
ilgeon Sob. Ned., Seattle) and A. V. Quy . hirenbaus (lee . Assoc . Polytech . Inst • New York , Brook-

lyn) , I. T. Baplan , V. Metlay, S. V. Rosenthal , and
CONDITIONED TASTE AVERSIONS IN TIlE RAT INDUCED BY A K . K . Zar at .
SINGLE EXPOSURE TO MICROWAVES. I. U. Lovely (Mo-
electro.qn.tics Pee • Lab., Univ . Washington Sch .
lied., Seattle) and A. V. Guy.

NEUROENDOCR INE AND CARDIODYMAMIC RESPONSE OF THE DOG
SUBJECTED TO CRANIAL EXPO SURE TO 2450 PNli MICRO WAVES.
1—!. Lu (Univ . Rochester 8th. 14.4 • Dent.), 3. Jonas,
S. Pstt ft , N. L.bda and S. Nichaeleon.
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1975 JOIN f INTERNATIONAL IEEE/AP-S 5TH EUROPEAN MICROWAVE CONFERENCE
SYMPOSIUM & (SSNC/URSI MEETING

Dat e: Sept~~.ber 1—4 , 1975
Date: June 2—4 (tHEE) ; June 3—5 (URSI) , 1975 P lace : Hasburg, W . Germany
Place: Urbana—Cha.palgn, Illinois Sponsors : VDE, in cooperation with the Convention
Sponsors : Institute of Electrical and Electronics of National Societies of Electrical Engineers of
Engineers and U.S.  National Comeittee of the Inter— Western Europe, IEEE, International Microwave Power
national Scientific Radio Union. Institute , German National Coeaittee of URSI , and
Requsste for Infor~nation: Departuent of Electrical Microwave Exhibitions & Publishers , Ltd .
Engineering , University of Illinois , Urbana , h i m — Requests for Infornation: Dr . H . S. Schaitt , Confer-
ois 61801 (217) 333—1200 snce Chairman, Philip. Forschungslaboratoriua . Vogt

Koellnstrasse 30, D2 Haaburg 54, W . Germany .
Selected Bib tiogr ’aphy of P apers to be Presented : Selected Bibliograp hy of Papers to be Pre sented:

SCATTERING FROM FINITE BIOLOG ICAL AND METALLIC MICRO WAVE BIOEFF E CTS: CURRENT STATU S AN) CONC E PTS.CYLINDERS. D. Livesay (Michigan State Univ., P. Czerski (Dep. H~in. Cenet., Nati. lee. Inst. MoW—Ea st Lansing ), B. S. Guru end K. N . Chen. tber Child , Vsvsaw , Pola nd) and S. Sziiigielski .

ELIPT ICALLY POLARIZED EM FIELD INDUCED IN A BIO- MICROWAVE ABSORPT ION OF LIVING HUMAN SKIN BETWEEN
LOGICAL TISSUE BY A PLANE EN WAVE. K. H. Chen 8 AND 96 GHz. S. Edrich (Univ. Denver, Cob .).
(Michigan State Univ., East Lansing) and D. Live-
say. THE IMPORTANC E OF BOUND WATER STUDIES IN THE DETER-

MIMATION OF ENERGY ABSORPTION BY BIOLOGICAL TISSUE.
DEVELOPMENT OF ELECTROMAGNETIC MODELING MATERIALS H. H. Grant (Queen Elizabeth College, London, U.K.),
FOR X-BAND DOSIMETRY STUDIES. A. Y. Cheun (Univ . B. J. Sheppard and G. P. South.
Mary land , College Park) , P. V. Koopsan, 3. 0.
Saffer and M. L. Swicord. A SYSTEM FOR QUANTITATIVE CHRONIC EXPOSURE OF A

POPU LATION OF RODENTS TO UHF FIELDS. A. V. Guy
INVERSE SCATTERING SOLUTIONS BY LEAST SQUARES. (Univ. Washington Sch. Med., Seattle) and R . H.
B. H. Bussey (lIES, Boulder , Cob .). Lovely.

A FINITE ELEMENT METHOD FOR CALCULATING ELECTRO - MEASUREMENT OF TEMP ERATURE AND MICROWAVE POWER
MAGNETIC FIELDS IN COMPLEX GEOMETRIES. P. B. US I NG LIQU ID CRYSTAL/OPTIC FIBER PROBES. T. C.
Kellogg (Univ . Mary land , College Park ) and S. Rozzell (ONP , Arlington, Vs.).
Mender.

A POCKET-SIZED MONITOR OF DANGEROUS MICROWAVE
HEATING PATTERNS OF ENCLOSED AND DIRECT CONTACT POWER LEVELS. P. Agarwal (Univ . Newcastle—upon—
MICROWAVE DIATHERMY APPLICATORS. C. Kantor (lur. Tyne, 13.1.), 5. Hannah, H. Hartnagel and J. T. Ken—
Radiol. 111th., Rockville, lId.), M. L. Svicord and na ir.
M . Blair .

USE OF DIELECTRIC MICROPROBES FOR ELECTROMAGNETIC
INDUCED CURRE NTS IN BIOLOGICAL MEDIA WITH IMPLAN- FIELDS MEA SUREMENT . A. Deficis (0 .N. E .R .A. — C .E . R .
TED METALLIC CONDUCTORS. 0. p . Syquist (Michigan T . ,  Toulouae , Prance) .
State Univ.,  East Lansing ) and K. II. Chen.

CALIBRATION OF MINIATURE MICROWAVE ELECTRIC FIELD
DETECTOR FOR IMPLANTATION MEASUREMENT WITHIN BIO-
LOGICAL TISSUES. A. Y. Cbung (Univ. Maryland,
College Park). •••• ~~~ USNC/URSI-IEEE MEETING

MEASURE OF ENZYMATIC ACTIVITY COINCIDENT WITH
2450 MHz MICROWAVE EXPOSURE. T. B. Ward (HPA , Date: October 20—23, 1975
Research Tria ngle Park , N . C . ) ,  3. W . Allis and 3. PZac*: Bou lder , Color ado

A. Elder . .Sponsor. U .S. National Co ittee of the Internation-
al Union of Radio Science (USNC/URSI).
Requests for  Info ~ira tion: Prof. A. H . Guy , Dept. of

MICROWAVE EFFECTS ON HUMAN TISSUE CULTURE C HRONO - Rehabilitation Medicine , LJ —30 , Univ . H osp ., Seatt le ,
SONES . B. S. Guru (Michigan State Univ., East tan— Washington 98103.
sing), B. Hoopingar ner and K. M. Chen .

A NUMER ICAL STUDY OF MICROWAVE DOSE DISTRIBU TION IN
THE HUMAN HEAD . S. K. Mender (Bun . Rediol. 111th.,
*ockville , lid.) and B. B. Kellogg.

THE MICROWAV E HEARING EFFECT--A THEORETICAL ANALYSIS.
C. Cain (Univ . Illinois , Urbana-Cb paign) and P. borth.

ELECTROMAGNETIC TRANSIENT PROPAGATION IN MODELS OF
MA N. 3. C. Lin (Wayne State Univ. ,  Detroit , Much.) and
C—L Vu.
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ULTRAHIGH FREQU ENCY RADIATION AND HEA LTH SAFETY
7. SAFETY ENGINEERINGby 7 .1 The Main Principles of Industrial SafetyB. A. MIN IN Measures

7.2 Collective Safety Measures
7.3  Local and Individual Safety Measures

The main principles of protecting personnel f row oc— 7.4 Some Organizational Aspects of Protecting
cupationa l exposure to HN radiation in the UHF range Personnel from UHF Radiation . Concomitant
are present ed in this book, which is designed for use Factors
by engineers , technicians , hygienists and aefety en- Conclusiongineening experts. The information is intended for
use in making calculations and measurements of anten— Bibliography
na fields and internal radiation emission of operat— Subject Indexing colesunication, broadcasting, radar , and radio—
navigationa l facilities . Research data on the bio-
logical effects of UHF radiowaves are cited . The Sovetskoie Radiao Publisher .: Hoskow, 1974, 352p~ In
theoretical and practical aspects of radiation stand— Russian.
ards are reviewed and UN? and x—ray radiation protec-
tion measures are outlined. A 200—item bibliography
of int ernational publications is included .

Table of Contents
ELF AND VLF ELECTROM AGNETIC FIELD EFFECTSNomenclature

Introductory Ilotee Edited by Michael A. Psi-singer
Laur.ntian University. Ontario1. RLECTROMAGNETIC BIOSPHERE OF TIlL ~.AkrB . NA r .JRE

~ND ECOLOGY
1.1 Biophy sical ASpects r.f t~ e Electro magnetic

Fie ld Of fering exciting new research on ~ t signals whoa. fre—1.2 Rediofrequency Radiation in the Manufacture quencies overlap with tine—vary ing processes in livingand Maintenance of UHF Equipment organisms, this book presents data indicating aignif 1—
2. BIOPNYSICAI. ASPECTS OF UHF RADIATION . HFIUODS op cant effects of ELF fields on human and other life form

INVESTIGATING RADIATION RAZARD~ activities. It disti nguishe , bttvean the detection and
2.1 Biophysical Effects of UHF Electromagnetic effect of ELF signals , and examines the physical para—

Field on the Human Body meters of ELF—VLF HN fields and their penetrability,
2.2 Review of Techniques of Investigating Biolog— shielding propertlee , and behavioral and biological ef—

ical Effects of lIMP Field,. fects. This volume will be of interest to biophysicist.,
biochemist ,, enviroumental scientists , public health3. STANDARDIZATION OF ELECTROMAGNETIC FIELDS workers, and others concerned with exposure to HN radi a—3.1 Selecting Recordable Parameter, of Electro— tion.magnetic Fields

3.2 Types of Radiofrequency ~~iseion Standards Contents
4. FORECASTING TECHNIQUES OP RADIATION EXPOSURE N . A. Pars inger , INTRODUCTION4.1 Evaluation of Forecasting Techniques H. I.. Thnig , ELF AND VI.? SIGNAL PROPERTIES: PHYSICAL4.2 Principles of Conventional Methods of Field CHARACTERISTICSCalculation H. H . Ludwig, ELECTRIC AND MAGNETIC FIELD STRDIGTHS IN4.3 Retrospective Method of Calculating Antenne THE OPEN AND IN SHIELDED ROOMS IN THE UI.?- TO h.P-ZONEField. H • I.. Ednig, BEHAVIORAL CHANGES DI HUMAN SUBJECTS ASSOCI-
5. FUNDAMEItrALS AND PRACTICAL APPLICATION OF RADIA- ATED WITH ELF ELECTRIC FIELDS

TIOM FORECASTING 1. Vsber , ELP-E?FECTS ON HUMAN CIRCADLAII RBYTNES
5.1 Forec asting of Field Intensity in Free Space S. de Lorge and H .  S.  Herr , OPERANT MBTNDDS ASSESSING
5.2 Effects of Electr omagnetic Field Propagation TIlE EFFECTS OF ELF ELECTROMAGNETIC FIELDS

and Distribution Conditions N. A. P.rsingsr, et aZ., BEHAVIORAL, PHYSIOLOGICAL AND
5.3 Temporal Aspect. of the Effects of Radiof r e— HISTOLOGIC AL CHANGES ZN RATS WOSED DURING VARICKIS

quency Fields of Relay Stations with Traver- DEVELOPMENtAL STM RS TO ELF MAGNETIC ?IEIJJS
sing Radi*t ion characteristics C. AltS$fln , OXYGEN AND BIOCRNEICAL CHANGES FOLLOWING

ELF WOSURZ
F. B. Cole and B. 1. Graf , PRE CAIIIIZAN EL? AND AR IOCENESIS6. RADIATION MEASURING TECHIXQUES K. A. Persi nger , ELF ELECTRIC AND MA~~ITIC FIELD EFFE CTS:6.1 Methods and Equipment for Measuring Essard - THE PATTENI! AND P IBLENSone Levels of UHF Radiation Index6.2 Practic~il Aspects of Power Metering UHF

Fields Plenem Publishing Corporations N.. Terk. 1974 , 316p6.3 Automatic Monitoring of Radiation Safety
Levels. UHF Expoenre Dose Ilsssurement
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0325 BIO ME DICAL ASPECTS OF NONIONIZING RADIA- less than 1 — abo*e 10 GHz; (b) San absorb s the in—
p lION. (F.) Milroy , H. C. (Naval Weapons cident enerp ; and (c) for an expoeure not in excess

Lab., Dahlgren , V a . ) .  P~oo. Synip . Biomed. Aspects of 10 ~~/ca external flux, cerebral circulation
Nonionising Radiat., July 1973. Naval Weapons Lab , effective ly eliminates the danger of exceseive ten-
Rep . TR—3l lO . NTIS: AD—7 8O 222, March 1974 , iSp . perature elevation . No detrimental effects have been

reported for therapeutic partial body irradiation at
The proceedingti of a me—day Symposium on Biomedical 1000 ~ t/cmt . Above 100 ~ l/ca2 deleterious effects
Aspects of Nonionizing Radiation held on July 10, have been observed in animal whole body exposures.
1973, at the Naval Weapons Laboratory, Dshlgren, Vir— Between 1—100 al/cm 2 a variety of subtle and not
ginia, in conjunction wi th the opening and dedication necessar ily det rimental effects  take place , including
of the new Biomedical Research Laboratory , are pre— the threshold of ther mal perception and the “B? hea r—
sented in this report. It includes six invited ing” pheno mena . The U.S. standard of 10 al/ca2 cor—
paper. presented at the Symposiu m by leading auth or— respond, to a current density inside body tissue of
ities in the fields of bio—engineering, comparative 3 milliaap /c.~ . The th reshold current density is
biology, human exposure factors, high power pulses , not strong ly frequency dependent and could be used
anu BlIP bioeffects; and an overvi ew of the Naval *5 a yardstick for the development of subsidia ry
Weapon s Laborato ry efforts so far in their study of standards • Such standards might include exposure to
the possible biological effects and health hazards very low frequency and static electrical fields, con—
of EM rad iation . (See CL 0326 through CL 0331, and tact of one part of the body with a high potential
CL 0170, Volume I , No. 2 , for abstracts ~f these (e .g. ,  high voltage line workers), HF, and low fre—
pres entations. ) (No references ) quency and BY standards in terma of .agnettc and

electrical field parameters . (No references)

0326 ~ 1ERE ARE WE AND bIIERE ARE WE GOING? (F.) 0328 COMPARATIVE BIOLOGY IN ASSESSMENT OF ELEC-Tyler , P. B. (Nava l Weapons Lab., Dahigren , TROMAGNETIC BIOEFFECTS. (P.) Michael.oo,Va . ) .  Biomedical Aspects of Nonionizing Radiation, S. N. (Dep . Radiat. Biol. Biophys., Univ. Rochester,Naval Weapons Lab . Rep . TR-3l10 , NTIS : AD .78O 222 , N . Y . ) .  Biomedical Asp ect. of Nonioniaing Radiation,March 1974 , pp. 1—4 . Naval Weapons Lab. Rep . TR—3 llO , NTIS: AD—780 222 ,
March 1974 , pp. 17—26.A major portion of the scientific co anity has

shunned the area of nonioniiing radiation , primarily The problem of animal selection for experiments onbecause of the lack of a unifying theory which could
explain the repor ted biological effects of electro— electromagnetic bioeffects is discussed . Ext rapola-

tion of animal data on hot spots to man is compli—magnetic radiation. This attitude is changing with cated by the fact tha t various animal species differthe greater willingnes s of medicine to accept em- in brain size and in distribution of brain circulationpiral facts without absolute knowledge of the macha— relative to the circle of Willis. To interpret rab—nie of acti on. Questions in the area of biological bit experiments related to catarac togenesis , it iseffects of nonionizing radiation will eventually be important that the rmal gradients in the rabbit eyeanswered throu gh a multidisciplinary app roach in-
volving both medics end engineering exper ts. With be taken into consideration . The biologist must re-

member that animal species also differ in eye volume ,its truly interdi sciplinary team , the Naval Weapons dimensions , and location of the eye in the head.Laborato ry has the opportunity to explore solutions
to three major proble ma in nonionizing radi ation: Thus , the scope of cataractogeneate research mus t be
the f requency dependence problem , the eff ects of expanded to include specie, other than the rabbit.
long—term exposure to relatively low levels , and t he In the major area of therma l conversion , the inherent
probleem of pulsed ueresse continuous ra diations , thermal regu latory capacity of the animal must be
(No refere nces) considered : the ra t end the rabbit are poor thermal

regulators , whereas the dog is a very good and man a
very efficient ther mal regulator. One of the con-
stant factors emong species i. the relationship of
body surface area. lasal metabolic rate or heat

0327 SOME GUIDELINES FOR THE DE VELOPMENT OF EN production is definitely related to body weight or
RADIATION STANDARDS . (F.) Schwsn , H. P. surf ace area , in a linear relationship ~~~ug various

(Moore Sub . Electr . Bug., Univ. Pennsylvania , Phi ladel— species. This relationship may permit the develop—
phia). Biomedical Aspects of Nonionising Radiation, ment of inter specie. comparisons and extrapolation
Naval Weapons Lab. Rep . 11—3110, NTI S: AD—iSO 222 , factors for man. (No references)
March 1974 , pp. 5—8 .

Siophysical studies undertaken with Naval support
indicate no direct (noistherwal) effect of microwaves 0329 HIGI POWE R PULSE 1nNSMITTE RS . (t.) Rose ,
on biosysteme at the molecular and cellular level. K. P. (Naval Weapons Lab., Dahlgren , Va.) .
However, f ield forces may become significan t at the Bioirmdioal Aspect. of No.tioniatng Radiation, Naval
macroscopic level and could be reaponaible for the Weapons Lab . Rep . IL—SilO , II TISs AD—780 222 , March
phenomenon of “bear ing” pulsed waves. $ioengineering 1974 , pp. 38—49.
research has shown that: (a) penetration of micro-
waves in body tissues is highly frequency sensitive Two classes of experimental short pulse, high power,
and decreases from about 1 in. at ii frequagcies to discrete frequency trassaitters are described which

7
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represent the state of the art in attainable power the second half of life of the experimental rod ents.
levels. Their applications include atmospheric (14 references)
mapping , EN testing , and short pulse radar. Person-
nel working nea r the devices could be exposed to
power levels and pulse shapes f or which biological 0331 BI OMEDICAL ASPECTS OF NONI ONIZING RADIA-studies have not been done . The first class includes TION: AN OVERVIEW OF ThE NWL EFFORT. (e.)a Herzian quarter-wave cavity that is dc charged from
an external source. When the voltage across the Diachenko , 1. A. (Nava l Weapons Lab., Med . Res. Tea.,

Dahlgren , V a . ) ,  B. L. Ellis, L. Layton, H. C. Milroy,spark gap reaches a predetermined level , the gap arcs 1. ~~. O’Crady and B. T. Prince. Biomedical Aspectsand produces a standi ng wave inside the cavity. An
alternate cavity device is a t rsvit ron with a series of Nonionizing Radiation , Naval Weapons Lab . Rep.

TB 3110 , NTIS : AD—78 0 222 , March , 1974 , pp. 70—74.of spark switches located along the axis. A fas t
rising pulse pro pogatin g in the cavity is chopped by The Medical Research Tea. was established at the Navalswitch action and can be radiated from a horn antenna.
The Hertzian quarter -wave device operates at 50 ~~ at 

Weapons Laboratory in 1972 to study the possible bio—
effects and health hazards of EM radiation. This bio—50 MHz and t’ e travitron at 20 Ma . Another device ,

a Landnecker ring, is composed of 100 coupled reson— medical researc h effort is multidisciplinary , cover—
ant circuits that can discharge in phase. It has t~g engineering and electronic instrumentation , medi—
several oscillatory modes, each containing a frac— cal surveillance , biological research , and psycho log—
tionated portion of the total energy . In the open ical research. The projects planned in each of

these areas are reviewed. A group of 100 occupation-literature , the highest recorded power for this de-
vice is ii Ma at 70 MH z. The second class of trans— ally exposed person nel will be examined annually to
sitte rs comprises beam plasma devices. One been provide a comparative basis for detecting cumu lative
in eracts with a msgnetic field in the drift space long—term effects of EN radiation, Parameters to be

evaluated are hematology , blood chemistry , urinalysis,to produce microwave rad Iation at several frequenc ies electrocardiogr am , electroencephalogra m, and psycho—simultaneous ly . Power levels of 30—50 Ma are produced
at a number of radiofrequenciss for each pulse. (6 logical testing . Biomedical research pr ojects in—
ref erences) d ude : (1) longterm studies on the effects of chronic

exposures to microwave radiation , both radar—type
pulse odulation and high—energy frequency specific
pulse modulation; and (2) investigati ons of the macha—
ais of action on nonionizing radiation of biologi—

0330 CONTINUOUS EXPOSURE OF RODENTS TO 1O8 PUL- cal studies. The para meters investigated in (1) will
SES OF ELECTROI4~GN ETIC RADIATION . (P. ) include blood chenistries; body weight; fertility;

Baum, S. J. (Armed Forces Radiobiol. Res. Inst ., death;  tissue enzyme levels and hormone levels;
Bethesda, Md.), W. D. Skidmore and K. P . £kstro.. metabolism and beha vioral parameters . Short—range
Biomedical Aspects of Nonionia ing Radiation, Naval studies will determine the effects of EM radiation on
Weapons Lab. Rep . tR—3110, NTIS: AD-780 222 , March cell cycle timing and cell division in plants , and
1974 , pp. 50—69. also genetic aberrations. In the psychological re-

search, human and animal subjects will be tested for
Experiments were conducted to test the hypothesis consistency of timing in operant conditio ning ta sks .
that rapid rise and fall of electric fields would Additionally , human “micro— t remo r” viU be studied
adversely affect vital ionic and electroc hemical to dete rmine DI radi ation effects on the CNS . (No
processes at the molecular level in biological aye— reference.)
teme • Rodents were continuously exposed for 38 wk
to 10e pulses from an DIP generator which provides
5 pulses/sec with a peak electric field intensity of
447 kV/m , a 5 usec rise time , and 550 na.c lie 0332 ThE BIOLOGICAL EFFECT OF MICROWAVES. (Cer. )fall time . Irradiated Sprague—D awley male rats did R~~tl , D. (Sect. Cardiol. Angiol., Univ. Ulm,not differ significantly fro, their mexposed con— r e~~~cy) Dtaoh. Med. h~,ch~na&o’. 100(1) 26—29 , 1975.trols with respect to the nuober and production of
bone rr ow cells , th. incidence of chromosome
aberrations in ~tt oti c bone marrow cells , and the The direct and indirect biological effects of micro—
concentration of circulating neutrophils , lympho— wave radiation emitted by radio and TV broadcasting
cytes , end erythrocytea . Circulating reticulocyte stations , radar trsns. itters , as well as W ovens
concentration was greater in the irradiated animals and diathermic apparatuses are reviewed. 141 radia-
and platel.t concentration was consistently lover tion, absorbed by the organism at ra tes ranging from
beyond the 6th wk of irra diatio n; however , both 20 to 801 as a function of frequency, the type of the
counts remained within acceptable levels . No ry tissue empoeed , and of perfusion , may cause cataract
tumors were observed in experimental f~~~le Sprague - end oligospermia following irradiation of the eyes
Haw ley rats or in their noiiirrediated controls. Leu— end testes, respectively . The biological tolerance
k~~~.e did not occur earlier in l.uke.ie—prcne A&R/J limit for vbol.-body irradiation has been set at a
asi c mice exposed to RIP , nor was the incidence of rad iation density of 10 al/c.2 , while a lower limit
leukemia higher in this group than in control mice. of 10 ssSl/& has bee s proposed by last lurapeen cci-
The data , obtained from animals at 1 yr of age, do satiate who observed fatigability, irritability, and
not indicate en acute biological ha zard to rodents lability of the pulse sad blood pressure in radar
from RIP exposures . The poseible occurrence of late techaicians eapeeed to radiation densities below 10
effects and msligneaci.s will be determined during *i&. Apart from its therma l effect , RI radiation

$
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causes orientation of blood corpuscles and proteins , populations of mites and Colleithola included static—
thereby bringing about a disruption of hydrogen bonds tical treatment of within—yr and between—yr n~~~ers,in , and denaturat ion of , proteins , as well as changes predator proportions , C ryp t ostigma ta:Co llembola ra-
in enzyme activities. As 141 radiation interferes tios, and Cryptoetigaata:Mesostigmata ratios. In
with the function of pacemakers in cardiac patients 1973, there were no significant differences in the
at intensities well below 10 al/cm2 , such patients proportions of predators (Mesoetigmata , P rostigmata)
should avoid high—frequency radiation sources. The in seven of nine test and control comparisons for the
susceptibility of pacemakers can be reduced by cii i— entire gumeer and on a monthly basis. In 73% of the
cient encapsulation and electrode input filtration, test plots and in 63% of the control plots , the re was
Diathe rmi c appa ra t uses and MW ovens , generating radi— also no significant shift in proportions of predators
ation densities of 1 and 1—5 al/cm2 , respectively, between 1972 and 1973. Proetigmetes and mesostig—
are not hazardous for healthy patients. Notwith— mates had similar densities in paired test and con—
standing , prolonged exposure of the eyes and testes trol plots, as they did in 1971 and 1972. The ratios
should be avoided , and the diathermic therapy of Cryptostigaata:Colleabola (the numerically dominant
patients with pacemakers is indicated only in special arthropod groups) approximated the 1969 pretreatment
cases. (25 references) ratios. Three—yr sumser population curves are gener-

ally synchronous, These observations indicate that
Sanguine EM fields have had no demonstrable effect

0333 DESTRUCTION OF Eacheriohia ccli AND Sci- on the arthropod populations under study. (5 refer—
,r onetl.2 t p hi uriw,, IN MICROWAVE-COOKED ences)

SOUPS. (F.) Culkin , I. A. (Dep. Microbiol., Penn-
sylvania State Univ .,  University Park) and Y. C. P ang .
.1. Milk Food Technol. 3 8 ( l ) : 8 — 15 , 1975.

0335 OXYGE N CONSUMPTION IN FOUR SPECI ES OF IN—
Single serving (20 ml) portions of tomato soup , vege— VERTEBRATES AND A VERTEBRATE NATURALLY EX-
table soup , and broth inoculated with Feoherichia POSED TO SANGUINE ELECTROMAGNETIC FIELDS . (F. )
coli or Sa lmonel la typhir ino ”iwn at about l0~ organieas/ Greenberg, B. (Dep . Biol .  Sci.,  Un iv . Illinois , CM—ml were exposed to 915 MH z microwaves. Bacterial cago). Rea. Rep. , Contract No. N00039—73—C—0030.
destruction was studied in relation to the tine of ~ ,j NTIS: AD A001 925 , 1973 , llp.
exposure and the temperature achieved during the ex-
posure . Temperatures at various positions in the The oxygen consumption and the respiratory quotient
soup samples , indicated by color changes in t empera— (RQ) of five species of an imals collected adjacent
ture—sensitiv e pap er strips , were recorded immediately to the Sanguine antenna (operated with 300 amperes
after  exposures; aliquots were taken from the ~~~~ at 45 and 75 Hz) during si~~er , 1973, were tested.
regions for standard plate coun t determination of The species were wood louse , Oniacus aa ellua ; earth—
survivors . For any given exposure time , the middle WOrms , Lwnbricua terr eatri e and L. r.thellue; slug,
region of soup samples had the warme st temperature An on ep.;  and redbacked salamander, Plethodon cm—
and the top region the coolest. In ter ms of exposure .r.i ~a oinsreue. Controls were collected on the
time , organisms at the top had the lowest survival , sane day, 6—13 miles f rom the nearest Sanguine an—
those in the middle had inter mediate values , ~~~~~ tenna , and both exposed and control groups were
those in the bot tom had the greates t survival. In tested simultaneously. There were no significant
ter me of tempera ture , organisms in the top region differences in 02 consumptio n or EQ between any testdeclined to given levels of surviva l at temperatures and control group of animals. (12 references)
lower than those required to reduce orga nisms in the
middle and botto m regions to the same given level..
These results suggest the heat genera ted during the
141 exposure was not in itself adeq uate to accoun t 0336 LOW FREQUENCY ELECTRIC FIELD INDUCED CHANGESfor the destructi on of the bacteria, (16 references) IN ThE SHAPE AND MOTILITY OF AMOE BAS . (F. )

Friend , A. V ., J r. (U .S.  Naval Med. Re. . Inst.,  Beth-
esda, Nd. ) ,  B. D. Fi nch and H. P. Schvan . Science
187:35 1—359 , 1975.

0334 IMPACT OF EXTREMELY LOW FREQU E NCY ELECTRO-
MAGNETIC FIELDS ON SOIL ARTHROPOOS. ON- Perpendicular and parallel elongation of the giant

GOING STUDIES AT TH E P ROJECT SANGUINE WISCONSIN TEST amoeba Chaos chaos (Chaos car ’olin.nsis) were observed
FACILITY , 1973. (A’,)  Greenberg, B. (Dep~ Biol. Sci., in alternating electric fields over the fr equency
Univ . Illinois , Chicago) and N. Ash. Res. Rep., NTIS : range 1 H z  to 10 MH z.  The elongation characteristics
AD AOO1 924 , 1973 , 35p. vary with frequency in the following ways : (a) be-

tween 1—100 Hz , pseudopodia extend perpendicular to
Study of the long—term impact of Sanguine DI field. the field but complete alignment never occurs; (b)
on soil arthropod population was continued in the between 100 H s and 1 kHz , para llel p.eudopodia with—
s~~~~ r of 1973 , with population analyses of nine test draw and pe rpendicu lar pseudopodia extend to the ax—
and six control plots. Of the nine test plots , one tr sme of the field ; Cc) between 1—100 hR. , Chaos loses
has been monitored for 5 yr , three have been studied its pseudopodia and becou.s approximately elliptical
for 3 yr , and five for 2 yr. The Sanguine Wisconsin perpendicu lar to the field ; and Cd) above 100 ku . ,
Test Facility antennae operate at or near a frequency Chaos remains elliptical but defor ms with its long
of 45 or 75 Hz ; experi ments have involved both CV and axis p rallel to the field. Field strengthe less
modulated operation , Comparisons of test and control than 10 V/ca produce these effects at frequencies be—
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low 1 kEz. Above 1 kEz the required field strength correspond to incident HP power density of 590 ~ l/em2
steadily increases ; at 100 klI z it may exceed 200 V/cm. at 20 7417. Results indicate that a steady—state ther—

V These results are consistent with a simple dielectric mel condition was achieved in 100—120 mm of exposure
force mechanism. (29 references ) with a resulting core temperature elevation of 2 .1

Ce lsius . While temperature regulation in a normal
sub lect would remain eff ic ient  and stab le, this sta-
bility would undoubtedly be gained at some physiologic

0337 THE LEVELS OF LABILE INTERMEDIARY METABOL- cost, such as skin blood flow accompanied by increased
ITES IN MOUSE BRAIN FOLLOWING TISSUE FIXA- heart rate , ca rdiac output , and dive rsion of blood

TION WITH M ICROWAVE IRRADIATION.  (F. ) Medina , Pt . A. flow f rom splanchnic areas . It is shown that 3450
(U niv. Texas H l t h .  Sci. Cen t . ,  San Antonio),  D. ,y and 900 mW/cm 2 of incident 20-MHz power levels are re—
Jones , W. B. Stavinoha and D. H. Ros s. J .  Neurochan. quired to produce heat stress index — 100 for man at
24 ( 2 ) :223—227 , 1975, rest and work , resp ., in an envi ronment whose glob e

temperature is 25 C , 501 relative humidity, and 15
The levels of several labi le  g lyco ly t i c  and organic isilliba rs. (41 references)
phosphate metabol it es  in male Sprague—Dawley mouse
brain were determined fo l lowing rapid inactivation
with 2450 MHz MW irradiation. The AlP levels in mouse 0339 HIGH FREQUENCY ELE CTROMA GNETIC WAVE POWER ,brain following a 0.25 sec exposure in a 6 kW MW oven DEPOSITION IN MAN. (F.) Johnson, C. C.was 2.415 + 0.061 uM/g wet wt. Whole brain levels of (Dep. Biophys. Bioeng., Univ. Utah, Salt Lake City),AT? and seven other labile intermediary netabolites C. H. Durney and H. Massoudi. USAF Sch. AerOspacein samples irradiated for 0.4 sec were comparable to Med. Rap .,  Cont ract N o. F4l609—73-C—002 , Apr il . 1974,those obtained by freeze—blowing .r whole—body immer— 26p.sion in liquid ~~~ Analysis  of these same metabolitea
in four regional areas of irradiated brains did not App roximate Pile equations were applied to musclereveal any anoxic changes between superficial and sphere representations of man and experimental ani—deeper brain areas. MW irradiation did not produce mals. Dose rate data, valid only in the HF to UHFany significant changes in brain water or protein con— bands, show that small animals absorb considerablytent. Unlike freeze—blowing or whole—body immersion , less power/unit voluse or mass than man. For an in-MW irradiation ha. the advantage of producing irrever— cident planewave field power density of 1 la M/c m2 ,sible inactivation of enzymes. Furthermore, the MW man absorbs an average power density of approximatelytechnique is the only method that preserves the struc— io—~ at 10 MHz, whereas a monkey absorbs an averagetu ral integrity of the brain , making regional analysis power density of approximately lO’~’. Thus, a monkeypossible . (20 references) will require an incident power density of about 10

to receive the sane average absorbed power
density as man will at 1 riM/ca2 . Similar results
are obtained for peak absorbed power density. For

0338 ELECTRO MAGNETIC POWER DEPOSITION IN MAN EX- the same average absorbed power density, a dog will
POSED TO HIGH-FREQUENCY FIELDS AND THE ASSO- require two to three times more incident power den —

CIATED ThE~ 4AL AND PHYSIOLOGI C CONSEQUENCES. (F.) city than man ; a mouse may require about 50 times
Guy, A. V. (Dep. Rehabil. Med., Univ. Washington, more incident power density. Power deposition of
Seattle) , C. C. Johnson , J. C. IAn , A. F. ~~ery and planewave irradiation in anisotropic tissue was cal—
K. K. Kraning . U.54F Sch. Aerospace Mad. Rap. sm—n— culated for simple two— and five—layer models. The
73— 13 , 197 3, 67p. calculations show a striking difference in power ab-

sorption with polarization at low frequencies , the
The induced fields and the associated power deposi— d i f fe rence disappearing at higher frequencies. (No
tion in man exposed to HF EM fields were investigated references)
theoretically with spherical models. The induced
fields inside the model exposed to pianevave or near
fields can be described by a coabination of quasi— 0340 HI GH FREQUENCY ELECTROMAGNETI C FIELDS IN
static electric and quasi—static magnetic solutions. PHAN TOM MODELS OF MAN AND PEASURED ELECTR I-
For field impedances lass than 1200w the magnetic— CAL PROPE RTIES OF TISSUE MATERIALS . (A’.) Guy, A. V.
field induced absorpti on predominates; thus, H fields (Univ. Washington Sch. Med ., Seattle), N. D. Webb , A. F.
must be measured to e.timate the hazards due to ill ~~~~~ B. H. Willard and 3. C. Lin . L1SAF Sch. Aero—
exposure . For a 70—ks spherical model of man, the apace Ma d. Rap ., No. 3 , Cont ract F4l609—73-C—0002, July
theory indicate, that the time—average sower absorp— 1974, 82p .
tion/ucit volias is less than 2.5 I l0~’ NI/cc for
each dI/cm? incident at 20 MHz and below. This sug— A thermogrsphic technique was used to quantify power
gests that the thermal safe exposure levels for the absorption due to HF field exposure in biological
HF band are many orders of magnitude in excess of tissues with regular geometries correspond ing to
the 10 ~ I/cm2 level reco~~~nded by the Department of spheres or ellipsoid, or in irregular geometries
Defense or the American Nationa l Standards Institute . correspoc4ing to men. A dual—mode resonant cavity
A spherical mathema tical model of heat transfer and operating at 144 MH z produced the necessary rapid
therms l regulation wa. used to simulate a steady —stats temperature rise in scale model (1/5 or less) phan—
temperature distribution in a nude men , reetin g in an to. tissues to allow ther mographic measurement of
enviro~~~nt of 28 C and 502 relative hri~~dity, and the abso rption patterns . Measurements in free body
subjected to 100 V total power deposition. This would phantom models of man indicate that peak power sb-
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sorption densitie . can exceed those produced in cooler. The power distribution pattern was in agree-
equivalent volume spheres by as much as three orders Sent with a theoretica l prediction of a toroidal
of magnitude for electric field exposures and a fac— heating pattern. A scaled model of man, f i l l e d  with
toT of up to six for magnetic field exposures. The a mixture matching the dielectric constant and con—
electric field perpendicular to the transverse plane ductivity of muscle at 147 MHz , was exposed to rela—
produces maximum absorption in the neck and in areas tively pure H fields and relatively pure £ fields.
such as the ankles and the knees where transverse After  exposure to the H field , the model showed edge
cross—sections are smell. The magnetic field perpen— heating expected from toroidal eddy currents. With
dicula r to the frontal plane induces eddy currents exposure to an I field , there was apparent heating
that attain high values at the periphery of the tor— wherever there was an apparent current constriction.
so; peak value, occur in the region near the axilla Expoaure to an admixture of the two fields caused a
and the perineum where there are sharp angles in the major redistribution of power deposition although
tissue . The power absorption density increases with the pattern was still predominantly that expected
the square of the frequency for exposure to either fro* an H field . The appearance of eddy currents
electric or magnetic fields , and also the square of and nonuniformity of power deposition calls into
the dimensions for magnetic field exposure. Absorp— question the concept that the thermal consequences
tion measur~~~nts under a given set of conditions at of power deposition in man are an addition to mets—
one f requency can be used to predict the reaults for bolic heat production. While the biological response
all HF fr equencies and sizes of bodies with the same to the observed power distributions remains probleaa—
geometric shape. Study of electric properties in tical, orisntational effects of high—molecular weight
dog and cat tissues showed that anistropy was small dipoles are possible in high fields. Moreover, loss
in the H? range; for frequencies below HF , the orien— of divalent metals has been observed in liver and
tation dependence of electrical conductivity can brain tissues; such a loss probably signals wide die—
reach 5:1, with the higher values occurring along ruption of many metabolic reactions. (15 reference,)
the direction of fiber orientation. (10 references)

03U A RAD IOFREQ UENCY RADIATION EXPOSURE APPAR-
ATUS . (F.) Mitchell, J. (USA? Sch. Aero-

space Med .,. Brooks Air Force Base , Tan.). USAF Soh.
Aerosp ace Mad . Rap. SAM—n—70—43, July 1970, 8p.

0343 NEUROCHEMICAL ALTE RATIONS IN SPECIFIC
A RI radiation exposure apparatus has been developed BRAIN AREAS IN RODENTS EXPOSED TO HIGH IN-
and placed into operation at the USA? School of TENSITY FIELDS. s.) Stavinoha , W. B. (Univ. Texas
Aerospace Medicine. The rectang ular coaxial device Med. Sch., San Antonio) , Pt . A. Medina and A. P. Dean .
has df.enafons of 4 3/4 ft  by 9 1/2 f t  by 30 f t , with Ai~r For ce Contract Rep., Contract F4 1609—73—C—008 , 1974 ,
a 6—ft—wide center conductor, It is powered by a 45p.
50—kwp transmitter and operates in a pulsed mode at
frequencies of 10.5, 19.27, and 2.6 MHz. Up to 12 Ha le Sprague —Dawley rats were exposed to a high—f re—
animals (Macaca mula tta) can be exposed simultane - quency radio transmitted (33 kW at 26.6 megacycle,
ously to uniform fields ranging in power density with 3.3 V/cm2). and the effect of this irradiationfrom 0.05—0.2 V/cat 2 . The instr umentation system , con— on brain biochemistry was studied using PM radiation
sisting of portable 1- and H—field probes and fixed to inactivate tiesue enzymes . The results are diffi—
I—field probes , was developed and calibrated by the cult to interpret. There were no significant differ—
National Bureau of Standards. Details of the system ences between experimental and contro l rate in brain
design , checkout , and operation are presented . The area concentrations of nicotinanide adenine dinucleo—
exper imental data to be obtained with this exposure tide , reduced nicot inamide adeni ne dinucleotide phoe—
apparatus should provide new guidelines for personnel phate , nicotinamide adenine dinucleotide phosphate,exposure criteria for many of the new—generation radar or reduced nicotinanids adenine dinucleotide phos—
systems and comparable co~~~micatio n systems . (6 ref— phate. There was also no extensive alteration in
erences) adenine nucleotide levels in the brain areas of ir-

radiated rats compared with controls. ATP was de-
creased in the medulla pans and midbrain of the ir—

0342 INTERACTIO N OF ELE CTROMAGHETIC FIELDS WITH radiated animals , while AMP was increased in the cor—
MAN AND EXP ERIPENTAL ANIMALS. (A’.) Fra ser , tex and medulla pons of these animals. Turnover

J • W . (USA? Sch. Aerospace Med., Brooks Mr Force rates of serotoni n and norep inephri ne were not sig—
Base, T an .) .  ZJ~4F Soh. Aerospace M.d. RIp., 1974 , 23p . nificantly different between the two groups. The

cholinergic system of the medullary area showed
An EM near—field synthesizer was developed which is changes after irradiation . The cholinesterase activ—
capable of forming either B or H fields . Inveatiga— ity increased , the cholin.acetyltra na fera a e activity
tions with the synthesizer shoved that H field coup— decreased , and acetylch oline concentration decreas ed.
h u g  is predo minant at H? bends and that this yields The * oven used f or enzyme inactiva tion operated at
nonuniform power deposition in several experimental 2450 MH z with a 1500 N , DX-206 agne t roria . An improved
models. Exposure of a sectioned and rejoined rat to PSI oven for the sacrifice of small laborato ry animals
19 MHz fields at 35 A/m resulted in considerable best operat e. at the e frequency with a Ti 1191 Amp.rex
ing a round the edg, of the animal , includ ing both magnetron tubs. It is now being tested at an output
head and tail; the core remained relatively much of 5-4 *. (33 ref erenc .s)
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0344 EFFECTS OF ELECTRO MA GN ETIC INTERFERENCE f ie ld and simulated imp lant configurations , we re
(2450 P41z) ON CARDIAC PACEM AKERS . (F.) tested for their response to pulsed 450 MHz and 3100

Hur t , V . D. (USA? Sch. Ae r ospace Med., Brooks .sir MHz radiation . An adverse effect was defined as a
Force Base, Tex.). USA? Sch. Aeroepace Med. Rep. pacemaker rate which~ falls below 50 bea ts/mm or cx—
SAI4—TR—73—40, Dei~. 1971 , l6p. ceeds 120 beats/mm as a direct result of RF radia-

tion interference. The implanted adverse effects
Tests were perforated to determine the effects of thresholds at 450 MHz ranged from 8 VIm to > 292 V/ta ,
2450 MHz RF radiation on implantable cardiac pace— wi th  new models showing marked improvement in their
makers from various manufac tu re r s .  Of the 25 units relative interference thresholds . Very few effects
tested . 11 were implanted in dogs and 14 were tested were noted at 3100 MHz since the implanted adverse
in si r ( f ree f ie ld ) . The f ie lds  included conti nuous e f f ec t s  thresholds were all greater than 200 V/a ,
wave , sine wave half-wave rec t i f ied , and square—wave with only four of the 21 pacemaker types sign i f i—
modulated signals. Most of the pacemakers exhibited cantly affected at 320 V/n .  Decreasing the pulse
some EM r a d i a t i o n  in t e r f e rence  under ce r ta in  test  wid th  raised the adverse e f f e c t s  threshold for some
condi t ions. At pulse repet i t ion frequencies lees pacemakers . Some of the pacema !~ers tested reverted
than approximately 30 pulses /eec , the most sensit ive to their in ter ference  reject ion mode (fixed rate)
pacemakers cut o f f  at 2 V/rn in f r e e — f i e l d  tests and at any pulse repe t i t ion  rate above 5 pulses/see ,
at app roximately 16 V/rn whe n implanted. This 16 V/rn while others would not revert at rates as high as
corresponds to approximately 11 ij W/cm 2 average power 40 pulses/sec . Free—field to implant attenuation
density f rom a MW oven , a not uncounonly high level, facto rs were approximately 3 at 450 MH z and approxi-
(5 references) mately 5 at 3100 MHz.  Cont inuing e f f o r t  by the

manufacturers should u l t ima te ly  resolve most of the
potent ial  EM! problems of pacemakers . (17 references)

0345 MEASURED EFFECTS OF SQUA RE-WAVE MODULATE D
RF FIELDS (450 AND 3100 *Iz) ON CARDIAC

PACEMAKERS . (F .) Hur t , V. D. (USAF Sch. Aerospace
Med. , B rooks Air Force Base , Tex.) , J. C. Mitchell
and T. 0. Ste ine r .  USA ? Soh . Aerorpac e Med. Rep .
SAM — T R—74—5 l , Dec . 1974 , 35p.

Twenty—fou r cardiac pacemaker models from 10 manu— 0347 RESEARC H ON BIOLOGICAL EFFECTS OF VLF 3PND
fac tu rers were tested in square—wave modulated 450 ELECTROMA GN ETIC RADIATION . (E .) Bolhinger ,
MHz and 3100 MH z HF radiation fields . The 450 MH z J. N. (Southwest Rca . In s t ..  San Antonio , Tex. ) ,  H. L.
f ields we re circularly polarized with electric field Lawson and V. C. Dole. USA? Sch. Aeroepa ce Med. Rep .
levels up to 292 V/t a; pulse—width range was 1 isec SAM TR—74 52 , Nov. 1974 , l3lp.
to 1 macc at 2—50 pulses/sec. The 3100 MHz f ields
were ve rtically polarized with levels up to 320 V/n Growth , reproduction , metabolism , and pathological
for a pulse—width range of 10—120 sec at 7—400 studies were perforated on C3H /H e mice exposed to cery
pulses/sec. Both free—field and simulated—implant high field intensities of very low frequency (Vt?) EM

configurations were investigated. Test results m di— radiation. Two field intensities were used at a
cate an improvement in the EMI characteristics of the f requency of 25 kllz: E — 15,000 V/a , H — 7.5 A/is

more recent pacemaker models. Shielding factors of for ful l  power exposure and I — 10,600 V/at , H — 5.3

approximately 3 (10 dB) at 450 MH z and approximately A/ rn for one—half power exposures. Mice were exposed
S ( 14 dB) at 3100 MHz can be expected for EMI three— 1 hr/day , 5 days/wIt (total of 50 hr) for the growth ,
holds from the free—field to the implanted situation, reproduction, and metabolism studies and 10—100 hr
At 450 MH z, three models were not affected at 200 V/m for the pathological studies. Exposure of dams and
in the simulated—implant tests; three other models neonates to the high intensity Vt? fields had no
demonstrated no serious effects at 200 V/ta for pulse s ta t i s t i ca l ly  detectable effec t on the growt h , repro—
repetition rates greater than 10 pulses/sec. All ductive ability, and metabolism of the neonates or
other pacemakers were significantly affected at d cc— the growth of their subsequent offspring . Hematology
tric field values below 200 V/a and pulse repetition evaluations (hema tocrit and hemoglobin determinations,
rates greater than 10 pulses/sec. At 3100 141z and red and white blood cell counts , and white cell dif—
120 i~sec pulse width , none of the pacemakers wer e f erential analysis) also revealed no detectable Vt?
seriously affected at 200 V/m in the simulated—im— exposure effects. Similarly, ana lysis of major or—
plant test. . (21 references) gan weights and hietopathological study of the major

organs (including inne r ear and eye) showed no effects
atrributable to Vt? radiation . Me ry tumo r develop—
sen t was not observed in CNI /He mice up to age 90
days. Cytological analysis revealed no obvi ous Vt?

0346 EPIC DESIGN EFFECTIVENESS IN ELECTRONIC effects on the nuwI er or architecture of the bone—
PEDICAL PROSTHETIC DEVICES. (A’.) Mit chell , marrow chromosomes. The only apparent effect of Vt?

J. C. (USA? Sch. Aerospace Ned., Brooks Air Force radiat ion was significantly increased 3E—thymidine
Base , Tex.) ,  V. 0. Hurt and T. 0. Steiner, Presented uptake in lymphocyt, cultures from exposed aice.
in t. Conf. A ’ntn ron. Tot f oit~j ,  Pundam. App i. Asp ect. Thu finding suggested an increased i m e  response,
Ronionising Radiat.5 Rochester . N. V. June 6, 1974. but screening for major parasites indicated no dif-

ference in incidence between experimental animals
?wenty—one cardiac pacemaker models , exposed in free— and controls . (21 references)
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0348 ELECTROMAGNETIC FIELDS AND THE BRAIN. (F )  human speech. The transmitted voice signal is not
Kholodov , V. A. (Inst. Higher Nerv . Act ., heard by a human subject when the plates are eta—

USSR Acad. Sci., Moskow) . .Thrpac t Sci. Soc. 24(4):291-. tionary on the skin, but it is clearly heard as the
297 , 1974 . plates move over the skin. This e f fec t  is due to

the st retching of protein keratin molecules in the
With radio waves a normal part of the environment , the skin; when the kerstmn is stretched in the presence
question of how EM? with a longer wavelength than in— of amplitude—modulated carrier waves , the substance
frared rays affect organisms has become extremely im- beco.es a detector of radio waves. Following a
portant. The author deals with questions connected course of TD—lOO electrotherapy, a significant per—
with the influence on the CNS of radio waves , low— centage of children with nerve deafness were able
frequency ~~~~~~, and electrical and magnetic fields , all to hear, discriminate, end understand speech sounds
of which are penetrat ive and eubsensory . From the blo— by means of a hearing aid sending radio waves to
logical point of view , EM? may be divided into 4 groups: the brain as a speech signal . TD—lOO therapy has
natural ~~W , with externa l and interna l subgroups; and also benefited patients suffering from dizziness be—
artificial ~~~~, with weak and strong subgroups. Exter— cause of Meniere ’s syndrome, accelerated bone heal—
nal natural fields come from space , geophysical procea— ing in cases of fracture, improved short—term Them—
see and living beings. Internal natural fields are ory loss due to senility, and controlled blood clot—
found in systems of the organism, cells, intracell ttng by slowing coagulation. The corona discharge
formation, and bioaoleculea. Artificial E~0ie of the phenomenon was observed by placing insulated, radio—
weak type are generated by screening and the establish— energized plates across the human body. At a car—
atent of antifields. Strong artificial fields are crc— tier amplitude modulation of 50 kHz and audio fre—
ated by various technical generators. Oscillations of quency of 1 kHz, the body radiates waves from about
natural 17ff of cosmic or geophysical origin are believ— 1 kHz to the light-wave frequencies. (15 refer—
ed to affect human behavior , the formation of the CNS ences)
in the prenatal period , and aggravate cardiovascular
di.eases . Natural 17ffs also assist living beings to
orient themselves in space. Only in fish have electri-
cal generators and receivers been detected , but biolog-
ical EM? are suspected of playing a role in the regula— 0350 A VERSATILE TEI’~ERATURE CONTROLLED EXPO-tion of living being ’s activity by the ephaptic trans— SURE CHAMBER FOR MICROWAVE BIGEFFECTS RE-
fer of information to the CNS. Little is known abou t SEARCH (F.) AU , .j . s. (Exp . Biol. Lab., Natl. En—
the influence of weak 174? on the activity of the brain; viron. Ites. Cent., Research Triangle Park, N.C.).
studies with astronauts detected no serious deviations. IEEE Trans. Bioned. Eng. 22(1):76—77, 1975.
Weak fields do influence the visual cortex in man and
direction—finding by means of the geomagnetic field in A versatile temperature—controlled microwave expo—
bird., fi.hea and insects. The questions surrounding sure chamber has been designed especially for use in
weak 174? are difficult to research because of their microwave bioeffects research. The device uses a
multidisciplinary requirements. The therapeutic ap— the~~~elect ric heat pump to cool the air in the
proach to their study focuses on the CNS and its role chamber below ambient and a r esistive heater for
in increasing resistance; EM? can have a healing effect above ambient operations. A unique feature of the
through their influence on the cNS. It has been sug— exposure chamber is that the radiating antenna can
gested that when external 174? are weak or strong in be placed inside the chamber for millimeter wave cx—
comparison to natural fields , they may influence an periments and outside the chamber for lower micro-
organism (includi ng the nervous system) through changes wave frequency exposures. In a norma l laboratory
in the internal biological field.  Consequently, elec— environment , chamber temperatures can be controlled
trical and magnetic fields serve as experimental instru— over the 18 to 42 C range to within t 0.1 C, (3
meet, for obtaining information about basic phenomena , references )
The role of internal 171? in the CNS has not yet been
sufficiently studied . The use of external fields as an
instrument of study may prove important . (12 reference. )

0351 MICROWAVE PROPERTIES OF FRESH MA#IALIAN
0349 MHAT HAPPEN S *IEN RADIO WAVES PENETRATE BRA IN TISSUES AT BODY TE~~ ERAT URE . (A ’.)

ThE HL$AN SKIN. (A ’.) Paharich , A. (87 tin, J. C. (Dsp . !lectr. Eng., Wayne State Univ.,
Hawkes Ave., Ossiniag , N. V . ) .  I”çaot Sci. Boo. Detroit , Mich.). TEA’!’ Trans . Bioehed. A’ng. 22(l) :74—
24(4):353—357 , 1974. 76 , 1975.

The phenomenon of penetration of skin by radio waves The complex dielectric constant of P~~~ n , primate ,
is described. Risk occurs only with high—power canine, ovine , and swine brain tissues at 37 C was
bursts of radio wave. f rem lightni ng, high—tension measured in the S band using a slotted veveguide
power line. , and milita ry radar. To determine pre— section . The in vitro measurements indicate tha t
cisely the effects of radio penetration of skin , a .1i.n brains exhibit very little dispersion
transderasl instrument (TD—lOO) wee developed which within the frequency range 2.25—3 95 (as. The di.—
applies radio waves directly to the skin through lectric constant was found between 30—35 and the
radio wsve—.nergiaed plates. The instrument oper— conductivity varied from 1.1—3.1 aho/at . (7 refer—
ates at 7—30 ~~ z and can be ~~~litude—.odulat ed by ences)
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0352 MICROWAVE INDUCED TE?4’E RATURE RISES IN tion of distance from the system. A selected power
RABBIT EYES IN CATARACT RESEARCH. (A’.) density threshold can be the basis for the potential

E.ery, A. F . (Uni v. Washington , Seattle), P. Eramar , hazard evaluation, but a realistic evaluation of bto-
A. V . Guy and 3. C. Lin . J. Heat Transfer Feb . 1975, effects hazard. will include the frequency depend—
123—128. ence of the effect,, the expose time , and the char-

acteristic and distribution of the exposed popula—
Microwave power deposition pattern s and temperature tion . (3 references)
dist ributions were measured for rabbit eyes exposed
to 2450 !fiz radiation at 3 cm from the cross—over
point to the corneal surface. The absorbed power
peaked midway between the lens and the retinal sur-
face with maximum absorption of 0.92 V/Kg per 1.
~~/cm 2 inciden t power. Retrolental and orbit temp-
eratures were measured at irradiation levels of 100 , 0354 SIM ULTANEOUS APPLICATION OF PULSED H I GH
200, and 300 ~~/cm

2. Measured transient temperatures, FREQUENCY CURRENTS AND GA?4’tA-R.AYS TO CUL-
.t~~arized in figures, were in good agreement with TURED t’(LANOMA CELLS. (A’.) H~kkinen , A .—N. (Univ.values predicted by a model assuming a correlation Central Hosp., Helsinki, Finland), K. Blonqvist, E.
between intraocular temperatures and rate of arter— Spring and 1. Valtonen. Str ahtentherap ie 149(2):
id blood flow. Animal eyes were examined with a 205—207, 1975.
slit—lamp ophthalmoscope to determine the minimum
exposure tiaes necessary to produce posterior lens Cells differentiated from a human metastasizing mel—
opac ity (cata racts) , and these times were correlated anoma were irradiated simultaneously with pu lsed HF
with the temperature calculations . The data suggest EM currents (27.12 ?51z~ 400—600 pulses/aec, pulsethat a critical temperature for cataracts may be of duration 65 usec, average power 25—38 W) and gamea
the order of 43 C; for power levels below 150 ~Jfcm

2, radiation from a Co—60 source. Simultaneous pulse
the required exposure time is greater than 100 m m .  HF fields and gaemn radiation acted in a way re—
When body temperature was maintained at a tempera— sembling a cell—protecting mechanism, enhancing the
ture low enough to ensure that maximum eye tempera— number of surviving cells by about 15% as compared
ture never r eached 40 C, hypothermic rats did not with survival after pure Co—60 gamma radiation treat—
develop cataracts after exposure to microveves. Mu— ment. Irradiation with pure HF currents resulted in
merical teats of the present 10 .11/cm2 standard Increasing cell death for a period up to 4 m m ;  sub—
showed that the maximum tempersture in eyes of rab— sequently, cell survival seemed to be independent of
bits expos ed to 2430 Ndz was well below the sue— time . The number of cells survived , as compa red with
pected cat aractogenic temperature . (25 references) controls , was approximately 80% , at a distance of

6.5 cm from the symeet ry axis , perpendicular to the
plane ot the radia t ing element . These experiments
suggest that the use of simultaneous high—frequency
currents as radiosensitizers with ionizing rad4 ’tion

0353 MI E VALUATIO N OF SELECTED SATELLITE CON- has no practical value. (4 references)

MIJII CATIO N SYSTEP6 AS SOURCES OF ENVIRON-
)€NTAL MICROWA VE RADIATIO N . (A ’.) Hankin , N. N.
(Elect rosegnetic Sadist.  Anal. Stanch , EPA , Silver
Spring,  N d . )  FPA P.r. 520/2—74—008, 1974, 64p .

Selected satellite c~~~inication (SATCOM) systems
were evaluated analyt ically and , for some of these 0355 BIOLOGICAL EFFECTS OF RADIOFREQUENC Y ELEC-
syst~~~~, through measurement of the Nd radiation TROMAGNETIC FIELDS. (F. ) Gordon , Z. V. ,
power densities generated by the.. The evaluation Ed., (Inst .  m d .  Hyg. Occup . Di.. ,  Moscow , USSR) .
was dit.ctsd toward assessing the radiation exposure Translated from Russian. Joint Pubi. Raa. Sc,v.
haza rd. which exist for specific syet and gener— NTIS: JPRS 63321 , Oct . 1974 , 262p .
ally fo r SATCXMI systems ma a class of high—power non—
ionizing radiation source . This paper includes de— This book , the four th of such collections, repor ts
terminations of anticipated maximum power density th~ work done between 1968 and 1972 by the Laboratory
levels as function, of distance from the source , a of Rad iofrequency Electro magnetic Wavee , of the Acad—
description of the analytical method used , and the emy of Medical Sciences , USSR. Originally published
results of a.uremsnts of the power densities pro- in Moscow in 1973 , it has been translated by JPRS
duced by certain SA’rC(!( systema . Also included i.e and baa unlimited availability through NTIS. The re—
. discussion of potential hazard analysis and its port contains 32 articles which include ra sults of
uses in identifying systeme which may constitute en— hygienic standa rds at USSR industrial sitee , and data
viron ntal hazards. Sos systems , if operated ia~ on in—depth studies of the mechanisms of action of
properly, can cr•ate thermally hazardou. situation. KM fielda. The latter include the effects of varied
due to the large on—axis power densities that can be frequencies , inte nsities , type (CV or pulsed) , and
prod uced at great distances from the antennas . Mod— combined effects with x—ray. , of EM radiation on the
els exist which predict, under ideal conditions, CNS and perip heral blood and blood syste ; cellular
.axi~~~ on—axis near—field power density, and appear and neurophysiological responses; and reproduction,
to be applicable in defining the intermediate mmd testicular aicroetructure and eabryotropic results.
far—field zones end i’ —axis power density as a func— A 238—item bibliography is included.
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0356 NEW RESULTS OF INVESTIGATIONS ON THE PROB- that this occupational group is usually exposed to
LENS OF WORK HYGIENE AND THE BI OLOGICA L EF— intermittent radiation which ii characterized by

FE CTS OF RADIOFREQUENC Y ELECT ROMAGNETIC WAVES . (A ’.) alternating periods of radiation and interval, with—
Cordon , Z. V. (Inst .  m d .  Hyg. Occup . Di. ., Moscow , out radiation , and a rand om variation in the forces
USSR) . Biol gi.cal Effects of Radiofrequency Electro- and temporal parameters. The resultant data were
?e1g7sei~io Field s . 1. V . Cordon (ed.) NTIS: JPP~ t reated by the mathematical theory for random proc—
63321 , 1974 , pp. 2—14. eases. (No refe rences)

Result. are presented of hygienic , clinical , and ex-
perimental investigations, including biophysical stud— 0359 ~€THODS FOR THE INVESTIGATI ON OF RADIATION
tea , conducted over the last 5 yr on work hygiene and FIELD DISTRIBUTION OF RADAR STATIONS AT
bioeffe cts of radiowsves . Due consideration was giv— CI VII AVIATION AIRPORTS. (A’.) Khramova, N. D. (no
en to the combined effect.  of SHF radiation and soft a f f i l .) .  Biological Effects of Radiofrequ.enoej Elec—
x—rays , SN! and heat , intermittent irradiation , pro— tr ’onvignetic Fie lds .  Z. V. Cordon (ed.) NTIS: JPRS
tection of personnel at radio and television stations, 63321 , 1974 , pp. 32— 37 .
as well as to the pathogenic effects of radiowaves .
A new trend in the investigations was the study of Methods have been developed for measuring the power
the dynamics of irradiation of workers employed in f lux  density (PFD ) of SHE’ radiation emitted by radar
handling MW emitter, . Both clinical and experimental station, at civil aviation airports . Analysis of
studies support the contention that the biological PFD levels measured at individual airports from 1968—
effec t  of radiofrequencie. is due in large part to 1970 made it possible to standardize and generalize
distu rbances in regulatory processes . Particularly the various emission conditions. Thus , the results
pertinent data were obtained on the biological ef— can be used in p lanning new airports and in deter—
fects , including threshold effects , of very low in— mining the proper site for the scanning radar at a—
tensity Nd. (up to 150 ~V/cm2 ) .  Ea rlier maximum tion . For practical purposes , zones of discont inu—
permissible levels for exposure to electromagnetic ity between the radar station and various objects
fields are being reconsidered. The standards pre s— can be planned without conducting actual instruments—
ently in force are shown . (No references) tion studies. (No references)

0357 MAJOR TRENDS IN THE SCIENTIFIC ORGANIZA- 0360 REGIONAL LOCATION OF METE ORO LOGICAL RADAR
lION OF WORK AT RADIO AND TELEVISION STA- STATIONS . (A’.) Khramova, N. D. (no af—

lIONS . (A’.) Fukalova , P. P. (no affil.). Bt’ologi - f11.), V. I. Tomoshin, V. I. Belov and V. A. Niroye—
cal Effects of  Radiofrequenop Electronr~gnetic Fields . dov . Bio logica l Effec ts of Radiofrequency Electr o-
Z . V. Cordon (ed.) NTIS: JP RS 63321 , 1974 , pp. 15— mig ’netic Fields. Z. V. Cordon (ed.) NTIS : JPRS
24. 63321 , 1974 , pp. 38— 45.

Hygienic and p.iysiologic investigations at radio and Instrumental measurements were conducted to obtain
TV stations pointed to the need for instituting ef— quantitative information on the intensity of SN? ra—
fect1~ve protection against radiation and fo r more diation emitted by antennas of meteorological radar
effective working conditions . These requirements stations ()~ S).  The relationship between the power
have been mat by extensive technical reorganization flux density of the MRS electromagnetic field and
and by implementation of protective measures based distance was determined for different  height, at
on the principles of the scientific organization of maximum emission . Results show that the operation
labor. Protective measures have included .ub ,titu— and repair of MRS presents the danger of irradiation
tion of new equipment for old transmitter, as well fo r both service personnel and the general popula—
as imp roved shielding and ratio nal layout of old tion. To decrease the zone of radiation , the MRS
t ransmitters, (No references) should be placed on scaffolds at a height of 10—16 a.

(No references)

0358 HYGIENIC EVALUATION OF WORKING CONDITIONS
IN~~LV IN G RADIOWA VE EMITTE RS 014 THE BASIS 0361 DISTRIBUTION OF ULTRASHORT WAVE FIELDS IN

OF DYNAMIC STUDIES ON THE NATUR E OF RADIATION DURING THE VICINITIES OF URBAN TELEVISION CENTERS.
A WORK SHIFT . (A’.) Markov, V. V. (no affil.). Bjo- (A’. ) Khrsmova . N. D. (no affil.), V. A. Miroyedov
logica l Effects  of Radiofrequency E ectroriugnetic and V. V. Yur ’yev. Biological Fffoot. of Radio-
Fields. Z. V. Cordon (ed.) NTIS: JPRS 63321 , 1974 , f quanoy Electromagnetic Fields. Z. V. Gordon (ed.)

NTIS: JPRS 63321 , 1974 , pp. 46—53 .pp. 25—31 .

Dynamic investigations were made of the nature of Electromagnetic field intensities were measured in
irradiation of operators of SN? equipment during the residential areas around television centers in six
work—shift period . The studies consisted of two Soviet cities . Good agreement was obtained between
parts: measurement of the power flux density at the calculated and measured data. At a distance of 250—
place of work , and time course studies of the opera— 750 meters from a television center , the intensity
tions performed by workers during adjustments , opera— of the electromagnetic field doss not exceed 1 V/a.
tion , and testing of a complete rada r transmitting This value is in accord with the maxiu permissible
assembly of i radar station. The results shoved level for ultrashort wave radiation. (No references)
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0362 THE C L I N I C , PA TH OG ENESIS , TREATMENT , AND ate or pronounced manifestations of radiowave sick—
OUTCOME OF RADIOWAVE SICKNESS. (A’.) Sad— ness was studied by fractionation of urinary cx—

chikova , N. N. (no affil,) and K. V . Clotova . Bio- t racts by silica gel thin—layer chromatography. Re—
logi ’a l E ff e c t s  of  Radiofreq uency Electromagnetic suits were compared with those obtained for 10 healthy
Fields. Z . ‘1. Gordon (ad.) NT I S:  JPRS 63321 , 1974 , control,. Total hormone and tetrahydrocortisone and
pp. 54—62. co rtisone excretion was reduced in the patient.; te—

t rahydro— 17—hydroxy— ll—deoxycor ti co .t er one (THS) was
Many years of clinical observation indicate that slightly inc reased . Changes in the average value of
prolonged work under conditions of exposure to SHF the hyd rocortisone/cortisone ratio in the patient
electromagnetic f ields of s ign ificant intensit ies  group indicated disturbances in the mechanism respon—
(up to several  mW/ cm 2 ) may lead to the development sible for transformation of cortieol into cortisone.
of radiowave sickness. Three essential synd romes of Administration of adrenalin hydrochloride (0 .3 ml of
this  disease have been ident i f ied:  the asthenic a 1% solution , s .c .)  resulted in even more p ronounced
synd rome , the astheno—vegetat ive synd rome with vas— changes in TPS levels , the hydrocorti sone and c o r t i —
cular  dys func t ion , and the hypothalamic syndrome . cone fractions , and the hydrocortisone/cort isone ra—
Studies on the mechanism of the neurovascular in— tio. Similar changes in the giucocorticoid funct ion
pairment have revealed the significant role of the of the adrenal glands were previously detected in
deep struc tures of the bra in, including the hypo— patients with toxic diencephalopathies resulting
thalamic regions . Dysfunction of the hypothalamic— from chronic intoxication with neurotrophic poison,.
hypophyseal—adrenal cortical system may be highly Changes in glucocorticoid metabolism in pstients
important in the pathogenic mechanisms responsible with radiowave sickness are apparently related to
for development of clinical symptoms of radiowave damage of the deep structures of the brain which are
sickness. Based on results obtained with 152 pa— responsible for regulating the activity of the hypo—
tients, essential principles have been formula ted to physis—adrenal cortex systmi (No references)
cover drug therapy and late results of treatment.
(No references)

0365 ELECTROGRAPHIC DATA ON THE EFFECTS OF VERY
0363 STATE OF THE BLOOD SYSTEM UNDER THE INFLU- WEAK MICROWAVES AT THE LEVEL OF THE MID -

EN CE OF SHF FIELD S OF VARIO US INTENSITIE S BRAIN RETICULAR FORMATION—HYPOTHALAMUS-CEREBRAL COR-
AND IN RADIOWAVE STCKNESS . (A’.) Sokolov , V. ~~ . 

TEX LE V EL.  (A ’.) Bychkov , M. S. (no a f f i l . )  and I .

(no a f fi l . ) , I .  A. Cribova, N. A. Chulina, M. N. 
S~ Dronov. Biological Effects of Radiofr eq ’~cnc:~
Elcctronrzgnetic Field s . Z.  V . Gordon (ed.) NTIS:

Gorizontova and N. N. Sadchikova . Biological Effects  JPRS 63321 , 1974, pp. 75—86.of  R~1diof req uency Eleoti~ magnetic Fields .  Z. V. Cor-
don (ad.) NTIS: JPRS 63321 , 1974, pp. 63—71. Acute experiments on rabbits exposed to low inten—

Heaatologic studies were performed on 131 persons 
city (up to 100 p 11/cm2) MWs yielded da ta on parallel

occupationally exposed to SHE’ electromagnetic fields 
changes in the background electrical ac tivi ty of the
cerebral cortex, the re ticula r forma tion of the brain

of high intensity. A sequence of changes was noted stem, and the posterior hypothalamus . The changes
in the blood system which initially consisted of sti— were characteristic of certain inter.ystemic changes
mulation of hemopoie,is with the development of mod— in the brain , and indicated the important role of the
erate leukocytosie , erythrocytosis, and reticulocy— subcortical—brain stea structures in the mechanism by
tosis. With increased duration of exposure and de— which MWs elicit their biological effect ,  in the C~~ .velopment of symptome of radiowave sickness, the
stimulatory response was replaced by cytopenic reac— 

Separate long—term experiments were conducted on the
interaction between the anterior and the posterior

tions of which the moat frequent were leukopenia and
throthocytopenia. Changes in bone marrow hemopoie— regions of the hypothalamus. In addition to a more
sic , characterized by an increase in the number of pronounced response in the posterior hypotha 1~~~. at
ery thronormoblas ts, had the distinct character of a a given stage of chronic radiation , interaction was

characterized by a phasic development of the respomeecompensatory regeneration. In patients with radio— to ~~~~~~~ ~~ring the initial stages , the resp ons. was
wave sickness there was also a tendency for calls in
a state of division to increase. While in controls expressed very strongly in the for, of a generalized

deactivation ; subsequently , the response becami high-5.42 ± 0.40 cells out of a thousand nucleated cells ly sttenuated and , at the end , took the form of gem-were dividing ; in the individuals studied mitosis eralized activation . (No references)
increased to 7.67 ± 0.59 (p < 0.05). Proliferation
occurred because of intense division of erythroid
cel ls; granulocyte division changes were smell. (No
references) 0366 ELEC TROENCEP WALOG RAP I4I C CI4~NGES (JM)ER THE

INFLUENCE OF LOW INTENS I TY CH RONIC MIC RO -
WAVE I RRA DIATIO NS . (A ’.) Iychkov , N . S. (mo a f fi l . ).

0364 GLUCOCO RTICOID FUNCTIO N OF THE ADRENALS IN V. V. Markov and V. N . Rychkov. Dioiogical A’ffecta
RADIOWAVE SICKNESS . (A’. ) Dtmkin , V. N. of Radiofrequenoy Electros’agnetCc P i.Zds . 1. V. Cor-

(no a f f i l . )  and S. P. Xorenevskaya. Biological Ef.. don (ed.) NTIS: SPAS 63321, 1974, pp. A7—94.
f a c ts  of Radiofrequsnoy F l.ctrc imagf l*tic Fields. Z.
V. Gordon (ed.) NTIS: JPR S 63321, 1974, pp. 72—74. To elucidate the effects of chronic (2 month) inter-

mittent ~9i radiation (~ — 10 cm, pulse generated) on
Corticosteroid excretion in 20 patients with .oder— RAGs , 12 rabbits were exposed as follows: 130 uN/ca2

16



8iok,g,ctl Eff ects EIecf rom~~wtk
Rad~~reon 11(7). March 7975 CURRENT LITERATURE

for 8 mini 10 mm rest period; 60 uW/ c~
2 for 8 mm , 0368 THE EFFECTS OF CONTINUOUS AND INTER MITTEN T

240 uW/cw~ for 6 mm 1 34 uin rest period; 320 p11/cm2 RADIATION ON THE FUNCTIONAL STATE OF THE
for  12 sin , 60 iN/cs5 for B mm , 14 sin rest ,eriod ; HYP O1HALAMI C-HYPOPHY ~ I S-ADRENAL CORTEX SYSTEM. (A ’.)
60 uN /cm2 for 8 sin ; 150 p11/c.2 for 8 sin. J 3tal Kitsovskaya, I. A. (no af f i l . )  and E. I. Polukhina .
t ime of irradiation was 1 hr.  In a parallel 2—month Bio logica l Effects of Radiofrequency Eleotrolw2gnetic
expe riment , 12 rabbit , were subjected to continuous Fields. Z. V. Gordon (ed.) NTIS: JPRS 63321 , 19 74 ,
791 irradiation (153 uN/cm2 for 1 hr) . The incident pp. 104—108.
energy, as well as the total exposure per~~d , was
equal in both studies. Control experiments were Intermittent and continuous exposure to MWs was vir—
conducted on eight rabbits. Both radiation regimes tually without effect  on the functional state of the
induced distinct , though li.ited , changes in spontan— hypothalamus—bypophysis—adrenal cortex system in ani—
eoua electrical activity, with somewhat greater ma la . Retention of the glucocorticoid function of
changes evident in the intermittent radiation group the adrenals was evidenced by a > 50% decrease in

after 10 exposures. More pronounced effects were eosinophil numbers following administration of adren—
seen in studies on the reactivity to sub—stress func— ocorticotropic hormone (10 U) and LX epinephrine
tional stimuli in the for,  of prolonged (2 sin) Co.— (0.5 ag/kg) , and after a strong aound stimulus (70
bined stimulation with light flashes and intermittent dB) . Controls showed less reactivity to the sound
sound , with the intensity and the frequency of both stimulus, confiraing that radiation (intermittent or
stimuli being altered in contrasting directions. continuous) was a strong stress factor. The weigh t
Earlier experiment. on 110 intact rabbits had re— of the adrenal glands tended to increase in contin—
vealed two types of transient respo nse to 791 stimu- uoualy exposed animals subjected to heat and cold
lation: desynchrouization (Type A) and synchroniza— stresses . This may indicate some type of threshold
tion (Type B) .  Subtypes of these two responses , rep— for changes in the functional state of the adrenal
resenting deviations from optima l and subopti .al re— glands. (No references)
gises of automatic regulatton , were observed in a
relatively large number of animals in the present 0369 ThE EFFECTS OF INTE RMITTENT AND CONTINUOUS
study . The major difference between the two radia— RADIATION ON NE FUNCTIONAL STATE OF THE
tion regimes was that recovery of spontaneous elec-
trical activity and recovery of automatic regulation ADR ENAL MEDULLA. (i’.) Kltsovskaya, I. A. (no affil.)

were more delayed in animals exposed to intermittent and E . 1. Polukhina . B1ô ~toa Effects of Rac~~o-

radiation (No refe renc es ) frequency Electro iragneti~c P i.elda. Z .  V. Cordon (ed.)
NTIS: JPRS 63321. 1974 , pp. 109—112.

Studies on epinephrtne and norepinephrtne levels in
the adrenal glands were conducted on animals exposed
to two regimes of intermittent and continuous 191 ir-
radiation. The f irst  intermitten t regime consisted
of two alternating densities (250 and 100 uN/ca2)

0367 ThE EFFECTS OF CONTINUOUS AND INTERMITTENT and two durations of exposure (1 hr and 15 sin) ; the
MIC ROWAVE RADIATION ON WE I GHT AND ARTERIAL continuous regime was 2 ~ J/c*2 f o r  30 sin. Catechol—

PRESSURE DYNAM I CS OF ANIMA LS IN CHRONIC EXPERIM ENTS . amine concentration, were measured after 2 , 6, and
(A’.) Markov , V. V . (no af f i l . ) .  Biological Effants 12 moutbe of irradiation. In the second regime,
of Radio frequency A’tectr oir iagne tio Fields. Z. V. the maximum intensity of intermitten t radiation was
Cordon (ed.) NTIS: .TPRS 63321 , 1974 , pp. 95—103. 320 uN / cm2 and the siniu was 60 uN/cm 2 ; the inten-

sity of continuous radiation was 153 pV/c~
5 . Cate-

The effects of chronic continuous and intermittent cholsaine levels were determined weekly during 1
791 radiation of nonthermal intensities on weight dy— month of irradiation. Result. of the first exper i—
naaica and arterial pressure (A?) were investigated ments showed no significant devistions from norw i
in white rats . The incident energy and the duration in the concentrations of epinephrine and norepine—
of exposure were equal in both studies. A signifi— phrtne . Increases in epinaphrine (under both con—
cant lag in weight gain became apparent by the 4th tinuous and intermittent radiation) and in norepin—
month in animals exposed to intermittent irrad iation ephrine (continuous radiation) approached statistical
in comparison with animals subjected to continuous significance only in animal. ir radiated for 6 month e
irradiation . This lag was retained not only during in th. presence of a cold stress. Exposure to inte s—
the period of irr adiation , but also during the re— mittent and continuous radiation for 1 month did not
covery period, changes in A? under both radiation alter the function of the adrena l medulla ; a t endency
regimes were ph.sic in nature. The initial phase toward an increased norepinep hrine content was oh—
consisted of elevated A? at th* end of the 4th week, served only in individual cases . (lb references)
while the second phase consisted of a persistent de-
crease. After ter mination of radiation (recovery
phase) • A? gradually increased over a 1.5—month per— 0370 CERTAIN DATA ON THE BIOLOG I CAL EFFECTS OF
iod u~gil close to initial values were obtained . CONTINUOUS AND INTERMITTENT MICROWAVE RA
During the initial period of A? changes, the hyper— DIAT ION . (S.) Demokidova , N. A’. (no affi l.) .  Bio-
twnaive effect was more significant in animals cx- Zogi.oal Eff ects of Radio f requ.nop A ’l.otruwsgnqtic
posed to continuous radiation . During the second Pi.z.d.. Z. V. Gordon (ed.) NTIS: SPAS 63321, 1974,
phase (the msj or phace in terme of duration) , the pp. 213—119.
hypotensive effect was more pronounced in animals
exposed to intermittent radiation. (No references) Male end female white rats ware exposed to continu—
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ous or intermittent 791 (A — 10 ca) irradiation for cal ef fec t  was evident in comparison with instances
up to S months. The intensity of the continuous cx— in which SHV end x—ray. are employed aepdrately ,
posure was 153 p11/c.2 for 1 hr; inten.ities of the Some effects  were due to SHY and others to the x—rays.
2—hr intermittent exposures were 60—320 p11/cm2 , with SHY e f fec ts at 1 irM/cm2 included change, in weight
the period, of irradiation interrupted by three in— dynamics, blood , iumunobiologic reactivity, and nor—
tervals of 10—34 sin, Both continuous and inter— phological changes. Por situations where SHY and
mittent MW radiation produced significant changes in soft factors are combined , 1 sM/cm2 cannot be recom—
the weight of such endocrine glands as the hypophysis, mended as the maximum permissible limi t for SHY; the
the thyroid , and the adrenals. After 4—5 months of safety factor is inadequate. (No references)
continuous exposure, metabolic indices and the weight
of the endocrine glands did not d i f f e r  from the re-
spective control values. After intermittent radia-
tion for 4—5 months, significant changes were appar-
ent in urinary potassium levels and in the weight of
the hypophysis (these factor. were increased in fe-
males and decreased in males) . (No references)

0373 THE EFFECTS OF C OMBINED EX POS URE TO SHF
ELECTROM AON ETIC FIELDS AND SOFT X-RAYS ON

THE PERIPHERAL BLOOD . (E. ) Sokolova , I . P . (no
0371 THE EFFECTS OF INTERM iTTE N T AND CONTINUOUS a f f i l, ) .  Bio log ical Effects of Radiofr’equency Elec-

IRRADIATION ON CHANGES IN THE SECRETORY tronugnetic Pielde. Z. V . Gordon (ed.) NTIS: JPRS
FUNCTION OF THE HYPO THALA IIJS AND CERTAIN ENDOCRINE 63321, 1974 , pp. 131—138.
GLANDS. (A’. ) Tolg,kaya , N . S. (no a f f i l . ) ,  Z . V .
Cordon , V . V. Ma rkov and R . S. Vorontaov . Biologi- Studies with 10 sM/cm,2 and 50 r/week x—ray irradia —
cal Effect s  of Radiofre quency Electr oirvignetic Fi elds . t ion showed that a combination of these two factors
Z. V. Cordon (ed.) NTIS: JPRS 63321 , 1974 , pp. 120— evoked a much more pronounced leukopenia than d id

125. eithe r factor when employed alone. In subsequent
long—term experinenta , white rats were exposed to

Comparative morphological studies were conducted on 1 irM/cm~ SHY for 1 hr/day and 25 r/week x— ray radia—
the biological effects of intermittent and continu— tion , alone or in combination. Combined radiation

ous irradiation of white rate with microwaves of or MW radiation alone led to a decrease in leukocyte

nonthersal intensities. Studies at the level of the counts that became evident at 2.5—3.5 months and

d i f f e rent structures of the hypothalamus—hypophysis— persisted until the end of the experiments (6—9

adrenal cortex system revealed reversible changes months) . In both groups , the decrease in the number
indicative of exhaustion of the secretory activity of leukocytes was due to a decrease in the absolute
of the anterior nuclei of the hypothalamus and of number of lymphocytes . Exposu re to combined radia-
the neurohypophysis. This exhaustion was accompa— tion or to MW. alone also produced a sign ificant de-
nied by a decrease in blood pressure and a decrea.e crease in erythrocyte counts after  2 .5—4.5  months
in RNA , DNA , and lipid concentration in the adrenal and a significant increase in reticulocyte counts
cortex. Recovery of secretory activity of the hypo— after 3.5 months. In general, animals exposed to
thalami c nuclei proceeded more slowly and was lea. x— rays alone exhibited a moderate decrease in erythro—
complete in the animals subjected to intermittent cytes followed by an early return to norma l levels.
radiation. (No reference.) Leukocyte and reticulocyte counts in animals exposed

to x—ray, alone did not d i f fer  significantly f rom
cont rol values . (No references)

0372 ON SETT I NG HYGIENIC STANDARDS FOR THE CON-
BIMATION OF SHF AND X-RAYS . (A’.) Nikonova,

I. V. (no a f t  i i . ) ,  and I. P. Sokolova . Biological
A’ff.ot. of Radiofrequency ElectroMagnetic Fielde. z.
V. Gordon (ad.) NTI S: SPAS 63321 , 1974 , pp. 126—130.

0374 ThE EFFECTS OF COMBINED EXPOSURE TO MICRO -
Results are presented of experimental studies on the WAVES AND SOFT X-RAYS ON IWIIJIOBI OLOGICAL
nature of the bioeffect. elicited by combined expo— REACTIVITY OF ANIMALS. (A’.) Sokolova , I.  P . (no
sure of animal, to 10—c. )9Js and soft A’eff — 13.5 affi l. ) . Bio logical Effects of Radiofrequenay A’leo-
key x—ray .. The experi.~nts , conducted with differ— tronugnetic F ielda. Z. V. Cordon (ed.) NTIS : JPRS
ent SHY power flux densi~~.e. (40, 10, and 1 sM/cm2) 63321, 1974 , pp. 139—143.
and dose, of x—rays (2500 , 250 , and 25 r) demonstra-
ted tha t the nature of the response to combined ir— Exposure of white rats to a combination of super
radiatio n depends on the intensity of the factors high frequency fields (1 i91/cm2 for 1 hr/day) and
involved . Synergism prevails when the combination soft x—ra ys (25 r /week) for 6 1/2 months resulted in
consists of high intensity SHY and x—rays; in such a decrease in the ingestive and digestive functions
a situation , the primary factor responsible for the of neutrophils, and a decrease in the bactsriocida l
clinical picture is the soft x—rays . Combined low activity of plasma . These i~~~inobio1ogical changes
intensity SEP and soft x—ray. elicited different bio— were analogous to, and no more pronounced than ,
logical effec ts than those evoked by high intensity those seen when either of the physical factors was
radiation. No distinct ~~~1ification of the biologi— employed alone. (No references)
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0375 PATHOANATOMI CAL CHARACTERIZATION OF CHANGES on analysis of the quantitative reiattonsnlp between
INDUCED IN EXPERIMENTAL ANIMALS BY CO7~ INED the biological effects and the incident energy . USW4 IRRADIATION WITh MICROWAVES AND X-RAYS. (A’. ) Tolg— bands (69.7 , 155 , and 191 MHz) at intensities of 10—

ekaya , N. S. (no affil.), K . V. Nikonova and R. S. 12 V/m induced insignificant short—term changes in
Vorontsov. Biological Effects of Radiofrequeney blood p ressure , ilimiunobiological reactivi ty ,  EEC , and
A’lectrovrcgnetio Fields. Z . V. Cordon (ed.) NTIS : morphology; similar changes were not seen at intensi—
JPRS 63321, 1974, pp. 144—152. ties of 2.5 or 5 V/m. Studies on the effects of SW

(14.88 MHz) and *1 (500 kBz) band, were conducted
St udies on the morphological changes in organs and with inten,ities of 70 and 600 V/a, reap . Exposure
tissue of white rats and mice exposed to a combina— to 70 V/rn SW for 8 months did not affect physical en—
tion of SHY and soft x—ray radiation showed that durance , blood pressure , vascular permeabi l i ty ,  or
the nature and the extent of the changes correspond the threshold of neuromuscular excitability. Moder—
to those seen when either physical factor is employed ate and mostly short—term effects of SW were lag in
alone. The effects of x—ray, predominate when high— weight gain , change, in the hypophysis-adrenal sys-
intensity combined radiation is used; at low inten— tem , insignificant decrease in natural ii.nunity, mod—
sities, the histologic pic ture of the organs and crate morphological changes , and EEC changes . MW did
tissue, has features characteristic of both factors, not evidence a biological ef fec t in terms of most of
Results are presented for three series of investiga— the parameters investigated . These results were
tions conducted with different intensities of irradi— used in setting hygienic standards. (No references)
atio n: (1) single 250 r x-ray exposure combined with
10 mW/c. SUP for 2 weeks; (2) long—term exposure to
a combination of SUP and K—rays a t 10mW/cm 2 and 50
r/vsek , resp.; and (3) chronic daily 1—hr exposure
to 1 sM/cm~ SHY in combination with x—ray exposure
of 25 r/week. (No reference.)

0378 CHAN GE S IN CERTAIN PROTECTIVE REACTIONS OF
AN ORGANISM UNDER THE INFLUENCE OF SW IN

EXPERIMENTAL AND INDUSTRIAL CONDITIONS. (A ’.) Vol—0376 EXPERIMENTAL STUDIES ON THE BI OLO GICAL EF- kova , A. P .  (no a f f i l .)  and P. P. Fukalova . Bio-FECTS EVOKED BY CONG INED EXPOSURE TO MICRO- logical Effect s of Radio frequen cy ElectrvnzzgneticWAVES AND HI (~I AIR TEIPERATURE. (A’.) Nikonova , K .  Fi e lds . Z .  V . Cordon (ed.) NTIS : JPRS 63321 , 1974 ,V. (no affil.). Biological Effects of Radiofrequency pp. 168-174.Electroiragn etic Fiel ds. Z . V. Gordon (ad.)  NTI S :
.IPRS 63321 , 1974 , pp. 153—162. Outbred white rats exposed over a 10—month period to

short wave (SW) electromagnetic radiation (14.99 MHz)Acut. and chronic experi ments were conducted on white at an intensity of 2250 V/m for I hr, or 100 V/a formice and rats to determine the biological effects of 4 hr, showed a change in natural imaunity which wasexposure to both SHY electromagnetic fields and heat. more pronounced when the higher intensity was used.SHY intensities and air temperatures were 10—90 sM/cm2 
The phagocytic activity of neutrophils decreased byand 38—40 C, re.p. The combination of SHY and high 56% in animals exposed to 2250 V/m compared with 252air temperatures exerted a more potent biological for animals subjected to the lower intensity radia—effect in terma of a number of indices (body tampers— tion. Recovery of phagocytic activity did not occurture , physical endurance , weight dynamics , and arter— in either group. Plasma bacteriocidal activity dc-ial pressure) than did either factor employed alone , creased by 11% following high—intensity irradiation ,The combined exposure also had a more pronounced ef— while activity after low—intensity radiation was thefect on cor.ditioned reflex activity of mice and OTt same as the control value. The course of an inflam,—the bioelectrical activity of rabbit brain. All 18 aatory reaction , induced by administration of A’. colimice exposed to 80 sM/ cm2 SHY at 40 C died within beneath the aponeurosis of the foot , also was more17—41 m m .  Subsequenc experiments at 60 sM/cm2 and pronounced in rats exposed to the more intense radia—40 C indicated that time of death coincided with ~ tion. Four days after  infection , the degree of theapid rise in body tmapsrature . (No references) infla atory reaction was 6.6 ± 0.5 unite in animals
exposed to 2250 V /mm , 5.0 ± 0.01 in animals exposed
to 100 V/m , and 4.0 ± 0.3 in controls. At the end
of 2 wk , the corresponding values were 1.2 ± 0.02 ,

0377 RESUL IS OF EXPERIMENTAL STUDIES ON ELECTRO- 0.5 ± 0.00 1, and 0.2 ± 0.01. Inhibition of natural
MA OMETIC IRRADIATION WITH LOW INTENSITY i unity (e.g., 2—fold inhibition of phagocytic ac—

USW, SW, AND MW . (B .) Yukalova , P. P. (no affil.), tivity and 4—fold increase in autoflors counts in
H. S. Bychkova, N. S. Tolgakaya, I. A. Kiteovskaya, the mouth cavity) was also observed among engineers
A. P. Volkova , and N. K. Demokidova. Bio logical and technicians at radio centers where intensity of
Effects of Radiof1vquency Electro,mzgnetic Fields. irradiation exceeded the maximum permissible level
1. V. Gordon (ed.) NTIS: JPRS 63321, 1974, pp. 163— (up to 20 V/u). Changes in natural i unity did not
167. occur in a group of 69 men at stations where irradia-

tion levels did not exceed maximum permissible levels.
Threshold values were established for the biological (No references)
effec ts of ultraahort waves (USW) , short wave s (SW) ,
and msdii waves (*) in laboratory experiments on
white mice , rats , and rabbits. The values are based
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0379 CERTAIN PRINCIPLE S GOVERNING THE EFFECTS and 40 sM/ca 1 intensity) for 30 m m  was investigated
OF MICROWAVES ON K~ AND Na~ TRANSPORT IN in white rats with initial change, In the functional

H UMAN ERYTH ROCYT ES . (1.) Shteiuler , V. N . (no a f— s tate of the CNS induced by prior s.c . administration
f 11.). Biological Effects of Radiofrequency Etec- of neurotropic agents. Chlorproaazine (S ag/kg) and
troragnetie Pielde . Z. V. Gordon (ed.) NTIS: JPRS acetylcholine (60 mg/kg) decreased the hyperthermic
63321 , 1974 , pp. 175—187. e f f ec t  of MW5 and shortened the period of temperature

recovery , while epinephrine (1 ag/kg) and atropine
Microwave irradiation of human erythrocyte suspensions (10 mg/kg) had the opposite ef fec ts . U nder the ther—
affected the rate at which K+ and Na4’ were transpor ted mogenic conditions of MW irradiation , the io ne of
into the erythrocytes . Transport rates were studied the sympathetic branch of the autonomic nervous sys—
in relation to the frequency, intensity , and dura tion tern predominates. (No references)
of exposure, and in terms of recovery dynamics fol-
lowing termination of irradiation . At fixed intensi-
ties , the relationship between changes in the rate of
transport and t ime was the sum of a linear component
and an autoregula tory componen t , the la tter arising
under condi tio’ts of over—regulation with amplitude
att enuation. The product of the first component Is
equal to the absorbed dose and its effects are micro—
thermal; the second component is responsible for pro-
tecting the cell against damaging influences. After 

0382 I NVESTIGATIO NS ON THE SUSCEPTIBILITY OF
30 mm of Irradiation (2340 MHz and 50 mW/cm~- int en— 

ANIMALS TO MICROWAVE (MW) IRRADIATION FOL—
sity), comp lete recovery occurred in about 9’) m m .  LOWING TREATMENT WITH PHARMACOLOGIC AGENTS. (P.)
Longer exposure at the same intensity evoked disrup— 

L~banova , Ye. A. (no affil.). Bic logical Effoo~e ~ftion in autoregulation and recovery did not occur. Radiofrequericy Electronoanetic Fields. Z. V. GordonApparently changes in the rate of electrolyte trana— 
(ad.) NTIS: JPRS 63321 , 1974 , pp. 201—204.port are due to partial destruction of the erythrocyte

membrane which leads to its decreased resistance. 
Studies were conducted on the sensitivity of white

Relatively weak and short—tern exposures evoke rever- 
ats to MW irradiation (14 sM/cm2 for 2 hr)  before

sible changes in the membrane structure, while more or after the administration of 15 pharma cologic
powerful and prolonged exposures elicit irreversible 

agents. The clinical picture induced by MW irrad ia—
damage. (No references) tion was that of a state of excitement which was re-

placed by a state of depression subsequent to a 1.2

~ 0.2 C rise in body temperature. After depression
aet in, hyperemia was evident and rectal temperature0380 THE EFFECTS OF MICROWAVES ON ACTOM YOSIN increased by 4.5 ± 0.2 C. Death followed convulsiveATPase ACTIVITY . (F .) Shtemle r , V. M . twitche, of the head and extremities . Only the sed—

(no a f f i l . ) .  Biological Effects of Radv’of r equency atives chloral hydrate (200 mg/kg) and sodium bsrbi—
Electrotrs~gnett

’c Fields. Z . V. Gordon (ed.) NTIS: tel (200 mg/kg) and the antidepressant benegride
JPsS 63321 , 1974 , ~~~ 188—194. (7 .5 mg/kg) decreased susceptibility to 144 irradia-

tion , as indicated by increased survival times. Un—
In t’itr” experiments demonstrated a s ignif icant  but der irradiation , surviva l t i mes wi th  chloral  hyd rate
variable decrease in adenosins triphosphatase (ATP— and sodium barbital were 101 ± 4’ and 97 ± 11’ , reap.,
ase) act ivi ty  of actosmiyoei n of rabbit muscle under compared with control  survival time of 71 ± 4’ . Yive
the influence of MW irradiation (250 MHz) . Irradia— of 12 rats treated with bemegride survived for 110 ±
tion of an enzyme—substrate mixture of actomyosin— 6’ in contrast  to the control survival time of 81 ±
ATP did not induce s ignif icant  changes in ATPase 11’ . Caffei ne (100 mg/kg) , a ce rebral cortex stimu—
activity,  indicating that Al? was bound to the active 1*nt , and pentylenetetrazol (60 mg/kg), a subcorti-
center of the actomyosin molecule and thereby pre— cal stimulant like bemegride, increased the suacep—served i ts  specifi c conformation. Thus, the e f fects 

~~ iiit~
. of animal, to MW.. Susceptibility to Y44s

of an EM field are due to its influence on the activ— was also increased by .ubsrar es which inhibit or
ity center of ATPase activity in the actomyosin mole— stimulate adrenorespo najve structures in the brain
cule. The nature of the variation of ATPa,e activity (chlorpro.azine , 5— 10 mg/kg; epinephrine , O.2—D .5
in actomyosin solutions is discussed in relation to ag/kg; ephedrine, 40 mg/kg) and by substances which
the involvement of intermolecular water in this inhibit or stimulate cholinoreactive structures
process. (No references) (stropine, 10—29 mg/kg; acetylcholine, 60 mg/kg ;

nicotine, 3 mg/kg). Stimulation of serotonin re-
sponsive structures by serotonin (10 mg/kg) and nexs—
maine (10 mg/kg) prior to irradiat ion did not inf lu—

0381 ThE DEPENDE NCE OF THE TEI4’ERATURE RESPONSE ence susceptibilIty to MWs, while indopan (20 mg/kg),
TO MI CROWA VE IRRADIATION ON THE IN ITIAL a monoamine oxidase inhibitor , significantly in—

FUN CTIONAL STATE OF THE CNS . (B. ) Lobanova , Ye. A. creased susceptibility. Stimulation of the adrenals
(no a f f i l . ) .  Biological Effects of Radiofrequenoy by exogenous adrenocorticotropic hormone (3 U) did
Elect3’or#rzgnetic Fields. Z. V . Gordon (ed.) NTIS: not alter susceptibility of rats to subsequent MW
JPRS 63321 , 1974 , pp. 195—200. irradiation. The basis for the positive effects of

chioral hydrate, sodium barbital, and bs.sgride baa
Temperature response to microwave irradiation (10 cm not yet been determined. (No references)
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0383 PRINCIPUS OF NEUROPHYSIOLOGICAL INVESTI- . increased n~~~er of seminiferous tubules with do—
GAT IONS OF MICROWAVE BIOEFFECTS AND CHAN~~S squ ted germinal epithe lius, formation of giant

IN ELEItNTARY EXCITABLE SThJCTURES ON EX POSURE TO VERY cells , and decreased weight coefficient of the testes.
LOW INTENS ITY I RRADIATION . (i.) Iychkov, K. S. (no Again, the changes were most marked in mice exposed
at f ii.). Diologioal Bff.ot. of Radi.of T.q?4end~ f lea- to MW s both during eabryonic development and in the
tr’oma~swtio u sia . 2. V. Gordon- (ed.) NTIS : JIRS postnatal period. (No references)
63321,.1974, pp. 203—213.

Studies were conducted on the masthodologic limita—
tions of elsctr ogr aphic studie s of SH f ields, which 0386 EMBRYOTROPIC EFFECTS OF MICROWAVES . (I.)
are due to the appearance of artifacts resultin g Reraenite ~~~a, A. I. (no affil.) med T. 2.
from SHY-induced currents • Results ar , presented of Rysina. Biological tff.ot. of Rads~Ofreqv4maoy il..
el.ctro plsysiologica l studies on frog-nerve mo,cle trs~rag’,etio pialds. 2. V. Gordon (ad.) NTIS: JP
preparations irradiated at 5 UV/& power flux den— 63321, 1974, pp. 2~~—236 .
sity for S en. The data demonstrat e a change in
the abrane potential, threshold of excitability , F~~~1e white mice were exposed to micr~~~v a  (1 • 10
latent and refractory periods , rate of conduct ion , cm, 10 sM/on-2 p~~~r flux density) for 2 hr/day from
~~~1itudes of the action potentials of aiscie fibers , the let to the 13th day of pregnancy. The average
synpatic delays at the myoneural Junction-, and ~~~~

‘ nm~~er of living fetuses in the irradiated f les
pulse activity of individual neuron-s in the nerve was 6.95 ± 0.13 compared with 7.9 ± 0.08 in controls.
ganglia of the medicinal leech. Differences in Preimplantation death of zygotes reached 13.06 ±
inhibition of neuronal activity in isolated and non 2.392 in the experimsntal animals and 5.0 t 1.62 in
isolated ganglia are described. (No references ) the controls ; poetixplantatton mortality of the ma—

bryos was, reap., 15 ± 2.762 and 6.47 t 1.992 . In
the control group,, postnatal mortality vs. 13.4 ±
2.832 ; 36.7 ± 5.52 of the irradiated mice did not

0384 THE PROBLEM OF alo-NEUROMAL RELATIONS HIP survive to the 21st day. The high postnatal mortal—
IN THE RAT CEREBRAL CORTEX DURING LONG-TERM ity in the irradiated mice corresponded to the great—

EXPOSURE TO MICROWAVES. (2.) Lszbekov , I. N. (so er nunber of weak and debilitated off sprin g . Develop—
aff ii.) and Ye. A. Lobanova. Biological Bff.ct. of mental anomalies were more frequent (56 .16 ± 3.892
Ri2iiOfr .qlmnOy Sl.otro~ragnetio Fields. Z. V. Gordon versus 37.06 ± 4.481) in .~~ zyos exposed to MWs. In
(ad.) NTIS: .JPRS 63321, 1974, ~~~ 

2 14—22 0. the exposed eab ryos , an increase in the ventricle.
of the brain (hydrocephaly) and general underdevelop—
msnt of the eabryo (smell size , absence of eyelids ,Cytomatric studies were conducted on the glio—neuro— underdevelopmant of the external ear) accounted fornal relationship in the brain cortex of rats exposed

to 10 cm MW. at an intensity of 10 sM/cm2 for ~~ 
45.82 of the development anomalies • These en~~~lies

day over a 6—month period . Despite relat ively weak were completely absent in the controls . Irradiated
mice also showed impairment in excitability of the(but significant) changes in the dimensions of the

cytoplas. and the nuclei of neurons , the nusber . of CR5 • These results point to the potential eabryo—
per mneura l gliocytes in the irradiated animals in— tropic danger of MW.. (No references)
creased several—fold in comparison with controls .
Th. greater reactivity of the n.uroglia can be re-
garded as a protective reaction against the MW . which
the elves did not elicit changes in the neurons. 0387 ThE EFFECTS OF RADIOWAVES ON THE GROWTH OF
(No references) ANIMALS. (B.) Demokidovs, N. K. (no of—

f ii.). Biological Effects of Radt of r.queuoy IZ.otro-
magnetic Fis14.. Z. V. Gordon (ed ) NTIS: JPRS
63321, 1974, pp. 237—242.

0385 STUDIES ON THE REPRODUCTIO N AND TESTICILAR
MICROSTRIJCTURE OF MICE EXPOSED TO MICRO- The effects of t~~7 and HP bands on indices reflect—

WAVES. (2. ) Rereani takaya, A. N. (no affil .)  and ing the state of the growth function of the adre.oby—
I. N. Kazbeaov. Biological fff..cta of Radiofr.qusnoy pophysi. were investigated. Irradiation of adult
Pleo tr~ rogn.tio Pi.ld.,. 2. V. Gordon (.4.) NTIS: rats with UHF (69.7 MHz, 12 VIm , 1 hr/day, for 1.5
SPP$ 63321, 1974, pp. 221—229 . month.) resulted in an increase in body weight

and a significant increase in the weight of the bypo—
Whit. outbred male mice were exposed to microwaves physic. However , histologic study of the adrenohypo—
(A — 10 cm) of subtherme l intensity (10 sM/cm2) ,  2 physis revealed no difference in the n~~~er of .cid—
hrs/d ay , either prena tally, for S .onths duri ng the ophilic cells between th . irradiated and control rats .
postnatal period , or pre— med poetna ta lly . Studies Serum a lkaline phoephatase activity and the width of
of reproductive function in the irr adiated animals the tibia l cartilage vera decreased , suggest ing ac-
revealed poorly delineated changes which were re— tivation of the adrenal cortex. Irradiation of in-
flected in a decre es. in the n*~~er of progeny of tent mice ~.t 48 V/a, but not at 3 or 12 V/m , for 4
healthy females meted with the males , and en increase hr/day for 1.5 month, produced a significant decre e
in the nuther of defective offspring. The most pro— in the weight of the thyroid gland and a significant
nounced changes were noted in mice exposed to Ills increase in the weight of the adrenal gland. The
both pr,.’ and postnatally . Studies of the micro— size of the tibia l cartilage tended to decrees, in
structure of the testes of exposed mice shoved an all experiments, but body weight did not eham~~~~ lx—
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poeure of 2— to 8—month—old mic. to the HF band operating f requency from 10—1000 Illz and as a fuse—
V (14.8$ Ph , 70 V/m , 0.185 A/.) led to a significant tion of the physica l and electri cal sizes of the

increase in body weight and significant dec reases in probes . As a result of the analysis , the dipoles
the weight of the adrenal and thyroid gland. , diure— can be used for measurements at f requencies up to
.1.a , and urinary level, of total nitrogen and chlor — 730 ?hz , and the loops to 75 lIz with an estimated
ides. Body length of irradiated animal , did not dif— uncertainty of 0.5 dl. Applyi ng reco~~~nded correc-
fer from that of controls . The data indicate that tions will provide a sthstantial further increas , in
radi owaves do not stimulate the gr owth of rats; the the usable frequency rang. . (14 references)
tncreaae in body weight of young rats exposed to
microwaves in the presence of water , chloride , and
nitrog en retentio n- is apparently due to a depression
of metabol i which i. mediated via the endocrine 0390 DEVELOP HENT OF ~~ONE TI C NEAR-FIELD PROBES.
system. (No references) (S.) Greene , F . N . (Electr omagnetic.

Div., HIS, Houlder , Cob .). NEW ThthZ. No. (1110511)
73—127, 1975, 28p.

0388 A REVIEW OF MI CROWAVE RADIATION HAZARDS MD The Nonionizing Radiation Exposure Stand ard (June 2 ,
SAFETY STMI~R0S. (2.) Lindsay, I. R. 1974) includes EN radiation from 10 Phz to 100 8$z.

(Inst. Naval Nod., Alveratoks • u • 1.). A~~ . ~~~~~ The relation-ship between the electric and magnetic
~~g. 17(3/4):315—320, ipi s. fields is c~~~ 1etely ~~~iguous for EM fields within

the 17 region between 10—300 Phz . Thus, the electric
Available data relating to Ill hazards are frequently and magnetic fields aa.t be measured separately to
a certain, contradictory, or inapplicable . me cur— characterize adequately the total occupati onal cx-
rent United Eingdo. and U.S. .afety standard of 10 poeure from EM field, at 10-300 1hz. In the absence
sM/c.2 ass s that the only biological effects of of casmercially produced survey inst ruments , the
microwave radiation are thermal in nature , end that Physi cal Agents Branch of MRS has developed two port—
thermal effects do not occur below 100 sM/cm2. me able asgnetic—field—, t rength probes for use in assess—
Soviet maximum permissible expoenre is 0.01 dlj& ing occupation-al expo.ure fro. industrial RI power
for a working day; it can be raised to 1 sM/c.’ f~~ sources . Thes, probes consist of small, single—turn,
a 20-win exposure . This standard i.e ba.ed, to a balanced loop antennas 10 cm and 3.16 Ca in diameter.
great extent , on psycholo gical and neurasthenic re— Their measuring rang. varies with frequency but aver—
spouses in exposed personnel which have not been oh— ages 0.5—5 .0 and 3.0—50 A/u, resp . The probes are
served elsewhere. Differ ences in the evaluation- e n —  specifically calibr ated for use within the 1511 bands
tarts used in the East and the Neat should be re— at 13.56 , 27.12 , and 40.68 Phz but can be used at
solved in the interest of internationa l agreement , any frequescy fr om 10—40 *1. The probes accurately
Adequate and operab le sta ndards should be developed usesur e magnetic near—field, which exist within a
from care ful and intelligent evaluation of informe— few centimeters of am II radiation source . They will
tion obtained fro. anima l experiments and surveys of be used by 1108$ in its progy to determine the bio—
occupation-ally exposed individuals . (16 references) effects of haaard— level , mon-ionizing DI fields on

h~~~~ bei.g.. (3 references)

0389 DE VELOP~(NT OF ELECTRIC MD WiONETIC NEAR-
FIELD PROBES . ( 5 )  Gre ene , P. N . (El se— 0391 EFItCIS OF MICROWAVES : LOCAL “HOT SPOT”

tro megnett es Div.,  fl$ , Boulder , Cob . ) .  HIS Tnoh. HEATING BY MICROWAVES . (I.) Schwan , H.
Note 638 , 1975 , 4i~ . P. (Univ. Pennsylvania , Philadelphia). ONR Rep.

Coatrac t 000l4—6 7—A—02l6—00l3 , NTIS: AD/A—00l 558 ,
The development and design of .msli electric and 1973 , Rp.
magnetic near—field probes f or measuring hazard—
level field, up to 20,000 V/a and 100 A/n, reap., Studies of Ill effects on- biological syst~~~ showed
are described . The probes , originally designed f or tha t hot spots are possible at frequencies of 0.3—
use at 10—30 1hz consist of short dipole antennas 10 OHs • The spot. nay occur eithe r from reson—
(which measure the electric field ccaponsn ts) and sacs. of the total exposed body section or fro, the
small , single—tur n , balanced loop antennas (which focusing of SI. by the curved .ur fece of the .xpoeed
measure the magnetic field coaponents) . They are in— body .egnsnt . While hot spots of considerable in-
tended for use in ra diation—expoeur e progr~~~ to de— teusity can be evoked in smal l brain str ucture. (e.g.,
term ine the effects of hazard—leve l , nonionizing, DI cats) , they are weaker in the hi~~~a brain . Cerabral
fields on living tissue , electro—e xplosive devices , blood flow prevents stro ng local t erature clew.-
and volatile fuels • To extend the application- of tions; for a brain structure typical for man , local
the probes to frequencies above 30 Ills , a detailed interna l t~~~erature elevations resu lting fro. an
analysis was med. of several type. of m.asuremsnt external Ph flux of 10 sM/cm2 are only a fraction of
errors likely to be encountered • The princ ipal er— a degree C • Nonthermsl effects of alternating d ec.’
rors result from a variation with frequency in: (1) tnical field, include pearl chain formation, cellu—
the effective length end ixpedance of the dipoles, lsr orientation phenomena, and shap e changes . The..
and (2) the electric—dipole response and partial res— effects are not prod uced more effectively by pulsed
onanc. of the loops . Corresponding corrections are fields than by a continuous one of the same average
given for each type of error as a function of the power. In enoebse, the threshold field stren gth for
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direct mechanical effect. was 1 V/c. or less . A dients within the brain or other part. of the body;direct action of Ph. is isprobable at the microsc opic and peripheral nerve stimulation. However, the cx—and molecular level , but a direct mechanical effec t poeure conditions ar e either not known , as in thebecame. substant ial at the macr oscopic level. A cases of thy roid dysfunction in hiaens reported innearly freque ncy—independent curren t density of ap— the USSR , or consisted of whole body irradiation-, asproximately 2 or 3 ri./cm2 could be establis hed as a in most animal experim ents. - Thus, the focus of a~—standard not to be exceeded in any tissue . This t ion of microwav es on a particular point in the HHTstandard would pr ovid, a rationale for standard. f or axis canno t be specified . (No refe rences)II. , IF field. , magnetic field. , and inhosogeneous
field.. Standard, of safe exposure for !tP f ields
can be order, of magnitude higher than the 10 sM/c.2 0394 THE~~ID~~NETIC AND CAIWIOOYN ANI C REGULATIO Nin existence for Ills . (No references) IN DOGS CRANI ALLY EXPOSED IC 2450 *Iz (CW)

MICROWAVES. (5.) Lu, S. T. (Univ . Rochester Sob.
Med. Dent., N. V . ) ,  P. logardue , .~. Cohen, J . Jones,
E. Linnen and S. Michae laon . (m iii. Rooh.stsp At.0392 EFFECTS OF EXPOS URE TO PULSED MICROWA VE S S’serg. Pr oj . Rep. No. 131—3490—441, 1974, lp .(RAMR) ON CENTRAL NERVOUS SYSTEM EXCITA-

BILITY IN LA8ORATORY ANIP ~ LS. (2.) Hun t , I. L. Cardiovascular and neuros ~ue function was stud—(liol. Dep ., Bat telle Pacif ic Northwest Lab,, Rich — ied in pentobarbital—anes~hetiz~~ dogs cranially ex—land , Wash.) , 1. D. Phillips and N. N. Ring. 051 posed to 2450 Ph~ (CII) Phi. Cranial exposure for 1Fi,tzi Rep. Contract N00l4—70—C—0l97, NTIS: AD786733, hr to power densities from 20 to 100 sM/& resultedOct . 10, 1974 , 62p . in a slowing or reversal of the cooling process and
an alteration of i~ternal thermal gra dients that wereA Ph bioeffect. project was designed to develop re— dependent on both power ~Iensity and ~~~ient texp.ra—liable exposure methods and dose est imation proc.- ture. Hyperthermia could be achieved only at >50dunes for animal studie, on the potential effects on sM/cm2 and a supran eutral ~~~ien t texperature . ACNS excitability . A resonating cavity exposure cham- paradoxical increased ra te of skin cooling was foundben , powered by a 2 .45 OHs magnetron , was developed after the beginning of an 80 sM/ca2 exposure ; shiver—and provided accurat , contro l of the inte$ral energy ing occurred only at higher power densities and per—delivered multilaterally to the animal. A high—per- sisted in spite of the reversal of cooling at theseformence anechoic chasher , powered by a 2.88 OHs densities. Heart rate change and the rate of changeradar trans mitter , pulsed with high peak power, pro— of isovolumic intraventricilar pressure showed avided planes.,, irradiation, For use in both sya— correlation with body texplrature. Pulmonary andt~~~ a biodosimetry method based on latency for Ph— renal circu lation increas ed during irradiation , butinduced .eizure e vs. developed for indexing exposure both pulmonary and systemic blood pressure app earedlevels , validating biophysical dosimetry measur~~~nt . , to be refra ctory . Instead of the positive chrono—and investigating .ff.ct, of field geometry. Acous— tropic action observed with barb iturate anesthesia ,tically prined SJLIJ mice were tested f or decreased a negative chronotropic effect of microwave, on theCIIS excitabil ity, as reflected in audiogenic seizures , hear t sea observed when morphine sulfate was used asSeizures developed in all sham-irradiated mice and a preanesthetic agent. Coepare d with skin , rectaJ.,all mic, irra diated at 20 sM/g f or 30 mm; the form and jugular temperatu res , tympenic tempatur e showedof the seizures differed , however. Eleven- of the 12 the best end widest correl ation with circu lato rycontrols showed full tonic—clonic seizures , whereas par ~~~ ters ; it was also the ~~~t sensitive indicatoronly six of the irr adiated mice ethibit .d this re- of thermal changes, The results suggest that Ph. in—action-, the r iniag six showing a mild “wild run— due. alteration in the “set—point” for thermal regu—ning” form of seizure . Exploratory activity in Vi.— lation. (J o references)tar rats decreased for several hr following a 30-mn

irradiation - at 6.3 sM/g. The response is probably
related to autono,ic regulatory adjustment, initiated 0395 SENSATION MD PERCEPTION OF MICROWAVE EN-by the irradiation. (56 references) ERGY . (2.) Xichtaelson, S. II. (Univ .

Rochester Sch • M.d • Dent., H, V.) .  Univ. Roob.atsr
At. llwrg. Proj. Rep. J o. P1-3490—550, 1974. 12p.

0393 BIOLOGICAL EFFECTS OF MICROWAVES ON THE Sen-sing or perception of Ph/IF ener gy is accomplished
HYPOThALM!!C/PZTUITARY/THYRODIX AXI S. (g.) through various mechanisms. In ~~~~~~~1-, the main

Magi.n, 1. L. (Univ . Rochester Sd . Nod. Den-t., ~~. V.) phenomena of sensation or perception are those of
and S. N. Niobselson-. Univ. Rook~~ter At. 1~tmrg. thermal sensation and , in selected cases , auditio n-.
Proj. Rep. Jo. Ui 3490—440 , 1974, 4p. Thermal sensation is accomplished by stimulatio n of

ther mosen.itive nerve ending. in the skin. Although
Microwave—induced nsuroendocrin effects have recent— some investigator. believ, that “bearing” or audition-
ly been reported . A specific part of the neuroendo— is evidence of direct nerve stimulation -, the most
crime system, the hypotha1~~~.c-lsypopltysj al—thyroid recent data show thi. phenosenon to be due to else—
( T) axis • he. indicated a sensitivity to pertebe-. trousd anioally induced vibrations in tissue and n-or-
ties foll 4ag PSI irradiation. $~~~~~ —‘~~~~ proposed mel reception- in- the cochlea of the ear. Thresho ld
to explain the observed c .-ages in thyroid fenctioss da ta ar. presented for the warmth .ensation induced
have included direc t CIll , ther mal, or nont h.rm al by Ill, and for the audito ry perception of III energy.
stimslst ios; elter atiom of internal temperature gra— (49 reference.)
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0396 BIOLOGI CAL EFFECTS OF NICRONAVE RADIATION tion leak, the designation ot no-acceas safety cons.
ON NE TESTES OF SNISS MICE. (2.) Yarns, around high-poser, open radiation sources , and mini-

M. L (lio-lsvires. ~~g. Sci . las . Lab., losard gae,., aisation of the n~~~er of person -s occupationally en-
Vashimgt , N. C.) d I .  A. Treboslay. ONR Rip. poled to radiation- are the most important measures
Con-tract ~~0l4—73. .0346 lap., 1974, ~~~~ in radiation protection -. Goggles and protective

clothing may be macessary in special cases for m di-
The bi.l.g~”al effects of PSI radiation on testicular vidual protection. (No refer ences)
tiesme 01 33— to 63—lay—old Istea mice ems studied
at 1.7 • 3.0 OHs. p~~~r density and exposure
tins varied. At 1.7 OHs and a poser density of 10
sM/cm2 for 100-sin .apa...asa , severe ~~~~~~~ in mor—
pbolo~~ were observed. The s~~~er of celia in the
s,—’~ 4ferous tobulee ~~~ reduced and the tobules 03% TEST PROCEDURES FOR Ph.ASUREI€NT OF ThE 1EV-
sh~~~d slo~~~img of -~- —-rating germinal cells in- EL OF RF [I~ RGY FROM VARIO(~ UEVICES. (I.)the l .,  which appeared as a coagulated ss of Fed. ~~~~~~ C~~~. ilep. Mo. PCC/OCZ T76-Ol, NTIS: PB-
fused spesmetids. At the s frequency, expoeure to 236 994 , l97o—l~74, 22p .
50 sM/on2 for 30-40 sin altered spermiogeussis: the
l~~~.s w e .  ~~~ty with complete disintegrstios of Procedures used by the Federal C~~~~~ a cation Co~~~.-spermatid., ~ertoli cell., and the cousactive tissue siom’s J,~~oratory ij type approval teatimg of devices
which .~~ru. ds the seminiferous tthulei . Injuries 

~~~ttin-.~ PP snergy are presented. The procedures
at 3.0 OHs were ~ 4.1~~~ 1 • (12 reference.) cover: (1) wireless microphones operati ng in the

88—105 IS. bead and auditory training transmitter.
operatin g in the 72—76 ISa band ; (2) sicr~~~,. oven-a;
(3) Class I Ti devices; and (4) a radio control f or

0397 PROSLEMI OF PROTECTION AGAIMI-r NONIONIZING a door opener. Manufacturer, are urged to employ
RADIATION . (ft.) J s t , I. (Dsp. Fret., these procedures to i~cr.asa their likelihood of re-

At. In-erg. C~~~., Pontenay—rn-leses, Prance). Pro c. ~~~vmeS a grant f or type approval. The procedures
mt .  co.~. hit. Radio. Prot. A~~oc., Washington-, should also be used to test sobssquent production of
D. c., sept. 9-10, 1973, 26p. a t~~e approved device to assure that all .ucl de-

vices continue to comply with the applicable regula—
Th. physical propert ies, sees, possible occupetiosal tions. (No references)
and non-occupation-el exposure., an-d the biological
end pbysiologicsl effects and health hasards of ~~~~~ —

ion-icing radiation are revioved. Microwaves produce
heat in the irradiated orga.lem by exciting certain
vibration and rotation level. in atoms . The non--
thermal effects of Ph radiation on the body are of
secondary importance. The Ph—generated temperature 0399 AN E XAMINATION OF REGENERATING HEPATIC
inc~~~~~t of the body is a function- of the energy TISSUE SURJECTE D TO RADIO FREQUENCY I RRAD I
content of the absorbed PSI., of the heat conduction ATION . (S.) McLeee, I. D. (V.5.  Naval Med . Pea . Inst.,
capacity , and heat t ransfer capacity of the irradi— Bethesda , N d.) ,  I. D. Pinch and N. L. Albright. J.
sted tissue. II. absorbed by the body produce local Appi. Ph~,.ioZ. 32( 1) 1845 , 1972.
hyp.rtb.rmia or even burns, ~~~ are most dangerous
for tissu e. with low degree of va.culari sation, such The effects of both pulsed snd CV irradiation on mi-
me the crystalline lena , which becomes opacified af- totic activity and chromoso l aberrations in regen—
tar a certain exposure tins. Fatigab ility. soeno— cra t ing liver of partially hepat.ct o.ized Sprague—
lance , or insoenia ; headache, sen-serial disorder. , D ley rats were investigated . Poser absorption by
emotion-al instability; increased neuromuscular cx— the animal, was 1.2— 1 • 3 sM/g, or slightly below
citsbility , anorexia , nausea , disorders of the car— the threshold required f or a rise in body t~~~era—
disc rhytis.; vagotonic crises, change. is lipothymic tur. . Peak mitotic activity occurr ed 32— 36 hr after
status, adrenal insufficiency, thyroidal hyperfmac— partial hepatecto sy. In both the CV and pulsed ax—
tien-; as wall a, ionic , el.ctr opbor etic and cytologi— perimsnte, there was no significant difference be—
cal change. of th . blood , such as, anemia, lymphopenia , twe.n sham-ir radiated and experimental animals in
and potynudleosis were d~~~nstrsted in- sobjects en- aitotic index values or percent of mitotic aberra-
posed to los—inte nsity PSI radiation-. Broadcas t sews. tions. The aberrations occurred pr imarily in the
are too weak to produce any biological effect in- the anepha.. and telophase stages of cell divisions; the
organism even during occupation-al exposure . While most co~~~n forms were bridging and fra~~~n-tat ion.
ther e are no criter ia for a aexis allowable radio- ISo evidence for cellular d g e  at the histologic or
ties dose, and there has been no usif or. standard ultrastructural level was found . In particular ,
established • the nszt.. allowab le dose is usually there was no evidence of hepatocyta swelling , eryth ro-
set at 10 dI/& for relat ivi~Ly prolonged occupe— cyte accumulation, or swelling of .itochandria from
tioe..l exposure , and at 1 sM/t m2 for costin-uou en— liver and kidney . The relationship of these result.
poesre. Certain countrie., such as the Pill , have to similar studies in the literature and to redia-
adopted limits rsnging from 1 to 0.01 sM/&, de— ties safety requirements is discussed. Th. expoeure
pendi ng on the exposure time , on the bests of the levels used in this study may represent the upper
soatbe rme l, functiona l effect of MV radiation. The limit to which h n s  can be safely exposed . (44
developmsnt of closed syst~~~ with .inimi..d radia- refer~~~ee)
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0400 RISKS AND 04MA GES DUE TO OCCUPATIONAL EX- 0402 VARIABL E FREQUENCY EXPOSURE SYSTEM FOR SMALL
POSURE TO ELECTR 0MA~ 4ETIC FIELDS. (it.) BIOLOGICAL SPECIMENS. (E,) MeRee. D. (Nati.

Molteni , C . (Luigi Devote Clin. Occup . Di.. ,  Univ.  Inst . Environ. Hlth . Set., Research Triangle Park , N.
Milan , Italy). Med Lavoro 65( 1—2) :25 — 29 , 1974. C.) , P. Walsh , and R, Mathew. Psi,. Sci. Inatr2e’7.,

46(3) :253— 25 6 , 1975.
Biological effects of , and health hazards due to,
occupational exposure to 141 radiation are reviewed . A va riable frequency systen referred to as the log—
MW radiation exerts mainly thermal effect on the or— periodic—parabolic reflector system for exposure of
ganiam, and its biological therma l e f f ec t is eseen— small biological specinens has been developed. Thi,
tially determined by the rate of absorption and the system provides continuous wave and modulated 114
depth of penetration of EM waves. The absorption radiation from 1—10 GHz wi th  a variable power dens i ty
rate is a function of the water content of the body f rom 0—20 mW/en 2 . The f i e ld  at  61 cm from the i r r a d i—
and the dielec tric constant of the tis.ues. The ator assembly has a un i fo rmi ty  of ±10% over a 6 cm
depth of penetration is directly correlated with the circle. The variable frequency sources are sweep
presence of adipose tissue . The quantity of the heat oscillators with octave bands of 1—2 , 2—4, 4—8, and
absorbed ta a function of the heat dispersion capa— 8—12.4 Gllz which produce at least a 20 mW output through—
city of the body. The sensitivity of the organs is out the entire frequency range. The function generator
determined by the water content , the presence of (range 0.0005 Hz to 5 11Hz) and pen modulator prov ide
adipose tissue, the degree of vascularization of the the capability of pulse , square wave, .me wave , t n —
tissues, as well as of the mitotic index and of the angle wave or ramp function modulation. The forward
deg ree of cell  d i f f e r en t i a t i on .  Crys ta l l ine  lenses , and reflected power can be monitored at any given fr ,-
having a low deg r ee of vascularizatton , and low heat  quency and the system can be adjusted to provide max i—
dissipation capac i ty ,  as well as the testes and the mum irradiated power. The MW f i e l d  produc ed at the
nerve tissues , especially the hypothalamus , are the specimen location 61 cm from the il luminator enclosure
most sensitive organs wl.h respect to MW radiation , is s planewave type field with a horizontal electrical
P4 W—ind uced hyperther mia of the testes results in a f i e ld  and vertical magnetic field. The shape of the MW
reduct ion of the androgen production by the inter— field profiles may be changed by chang ing the ante n na —
sti tial  tissue. Hype rtherni a of the hypothalamus to—reflector distance. The disadvantages of the system
may also result in a reduced androgen production due are its small unifor m f ield size and power densi ty  ava i l -
to hypofunction of the hypothalamus with resul t ing  ab i l i ty  at the specimen locat ion.  The primary advan—
reduc t ion  of the gonadotropin production . The non— tag,. are (1) a wide range of frequencie, with adequate
the rma l effects of EM radiation include the demodu— power densities can be obtained economical ly;  and (2)
lating effect , and the EM and nolecular effects , the the planewave f ield is achieved at an-all distances
latter of which are of little significance for the from the i l luminator permitting the entire system to be
h uma n body. EM waves are able to orient electrically placed in a re la t ive ly  small area. (12 references)
cha rged particle, ove r 15 microns in diameter , and to
exert a ca ta ly t ic  effec t on certain chenical and en-
zymatic reactions within a narrow frequency band.
114 waves we—c found to modify the amplitude and fre-
quency of EEG and ECG wave.. (6 references) 0403 BLOOD PROTEINS IN PERSONS EXPOSED LONGTERM

TO 300 kHZ-300 MHz ELECTROMAGNETIC RADIA-
TION. (Pci.) Pazderovd , J. (Fac. Gen. Med., Charles

0401 INFLUENCE OF LOW-INTENSITY MICROWAVES ON Univ., Prague, Czechoslovakia), J. Pfckovd and V. Bryn—
ThE ACID—BASE BALANCE IN EXPERII€NTAL ANI- dovi . Praco r. Uk. 26(8) :292 —295 , 1974.

MALS. (Rt~a.) Shaposhnikov, Tu. C. (Dep. Surg.,
Cent. Inst. Postgrad . Train. Phys., Moscow , USSR) The total blood serum protein and protein spectrum
and I . F. Yar es ’ko . F kap . Khir. Aneeteziôi. (6): 60— were examined in 153 technicians at television (TV )
61, 1974. broadcasting stations , sho rtwave (SW) and medium —wave

(MW) radio stations . The •ean period of exposure at
Cuinea pig. were exposed to low—intensity P4W radia— the individua l transmitters amounts to 10, 14 , and 17
tion (5 sM/c.2 , wavelength 12.6 cm) 1 hr daily for years; the mean intensity of the 11SF was 4.9, 15.6,
4 months to study the effect of such radiation cx— and 7.0 V/a. All the individual values and also the
posu re on the acid—base balance of the organism. seam blood proteins and their fractions were within
The los—intensity radiation caused a persistent, the physiologic li.tt s in the entire group . Cospari—
strongly compensated shift in the acid—base balance , son with a control group of 100 menbers disclosed the
which manifested itself in a reduction of the carbon following differences in the mean value , at 52 level
dioxide partial pres sur . in the plasma (37 ± 1.03 me of significan ce: Decreas, of the albumin—globulin
mercury) • and of the total carbon diozid. level quotient in persons expo.ed to NW , conditional on the
(22.6 ± 0.7 ~~q/ l) ,  while the pH value was within decrease of alb umin, and increase of alpha I and beta
the physiological range with 7.39 . The significant globulin . . Decrease of beta globulin. in pers on. cx—
decrease in th. plasma carbon dioxide concentration posed to SW, and decrease of g a  globulins in those
was a result of hyperventilation, which is a epecific exposed to TV. The total blood prot eins were higher
adaptive reaction of the ir radiated animals to low— in the latter two group.. The deviation. , dete rmined
inten sity radiation. The tendenc y toward metabolic statistically , can be considered to be an expression
acidosis in the treated animals represents a c~~~en— of the reaction by organisms to lon$ter u Dl radiation
astory factor in respo nse to the reduced plasma car— of low intensity , but they are too negligible to be
bom dioxide level. (6 references) considered pathological . (17 ref erences)
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SOURCE: Proceedings of the Intern.tionsl Symposium 0406 RAPID WARNING FROM HYPOTHE RNI A BY MICRO-
on Biologic E ffects aid Health Hawdsof Microwave WAVES. (H. ) Millie H. D. (Cru.psall
R.diation. Warsaw, Poland. October 15-lI , 1973. Hosp., Manchester , U . K . ) .  Biologic Effects and

Health Hazards of Micr~~ap e Radj ation, Polish Ned .
0404 WHO CONCERN AND ACTIVITIES RELATED TO HEALTH Pu1~~1~ h,rs Poland , 1974 , pp. 15—21 .

IMPLICATIONS OF PI~CROWAVE RADIATIO N. (F. )
Diete rich , 3. H. (Div. Environ. 111th, WHO , Geneva , A microwave (1W) method for pr,Aucing rapid warming
Switzerland). Biologic Fffeots and H aith Hazards of from hypothermia in rats was developed to investigate
Microwave Radiation, Polish Med . Publisher.: Poland , the physiological responses to rapid warming , and
1974 , pp. *ii.,xiii. perhaps contribute to research on the nonthermal

effects of MW5. Wistar rats weighing 200—250 g,
The International Symposium on Biologic Effects and under general anesthesia , were used . Overheating of
Health Ha zards of Micro wav e Ra diation was organized extremitie , was prevented by converting the aninal’s
within the framework of the problems which man has had body to a uniform geometric shape by imeersing it in
to face in terms of his physical enviro nment , both old a water jacket during exposure. Twelve control rats
environmental hazards and new ones brought about by were cooled to 18 C and warmed to norma l body tea—
the progress of science and technology . WHO is con— peraturs using water spray . All other rats were
cerned about the health i.plications of the growing use cooled by water spray and warmed by fiVe in a 3 n x
of devices producing nonionizing radiation. A need 1 m x 1 m cavity energized at 2.5 GHz by three wa tey
for national and international public health programs cooled magnetron. rated at 1.5 kW , giving the cavity
ref lect ing the rapid technical development of these a dielectric heating power of 4.5 kW, under optimal
devices is apparent . Internationally agreed criteria condition.. The frequency of the Ills correspond ed
and standards of exposure are needed . The review and to a freespace wavelength of 12.4 cm when measured
evaluation of existing knowledge made by this symposium with a coaxial vaveneter . Three groups of 12 rats
will aid WHO in suggesti ng priorities and reviewing each were warmed from 18 C to 38 C at pover setti nge
long—tern programs on ISV radiation. This Symposium i. of 1/3, 2/3 , and full  power; for 60 , 40 , end 20 eec ,
regarded as a step forward in the joint effort undertaken resp . Control rats all survived; the mean cooling
by scientists in various countries and WHO to bring time was 20 miii and the mean warming time 30 m m .
together scientific achievement , in different par ts of Three deaths occurred in r ats warmed at full power,
the world and to establish rsco endstiona which should and two among those warmed at 2/3 poSrer. All rat.
ultimately lead to the control of potential radiation warned at 1/3 power survived , indicating that warm—
hazards. (Mo references) tog rate of 20 C in 60 sec is the safe limit of MW

warming under experimental condition.. During 3—
non observation period all survivors behaved nor—
mally, and offspring were apparent ly normal . The

0405 U. S. PUBLIC HEALTH SERVICE CONCERN AND AC- surfac, ar ea of a 216 g rat was estimated to be 225
TIV I TIES RELATED TO HEALTH IMPLICATIONS OF cm2 . While it was impossible to measure the field

MICROWAVE RADIATION . (F. ) Villforth , .J . C. (Hur . strength of the Ills used in these experiments in
Radiol. 111th., HEW) . Biologic Effects and Health term, of M1f cm2 , it i. suggested tha t the nonref lec—
Hazards of Microwave Radiation, Polish fled . Publishe rs: tød part  of the field incident on the anima l had a
Poland , 1974. pp. xiii—xvi. power density functionally equivalent to 1100 sM/ca2 ,

based on the estimated .urface area . (5 references)
Nan is exposed to increasing number s of devices emit-
ting RE and MW radiation. The manufacturi ng processes
have far exceeded the development of inst ruments to
detect radiation and biological research to determine
somatic or genetic risks . The Bureau of Radiological 0407 MAIN DIRECTIONS AND RESULTS OF RESEARCH
Health of the U. S. Public Health Service is required CONDUCTED IN ThE USSR ON ThE BIOLOGIC EF
by law to conduct research into the health effects of FECTS OF MICROWAVES. (H. ) Gordon , Z. V. (Labor
electronic products radiation and to establish and en— Order Red Banner Inst. Sci. Re.. lid. Hyg. Occup .
force standards of performance for electronic product. Die., USSR Aced. Med. Sd ., Moscow), A. V. Roscin
that will assure that the public health and safety are and N. S. Byckov. Biologic Effects and Hea lth
protected . In additio n , the EPA has general author ity Fkiaarde of i4iar~~~v. Radiation, Polish Med . Pub—
to develop guides and reco endationa and the Occupa— lisher.: Poland , 1974, pp. 22—35.
tional Safety and Health Administration i. charged with
protectioii of workers from occupational insults, in— Research programs in the USSR use three approaches ;
cluding NW. . Some activities of the Bureau of Radio— i . e . ,  hygienic , clinical , end experimental studies,
logical Health includei (1) study of effects of ISV to investigate the biological effects of a whole
ovens as they are the most i ediate public health prob- ralige of radiofrequencies, and particularly of Ills.
lem in the United States (2) epidemiologic studies , hygienic studies in factories have demonstrated the
( 3) pathologic studies , (4) meSabo lic studies , (5) pronounced intermittent character of the PSI irra—

genetic studies , and (6) dosimetric studies. Technical diction regime to which workers are exposed ; exper—
problems indicate a general hardware problem associated i ntal studi .e have shown that interm ittent rad io—
with nonionizing radiation investigations. These force tion results in more pronounced biologic effects

the Bureau into K S 0 activities to produce necessary then steady irradiation under conditions of

product evaluation information from which dosimet ry equal stren gth end time per sters . Based on long—
syst~~~ can be developed to assess deleterious bielogi— term (20 yr) observations of exposed workers, the
cal effects  of exposure to radiation . (Mo reference.) fiiologic effects of PSI irradiation become more se—
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vere with increasing duration of work accompanied by less and recover sooner than those from norma l rats.
irradiation at low intensities (less than 1 mW/cm2). This experiment led the authors to localize the ac—
Early USSR experimental studies on MW bioeffect. were tion of the III field to the level of the neurosuscu-
concerned with high intensities and were limited to lar eynapae with the field modifying the enzymatic

establishing minimal lethal doses, thermal action, mechanism by a decrease in the quantity of enzyme
and effects such as cataract fornation and changes or a modification of the enzyme itself. They con—
In blood pressure. Subsequent studies have focused d ude that the Ill field Creates a decrease in the

on changes in functions (general indicators, nervous binding energy between the drug molecule and enzyme

system , cardiovascular system , biochemical changes , molecule, explaining the difference in eusceptibil—
reproductive function, and nonspecific reactivity) ity between normal and irradiated animal.. (3 ref—
in animals irradiated with MWa of nonthernogenic erencee)
intensi ty.  Statistically significant results of
these experiments are sualnarized in a table showing,
for each Investigated function, radiation intensity.
type of experiment , duration of each irradiation, 

o)~~ MICROWAVE I RRADIATION AND ENDOCRINE FUNC-
animal species, and character of the changes. The lIONS. (F.) Mikolajczyk, H. J. (Inst.
results show the MW radiation (Intensity, 10 mW/cm2), Occup. Med., L6d1, Poland). Bi~ologtc Fffect8 ar.d

when acting for long time periods, constitutes a Health Hazards of Mtcrc,~ave Radiation, Polish Med .
pathogenic factor (morphologic lesions in the nervous Publishers: Poland , 1974 , pp. 46—51.
system , changes in reproductive function, and some
borderline conditions; e.g., lowered endurance , lag The literature on 131 radiation and endrocrinological
in weight gain). Irradiation at a lower intensity Changes Is reviewed. Since the question of whether
(1 sW/cm 2) is also medically significant according there is general or selective reactivity of the en—

to a number of indicators; even at intensities as docrine system in an organism exposed to !44s has not

low as 250—500 ~.W/ca
2 , certain biologic effec ts  oc— been answered , the effect of ?44s on endocrine func—

cur , including definite pathologic effects on repro— tion should be studied with carefully controlled in-

ductive functions. Investigations of the primary vestigations and experimental procedures for the
mechanisms of the biological action of MWs are also following reasons: electromagnetic energy is trans—

dis~usaed . (32 references) ~~~~~~ into heat within living tissues and nay there-
fore affect pituitary—thyroid functions; it nay be
an environaental stress factor regulated by the p1—
tuitary—adrenocortical system; the heating may af fec t

0408 PHARNACOLOGIC EFFECTS OF A PULSED MICRO- the pituitary—gonadal system; and 141 radiatiou nay
WAVE FI ELD. (F.) Servantie, I. (Nil, modify activation of acetyicholine and adrenaline.

Hoep. Postgrsd . Stud., Sau te Anne. Toulon-Naval, (19 references)
Fra nc.) , G. 3.rtharlon , 3. Joly , A. N. Servantis,
1. Etienne , P. Drey f us and P. Escoubet. Bio logic
Eff ect. and Health Hazards of Microwave Radiation,
Polish Med. Publishers: Pol*nd , 1974 , pp. 36.45. 0410 BIOLOGIC EFFECTS OF RADIATION IN ThE 30

300 1hz RANGE . (F.) Kalada , T. V. (I nst .
The ef fec ts  of prolonged MW exposure on laborato ry lid . Hy g. Occup . Die., Leningrad , USSR) . P. P.
an imal , wer , studied using albino CD—i mice of th e Pukalova and N. N. Goncarova. Biologic Effects and
tharles River strain. To look for biologic effects H aith Hazard s of Microwave Radiation, Poli sh Ned .
other than therma l, low mean power densities were Publishers: Poland , 1974, pp. 52—57.
used. The field effect  on sensitivity to pent.—
trazol vs. studied by exposing the mice to Ills for Clinical observation of a large group of worker.
8, 15 , 20, 27 , and 36 days. At the •nd of this per— exposed to UHF EM radiation (40—200 ?44z) for more
lid 50 mg/ig pentetrezol wa , administered i.p . to than 5 yr indicates that systematic , prolonged
each mouse and the time interva l between injection exposure leads to disturbances in neurovegetative
and begiiaing of the convulsive f i t  was aeasured. regulatory functions (521) , Often expressed in
Mortality w dete rmi ned at the end. All irradiated vegeto—aath enic and neurasthenic syndromes (141) ;

~~cs except the 8—day group differed significantly circulatory pathology , including hypertension,
f rom the control population . After 15 days , expo— nycard lodyet rophy , cardiosclerosis (24%); changes in
sur , delays appeara nce of the f i t , but for longer the gastrointestinal tract (chronic gastritls 12% ,
exposures the onset of the fit is hastened . The ulcers 2% ) ; and impair ment of oxygenation of heart
differences in mortality between exposed animal. and moscle (42 out of 50 patients with negative
controls appears after 15 days end increases f or histo ries) . Levels of loosely protein-bound
longer exposures. Studies performed using curare— cholesterol and total cholesterol were elevated , and
like drugs resulted in a hypothesis of the way a NW the ratio of phoapholipid e lowered . Lowered osmotic
field acts. The experiments were performed on iii.- realetance of laukocytes and lowered phagocytic
tact enimal. using Cell in or euzam,thcnium; on reaction were more frequent than in controls.
in situ neuromescular preparations using Panc uro- Cha nges in threshold of heat perception • reflex
miem and on isolated neurosmscular preparetion. response. to stimuli, and hypertension were also
consisting of ramowel left-half diaphra~~~ and left observed . The intensity of these disturbances was
phresic nerve in bathe containi ng dec tb~~i , related to ths length of occupational exposure ,
smx thomi , ti~~oeurer ia , sad diallylnoxiferin , indicating causal and perhaps cumolat ive effect . .
after 10—15 days of irrad iation. It was fO~~d tket A clearcut relationship between reaction and
preparstians from irr ad iated animels are paralyzed intensity of exposure was also found . Phasic changes
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In the neurovege tative *nd circulatory systems were 0412 INFLUENC E OF MICROWAVE RADIATION ON THE HEMA-
observed , indicating adaptive responses. These TOPOI E TIC SYSTEM . (F.) Czerski , P. (Nati .
responses are regarded as transient states with the Res. Inst. Mother Child , Warsaw , Poland), E. Paprocka—
potential for becoming pathologic since repeated Slonka, K. Siekierzydeki and A. Stolarska. Biologic
i rradiation led to serious functional disturbances. Effect. and Health Hazaida of P4icrotxzve Radiation,
The influence of thermogenic and athernsl levels of Polish Med . Publishers: Poland , 1974, pp. 67—74.
EM f ields on CNS, EEC conditioned reflexes , hemo—
dynamics , biochemical and i~~ inobio1ogic function , Results of investigations of MW effects  In the lympho—
and the morphologic picture of animals (unspecified) cytic and red cell systems ar . reported . In the first
was also evaluated in acute and chronic exper iments series of experiment s, 3 groups of rabbits were exposed
( 5—8 mon irradiation) . Results indicate a definite to 2950 MHz pulsed (1200 P1Hz , 1 u.ec) or CW MW. at 3
dependence of biologic effects on the length of •W/ca2 , 2 hr/day for a total of 74 or 158 hr; a 4th
irradiation and the intensity, frequency and comp— group served as controls. Afte r irradiation , 5

~Fe
onents of the EM field . The studies establish citrate—labeled blood samples were withdrawn from all
general biologic trend s in the reactions of organ— groups for hematologic and radioactivity determina-
isms , elucidate some aspects of pathogenesis of tions . Calculations of ferrokinetic indices denonstra—
f unctional deviation ., and indicate their cumu lative ted significant difference.. The 74—hr exposure to
character. (17 references) pulsed NWs induced much more pronounced effects than

did CW 14W. of the sane duration; the differences were
highly significant. in contrast , 158—hr exposure to
CII MWs induced effects similar to those of pulsed NW.
of half that duration. The second series of experiments0411 TIlE CHA RACTER I STICS OF BIOLOGIC EFFECTS OF concerned the effects of MW exposure of guinea pigs at

MICROWAVES COMBINED WITH THE ACTION OF SOFT various times of the day on the circadian rhythm ofX-RA Y IRRADIATION AN!) HEAT. (F. ) Nikonova , K. V. bone narrow cells. Mo marked differences were seen in
(Labor Order Red Banner Inst. Sci. Res. m d .  Hyg . Oc— the circadian rhythm of recognizable precursors of gran—
cup. Die. ,  USSR Acad. Med . Sci. , Moscow ) and I. P. ulocytes and erythroblaste. In cells belonging to the
Sokolova. P~oiogic Effects and Health !lazai ’ds of stem cell category (early erythroblasts , myeloblasts ,Mioz’owav. Radiat ion, Polish Med . Publis hers: Poland , hasopoietic stem cells , and probably lymphocytes), a
1974 , pp. 58—66. distinct change in amplitude and phase of the circadian

rhythm of cellular divisions was noted in animals irrad —
The biologic effects of combined 10 cm MW. and s—ray toted in the morning or evening , as conpered with one
irradiation with E — 13 x 5 keV were studied in mice, another and controls. Syngeneic nice were subjected to
Following exposure~~o a single dose of 2300 r I—rays a single MW exposure (a... or p.m.) aid examined for 3and l5— ~ in daily irradiation, with 40 mW/cm 2 MWs for days beginni ng 24 hr after exposure. Results indicated
6 weeks, nice developed radiation sickness manifest by that MWs induce a disturbance in the amplitude and phase
changes in body weight , low leukocyte count in pen — of the mitotic rhythm of cells of the stem cell category.
pher al blood , progressive skin lesions , and dec~eased The reaction of the lymphocytic system was quantitated
weight of the testes. The testicular lesions were by determining the serum hemagglutin level and the nun—
more severe , death rate higher , loss of body weight ber of antibody producing cells in lymph node homoge—
more marked , skin lesions occurred earlier and were n5tes of nice irradiated for 6 or 12 week.s and imeunizedmore evident , and decline in peripheral blood leuko— with sheep RIC . Significant differences between con—cytes wa, more pronounced than resulted from x—rays or trols and irradiated groups indicated that MW exposurt.
MW. applied singly. Studies of the effect, of the con— affected the lymphocytic systems of Imsunocompetent
bined action of 1 mW/cm2 for 1 hr/day and 24 r/wsek cells. (14 references)revealed that the role of (Vs becomes more conspicuous
with a change to low intensities. Changes in weight
and in peripheral blood (decreased leukocyte and eryth —
rocyte counts and increased reticulocyte numbers) were
analagous to those accompanyi ng isolated MW irradiation. 0413 HARMFUL EFFECTS OF MICROWAVE RADIATIO N ON
Also related to the action of ills was a marked hyper— THE BONE MARROW . (F.) Tagi , X. (Dep. In—
plasia of r st iculoendothe lial elements in the liver tern. Med., Tokyo Med . Coil., Japan), R . Ueya ma , S.
and spleen, of ly.phoid elenents in the lungs , and of Kurohane, N. Hiramine, H. Ito and S. Umehara. BioZ.og-
microglia in the brain; manifestations of irritation of in Effects and Health Hazard. of Nioro~~ve Radiation,
the receptor apparatus ; and a decrease in ribonucleo— Poli sh Med . Pub lisher s~ Poland , 1974, pp. 75—88.
proteins of the epider mis. X—ray irradiation deter-
mined the lowered weight of the testicles and increased The possibility that MW radiation might result in a—
vascular permeability. I unologic functions (phago— plastic bone marrow was Investigated by irradiating
cytic and digestive functions of neutrophil,, bac teri— young white male rabbits with a 2450 11Hz (12 cm) con—
cidal properties of plasma ) over a 6-mon period reveal ed tinuous 11W generator . Irradiation sessions (power den—
changes attributable to either Mile or x—ray. with imten— city 1.3 mV/cm2) lasted 30 mm , repea t ed 3 t imes/day
sity indistin guishable from those resulti ng from enpo— for 7 consecutive days . Histologic and macroscopic
sure to either factor alone . Studies of the combined changes in the irradiated bone marrow, changes in body
action of PIle and high air t~~~.ratur e clearly evi— weight , tissue t psrature , and peripheral blood were
deuce synergism , Significant changes In arterial ansmined over a 6-weak period . ilacroscopica l ly, eke
pressure of an imals so exposed phasize the need for color of the bone marrow changed from red to yellowish
study of the r.gt4atory and adaptive syst a of organ— red in the first 3 week,, and than to gray in the last
f.m. . (17 references) 2 weeks of the observation period . In the first 3—4
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days , pla .ma—like substances (exudate) developed around increase in the rate of incorporat ion of tagged amino

bone narrow fat cells and in the center of the panen— acid In the experimental group. This increased
chy~a. Over the next 3 day., the exudate increased radioactivity is in conformity with a real in—
gradually in the parenchyma and surrounding fat cells; crease in protein synthesis by hepatic , thynic , and
and completely f i l led  the sinuses. A marked increase splenic cells and is not a simple slowing down of the
in the exudate was accompanied by the disappearance protein metabolism rate. Thus , continuou s exposure
of fat  cells  in week 2 . marked destruction and de— of nice to MW radiation for 160 hr induced a grea t

crease of the parenchy.a l cells starting at week 3, increase in protein synthesie in the liver, thymus
and distinc t sinus wall thickening and p lasmatast i s  and spleen. Further experiments are necessary to
in the sinus In weeks 5—6. Fat caLls reappeared dur- confirm or invalidate this e f f ec t  on tJ~e ret  iculo..
ing week 4 , but the deatruction of the parenchytiia ce11~ histocytic system . (No references)
continued . Complete aplastic bone narrow was seen in
S of 7 cases in the 5th week , and in 6 0 1  9 in the 6th
week . Fibrosis , present in the 3rd week , was not ob-
served in bone marrow obtained in w.eka 5—6. His to— 0415 ARE MICROWAVES TERAT OGEN I C? ‘K. Rugh ,
chemical studies indicated that  the exudate contained it. (But .  Radlo l .  H i t h . ,  U.S .  Pub . H l t h .
neutral  and acid nucopo lysaccharides , appa ren t ly  de— Serv., Rockviile , N d . ) ,  F . I. Cinns . N .  S. Ho an d
rived from the serom due to an inflassnation of the W . M . Leach . .Piol’aio ~~~~~~ and Hea~’h H az j r ’io
bone marrow . The average decrement of body weig ht in of Micrcs.,c ’.,c Hz1i~~~ ’n . Polish Med. Publishers
the exposed animals was 0.4 kg. Pemoral tissue temper— Poland , 1974, pp. 98—107.
atu re rose to 39 C within the f irs t  5 sin of irradia-
t ion and maint ained a level of 42 C during the next 30 P regnant CF 1 whi te  nice were exposed for 15 Sin o~i
sin.  Perip heral bl ood ch anges included a marked dc- gestation day 8.5 to a constan t exposure ra te  of
c rease in small lymphocytes at the end of irradiation 2450 MHz radiation (forward power of 7.37 W). A
and a 900% increase in large lymphocytes. Animals waveguide apparatus was used so that the integral
treated with hydrocortisone (4 mg/kg/day for 6 weeks) dose rate to the animals could be determined ~:dc r
did not develop ap lastic bone narrow. The results stable controlled environmental temperature (25 C)
demonstrate that MW, can have e har.ful effec t  on bone and relative humidity (50%). Most pregnancies were
mar row and euggest that  apla st ic an.mia nay be caueed terminated at 18 days to determine the teratogenic
by infl aumi ation of the bone marrow rather than by stem effect of tills on whole l i t te rs .  Doses to pregnan—
cell failure . (2 2  references) des that yielded 100% normal o f f s pr i n g  ranged f rom

2.4 — 7.8  cal/S. wi th  the f requency of normal l i t ters
decreasing with an increase in average dose ; doses
that yielded 100% abnormal offspring were observed

0414 EFFECTS OF M I C ROWAVES ~~ THE CELL $~T~5 
beginning at 5.8 cal/g. Microwave-induced terato-

0US$ OF THE RETICULO-HISTOCYTIC SYSTEM . genesis was seen among l i t ters  exposed to average
(F .) Mi ro , L. (Lab. Biol . Phys ., Pac. Ned. Mont -. doses in the 2—8 cal/g range . The teratogenic ef —
pellier , Nimes, France) . S. LoubiBre and A. Pfister. fects detectable by direct observation included

Biologic Effects and Heal th Hazard . of Mia1wauc gross hemorrhage, exencephaly, stunting, fetal re-

Radiation, Polish Med . Publishers: Poland , 1974 , 
sorptions , and fetal  death . The possibility of

pp. 89— 97 . subtle and microscopically observable effects , in
addition to gross anomalies, is suggested. The

Long—term exposure to low levels of MW radiation Is results indicate a linear relation exists between
known to produce subjective and obj ective disorders the MW dose and fetal e f fec t s ;  there was no evidence
in humans. To find the source of these disorders of a threshold effect . Th. variability of the fo ci—
mice , rate , and rabbits were exposed to 450 hr of dance of anomalies within litters indicates that cause
continuous PIll irradiation at 7 mW/cm2 mean power and effect  relations are not well enough established
density. No modification of their behavior or and understood to permit prediction of NW effects

either in the mouse or in other species . (6 references)appearance was noted. Autopsy revealed no macro-
scopic or microscopic alterations of their organs ,
but a hyperplasia of the spleen and liver vs. noted ,
indicating possible stimulation of the reticu lo—
histocytic system. A systematic study of the liver ,
spleen, and thymus cell metabolism of 40 male ~~~~ 

0416 THE USE OF CONDITIONED REFLEX ES TO STUDY
mice exposed to ills was undertak en . The mice were MICROWAVE EFFECTS ON THE CENTRAL NERVOUS
paired and divided into 2 groups: th. experimental SYSTEM. (H.) Lobanova , S. A. (Labor Order Red
group was continuously exposed to MW mediation for Banner Inst. Sd . Re.. m d .  Hyg. Occup. Dis., USSR
145 hr while th. control group ema kapt under the Aced. Pled. Sd ., Moscow). Biologic Eff ecta and
same conditions in another room. No differenc e in Hea l th Hazards of f4icrowv.zve Radiation, Polish Med.
behavior between control and experimental animals Publishers: Po land , 1974 , pp. 109—118.
was noted and weight curv es showed no modification.
After exposure all animals were injected i.p. with a The effect of MW . on the function of higher con—
msthionine ~~S solution Lu a dose of 2.3 iici/g. par tments of the CMS was investigated in a serie s
Fifteen hr after injection, the mice were decapitated of experiments on rabbits and rats. Sxperinents
and an autopsy was performed . For the germinative were first performed on rabbits irradi ated 4 months
centers and lyaphoid some of the spleen , liver , ~~ wIth cm MW. at en intensity of 10 nW/c.2 for bO .ini
thymus there was a highly significant (p < 0.001) day; following irradiation conditioned motor-food
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reflexes were studied for 2 months. The action of were detected in all EEC parexetsre, with a high degree
MWa during the first month of irradiation led to an of desynchroni zar f on of the EEC pat te rn .  Chloropro—
inhibition of conditioned reflexes, as apparent from mazine produced EEC synchronization in both irradt—
a prolongation of the latent period of the reflexes ated and control animals; pentetrazole produced rapid
to positive signals and, in a number of case., even onset in irradiated animal.; and dssynchronization of
the lack of conditioned reflexes. These changes EEC was marked after phenobarbitone. All main con—
were found more frequently in the first half of the ponents of evoked visual potentials were also marked ly
stereotype , preceding application of the differen— changed by irradiation. Desynchronization of EEC
tiating signal. The active inhibition was somewhat pattern was probably due to ac t iva t ion  of the ascend—
intensified. The shifts in neurodynamics were pre— ing part of the mesencephalic reticular formation .
served during the 2nd and 3rd mon of exposure. In The differences in evoked visual cor tical po ten ti als
the course of the 4th non , all indicators of condi— were dependent , par tially,  on the func tional state
tioned reflex activity underwent marked changes . of at ferent systems transmitting Specific or non—
Following termination of radiation , normalization of specific impulses. (17 references)
conditioned reflexes took place only after 2 non. Out—
bred nonatock rats exposed to the same radiation regime
became lethargic after their first exposure. Early MW— 0418 A QUANTITATIVE ELECTROENCEPHALOGRAPHICinduced effects on conditioned motor—food reflexes con— STUD Y OF THE ACUTE EFFECTS OF X -BAND MICRO-sisted of a significant increase in latent periods, fre-
quent lack of reflexes to positive conditioning st imuli WAVES IN RABBITS. (F.) Goldstein , L. (Dep. Psychi—
and sight of food , the presence of phase phenomena, atr., Rutgers Med. Sch., Piscatmtay , N. J,) and Z.
deepening of differential inhibition, and a resultant Sisko . Biologic Effect8 and Health Hazard s of Micro—
pronounced inhibition. Inbred K—N rats, which have more wave Radiation, Polish Med. Publishers: Poland,
exci table CNS, appea red more resistant than outbred rats 1974, pp. 128—133.
to the action of MWs~ however , sta rvation led to a deter—
iotati,~n of conditioned reflexes in the inbred rats, and 

Adult male New Zealand rabbits equipped with intra-
slightly facilitated the activity in the outbred rats, cranial electrodes above the sensory—motor cortex,
Chronic irradiation of rats with pulsed 10 cm waves of and trained to sit quietly in an anechoic chamber ,
10 mV/ cm2 intensity induced pronounced changes in re— were exposed 5 mm to MW radiation at 9.3 CHz with
flexes ; the same wsves at I mV/ca2 intensity did not, power densities varying from 0.7 to 4.8 nM/cm~, CW .
Irradiation for 15-win at 10 mW/ca2 did not significantly Radiation was beamed at the heads, wi th the antenna
influence CNS excitability, while 1 mW/cm2 irradiation 45 cm away. The rabbits were pretreated with a sed—
f,sT I S win somewha t increased i t .  Further studies re— ative dose (4mg/kg in a 0.1 mi/kg volume , i .v .)  of
vealed tha t t’be expression of CNS changes depended on pentobarbital in order to create conditions permit—
the level of food mot ivation. Changes in conditioned ting the detection and measuremen t of EEC, and the
ref lexes indicates functional changes In the higher ~~otal manifestations of arousal and hyperarous—
compartments of the CNS; the possible mechanisms of these al. Although there were no behavior and/or EEC
functional changes are discussed. (26 ref erences) changes dur ing exposure , in a number of experiments ,

following a latent period of 3 to 12 win , sudden
arousal occurred which lasted on the average 3 win,
with desynchronization of EEC activity and clearcut

0417 PHARMACO L OGIC ANALYSIS OF MICR OWAVE EFFECTS behavioral excitation , obse rved through remote con—
ON THE CENTRAL NERVOUS SYSTEM IN EXPERI- trol TV monitors. In most cases , 2 or 3 successive

PENTAL AN I MALS. Baraliski , S. (Mu . Inst . Aviat.  periods of arousal occurred interspersed with re-
ti ed., Warsaw , Poland) and Z. Edelwejn. Biologic versala of electrical activity and behavior to seda—
Effects and Health Hazard. of Microwave Radiation, tion activity. In mos t experiments , the alternation
Polish Med. Publishers: Poland, 1974, pp. 119—127. of period s of arousal and sedation was separated by

intervals of 3 to 10 win. Duration of arousal was
The effects of chronic exposure to nonthernal levels related to power density, 240 ± 75 sec for 1.44
of MW. on the activity of the CNS of experimental mW/cm2, and 768 + 78 eec for 2.88 sW/cm2 (9 experi—
ani mals were analyzed . During the studies drugs nents in each case, total exposure t ime 5 mm ). In
stimulating or inhibi t ing the function of the CNS a few cases there was a constant waxing and waning
at different levels were used. Male, 1—yr old of both EEC and behavior between sedation and arous—
rabbits weighing 3.0 kg were divided into 3 groups 51. Alternation of period s of arousal and sedation
of 15 and administered l.v. chloropromazine (4 ng/ has been previously described following acute admin—
kg), 12 solution penetracole (3 mg/kg), and an ist ration of stable free—radica l compounds. It is
aqueous solution of phenobarbi tone (40 mg/kg) , possible that PBS exposure produces or enhances the
reap. Un irrad iated controls received the same formatio n of free—radicals from naturally occurrin ~.
treatment as experimental animals which had previously compounds in the brain. The effec ts did not occur
been exposed to chronic irrad iation of pulse-modulated when the relative amb ient hum idity was above 402 ,
10 cm PBS. at power density 7 mW/c.2 for 3 hr per day perh aps because transm ission of waves was impaired
for a total of approximately 200 hr. EEC recor ding s in rabbits whose long hairs are known to absorb
of the motor, sensory and visual cortex regions were water. (2 references)
made after irradiation and after the administration
of drugs ; the evoked potential of the visual cortex
was also Investigated by retinal stimulation by a 0419 PSYCHOGENIC STRESSORS ARE POTENT PEDIATORS
flash of light 700 lox density and 1 c/s frequency, OF THE THERMAL RESPONSE TO MICI~3WAYE IRRA-
emitted by a stroboscope . The effects of irradiation DIATION . (H.) Justesen , D . R. (VA Roep., Kansas
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City, Mo.), 1) . H. Levtnson , and L. R. Juetesen. geneity of biologic material was ascertained by using
Biologic Effects  and H ealth Hazards of Microwave one—half of each animal litter and the control group ,
Radiatio n, Polish Med. Publishers: Poland, 1974, and excepting irradiation, handling in the same way
pp. 134—140. as the experimental group. Change in the onset of

the cramp reaction was studied not only in animals
A quantitative measure of th~ ability of small maa-~ 

directly irradiated, but also in the first and second
u sia to detect MW energy at low rae—density is stud— filial generation. Results obtained from the pulsed
ied using Evoked Thermocolonic Response (ET~R) ,  a ES fi eld showed that irradiation led to prolongation
pa rameter experimentally developed by the authors , of the interval from the beginning of sound stiaala—
This response is an elevation of colonic temperature tion to the onaet of seizures . A higher nt~~ er of
as a reaction to various stimuli. The female albino null reactions also occurred . In all cases of EN
Sprague—Dawley rat wa, used to compare ET R’a evoked radiation the mean t ime preceding the onset of sei—
by peripheral sensory perception and by M~ radiation. zures was longer in irradiated than in control ani—
A study was made to determine whether small doses of nals; the null reaction occurring in approximately
PBS energy and a mildly adversive stimulus (faradic 70% of the irradiated group and 20% of controls.
stimulation of the feet) would evoke comparable Results obtained at the 6th weak were significant
ETcR’ s and be additive in nature. 2.45 QIz magne— St the 5% level; the remaining differences were sta—
tron—generated PBS energy was injected into a cavity tistically insignificant. The next stage of the
holding the rats. Measurements were made at 0, 360, study will examine the effects of CW fields. (4 ref—
and 1800 J/g total E doses, with faradic currents erences)
of 0, 50, and 60 uA—rae applied to the feet. Both
irradiation and foot shock were found to be reliable
t riggers of the ET ft . There was no interaction be-
tween the two, but%imply an additive eff ect with 0421 INTERACTION OF ELECTROMAGNET IC FIELDS AND
respect to magnitude of the ETCR. A second study was LIVING SYSTEMS. (F.) Romero—Sierra, C.
done using rats treated with sodium pentobarbital ~D5I~. Anat., Queen’. Univ., Kingston, Canada), J.

(35mg/kg i.p.), a hypnotic , resulting in little or A. Tanner and J. Rigu del Blanco. Bio logic Effect.
no ET R, demonstrating that the quickening of ncr— 2nd Health Raaiv ’de of M-v.arontzve Radzation, Polish
voua activity leading to a rise in core temperature Ned . Publis hers: Poland , 1974 , pp . 145—151.

will not occur without the perception of an alien
stimulus. (10 references) Basic phenomena underlying electromagnetic (EM) inter-

action with living syatema are reviewed, and a concep-
tual viewpoint of the emerging laws that govern such
interactions is presented . Past experimental find-
ings on interaction effects are st~~arized, and the

0420 SOME EFFECTS OF VARIOUS P(LSED FIELDS ON extremely complex wave and nonwave effects are dia—
ANIMALS WITH AUDI OGEN IC EPILEPSY. (E.) grameed. Microwave (MV) field intensity ranges corre—

Stverak, I. (Inst. Aviat. Med., Prague, Czechoelo.- sponding to identifiable biological effects are: non—
vakia), K. Marha and C. Pafkova. Biologic Effects the~~~l , 1 uW-lOO uW; thermal, nonheating, 100 ~W—1O
and Health Hazards of Microwave Radiation, Polish my; and heating , 10 mW and above. Thermal , nonheating
Med. Publishers: Poland, 1974, pp. 141—144. effects are identified with changes in temperature and

heat balance not attributable to the direct conversion
The sign ificantly greater biological effectiveness of PBS energy to heat in tissue. Irradiation intensi—
of PW a. compared to CV at equal frequency and aver— ties below 100 pW/c~

2 are considered nonthernal for
age powe r density raises the question of whether the both pulsed and eontinuoua waves . At a power level of
greater effect is caused by the actual modulation of 10 mW/cm2 , the energy transformed into heat in the
the EM field in nor mally used sources , To investi— body is roughly equa l to the heat lose per square cen—
ga te the problem , the effec t s of a pulsed EM field t imeter of body surface. On thi. basis, power levels
were compared with the effects of a pulsed ES field , between 100 uW and 10 mW are nonheating although ther-
the interferi ng influence of the high—frequency car— mel mechanisms may be invo lved . The interaction be—
n c r  component being excluded . Forty ra t, with con— tween MW fields and living systems is dependent on the
genital audiogenic epilepsy were used in both situ.— cha racteristics of the radiation, the environment , and
tions (24 were irradiated , 16 served as controls) , the biological receptors. In light of the stro ng MW
I n order to create the types of pulaed energy re— interaction between glial and neuronal cells , the
quired , generators were developed and the values of emergi ng laws of interaction between MW fields and or—
the field ca refully calculated so that in both cases ganisme appear to be: (1) MW fields imposed on s liv—
the amount of effective energy was equal . The char— ing system modify the MW int eraction that exists be—
aete ristics of generators of ES pulses were appro xi— tween glial and neuromal cells inside a nervous struc—
matel y: pulse width 10 ,sec , amplitude 800 V , pulse ture; (2) To predict the consequences of interaction ,
repetition 762.2 Hz. The generator of pulsed ~~ all the par auseters (radiation , enviro anent , biological
waves emitted waves at 2850 MW z , pulse duration 2 .7 receptors) must be quantified *nd integrated ; (3) MW
usec and repetition frequencies 357 H z . At the place fields trigger a set of interactive biopbyeical phe—
of exposure the aver age power density amounted to no.ena ; and (4) The unstable sequence of event s thu s
30 mW/& . Irradiation occurrad over a period of 10 triggered may be stabilized at the level of the cell .
weeks . Indicators of the effect of both pulsed tissue , organ or organis. affected. It is no t ed tha t
fields were changes in sensibility; i.e., the length a period of captivity introduces a discontinuity in
of the latency period and the sensitivity to the birds’ spatial and t poral perc eption of the minute
stimulus releasing the onset of convu lsions . Homo— gradients in t~~~~erat ure . humidity and MW f ield , creat—

31



Biological Effect, Electromagnetic
CURRENT L ITERATU RE Radiation 11(1). March 7975

ing disorientation when released . The same concep t of MW absorption in poly— (a—benzyl—L— giutamat e)
can be applied to other migratory species such as (PBLC) and dielectric saturation in PBLC and other
fish. (49 references) biopolyne r sys tems in MW fields. Appendices contain

a theoretical analysis of the time—evolution of the
energy of a molecule in’ the presence of collisional

0422 PRINCIPLES OF INTERACTION OF MICROWAVE perturbation by other molecules and of perturbation
FIELDS AT THE CELLULAR AND MOLECULAR LEVEL, by an EM field; a discussion of the natural back—

(F. Schwan, H. P. (Dep. Bioeng., Univ. Pennsylvania , ground of nonionizing radiation in the biosphere;

Philadelphia). Biologic Effe cts and Health Hazards a description of molecular dynamics in the presence

of Microwave Radiation, Polish Med. Publishers: of EM field perturbation ; a brief summary of RF and

Poland , 1974, pp. 152—159. MW absorption in biopolymers; and a short review of
field—stimulated proton shift in the hydrogen bonds

The present state of knowledge of the electrical of biopolyuners . The natural EM background in the
properties of tissues and other biological systems biosphere at MW— and RF—frequencies is orders of

is suemarized. Three relaxation regions a, ~ 
magnitude below the power levels associated with

of the dielectric constant exist at low, medium, technological and/or scientific applications. In

and very high frequencies. Inhonogeneous structure contrast, the natural background of VIA’, ELF, and

is responsible for B—dispersion and permanent dipole zero—frequency (.tatic) fields in the biosphere is

rotation for y— and B tail—dispersion ; n—dispersion one of the sane order of magnitude as certain tech—

is least clarified but involves both counter ion nical applications. Irreversible effects arising

relaxation and electrophoretic relaxation. The from the perturbation of rotational diffusion in

characteristic frequencies vary from one biological biological fluids by external EMF in the RF and

object to another. Thus, blood cells display a centimeter—wave region, at norma l in vivo tempera—
weak a—dispersion centered around 2 kllz, while mus— tures, have a low probability at field strength be—

d c  displays a very strong one near 0.1 kHz. The low saturation levels. The existence of quasllattice

B—dispersion of blood is near 3 MHz, that of muscle vibrations in extended biopolymeric structures (e.g.,

tissue is near 0.1 14Hz. D..~persion characteristics 
the alpha—helix) indicates the possibility of damped

of certain biologic materials are tabulated , in— resonant interactions between millimeter—wave and
cluding electrolytes, biologic macromolecules, amino far—infrared EMF and biologic systems. Irreversible

acids, proteins, nucleic acids, protein—free cells, saturation effects in biological fluids are expected

and cha rge d and excited membranes. Unresolved prob— only at (static) field strengths of the order of

lens include the origin of B—dispersion ; the appli— kY/cm in the helix—coil transitions of certain

cation of the theory of counter ion relaxation to bioiol ’ners and in micelle—random—Zwitterion transi—

macromolecules and cells; protein, amino acid , and tions. Proton shifts induced by MW EMF, and hence

nucleic acid data versus concentration ; and the on— poeeible associated genetic—code alterations , are

gin of a—dispersion in membranes. The electric data improbable for systems such as DNA. (56 references)

available to date do not support the concept that
?SJs may induce reson ance effects which migh t cause
irreversible damage . In addition, there i. no cvi— 0424 EFFECTS OF MICROWAVE IRRADIATION IN VITRO
dance of the existence of nonthenuzal effects at the ON CELL ME~~RANE PERMEABILITY . (F.) Bar—
molecular or cellular level. While electric proper— adski, S. (Mil. m at. Aviat . Ned., Warsaw, Poland)
ties provide insight into the mode of interaction of S. Szuigielaki and J. Moneta. Biologic Effects and
alte rnating field. , they cannot readily reveal the Health Ji azarda of Microwave Radiation, Polish Med.
mechanic effects that may be imparted. Forces evoked Publishers : Poland, 1974, pp. 173—177.
by alternating fields (field—evoked forces, dielec—
trophoresis, elect romechanical effects)  deserve Erythrocytea were isolated from heparinized (50 I .U . /
consideration; they may be responsible for the phen— ml) rabbit venous blood , saline washed , and sue-
omenon of “hearing pulsed field, and , hence , some pended in clean saline containing no potassium, to
of the behavioral effects rep orted in the 1—10 uiW/cm2 form a 10% suspension. They were then exposed to
range. (8 references) continuous EM waves of 10 cm at 1, 5 and 10 ~J/ca

2
power densities for 15, 30, 60, 120 and 180 win. No
increase in temperature was observed. The erythro—
cytes were centrif uged and the concentration of p0—

0423 INTE RACTION BENEEN MICROWAVE AND MILL!-  taaaium and hemoglobin in the supernatants measured .
P€ TER-W AVE ELECTRO MA GNETIC FIELDS AND Osmotic resistance of the cells was also determined.

BIOLOGIC SYSTEMS : MOLECULAR MECHANISMS . (F. ) Rabbit granulocytes isolated from the peritoneal cay—
I llinger , K. H . (Dep. Chew., Tufts Univ., Medfor d , ity 8 hr after infusion of 0.5% glycogen and sua—
Mess.). Biologic Fffeota and Health Han n ’de of pended in hepar inized saline were also exposed to
Mi crowave Radiation, Polish Ned . Publishers: Poland , continued 10—cm waves at 1 or 5 iu&l/cm 2 for 15 , 30
1974 , pp. 160—172, and 60 win. The granulo cytes were stained with 0.1%

nigrosin and observation of cell viability was made
The interaction between MW radiation and the molec- using a phase—contrast microscope. After centrifuga—
ular components of biologic systems is analysed tion of the remaining suspensions at 15,000 rpm at 4 C
to delimit the possibl. coupling mechanisms with for 20 mm the activities of acid and alkaline pho.—
EM? which may lead to an alteration of the energetic. phatase , catalase and lysozyme were determined in
and/or dynamics of the molecular system. Subjects the supernatante using biochemical techniques . Ir—
t reated include the quastlattics vibration mechanism radiation at 1 ~ J/c.2 for 15 and 30 win resulted
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in an et f l ux of potassium from the erythrocytes . 0426 EXPERIMENTAL MICROWAVE OCULAR EFFECTS.
Increased permeabili ty of membranes to hemog lobin (H. ) Appleton , S. (Walter  Reed Army Med.
appeared at 60 win, and total hemolysis and lowered Cen t. , Washing ton , 0. C.). Biologic Effects an!
osmotic resistsnce appeared at 120 and 180 win of Health Hozacig of Ylorowave Padiat ion , Polish Med.
irradiation . & marked Increase in the percentage of Publishers: Poland , 1974, pp. 186—188.
dead granulocytes was observed after irradiation at
5 nM/cm2 . After 60—m m irradiation at this power Albino rabbits were exposed to MW radiation of the
density 80% of the granulocytes showed diffuse stain— eyes under varying experimental conditions including
ing. In suspensions irradiated at 1 nM/cm2 only 20% number and dura tion of exposures , wavelength , pow e r
were stained , the last figure being close to the level , du ty cycle , and head only va whole body cx—
value observed in controls. Injury of isolated rab— posures . Similar  experiments  using dogs were also
b i t  granulocytes  was observed af t e r  20 mm of i rr ad i— st a r t e d.  I f  the  f ron t  or one side of the rabbit
ation , measured b y the a c t i v i t y  of acid phosphatase was irradiated , the lethal power level was between
and lysozyme in t i e  supernatants . A c t i v i t y  of al— 25 nM/cm2 and 50 nM/cm7, but if the body was shielded
kaline phosphat ase and cata lase  was seen only a f t e r  or ii only the head was exposed , the threshold for
120 and 180 m m .  Marked morphological changes were ocular damage was around 301) nM/cm2 , giving little
also observed in stained cells under phase—contrast support to the hypothesis that repeated subthreshold
microscopy after the two longest periods of irradi— exposures cause significant cumulative damage . Ex—
ation . (18 references) posure to power levels one order of magnitude below

cataractogenic levels was an extremely noxious stim-
ulus causing the animal to struggle violently to re—

0425 ASSESSIN G MI CROWAVES AS A HAZARD TO THE move itself from the field. In experiments using

EYE--PROGRESS AND PROBLEMS. (H . ) Car— 
dogs, similarity with respect to MW ocular effect
between the two experimental models was indicated.

penter . R . L. (Bur . Radiol. Hith., Winthe ster , Mass . ) .  (No references)
E. S. Fern and C. J. Hagan . Biologic Effects and
H e al th  Haz ards ‘~~ Miorawa ve Radiation , Polish Med .
Publishers:  Pol and , 1974 , pp. 178—185.

0427 THE EFFECTS OF MICROWAVES ON HUMAN LYMPH-
At any given output of a part icular MW source , the OCYTE CULTURES. (H.) Stodolnik—Baradska ,
minimal single exposure period required to ibduce W. (Inst. Biost ruct . ,  Med. Acad . Warsaw , Poland) .
opacity formation of the lenses of the eye can be Biolog ic Effects  and Heal th  Hazards of  Microwave
determined . These minimal exposure periods yield Radiation, Polish Med. Publ ishers: Poland , 1974 ,
a curve shoving time and power threeholds for pp. 189—195.
induction of lens opacities by single irradiations
of the eye. This curve is also useful for identi— The e f f ec t s  of exposure to MW radiation on human
fying specific time and power combinations which lymphocytes cultured in vi t ro with and without addi—
constitute subthreshold exposures. Experiments tion of phytohemagglutinin (PItA ) was studied. Lymph—
which tested the effect of subthreshold exposures ocy te cul tures were exposed In a thermostatic (37 C)
repeated at regular intervals demonstrated that chamber at 7 nM/cm2 or 20 nM/cm 2 to 2950 MHz pulsed
irradiation whj,ch apparently does not damage the MWs. At 20 eM/cm2 , MW exposure induced changes in
lens when experienced only once may cause lasting the mitotic Index which depended on exposure time :
damage when repeated daily or weekly. Non—anesthe— at 10 and 15 mm exposures slight differences were
sized New Zealand white rabbits were irradiated noticed compared to controls; after 20 and 40 win
2 inches from a dipole antenna at 2.45 Clix, cw, one exposure , significant d i f f e rences were seen. Sin!—

hr a day for 20 day.. This was defined as chronic lar results were obtained at 7 eM/cm2 afte r 3—4 hr .
irradiation and the lowest power level which ~~uld Exposure also induced changes in numbers and struc—
consistently cause development of lens opacities tures of chromosomes , the degree of change depending
was sought. Opacities developed in 4/10 exper— on duration of exposure . The most usua l f ind ing  was
imenta at 100-110 miff cm2 , but an increase to 120 changes in chronosomal morphology suggesting changes
nMfc.~ resu lted in opacities in 8/10 rabbits. One in spiralization. Irradiation of lymphocytes with—
hr exposure at this level was found to be sub— out PHA addition induced the appearance of blastoid
threshold in 7 experiments. Tests were also per— forms and macrophage—like cells. The results suggest
formed to study how the MW field ii perturbed by the that MWs nay have ivutagenic effects, and also m di—
body of a rabbit. In e free field condition the cate that exposure may induce changes in interphasic
power distribution in a planewave resembled con— nuclei. Ills are the only agents kn own to be capab le
centric circles of  decrea eiog power density. The of inducing lymphoblastoid transformations. This
rabbit was placed with its right eye in the center phenomenon could be used to investigate the macha—
of the field and the resul t ing planewave distribution nism operative in blastic transformation of lympho—
became a haphasard pattern of irregular zones of cytes. (13 references)
differing power densities. The power density
at the position of the eye was reduced about 40% .
Many other factors distu r b the field , leading to
the conclusion that power density should be reported 0428 MICROWAVE THAWING OF CELLS AND ORGANS .
only as a msasure~~~c in be field where the Woes, if. A. C. (Surg. Med. Res . Inst . Un i v .

experiment is to be conducted in the absunce of all Alberta, Csnsda). Biologic Effects and Health
perturbiag factors including the experimental Flaear ds of Microwave Radiation, Polish Med .
eninels (27 references) u shers: Poland , 1974, pp. 196—201.
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Microwave s may provide a method of controlling the absorption varies as the square of the freque ncy, due
rate and uniformity of heating deep—frozen materials primarily to the magnetically induced fields. In
such as might be developed for recovery of human thlP range, the maximum power absorption density is
organs from storage banks. Large MW insults at 10 ~ to 10 2 i f/kg per mW/cm 2 inciden t po’~er. Prom 100
2450 tlI z have been applied to daep—frozen adult to 1000 MHz, internal reflections are significan t for
kidneys, fetal mouse hearts and tissue culture cells a man—size sphere and the average absorption attains
causing controlled t emperature changes at rates up a maximum of 2 X 10 2 if/kg per mW/cm2 incident powar at
to 500 C/mm from —196 C to 23 ± 12 C. Two reso— 200 MHz, which r emains relatively constan t with fre—
nant MW systems of 10 and 17 cubic inches, similar in quency up to 10 CHz. The maximum absorption density
design to conventional MW ovens , were used for heat— increases with frequency above 1000 MHz, approaching
ing a number of biological samples , ranging in that produced by nonpenetrating radiation. Thermo—
volume, from 2 to 100 .1. The method s used and grams are presented which clearly show hot spots in a
results obtained are presented. The electrical phantom cat brain exposed to a 918 MHz aperture source
activity of fetal mouse hearts taken from 17—19 and the unpredictable absorption peaks that oc cur in
day—old embryos and recovered from —196 C by MW heat— the body and tail of a phantom rat exposed to the sant e
ing survived In a high percentage of cases, frequency. An experimental protocol is ou tlined to
Electrical activity was observed for up to 35 days eliminate misinterpreting highly localized thermal ef—
after implantation of these hearts in the ear of facts as nonthermal or low—level effects. (12 references)
syngeneic adult mice. 141 heating at 2450 MHz seems
to give rise to faster resumption of electrical
activity and a higher survival rate compared to con-
ventional water bath heating. Tissue culture cells 0430 SOME RECENT DEVELOPMENTS IN THE CHARACTER-also withstood rapid thawing in a resonant MW system IZAT ION AND MEASUREMENT OF HAZARDOU S ELEC-
operating at very high, near breakdown, field TROMAGNETIC FIELD S. (F. ) Bowman, R. IL (Electromag—strengths. Uniform Ill thawing of adult canine kid— netic Div . NBS Boulder , Cob .), Bwlogtc Effects
neys was obtained at ra tes between 100 and 300 C/sUn.
Although subsequent functional success was not and Health Hazard s of Mwrowave Radtati.on, Polish Med.
achieved with the kidneys, areas of viable tissue Publishers. Poland , 1974, pp. 217—227.

with vascular integrity were observed. (12 ref erences)
The magnitude of power density IS] is of ten  not a mean-
ingful measure of the intensity of complicated ~ 1F and
is a poor index of potential hazards even in the MW
band . In contrast , the elect ric field strength , de—

0429 QUANT I TATION OF INDUCED ELECTROMAGNETI C f ined as the Hermitian magnitude TEl of the field , is
FIELD PATTERNS IN TISSUE AND ASSOCIATED a meaningful measure of the strengths of f ie lds  having

BIOLOGIC EFFECTS. (E.) Guy, A. V. (Univ . Washing— reactive near—field components , multipath components ,
ton Sch. Med., Seattle). Biologic Effects and Health and arbitrary polarization. Three recently developed
Hazar ds of Micr owave Radiation , Polish Ned. Publish— instruments for measuring (El in complicated fields are
ers: Poland, pp. 203—216, 1974. discussed with respect to their capabilities and limit-

ations for measurement of either fielde externa l to sub—
A quantitative description of EMF within tissues and jecte or fields unperturbed by subjects. Tabulated
an understanding of the relation between these fields characteristics include frequency range (GHz) for ± 1
and the thermodynamics of the biologic system are dB response ~or single pla newaves , upper frequency (CHz )
desirable in formulating exposure standards. U.S. limit for spatial resolution of complicated fields, and
safety guides that allow a maximum human exposure field levels measurable (given in terms of [EJ and equi—
level of 10 nM/cm2 incident power are partially based valent planewave (SI). The first instrument is a broad—
on limiting the average absorbed power density to the band , isotropic sensor based on a Golay cell. The sen—
average resting value of the metabolic rate. Safety son consists of a pair of thin—welled air—filled spheres
guides, however , cannot be specified in terms of ab— connected by tubes to a sensitive differential pr essure
sorbed power density; they are more conveniently ax— tran.ducer. The field—sensi ng sphere is coated with a
pressed in terms of an incident PTh expressed in high—resistivity film; the noncoated sphere provides
units of Wi/cm2 or, for the case of stationary or compensation for changes in ambient temperature or pres—
quasi—stationary f i elds , in terms of elect r ic f ield sure. The sensor will have an essentially constant re—
st rength E , in V/n. or magnetic field strength H, sponsa (average of fEJ2) for single planevave fields
in A/s . Nevertheless , none of these field quanti— with wavelengths either long or short compared with the
ties measured exterior to a subje ct can be classi— field—sensing sphere. The sensor can withstand fields
fied as hazardous, nonisazardoua, thermal, or nonther— of 1 if/cm2 average level; the peak density over load is
mal without sufficient knowledge of exposure condi— not known . A second type of broadband , isotropic field
tions , frequency , subject size , and subject geometry sensor consists of three orthogonal dipoles with diode
to determine the actual absorbed power density in detectors connected between the arms of the dipoles.
the subject. Both thermal effects and pearl—chain The readou t of the inst rument is calibrated to display
formation, which depends on a sustained force across 1/4 tEE]2. For wavelengths up to two or three times the
internal tissue or cell interfaces , are related to length (8 me) of the dipoles, the probe can be calibra—
average power absorption and not to the peak absorbed ted to measure sing le planewave fields or to provide
power from modulated or pulsed ~ (P. The relation some aort of average reading for aultipa th fields; the
between frequency , body size , and absorbed power can instrument viii not accurately measure ultifrequency
be understood by considering ephenical tissue layers fields. Another isotropic. wideband field sensor con—
exposed to a plane EM wave . Pros 1 MRs to 20 MX., prises three orthogonal lossy elements made from thin—
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fi lm the rmocouples . Outputs from the elements are sum— transparent to microwave radiation. The spheres are
mad to provide a signal proportional to fE]2 ; the instru— sir—filled and connected by narrow—diameter tube to
sent can be calibrated to read in uniti of mV/ca2. (10 a capacitive differential—pressure transducer. One
references) sphere is coated with resistive films and absorbs MW

energy. The other is not coated and provides ambi-
ent temperature compensation. The pressure differ-
ence due to the absorption of energy by the resistive

0431 METHODS OF CALIBRATING MICROWAVE HAZARD f i lm  and subsequent heating of air  in the coated cy l—
METERS. (P.) Baird , R. C. (Electromagnet— indet Is converted into a change in capacitanc e at

i~s Div . ,  NBS . Boulder , Cob .) .  Bioior’._’ Effect s  and the pressure t ransducer .  A special t r ans former  r a t io
Eea th H azard e c~ ~ ‘r ~,wave .~zdiation, Fulish Med . 

bridge converts the capacitance change into an out—
Publishers: Poland , 1974 , ~~~~. 228—236. of—balance voltage which is l inearly related to temp-

erature rise in the coated sphere and thu, to the
Existing calibration methods for 14W hazard meters re— power absorbed . The f i na l  temperature of the coated
quire  tha t  a known f i e l d  i n t ens i t y  be established sphere is dependent on the heat loss mechanisms w i t h
through measurement • ca lculation , or a combination of in the radome. The thermal time constant was found
b o t h .  The device under test is placed in the ‘s tand— to be dependent on the s i l ica subs t ra te  and was about
,trd” f i e l d  and the meter indication is compared with 8 sec for 631 of the f inal  temperature.  The use of an
the known f i e ld  va lue .  Three d i f f e r e n t  approaches to electronic d i f f e r e n t i a t i o n  circui t  reduced the effec—
producing the  “s tandard ’ c a l i b ra t ing  f ield ire describ— tive time constsnt of the instrument  to less than one
ed: the free—space standard method , guided wave meth— second. A major part of the research was devoted to

ods , and the s tandard p robe method . The basic concepts , measuring the f requency-dependent absorption coeffi-
advantages and l im i t a t i o n s , and a t ta inable  accuracies cient of the coated spheres , which was found to be a
of each method are reviewed , The free—space standard function of sphere diameter and surface resistivity.
f i e ld  method cm be used for calib rat ing antenna s as (2 references)
well as power meters. NBS uses standard gain horns
above 2.6 CIlz to establish 10 mW/cm2 f i e lds  to an accu-
racy of ± 0.5 dB , including mubtipath effects. Below
2.6 CHz an open—ended vaveguide Ia used as the radiat— 0433 RADIATION HAZARDS FROM MICROWAVE SOURCES
log element . Present accuracy down to 0.9 GHz is + 0,6 WITH HOBILE ANTENNAS : CERTAIN TECHNICAL
dE ; t ransmitter powers of 35 V or less are require~ to PROBLEMS. (P. ) Frank , Z. (Inst. Aviat. Med .,
produce a 10 raW/cm2 field. Guided wave methods require Prague, Czechoslovakia). Biologic Effects anc
considerably lees power and space but are useful only Health Hazards of Microwave Radiations ?olish Med.
for frequencies below 1 or 2 GHz, since the device be— Publishers: Poland , 1974, pp. 240—242.
ins cal ibra ted must be email compared to the guide di-
mension. One waveguide system operates ~~ 400—600 MHZ In considering hygienic conditions in a given
with an estimated uncertainty in the field intensity of locality MV sources, such as radar installations
± 122; another operates at 2450 MHz with an accuracy to whOse main function is to emit energy into the
within + 6—72. The standard probe method is the sin— environment , should be observed . The general prac—
pleat si~d may prove to be the best method of calibrat ing tice is to measure the intensity of the irradiated
hazard meters for general use. Ant accurately calibra— field ; however, real conditions during field
ted probe is used as a “tra nsfer standard” ; i.e. ,  the measurements of 141 intensity d i f fer  significantl y
probe determines the field intensity over a particular from those of calibrating standards and anechoic
region in space (or in a guided system) produced by an chambers. It is therefore necessary to determine
arbitrary transmitting antenna. The probe to be caLf-- the maximum intensity values considering radiation
brated is then placed in the same location in the field emitted simultaneously from all independent sources.
and the meter reading compared with the known value of In order to compute data for hygienic evaluation ,
the f ield.  Dipole-diode type probes may ultimately one must use an orderly sequence of theoretical
serve as such a transfer standard . (21 references) analysis , real measurements, analysis of the exist—

— ing situation , and of all factors influencing the
distribution of power density from the equipment
used . The derived formulae may then be used to

0432 MET HODS OF MICROWAVE FIELD QUANTIFICATION predict hygienic conditions for new installations.
FOR BIOLOG IC STUDIES. (F. ) ~~ith , K . B. (6 references)

(Sch. Electr . Electron . Eng., Univ . Bradford , U.K.).
Biolôgio Fff.ot. and Health Hazards of Miorovave
Radiation, Polish Med . Publishers: Poland , 1974 ,
pp. 237—239. 0434 RESONANCE METHOD FOR THE DETE~ 4INA TI ON OF

THE COMPLEX DIELECTR IC CONSTANT OF BIOLOG IC
Priorities placed on establishing standards f or safe MATERIALS IN THE MICROVAVE BAND . (A’.) Piotrowaki ,
exposure of personnel working in the vicinity of N. (Mi]. Inst . Hyg . Epidamiol., Warsaw , Poland).
high-power radiofrequency sources have created new Hiologic Fff eots and Health Hazard . of Miorowave P ad-
emphasis on the development of instrumentation for iation, Poli sh lIed . Publishers: Poland , 1974 ,
monitoring microwave (MV) power dens ity . This report pp. 243—253.
describe, a monitoring bolcseter, developed at the
Univ. of Surrey , based on the classica l gas thermos— The problem of measuring the complex dielectric con—
et er. Two thin-walled silica spheres are placed in stant of biologic materials in ~1 fields was solved by
a radon. coat ed to reflect infrared radiation and the resonance method. The examined substance was
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4 placed in a cuvette , the dimensions of which were ~~~i— diff raction patterns around a cylinder and a conducting
icr than the inner dimension, of the measuring cavity, mannequin allow for estimati ng the significanc e of tte
Losee, in the wall of the cqvet te and its geometry shape of the subject. The studies indicate tha t power
were taken into consideration. The elec trodynamic as— measurements made in the vicinity of man may be subject
pect of the task was reduced to the solution of the to wide errors if standing waves and shad ows are not
inte rnal electrod ynamic problem for the case of an iso— taken into consideration ; the design and positioning of
t ropic med ium described by a continuous function of di— personnel MW dos imeters should be influenced by these
electric perm it t iv ity  of a nonhermitian symeetry. The facts. It is also apparent that one man can considerably
metrologic aspect was based on experimental determina — modify the MW field incident on his neighbor , an impor—
tions of the resonance frequency and the Q factor of t aOt consideration in multip le exposure of men and
the resonator with and without a sample, and establish— animals. Reflection and transmission measurements
ing interre lation s linking these quantities with cer— will permit a new approach to the estimation of absorbed
ta m physical parameters of the resonator and the ex— energy in different —sized parts of the human body.
amined mater ia l .  An origina l solution to the problem (2 references)
of selfvibra tions of the resonator was obtained using
Galerkin ’s method. An analytical procedure and the use
of qua si—Honp modes are needed for the dielect ric sea— 0436 CLINICAL MANIFESTATIO NS OF REACTIO N S TOsureisent of loesy samples concentrically placed in the MICROWAVE IRRADIATION IN VARIOUS OCCUPA-resonator and cuvett es , and not completely f i l l ing the
cavity. There are no restrictions on si z e or on the TIONAL GROUPS (F.) Ssdcikova , N. N . (USSR Acad.

material parameters of the tested substances (for iso— Med. Sci., Moscow. Biologic Effects and Health Has—
tropic media with magnetic permeability equal to vacuum ar-de of Micrownve Radiation, Polish lied. Publishers :

permeability ii — 1). These characteristics allow the Poland , 1974, pp. 261—267.

choice of conv~nient samples and ensure obtaining the
selected sensitivity for predicted values of £2 and El 

Microwave or rad iowave sickness has been identified
The most c r i t i ca l  parameter is the inside diameter of as a dist inct  occupationa l disease following pro—

the cuv et te .  Procedures for  determining the permittivity longed work involving exposure to MVa. Changes take

c2 ’ and £2” from f (c ’, t ”) and Qd (c ’ , c”) can be car— place in the function of the nervous , cardiovascular ,

rind out separately. Measurements of the dielectric con— and other systems leading to a characteristic complex

stants of a number of substances including distilled of symptoms. The health status of 2 groups of

wate r , v—globuli n , and human blood (Na tartrate) were work~~s involved with radio equipment emitting radi—

carried out in a resonator tuneable to the X band with 
ation in the MW range was observed and compared to

a fiald distribution H0jj. In the rang e of measured controls. The first group was exposed to a power

values E 2 — (40 + 60) and £7 ” — (20 + 35) , the err or does density of up to a few ~~J/cm 2 while the second group

not exceed 0 .52 .  The full error in determini ng £ 2 ’ and was exposed to a much lower intensity. Both groups

£2 ” (5 + 10) 2 is mainly due to the measuring technique significantly differed f rom controls in frequency of

us ed. (14 references) such complaints as heaviness of the head , drowsiness
during the day , ti redness , irr i tabi l i ty , anxiety,
light sleep at nigh t , end partial loss of memciry .
In both groups the frequency of asthenic and
autonomic vascular disturbances of a hyperreactive

0435 MICROWAVE REFLECTION AND DIFFRACTION BY character (expressed dermographis., hyperhidrosis,
MA N. Beisc her , D. E. (Naval aerospace Med. arterial hyper tension) related to age and employment

Res. Lab. , Pensacola , Via.) and V. K. Reno . Biologic depended directly on the duration of professiona l
Effeeta and Hea lth Hazards of Nicrc~ave Radiation, 

contact. it was found tha t a complex of symptoms
Po lish Med . Publishers: Poland , 1974, pp. 234—259. corresponding to 141 sickness wa, diagnosed only in

those patients of the first group who began work
Val uable information for evaluating the biological under very unfavorable conditions. Microwa ve sick—
ef fects of MV radiation say be rained from measure— ness was characterized by various autonomic vascular
aents of reflected , scattered and transmitted radi— disturbances with crises of cerebral and coronary
ation . MW f ield perturbations were measured in vascular insufficiency and asthe nic symptoms. Thre e
i ediate proximfty to an Illuminated human subject st ages (initial, moderately advanced , and advanced)
in an indoor range to assure close environmental in the development of the illness were distinguished
control. A 4 .B m parabolic reflector was used to with aath.nic, astheno—autonomic with vascular
col limate a beam illuminating an experimental stage dysfunction of hypertonic type, and hypothalmic
(3 .6  m x 3 a x 2.4 u) Power measurements were clinical syndromes. Of those patients suffering

taken by an PThS isotropic sensor in which three from MV sickness, despite repeated therapeutic
orthogona l dipoles are combined to measure the courses and temporar y withdrawal from work, upon

power density. The studies were conducted at 1 and returning to previous working conditions symptoms
3 GHz ai , at power densities of not more then 50 increased in severity. Cessation of work involving

~W/c u2 in vertically and horizontally polarized irradiation frequently resulted in stabilization of
fields . The interference patterns of a human being the processes or recove ry if withdrawal took place
show a standing wave on the illuminated side and a in the initial stage of the illness. (24 references)

pronounced shadow on the opposite side. Both the
spatial standing wave and the radial diffraction field
around man resemble the field perturbations demon— 0437 NEU ROLOGIC FIND I NGS IN PERSONS EXPOSED TO
et r at ed theor etical iy and experimentally around a MICROWAVES. (F. ) Kl iakovd—Deutschovd , K.
conducting circular cylinder . A comparison between (Neuro l. d in., Charles Univ., Prague, Czechoslo-.
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vakia) . Biologic Effects and Health Hazards of Previous studies. have indicated that no changes in
Microwav. Radi a tion, Polish Med . Publishers: Poland , health statu s due to EM radiation have been observed
1974 , pp. 268—272. except modification of the blood pro tein ratio.

These investigations were repea ted on radio and TV
Data on 352 persons occupationally exposed to non— technician , who have worked at least 5 years in their
ionizing radiation from 29 places of work were profession. The levels of blood proteins and their
analysed with respect to clinical , biochemical and fractions were within physiologic limits , but eta—
bioelectric signs, age , and the characteristics tistically significant differences were found between
of the exposure to EM radiation. Symptoms such as mean values for the exposed vs control groups. Total
headache , fatigue and excitability wars found most protein level was higher in people operating medium
frequently in workers exposed to radiation in the wave transmitters . The albumino—globulin quotient
cm waveband. Age had no significant relationship decrea sed in radio technici ans , and games—globulin
to symptomatology . There were slight disturbances decreased in TV technicians. The findings confirmed
in enzyme function including a slight increase in previously reported data on evidence of b lood pro—
fasting blood sugar. Fatigue , paralleled by a tam changes , but differs fro. previous reports in
reduct ion in vigilance and pathological changes in that no evidence of ga —globu lin elevation was
the KEG , was found to be localized in the memo— found . No pathologic findings were revea led , and
diencephal ic region. This activity was found the mean differences between exposed and control
particularly in persons exposed to high levels of groups are considered to be a general response of
radiation from a pulsed field. These analyse s the organism to the stress of EM radiation. (9 ref—
concentrated on fine regulatory mechanisms which are erences).
disturbed before organic changes can occur. This
determination is importan t for the application
of preventive asures such a. excluding from work
involving nonionizing radiation persons liable to 0440 THE BIOLOGIC ACTION AND HYGIENIC SIGNIF-paroxysmal activity of the CNS and certain people ICANC E OF ELECTROMAGNETIC FIELDS OFwith psaud oneurasthenic syndrome or motor system SUPERH I GH AND ULTRAHIGH FREQUENCIES IN DENSELYdistu rbance e. (No references) POP ULATED AREAS. (F.) Duuanskij , 3. D. (A. N.

Ma rzeev Kiev Sci. ha s. Inst . Gen . Public Ryg.,
USSR) and N. C. ~andala. Biologic Effects and

0438 A STUDY OF THE HEALTH STATUS OF MI CROWAVE Health Hazar ds of Microwave Radiation, Poli sh Med .
WORKERS. (F.) SiekierayiSaki , N. (Inst. Publishers: Poland , 1974 , pp. 289—293.

Poetgr ad . Stud. , Nil.  Med. Acad., Wars .,, Pol and) .
Biologic Effects  and Hea lth Hazards of Micr owave Hygienists have begun studying the effect of UHF and
Radia tion, Polish Med. Publishers : Poland , 1974 , SHY energy in densely inhabited areas . At the sites
pp. 273—280 . of TV , radar , radi oastro nomy and radio meterology

sources , the intensity of electromagnetic energy is
The health status of 841 men (ages 20-45 yrs) who much higher than the earth!. background and pane-
were occupati onally exposed to irradiation with trate s buildings located in the vicinity. Twenty—
pulsed EMs of various frequencies was studied . The eight rabbits and 128 white rats ware used in
men we re divided into two groups according to expo— investigations of biologic effects for the UHF range
sure levels : thos e exposed during working hours at and 100 white rats and 32 rabbits were uaed in the
power densities above 2 V/m2 and those exposed at SHY range . The animals were irradiated for 8—12
power densitias below 2 V/m 2 . They were divided into hr dail y for 120 days. Turning on the EM field
subgroups based on age and duration of employment elicited changes in the CNS as the animals appeared
and were examined for ey. changes , func t ional distur — excited. Certa in periodic changes appeared in the
bances , and all othe r causes for unfitness for work conditioned reflex activities of the animals; this
taken toge ther. No statistically significant corre— was connected with development of inhibitions
lation was foun d between par ameters examined and dur — related to impairment of nervous reactivity and
ation of employment in the two groups , while ther. leading to pathologic stagnation and inertia.
was an obvious existing correlation between e~~~ Previously observed changes in bioelectric act ivity
par~~~ ter . and age. Thus within the groups as well of the brain cortex were confirmed . EM fields
as between group, of persons occupationally exposed impaired biochemical mechaais.s which ensure the
to ver i.us power densities of 14W radiation , no coy— normal course of nervous processes ; resulted in
relation is indicated between degree of exposure or increased weight of the edrsnals, reduction in their
durati on of employment and incidence of analyzed ascorbic acid content , and increased secretion of
health disturbance.. (2 references) ketoste roids in the urine; and increas ed the ability

of the thyroid gland to concentrate radioactive
iodine. Electromagnetic energy caused chang es in
the composition of the blood including decrease

0439 BLOOD PBOTEIMS IN PERSONNEL OF lELEYISION in leukocytes, eosiaophils, ret iculocytes ,
AID RADIO TRANSMI TTING STATIONS . (g,) erytbrocyte. and bemeglobim, An increase La the

Pudero,g, J. (Pee. Inst. Telecc~~ aa,, Prague, EMA and DNA contents of spleen and liver was induced.
Csscboe1ova~~a), .1. ?ickovd, and T. Irymdovd. Die- Thus, prolonged exposure of low intenaity EM energy
logic Effect, wid Health Iaaarvk of Ni!oiwapo Radia- in the U end SHY ranges resulted in appreciable
tie,,1 Polish M.d. Pi*lishers: Poteed, 1974, pp. chen es to the gmssral stat us of the orr~4— ,
281—lU. conditioned reflex activity, bloelectric activity
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of the brain corte z , var ious biochemical per~~~ters , the par cular and mecular regions had bean noted.
blood composition sod morphologic structures of An epidemiologic study on 98 ,orkers in a similar in—
tissues and organs of the exposed animals. The dustry was perfor med to determine the significance
biologically active intensities were 0.06—10 ~W/cm 2 of these findings. ~txty-.ight workers had been eZ-
for UNP and 5—20 uN/cu 2 for W ranges . (No posed to EMs for a length of time; they were divided
refere nces) by type of exposure into persons testing radar equip-

ment and measuring Ill radiation F ro different kly-
st rcns and persons from experi mental laboratories.
Thirty persons also exposed were used as controls.

0441 SELECTE D CASES OF MICROWAVE CATARACT IN NAN All personnel were ez ined by eye specialists to
ASSOCIATED WITH CONCOMITANT A*IOTATED determine refraction and visual acuity, to study the

PATHOLOGIES. (I.) Zaret, 14. 14. (Zaret Foundation , optic media by cormeal microscop e and slit lamp in
Inc., Sc*rsdale , N . Y . ) .  Biologic Effect. and Health compte mydr iasis . and to study the retina by opbthal-
Haaard. of Nicr,~11av~ Radiation, Polish M.d . Pub— .oscope . The nt~~~er of lens opacities even at young-
lishers : Poland , 1974, pp. 294—301. er ages was high among exposed workers. latina l le-

sions were also of high freq uency . Divid ing the
The term microwave cataract is defined , its pathogen— exposed personnel by task indicated a concentration
ic evolution described, and the differential diag— of lens and retinal lesions among c.sting personnel .
nostic features distinguishing it from all other This group is mere apt to be exposed to higher power
types of cataract are presented . The role of micro— levels, indicatin! that mexi.,~ permanent exposure
waves as a secondary , contributo ry or synergistic (NPE) of 10 $1/cm may be too high . Similar retinal
factor is not discussed . Six case histories , lesions have been observed in subsequent studies done
selected from more than SO cases, are presented. in Poland , confirming th.s. preliminary observations.
Each case having exhibited characteristic posterior Further experimental end theoretic al work need s to
capsular opacificst ion following a known exposure be done to determin, whether such lesions are due to
to microwaves , and an absence of other ~emonetra blo nonther aal effects. (7 reference , )
catsractogenic etiology , is considered as having
primary microwave cata ractoge nic etiology. Historie
and ophthalmologic findi ngs depict acute , sub-
acute or chronic form. of microwave cataract. The
covert nature of usual exposures , characteristic 0443 ASSESSMENT OF LENS TRANSLUCENC Y IN JUVE-
latency, slow evolution and subsequent insidious MILES, MICROWAVE WORKERS AM) AGE~MATCHED
onset of symptoms ar . discussed . Concomitant oph— GROUPS. (A’.) Zydecki , S. (Inst . Postgrad . Stud.,
tbal.ologic and generalized pathological findings are Xii. Med. Acad., Warsaw , Poland). Biologic Effect.
descr ibed and c~~~ ar,d to similar findings reported and Health Razarde of Nionouaus Radiation, Polish
in the scientific literature as being related to Med . Publishers : Poland , 1974 , pp. 306—308 .
microwave exposure • The additional ophtbal.ological
findings consist of: (1) hydrops of the lens, Differing criteria used for lens translucency have
kerato conjun ctivicis, iridocyclitis and choyio— led to controv ersy on the effects of occupational
retinitis, which can develop i ediately following exposur, to EM radiation on the eye • The reported

irradiation; (2) keratop.thy, glaucoma , synchiae ,, 5t~~~ enimin ed 3000 individuals of both sexes , di—
ret inal degeneration , melan~~~ta and capsule exfol- vided into 3 groups of lO’)O each . Group A was fur-
iation, which can develop later ; and (3) after long they divided int o 2 subgroups . A 1 contained 342
periods of latency, corneal endotheltal dystrophy people exposed directly to III radi aUon ranging be-
and lent icular nuclear sclerosis , which are indic— tween 0.1 $1/cm2 and 1 */cm2 , appro zi.ately . Dur—
ative of pr ture aging. $on-ophths lmological ing short periods of t iae the mean power density to
f ind ings obeerved in this group include mental which this group was exposed could reach up to 6
illness; cardiac , vascular , hormonal and arthritic $1/cm2. Gro up A~ was made up of 458 ind ividuals cx-
disease ; testicular malignancy and a rare , bizarre posed to EM. at 0.01 $JIcm2 or less, 10th groups
CR5 degeneration in a child fathered by one of the were exposed on the average 4 hr per day, the history
pat ients. The prote an nature of microwaves and its of occupational exposure ranging from 1 to 15 yr.
potential contributory role as a path ogenic agent Group B compr ised 1000 age—matched individuals not
are discussed . (Mo references) exposed to EM s; Group C included young people aged

5—17 yr. Group. P and C served as controls for
Groups A~ and A2 . Lana translucency was usessed
using a S—grade scale . Detailed analysis indicated

0442 RETINAL CHAN~~S IN MICROWAVE WORKERS . (I.) that a close correlation exists between age and the
fengroth , 1. (Dsp. Ophthalmol., Univ . Goth— grade of lens translucency, and that the frequency

enburg, Desdea) mad I. Aur.ll . Biologic Effect. and of inborn defects may be about 0.7%. Statistically
Health Hason’ds of N onvvav. Radiation, Polish M.d . significant differences in the frequ ency of various
Publisher.: Poland, 1974 , pp. 302—303, grade, of lens translucency existed between Group A,

N , and C; as were the differences between snbgroupe
Patimal ~~~~~~~~~ in people occupationally exposed to A1 and A2. Analysis demonstrated that duration of
* have sot been reported in th, literature . How- occupational exposure did not p1ay a decisiv, role .
ever, in an electronic industry working with radar Decrease in lens translucency depended upon power
equipment, during periodic checking on the eyes of density l.vels • However long-term exposure to low
persousel the f requency .f significant lens opacities doses (below cataractog.nic lsvets) may tend to ac-
in a group of younger workers and retinal lesions in c.lsrate the normal aging process. (No references)
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0444 MICROWAVES - A TOOL IN MEDICAL AND BIOLOGIC environmental factors and the effects induced at
RESEARCH. (A’.) Grant , 1. 14. (Phys . Dsp. ,  various EM frequency bands should be studied . (3)

Queen Elizabet h Coil . ,  London , U. L ) .  Biologic Biologic , medical and biophysical effects ~n the en-Effect. and Health i*zaar da of Mic,’owave Radiation, tire HF range should be conducted , with particular
Polish Med . Publisher.: Poland , 1974, pp. 309—316. attention to their dependence on the physical char-

acteristics of the EM field . (4) Cunalative effects ,
The degree of interac tion of MW. with biologic tissue delayed effects , differential radiation sensitivity,
may be determined if the amount of energy which is effects related to cellular transformation , and
reflected and the auount absorbed is known. This can carefully controlled hi~ an epidemologic studies arebe determined theoretically from the angle of incidence areas requiring further research.
and the coupler permittivity. The complex permit tivity
say be r igoroualy determined and it shoul d be possible
to construc t a data bees F or the electrical properties
of body tissues. In the MW region the electrical pro— 0446 SESSION B. INFLUENCE OF MICROWAV E RADIATIO N
perties of water dominate those of all other biologic ON ThE NERVOUS SYSTEM AND BEHAVI OR . (A’.)
molecules present . The structure of this water i e —  N. H. Adey, E. A. Lobanovi , A. V. Rol’tin and V. A.  C.
diately surroundi ng the biologic macromolecules is Voas . Biologic Effect. and Health Hazard, of Nz~cro-
“bound” or “modified” and has different electrical wave Radiation , Polish Med . Publishers: Poland ,
properties than “pure” water. Once these electrical 1974, pp. 321—323.
parameters are known they may be used in medical and
biologic research such as the investigation of hyper— Discussions in this session emphasized difficulties
betalipoproteimemia , treatment of cancer and evaluation in evaluating subtle physiological and behavioral
of the size and shape of biologic molecules in an effects during and following MW exposure in .s ale
aqueous enviromeent . (28 references) For ex ple, natural factors such as growth and aging

must be considered in long range tests, autonosic
nervous reactions resembling field—induced changes
must be ruled out, end difficulties involved withHomnuriss of Discussion.. Session Resiorts and R ecommendstsons using inappropriate metal instrunentation most be
solved. The question of thresholds for thermal ef-
fects within the crania with and without potential

0445 SESSION A. GENERAL EFFECTS OF MICROWAVE distortions of the EM field following implantation
RADIATIO N. (A’. ) Z. V. Gordon , T. V. Halada , of inappropriate metal electrodes was repeatedly

M. L. Shore and H. P. Schean. Biologic Effect. .~~~ raised . There was much interest in probl~~~ of in-
Health Hazard. of Microwrzv. Radiation, Polish Mad . strumentation in CNS studies , as recording of t~~~Publisher.: Poland , 1974, pp. 317—320. perature during or i .diately following irradiation

of the brain would be impor tant . Juste.en p/esented
Several pap ers duri ng this session were devoted to his “evoked colonic temperature” to obviate th. need
the biologic effects of higher intensities of EM for recordi ng directly in the CNS , but this was not
radiation . The majority were concerned with the accepted by Soviet participan ts. In studyi ng the
biologic effects at intensi ties so low that thermal effects of pulsed fields , Stverak , Marha , and Pa,kova
effects can be excluded . In these latter inveati— emphesized the significance of the envelope of the
gation. the possibility exists that micr otherma l carrier wave in seizure induction , as these envelopes
effects and nooths r.sl effects which are unclear at are potent in modifying conditioned reflexes and EEC
the present time might have occurred being respon— rhythee. Romero—S ierra prop osed schemes of tissue—
sible for the biologic changes observed . During interaction with MW fields. The data presented are
the general discussion it was suggested tha t energy important for setting up safe ar posure limits to 11W
density flux levels of EM fields be divided into radiation . The session reco ended that further in—
three ranges : (a) high intensities of 10 $1/& vestigetion of EM effect. on the nervous system should
upwards ( region of thermal effects) ; (b) the range include: (1) investigation of the influenc e of MW
of subtle effects from about 1—20 $1/cu2 (possible exposure on behavior and conditioned reflex functions
effects of a microscopic or macroscopic nature) ; using various exposure regimes ; (2) •lsctrophysiologtc
Cc) intensi ties below 1 $i/& (region of nonthe rmal investigatio ns carried out during th. exposure period ;
effects) . The boundaries indicated are dependent on ~~ investigations of effects of liVe on CRS metabolien ;
numerous vari ab le factors such as animal size , and (4) investigation of morphologic changes in the
threshold of warmth sensation , frequency, pulsing, CIIS following MW exposure.
etc . The interm ediate range calls attention to the
need for additional research on subtle effects and
clarification of the underlying mechenisma. The
following reco~~~ndations specific to the subject 0447 SESSION C. EFFECTS OF MICROWAVE RADIATIONof this session were agreed upon: (1) Mere biophysi- AT ThE CELLULAR AND MOL ECULAR LEVEL. (I. )cal Invest igations are needed on .eof ’~4 s s  of 181 inter- I. H. Grant, H. N. Iiling.r , N. Servantie d S.act ion with complex microscopic and suheicroscopic lye- Ssmf$ielaki. Biologic Iff.ct. and Health Hazard.tens (e.g., inter molecular uechani ). Special atten- of Ntop~~~~. Radiation, Polish Pled . Publishers:
tion should be made in determining the absorbed suer- Poland, 1974 , pp~ 324—324.
~~‘ dose and its spatial distribution. (2) Threshold‘value, at which biologic effects are induced should The miss dependence of the pearl—chain effect ens
be determined. Coabia.d effects of EM mad other discuesed. I.camai.tenciae between reported f4—dings
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and the curr ently accepted model for predicting the information on EM and thermodynamic prop erties of
dielectric behavior of meabrane., the Hod gkin—Hu xley biologic materials are needed ; and (7) an interdis—
model, may be due to the possibility that effects at ciplinary group should be established to translate
the level of biologic systeme nay not be predictable and disseminate documents pertaining to biologic and
on the basis of th. behavior of isolated molecular en$inssring aspects of research on biologic effects
syst . The question of the energy difference be— of Dl radiation.
tween conformational states of b iopolymers was raised ;
the effect . of the shape and nature of experinsntal
containers and depth of liquid on the actual field in
studies of EM irradiation of biologic preparations 0449 SESSION F . OCCUPAT 1OMAL EXPOSUR E AND PUBLIC
were discussed; and the question of the existence of HEALTh ASPECTS OF MICROWAVE RADIATION . (A’.)
c~~~ilative effects in cataractogenesi. was discussed F. Edelwejn, H. I.. Elder , H. Eliskovd-Oeutschovd and
at s~~~ length. The problem of runaway heating in 3. Tsngroth . Biologic Effect. ond Health Hazard. of
the 141 heating of frozen tissues was also mentioned. Niort *~aue Radiation, Polish lied . Publish ers : Poland ,
The principal conclusions drawn from the six pap ers 1974 , pp. 330—331.
presented were set forth. S ing up the session,
moltidisciplinary research by a team of investigators The difficulties of rigidly controlled long— i~..cn
comprising at least a docto r , biophysicist or physi— clinical and epid..iologic studies were discussed.
cist, and electrical engin.er was strongly reco snded . Envir.~.a.~.tal factors such as ~~~ient t~~~erature

and exposure to x—rays , the lack of serious c~rdio—vascular disturbances due to 141 exposure , the fac t
that clinical F indinge in the case of lougterm or

O4*~ SESSION D. NEASURENENTS OF MICR OWAVE Rh- overexposure are referable to the nervous systems ,
DIAT ION. (A’.) H. C. baird , P. Czer.ki, and “PSI neurosis” were mentioned . Inclusive dis-

A. V. Guy and N. Piotrowski. Biologic Effect. 
~ cussion concerned MW lens and eye injury, biologicHealth Hazard, of Microwave R~Iiation, Polish 

~~~~ effects and health hazards to the general populationPublishers : Pola*d , 1974 , pp. 327—329. sod the methodological difficulties of large popula -
tion research studies in the wor king enviro anent were

Understanding of the biologic effects obse rved 10 also discussed. The clinical studies presented ledspecimens exposed to Dl fields requires a complete to rec.~~~~ndations F or studies deali ng with: suitable
quantitative description of the fields inside and preventive measures f or persons occupationally exposed
outside the test subject. These field. are a co.— to 14W and for the general population, epidemiologicplea funct ion of the type, of sources and the shape comparative and dyns.ic studies, and refinement of
~~d size of the exposed subject. External f ields tests of motor system function as a diagnostic tool.have been specified in term. of power density, but Examina tion of the retina in all ophthalmologic examin-the electric field or squsre of the electric field acions ens also reco ended.are sore reliab e indicators of poesibl. biologic
effects. Accurate instrument calibration is mazes—
nary for safety reasons and to provide interlabors-
tory compariso ns of experimental results. Three 0450 SESSION F. PRESENTATION AND DISCUSSION OFapproachsa to calibration , all of which can be rca— SESSION REPORTS , CONCLUSIONS (INCLUDINGsonably accurate , were discussed : the free—space FUTURE RESEARCH NEEDS) AND RErflISUIDAT I ONS . (A’. )standard field method, gUided wave methods, sad the
standard probe or tran sfer standard method. Inte rn al
field. and power absorption may be directly measured J. ~.. Gallagher , H. V. Nikcmova, I. Vealnon sad C.
in viva by implanted electranagn.tieally transparent 5~is*b~~~ . biologic Effect, and Health Hazard. of
,robes, though accurate and reliable probes still Microwave Radiation, Polish Ned . Publisher.: Poland,
seed to be developed. The problem of p.rielectrode 1974, pp . 332—3 35.

~nsrgy observed in brain tissue was discussed as ,
in general , any tine a sharp metal object is put in A 5ingle paper was presented on the use of microwaves
contact with tissue, field snhanc~~~nt results at as tools in biological research . bound water l.a Us—
the point of contact. Diffract ion patterns produce d 11*1 was discussed . The sscond pert of the session
when a human subject is eaposed to a EM field of was devoted to session rep orts and rsccmasndatios.,
1—3 ~~z were described, showing that the field is which tncJ udsd : (1) There should be continued in-
strongly perturbed by the subject. A simplified ternational exchange of infor mation , impr. ,.i.d crams—
method for determining radiation hazards associated lation services , exchange visits, and clo.ef’Jntsr-
with radar amteunsa employing assumed radiation pat- national collaboration. (2) A progr concerned
turn s based on selective measurements was describ ed , with nonionizing radiation should be developed by
The used for complete data on dielectric properties an internation al health agency . (3) Inter nation-
of biologic sithe ’ n”•s ens’ discussed. The session ally accept able nomenclature and definitions and
made the following rsc~~~~~~efoss: (1) accurat e standardisa tion of measurement techniques should be
internal dosinetsr s are nssddd ; (2) standard sthods established . (4) Micron. . intensities should be
for quantifyin g field. and detecting biologic si~~als divided int o three approximate ranges as snggested
should be established ; (3) standardised exposure in Session A. (3) Pew electrode eyst~~~ med inte-
techniques should exist between laboratories ; (4) grated electrodeignal ~~~lifyiag sy.t~~~ should be
rsesarcbsrs should describ, all pertinent .xpsrln.n- developed . (6) Furth er stadies are •ud*d to in’-
cal conditions; (5) the dsvslopeent of magnetic PTOVs understanding of interaction of EM radiation
field s nsors should be promoted; (6) mere ~~~ l.te with biologic sy.t~~~ in the following areas: c~-
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lat ive and delayed effects; low-intensity effects; The convening of workin g groups is also reca nded
deturmination of poss ible threshold values; combined to evaluate the compatibility between PSI radiation
effects of radiation and other suviro enental factors; and medical electronic equipment and to deter mine
investigation of differential radiation sensitivity ; the risk from certain types of diathermy equip ment.
effects related to cellular t ransformation; effects Other act ions urged by the Group include a symposium
at the molecular level; and deter minetion of absorbed on EM biophysics , biology, and potential health
energy doe, and its special distribution . Similar hasards ; standardization of nomenclature used in
investigations in the U range were emphasized . discussing the effects of exposure to EM/H P soar-

pica ; promotion of interactio n between physical en-
gineerin g and biological scientists ; evaluation of
ambient Dl fields by a consultant and later , if a

0451 EVALUATION OF ThE INTERNATIONAL SYMPOSIUN serious increase occurs , by a working group; a cur-
ON BIOLOGICAL EFFECTS AND HEALTh HAZARDS way to establish consistency of product perfornence

OF MICROWAVE RADIATION - WARSAII , POLAND , 15-18 standards for EM-emitting devices with personal cx-
OCTOBER , 1973 . (A’. ) Plicbaelson , S. 14. (Univ. Ho— posure standards; and a training program for health
cheater Sch. Ned~ Dent., N .Y. ) .  Univ. Ro&.ut.r At. physicists and public health off icials responsible
I~wrg. Pr os. R.pt . No. 111-3420-457 , 1973 , Up. for evaluati ng PSI and U radiation. (No refer ences)

Following the 1973 Warsaw International Sympos ium
on biologic Effects and Health Hazards of Microwave
Radiation, the World Health 0r$aniaatics’s O~ O)
Regional Office for Europe convened a group of ex-
pert. to vevian the results of the symposium and to
adviss the Office on future plans for evaluation of
the public health risks from III radiat ion . Papers
evaluated by the Group are ai~~~ ris.d under the
headings: Measur ement of Elsctrosegnetic Fields;
Survey of biological Effects, including Cellular
—

~~ Molecular Effects, Thern*l Effects, Cataracts;
Central Nervous System Interactions; Occupational
and Public Health Aspects; and Microwaves as a Tool
in Medical and biological Iasearch . Raco sndations
for further action in some of these areas are pro-
ssnted along with a list of rec~~~~~~ .tion u relating
to the international ez 4 anr of data on the bioef—
fects of EMs end to other cress in which additional
information is needed . The Group .mphsaises that

sure.ent of PSI fields is complicated and still
in a developmental state . A clear understanding of
bio.ffects in ~~~, me4 .1., and biological specimens
exposed to DSI requires a complete qu titative do-
scription of the field both inside med outside the
test subj ect. According ly, the Group reco ends
development of accurate internal doslueters; increased
efforts to quantify intermal f ields; and eetablishoent
of standard methods of quantifying internal and exter-
nal fields and of detecting biological signals. The
Group suggested the convening of a meell working group
of specialists to discuss and evaluate available i*~str~~~sts for measuring complex EM fields, med to
provide a standardised description of their selec-
tion end use, including calibration d intercompari-
son of calibration. Further , the Group suggests
convening a working group to discuss instr~~~ntationfor in vi,to end in vitro measurements of EM fields
in biological object.. additionally, the Group sug-
gests that availebl. literatu re on ths biological
•ff ~.cts of ISis be analysed by a smell working group
for evidence or reject ion of threshold ~~~~~~~~~~~~~
if the data 4. not psr~~t a definitive evaluation,
rec cdstions should be usde for appropriate bio-
logical investigations. In the area of .pid~~~ologic
studies, a working group should be convened to iden-
tify eppo.priata group, and risk d to determins
study ~~ocs4wres . Carefully controlled epidemiologic
studios are required to determine the biophysical
motb i~~~ of sicroweve interaction with complex
syete such as cellular end suboellular structuree .
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PREPRINTS

0452 A ThE0~~TICAL ESTIPA TION OF TISSIt ANI SO- 0454 ELECTRONAMETIC POWER ABSOMPTION IN ANISO-
TMOPY EFFECTS ON ELECTRONASiIETIC POWER TROPIC TISSUE ItDIA. (I.) Johnson, C. C.

DEPOSITION -- 0.1 TO 100 Diz. (I.) Johnson. C • C. (Dsp . biophys. Iioeng., Univ. Uta h , Salt lake Cik y) ,
(Dsp. $iopkya. Bloeng., Univ. Utah, Salt Lake City) C. H . Durney and H. Nassoudi .
end C. I. Durney.

Strong dielectric constant anisotropy exists in mos—
~~~cle ani.otropy has been d~~~natr.ted at ICC f re— d c  tissue at the lower PSI frequencies. R emsd on a
quemcies (below 100 1.) by closing a battery -ecu - model derived from tissue measur~~~~ta at 0.001-100
vated circuit for 0.1 sec to sian lat . the QIS con- ISIs, an analysi. is carried out for singi. sod molti-
plan. Greater them 13:1 changes in conductivity pie ties.. layers. The model s~~~a an idealised
were measured as current flow was applied parallel anisotropic tissue msdion consisting of infinitely
to med the. p.rps.dicular to the direction of k~~~n long, perfectly parallel an.cl. fibers generating re—
skeletal ~~~cls fiber.. DI power deposition vu. lexation effects only where there are I field coup.-
studied theoretically by correlating the ICC aniso— nents perpendicular to the fibers. Calculated effects
tropy conductivity data with Scheme’s data describing of tissue anisotropy on Di fields and power eb.orp—
conductivity end p.r~~ttivity variations with fre— tion in tissues at coo frequencies are presented.
quency in terus of a relaxation phenomenon associated The effect of polarization on p~~~r absorption is
with cell wall polarization. With i—fields p.rpen- significant at 0.01 ISa but not at 100 PSi. Further
dicular to the ~~~cle fiber area , an estimate of a research on ani.otropic effect. most involve models
variation with frequency was inferred. For S paral— more representative of h~~~n- or animel-sized bodies.
1.1 to the fibers , no cell-wall polarization effects (3 references)
were ass ed and thus no change in a and r in the
renge 0.1 42 to less then 100 ISa. Expressions were
derived for absorbed power distribution in a plane
layered .ediom end for the case of a plan es.,. in
air striking an sir—fat inte r face and then a fat—
anisotropic .uecle interface . With these enpreseicos,
variation in power deposited in used, tissue can be
calculated as a function of polariza tion , fat thickness,
and frequency. (4 references)

0453 RAMs SPECTROSCOPY OF MOLECULAR SPECIES
DURING EXPOSURE TO 100 I~41 RADIO F~~QUENCY

FIELOS . (I.) Elaiuer, S. L (block lug., Inc.,
Caabridgs , Mass.) and J. W . Fraser.

A 1 n  spectrometer with an argon ion laser was used
to obse rve the effects of 100 ISa V fields on gly—
cine , AT?, E.ohariohia ooli tUA, end cbym.trppein
molecules • Mo perturbations of glycins or AT? spec-
tra wore found in carefully stirred solutio ns where
thermal gradient s were avoided. I. ooU tiEd, con—
,ers.ly , lost several of the peak. associated with
intr oleculnr hydrogen bonding that appear in the
region bOO cn 1 to 2000 cu 1. The most pronounced
loss yes in the adenine-gvanosina cross bonding;
thi. effect was produced with a power feud of $ H,
corresponding to a field of about 400 V/on. At in-
put p~~~r of 3 W  (‘150 V/on) and 4 W  (‘.200 V/on),
chynotrypein showed a progressive lpss of several
prominent peaks in the 209 cm”1 to 600 c.~~ region.
When power was increased to 5 H, the entire solution
bec~~~ very turbid. These results suggest that
alterations in the 1 spectra y show effects of
applied fields on the tertiary structure of large
molecules in addition to providing information usually
contained in dielectric dispersion spectr a . (5 ref-
erences)
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LABILE METABOLITE LEVELS IN RAT BRAIN FOLLOWING uS- THE INFLUENCE OF THE ELECTROSTATIC PULSE FIELD UPON SEN-
SUE FIXATiON BY MICROWAVE RADIATION. N.dina , N. A. SITIVITY TO ACOUST IC IRRITATION IN RATS AND MICE WITH
(Dsp. Pharnacot., Univ. Tea. 111th. Sci. Cent., San AUDIOG ENIC EPILEPSY. Pafkovl , H. (Inst . Mpg . Ipid iol.,
Antonio, Tea.). F.d. P P O O . ,  Pad . Ant. Boo. ~~p. ai~,i. Prague, Czechoslovakia), R. Warha and H. Cschovd. Pj ’a-
34(3):306, March 1975. oov. Zdk. 26(6):210—215, 1974.

SENSITiZATION OF TUMOR CELLS BY NJCROIMVE RADIATION: THE BIOLOGICAL EFFECTS OF PERMANENT MAGNETIC FIELDS.
THE END OF THE OXYGEN PROBLEM? Dietasi , P. (Cent . Makbiinitskays , Z. N . (no sff ii.). Xor t. 9io1. Aviako.—
Radioi. ,  Gie.ssn Univ. , Germany). Pa twe,iea.n.haft .n niohukaia Ned. 8(6) :3—lS , 1974.
62 :44—45 , 1975.

REVERSIBL E BLOCKAGE OF NEUROSECR ETORY AXONS IN THE
HYPOTHALAMONEUROHYPOPHYSIAL TRACT WITH RADIOFREQUENCY
CURRENT . Cross, 3. A. (Inst. Aol.. Physiol., Cambridge ,
U.R.). J. PRyaioZ. 245(2):1171—118P, Feb . 1975.

HISTOCHENICAL AND ULTRASTRUCTURAL ANALYSIS OF THE
EFFECT OF ELECTROMAGNETIC RADIATION ON RAT LIVER AND
BRAIN. Robinson , I. (Dsp. Anat., London Wa sp. Med .
Sch., V.1.), J. C. Wievel and J. Anderson. Eio-
ohen. Soc. 2iana . 2(6):l359—1 360, 1~ 74.

HEALTH HAZARDS FROM EXPOSURE TO MICRONAVES. Suess, H.
3. (WHO Rug. Off. lur., Copenhagen, Deneark) . RitA.
PAp.. 28 (l);69—73 , 1975. Report on an lvsluation
Group convened by the Regional Office for Europe of
the World Health Organization, Oct. 1973. Originsi
report appears in CL 0228, Volune 1(3).

MIC ROWAVE HAZARDS ASSOCIATED WITH SMALL DISCHARGE CAV-
ITIES. booth , I.. P. (ladiol. Environ . Prot., laval
Re.. Lab., Washington, D.C.). Mote, RitA. PAj.. 28(1):
$6, 1975.

GENERAL BIOl OGICAL AND EMBRYOTROPIC EFFECTS OF PESIIANENT
MAGNETIC FIELD . Perep.chin, H. A. (H. P. Ogar.v Iiordva
Univ., Saranak USSR), V. II. Dubova L. I. Se.toaov and
T. C. Ralaseva . Gig Sønit. (9) :23—26 , 1974.

THE EFFECT OF AK ELECTROSTATIC FIELD ON THE NITOSIS OF
CELLS. Mg , V. (Deck . kg. Dsp. , Univ. Waterloo, Ontario ,
Canada) and 1. Piekareki. Med. 1k!. iWg., 107—111, lan.

EXPERIJCJITAL STUDIES CONCERNING THE INFLUENCE Of THE MAG-
NETIC FIELD ON THE 11.000. Sawniuk, I. (I. I. Nsch~ikov
State U.i~ . Odessa , USSR) , V. Soldstenko and 0. Sevciuk .
Igimnta 23(2)t10 7— 110, Feb . 1974.

THE RESULTS OF THE INVESTIGATION OF WORKPLACES WITH HIGH
FREQUENCY GENERATORS . *isil , 3. (Inst. Mpg . Ipidoniol.,
Pr ague , Czechoslovakia) and 1. Ilsrba . Pi’noov. Uk. 26(1) :
10—13, 1974.

THE MECHANISM OF CUTTING IN ELECTROSURGERY . bonig, V. H.
(Dsp. Ilectr. lag., Univ. V. Australia , ledlauds) . lEt
Th~øsu. Ji omod. ~ ,g, 58-62, Jan . 1973.
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0100 EFFECTS OF ELECTROMA~~tTI C FIELDS ON ~~NE- Dayton , Ohio).
TIC PWBIOICN. braver, C. (Pep. Zool.,

Univ. Ohiahoma, Mor .) • Literature selected and included in the Iio logiaizi
Effest. of lisotrouogn. *k Mdiation Dig.at produced

S.. Cl 0013, Voiene 1(1) • for description of this by the Science Information Services Department of
research. ( l .  7/73-6/74) the Franklin Institute lsa.arch Laboratories, under

another contract with the Are, viii be entared into
SUPrGRTIJG AG CT:IPA, Of f • kes. ~~~~ . a cosputerized f ile in full text and in a ~~~ sr toprovide rapid review and retrieval. (7/74—6/75)

Supporting Agency:U.$. Pep. Pet., Amy
0101 TNEATMENT OF TRICEP ‘S SURAE CONTRACTURES.

T k  - , J. P. (Univ. Washington Sob . Ned.,
Seattle) .

Th~ objective of this study is to develop a enre
efficient nomaurgical thod of c~~~ating equinus 0104 PROONAM ON THE QUANTITATION OF THE EFFECTS
defomud.ty that occurs a result of gsstrocnee.ius OF ELECTROMAGNETIC ENERGY ON HINVIN TISSUE .
and solaus contracturas . Loeding—vith and without Guy, A. V. (Med. Enhab . Ens. Train. Cent., Univ.
diathery—ie added at a prescribed rate with simel— Washington, Seattle).
taasous readout of the strain produced. Th. gain

approulmately one degree of dorsiflexion per day A renewal of the contract reported in CI 0044,
at the sable in patients with recent (as opposed to Voltae I (2) is being conducted to advance the as—
long standing) contrsctur s, in patient, with loser iating heosledge on the quantitative effects of
astor neuron disease, and in young enscular dystro— electromagnetic radiation on the h~~ .n body and to
pby patients. Patients with upper motor neuron l —  provide realistic guideline , for safety standards
sines i diateiy gained full range of ention, but of hiain exposure. The progress and findings of
it is uncertain shether true contractures or masele this on-going project include: (1) The ~~~n4~~~~
tone proble e were present in these cases. Optimal cataracto genic threshold in the eyes of a rabbit
couditions for .e1.ctively heating the calf moscula- exposed to ~~ energy was determined. (2) The
tare have bsea developed by using a epec iaUy de— threshold for m ain CuditoTy perception of incident
signed microwave applicator , but investigations are * puls.s was found to correspond to a specific
still preliminary. (7/72—6/73) pulse energy density regardless of average or peak

power. (3) Calculated peak pressure. induced in
SUPPORTINC A~~ICY :HDI , Soc • Rsh.b . Serv . .s elian Useuss by the incident electric field

energy were found to be above the cone—conduction
thr.sbold . (4) Th. behavior of ths spinal cord an—
posed to high level microwave, indicates that this

0102 INVESTIGATION OF O’~JUR EFFECTS OF CHRONIC ~~ structure is subject to functional alteration
EXP0SI~ E OF PRIM~tS TO MICROWAVE RADIA. by the iaping snt of rad iation. (7/74—6/75)

TION AT 2.45 GI~~. Poison , P. (Stanford Re.. Inst.,
Menlo Park , calif.). Supporting Agency;HIV, Soc. Rehab . Serv.

Th. objecti ve of the initial phase of this study will
be the design, developesat , calibration , and testing
of exposure cavities. The cavities developed will
be utilised to study * effects to determine safe
exposures for military perso unel. The exposure cage 0105 OCULAR EFFECTS OF MICROWAVE RAD IATION .
will be designed as a “stirred,” ailtiasde resonant Carpenter , 1. 1. (Northeast Radiol. 111th.
cavity so that animals will constitute virtually the Lab , Winchester , Mass.).
entire poser absorption load within the cavity. It
will be designed so that animals will have free move- The objective of the res.arcb is to determine the
neat with capabilities to control and monitor a~~ threshold conditions for the production of micro—
blent t~~~erature d b~~~dity, and to view end teed wave induced cataracts and to characteriz, these
exposed animals . (7/74-6/75) cataracts uniquely. The effect of frequency, dose

megiman end pulsing on the threshold for cataract
Supporting Agsmcy :U.S. Pep. Def., 

~~~~ formation i~ rabbits will be investigated. Ito-
chenica.1 and htstopathological s 4’~~tions of mi-
crowave ir radiated lenses will be performed in
order to determine if microwave induced cataract.

0103 ANALYSIS MD PREPARATION OF AVAILARLE differ in any characterizable meaner from cata—
WORLD LITERATURE ON BIOLOGICAL EFFECTS racte of other etiologies. (7/74—6/73)

Of NONIONI ZZNS ELECTROMASIETIC RADIATION. Liadb.rg,
H.; Lerrlmore , 3. (Tecbeel. Lab.., Need Corp., Supporting Agency:U.S. Pep. Dsf., Navy
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0106 THE EFFECTS OF MICROWAV E RADIATION ON THE Durney , C. 11.; Lords, J .  L. (Sch. Engr., Univ .
CENTRAL NERVOUS SYSTEM . Albert , 11. N. Utah , Salt L ake City) .

(George Washington Univ. Sch . Med., Washington ,
D. C.) .  This rssesrch continues study of the response of

isolated turtle and rat hearts to low power *
The pr oject will investigate, using light and cisc— radiation. Hearts fro, freshly killed turtl es are
tron microscopy , th. existence of .orphologica1 al placed in Ringers solution and a record of physical
teratio ns in animal s ezpoeed to microw ave irradia— and electrical activity is take n un til .tsbiline—
tion. Chinese h~~~ters are being irradia ted with tion occurs. Microwave power is then delivered to
microwaves at 12.5 cm and power levels of 10, 23, the heart and the activities of the heart recorded.
and 50 nW/c.2 . brain nuclei will be emmained for Chemical stienian ts and depre ssant. ar . added to
radiation—induced change. using both light and cisc— determin , which of the two parts of the autono sic
tron microscopy. Special euphasi. will be placed nervous system are most affec ted by the microwave
on the mitocho ndria. nucleolus , rough endoplasaic field . The microwave field par ~~~ters will be
ret iculun , golgi apparatus , and Lysososss . (7/74— varied and .e alian (rat) hearts will also be stu—
6/75) died . See Cl 0037. Voloms I (2), for earlier work

in this pro j ect. (Renewed 7/74—6/75)
Supporting £gency:U.S. Pep. bet., Navy

Supporting A$ency :U.S. Pep. Def. ,  Navy

0107 INVESTIGATION OF BIOMOLECULAR FUNCTIONS
BY MICROWAVE RADIATION. lisenbud , N . 0000 PERSONNEL TECHNOLOGY: OCEAN ENGINEERING

Iabi movitz , 3. 1. ( (New York Univ . Sch. Med., New AND BIOMEDICAl. RESEARCH. Wheeler , Z. J.
York City). (Wheeler Industries, Inc., Washington , D.C.) .

Work is being conducted to describ, the machanis See Cl 0067, Vol. I (2) • for description of this
by which the absorption of microwave energy can research . (Lanowsd 7/74—6/75)
interfere with th . function of the absorbing bio-
logical aslecul.; sad to atte yt exp.ri.sntally to Supporting A$ancy:0.S. Pep. Pet., Navy
d oustrate these chanis.s in biological .yst
and idSntifl the specific bi~~~lecul.s involved.
Tranquilized rabbits will be irradiated at 2450 )mz
to determine the cause of the decrees. in ascorbic 0111 NAVY ENV IRONIENT: QUANTITATION Of MICRO-
acid concentration of the lens . Irradiated and con- WAVE RADIATION EFFECTS ON THE HEAD All)
trol lenses will be cultured in a media containing EYES OF RABBITS , PRIMATES AND NAN. Guy, A. V.;
,, lh ascorbic acid , then C 1” activity of the lenses Piroska , P. (Univ . Washington 5th . Ned., Seatt le) .
determined after removal from the media. If it is
_ransport that is affected , and the element changed See CR 0029, Vol,ai 1 (1) , for descr iption of this
is in the transport system of the lens , then the research . (Renewed 7/74—6/75)
study will detsrm ine if ascor bic acid transport is
stsruo—sp.cific in the lens. Research will also Supporting Agency:U.S. Pep . Pet., Navy
at. at determining if microwave irradiation increas.I
the concentration of acarylchollne when an animal is
irradiated at 2450 )SZ using a power density of 40
sW/nm2, and if the hydrolysis of acetylcboline by 0112 INFLUENCES OF VERY WEAK EXTRA -P~K)TIC
.cetylcbo lime est.rase is affected by irradiation. ELECTROMAGNETIC FIELDS. Brown, 7. A.
(7/74.4/73) (Dsp. 5101. Sd.., Northwestern Univ., Evanston,

Ill.).
Supporting A uccy:U.S. Dsp. Pet., Navy

Systematic variations in living sy.t~~~ in constancy
of obvious environ mental factors are reported to
include such phenomena as geographic directional
preference , spontaneous act ivity and standard met.—

oi~ NAVY E*INOIP~~NT: ISJTANENIC EFFECTS 
~~~ bolism , seed germination and growth, response to

TO MICROWAVE RADIATION GENERATED BY NAVAL light , and gas and water uptake by seeds . Coi rsta-
OPERATIONS. Pares. N. K.; Joebi, S. I. (Sab . Nag ., tices with weather par~~~ ters , with solar activity
award Univ. • Washington, D.C .).  end geomagnetic changes , with major geophysical

p.r iodicitiss, and between orgeni siailtsneousiy
S Cl 0046. Vol.ai i (i) , for description of this investigated at separated sites have bean described.
rs..sr cb. (R. sd 7/74.4/73) The.., together with recent experimental demonstra-

tions of an apparently highly specialized organ is-
Supporting Agsscy~U .S. Pep. Pet., Newt mic rueponsivenees to diverse per~~~ter. of the

eztr~~~ly weak geo.lectr omagnetic fields , suggest
th. organis mic variations reflect resp onsiveness
to their varying ambient subtle physical fields and

0109 NAVY ENVIRONIENT: EFFECTS ON BIOLOGICAL the field, have rol*. for biological clocks and
SYSTEMS DUE TO MICROWAVE LNNAOIATIOIE. orientation. Recent discoveries of organismic in—
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teractio ns through bio logically generated electro — 02 const~~~tion , ADP/0 ratios, state 3—4 transition,
magnet ic field, and discovery of plus and .inus re— control ratios , swelling and shrinking, and state
spouse states now ~mpI~~iz. further potential sig— of electron carriers will be meas ured . (7/74—6/7 5)
nifitanc.u of the phenomenon. Objectives of this
investigation include further searches for subtle Supporting Agency :U.S. Pep. Pet., Navy
geophysical influences for selected plants , inver-
tebr ates , and vertebrates and include such proces -
ses as directio nal preference s, light respo nses,
spontaneous activity, growth rates , and veter up- 0115 A PRELIMINARY SURVEY OF VETERANS 1110 MAY
take by seeds . C’—”n denominators will be sought, HAV E BEEN EXPOSED TO CATARACT PRODUC ING
experi~~~tal manipulation and regulation of the phe— RADIATION. McAfee , I. P.; Cazenavette , L. L . ;
nomemon will be at teyted , and efforts made toward Holland, M . 0.; Robtnett , C. P. (Tulane Univ.,
disclosure of effective atmospheric par ~~~ters . New Orleans , La.).
(11/74-10/75)

A pilot program was reported in CI 0030, Volta. I
Supporting Agency:U.S. Natl. Sci . Potad., Div. (1). The National Academy of Sciences , National
Biol. Med. S d .  Research Council , Medical Pollowup Agency, is co-

operating in enlarging the original pilot study to
a full scale investigation of electronic techni—
cisas who may have been exposed to microwave ra—

0113 NAVY ENVIROIPEIT: NONTHERW.L HAZARDS OF diation (as well as controls). It will be their
EXPOSURE TO RADIOFREQUENCY AND MICROWAVE task to obtain the nimas and addresses of selected

FIELDS. Mickey , 0. H. (Dew England Inst., Ridge— groups of veterans to who, the shado ugraph device
field , Coma. ) . will be mailed. Medical Pollovup people will also

participate in the statistical interpretation of
These experiments test for chromo.~~~ damage or the data obtained. (Renewed 7/74—6/75)
malfor mation in liv. animals and cultured cells
following microwa ve t rea tmen t in the I and I bands Supporting Agency:U.S. Vet. Ada.
and radio frequency (iF) exposure between 15 and
40 *z. Cytologic assays are being carried out to
determ ine chromosome aberrations in cultures of
Ch inese h ter lung cells and lymphocytes irradia— 0116 SEQUENTIAL CHENDTHERAPY AND HYPERTREW4IA
ted in vitro and in bone marrow cells , cells of the IN THE TREATMENT OF EXPERIMENTAL GLIOMAS .
testes , and lymphocytes irradiated in vivo. Studies Sutton, C. H.; Popoff, N.;  Carroll , F. B. (Neuro—
will be don, using Drosophila to determine if RI surg. Sect., VA 110.9., Miami, Pla .).
and microwaves at th. above frequencies will have
genetic effect, as evidenced by nondisjunction , In order to explore the antinsoplastic effects of
chromosome abnormalities and mutations • See CR 0012 , moderate hyperther mia alone and as an adjuvant in
Volta. I (1) , for further information on this re— the chemotherapy of malignant gliomes of the brain,
search. (Renewed 7/74—6/75) a method, employing MW radiation at 2 ,450 111z, has

been devised for heating rat brain, merine gliomas
Support ing Agency:U.S. Pep. Pet.,  Navy and cell cultures . The gliomaa can be implanted

either intracranially or subcutaneously. Lipid
crystal was used to map the MW field . It was poe-
sible to heat both normal and neoplastic tissues

0114 EFFECTS OF NON IONIZING ELECTROMAGNETIC usiforaly and reproducibly at sublethal dosages .
RADIATION ON SUSCELLULAR PREPARAT IONS . Iz one series of experiments , mice with bilateral

Straub , I. D. (Univ . Ark ansas Sch. Med.,  Little flank implants of experimental gh ana ware subjected
Rock). to * heati ng of one implant at increasi ng incre—

meot s of tsmperature and t im, from 37 C to 45 C.
The project will explore the effect of EL? and Timer blood flow , as measured with intratumoral 133
microwave radiations on the eubeellular prepara— Xenon clearance , increased in nor wother mic mice with
tions rsepossibl. for active transport and oxida— implant heating up to 42 C for decreasing periods
tivs phoephorylation . The work involves expoeing of time , followed by a rapid diminution in flow .
•icroeo.sl cell membrane and (Ia+ and 1+) ATPase Histochemical etud ies on heated implants showed
f ro. sevsp.1 sources (ox brain, ra t brain, gar ol— that the secondary rapid decrease in blood flow was
factory serves, and invertebrate peripheral net. .. ~~oduced by vessel coagulation secondary to cress—
ron.) to both ELF-Ut? (10 Hz - 30 kBz), VHP—IJ~~ •ive heating. Increa sed flow had resulted from
(30-300 ISa) and microwave radiation (1-12 OHs) in vascular dilatation. In hypother mic mice , increased
especially constructed cells. Measuremen t of the tumor blood flow persisted for prolonged periods .
various par~~~ters of this meebrsne preparation This temperature gradient may serve to achieve
will be usda including r and Vm,~ for Ni l. , x+, greater concentrations of intravenous agent in gli—
and Ng4+ and Al?, ouabain sensitivity and lipase ac— omas . When tat brain was heated selectively, the
tivation . Fluorescent probes of usebrane struc - blood—brain barrier , as studied with horseradish
furs. will be used to assess the extent of change peroxidase, was resistant to MW radiation at lower
in m~~~ran s conformation. Simultaneously rat liver dosages , but could be disr upted by excessive heat—
sad rat brain mitochondria will be exposed to these i n .  Systemic hypothermia increased its tolerance.
frequencies using the s~~~ exposure cells . The The barrier was disrupted in the white matter of
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cerebell um before tha t in cerebrum . Studies have nent of resulting temperature chan ges in sensing
been initiated to determine the cell cycle kin.— implants, and evaluation of the U radiation in—
tics of both lines of hyperthermia and individual duced effect on the growth rate in plc.. Subse—
entineoplastic agents. Studies of the uptake of quent studies will be conducted ueing the new 40 kW
these agents with isotopic labels In heated and im- (AN/?RT—65) CII tran smitter . (7/74—6/75)
heated implants i. also in progress . (7/74—6 / 75)

supporting Agency :U .5. Dsp. Def. , Air For ce
Supporting Agency :U.S. Vet . Ada .

0119 MIXED RF/ION IZIN G RADIATION EFFECTS.
0117 BIOLOGICAL EFFECTS AND HAZARDS OF MICRO- K.rupp, J. H.;  Barnes , D. J . (Sch. Aer o—

WAVE RADIATION . Sharp , J. C.; Grove, space Med., Brooka Air Force Bass, San Antonio, Tex.).
H. N. (Walter Reed Army Inst. R... , Washi ngton ,
D.C.). See CR 0039, Volume 1 (2), for description of this

research. (Renewal 7/74—6/75)
Research has been undertaken to establish meaning-
ful criteria to delimit h~a.n operations in an MW Support ing Agency :U.S. Dep . Defense, Air Force
environment and to determine maxiaim coabat effec-
tiveness at minimum personnel risk f to. the envi-
ro~~~nt. The study will delineate the interaction
of iF and lEt radiation 100 )Wz to 100 0Hz with 0120 RADIOFRE QUENCY RADIATION INTERFERENC E
biological systems, survey and evaluate all known (RF I )  OF MEDICAL PROSTHETIC DEVICES.
mathods and techniques of MW dosimatry and develop Mitchell, J • C.; Hart , II. U. (Scb . Aerospace Med.,
improved tachniquss and instrumentation where ap— Brooks Air Force Ba.e, San Antonio, Tax . ) .
prop r iate and necessa ry. Each major organ system
and biological process will be investigated where This research is being conducted to develop teSt
there is reason to believe microwave effects may data on the interaction of Air Force RI radiati on
occur at reasonable power intensities. Where m di— emitters and medical prosthetic devices . The ini—
cat ad , the milita ry significance of the effects and tial objective is to assess manufacturer. ’ progress
the measures necessary to obviate them will be de— in developing cardiac pacemakers to operate proper—
termi ned. A data bank of the world literature on ly in pulsed RI field, of 200 volts per aster. The
the biological effect, and hazard , of MW radiation overa ll purpose of this R 6 D effor t is to resolve
is to be established and maintained . Init ial .ci the potential hazard to cardiac pacemaker user s in
entific efforts will use evaluative methods from the vicinity of RI radiation emitters. A state —of—
experimental psychology , electrophysio logy and neuro— the—art test sample of cardiac pacemaker. including
chemistry. Exposure par~~~tere will be chosen f or approximately 20 types made by 10 different menu— /
relevance to army radiating equipment and operation— facturers will be tested to a variety of iF radia-
*1 requirements. (7/76—6/73) tion sources. Tests will be conducted in both “free—

field” and “simulated—i mplant” configurations , in
Supporting Agency:U. S. Dep . Def.,  Army the laboratory, end at radar and co unicat ion sites

r~~~ts from Brooks All. Test plan s include studies
using the AWACS radar, AM/FPS—24 and 35 research
radar , ANIMPS—Tl EQI threat simulators, AB/FIT—49

0118 PERSONNEL EXPOSURE CRITERIA FOR OPERA- ground to air telemet ry system, and a Loran sy.tem.
TIONAL RADIOFRE QU E NCY RADIATION ENV I RON- The AB/FPS—85 end an AH/TPS—44 may also be studied.

MENTS. Fra ser , J .  II . ;  Gaas , A. H. (Scb. Aerospace (7/74—6/73)
Med., Irook s Air Porce Base , San Aitonio, Tax.) .

Supporting Agency:U.S. Pep. Pef., Air Force
The primary objective is to establish appropriate
personnel exposure criteria for operational PP ra-
diation environments. Current exposure guidelines
are not adequate for many operational situations . 0121 RADIOFREQUENCY EFFECTS ON BIOCHEMICAL
1~~ results of this work will be usid as the bio— SYSTEI6 1N THE CENTRAL NERVOUS SYSTEM .
medical data base to establish both normal and emer- Merritt • J • H.;  Fraser , J. L (Scb. Aerospace Med.,
gency exposure limits for specific opera tional sit— Stocks Air Fotce less , San Antonio, Tax.).
ustlons. These data are needed to supp ort site
selections and site layout end to establish shield— The UMP has an on—going 1 6 D effort to evaluate
ing requirements and operational maintenance pro- the biologica l effects of RI radiation associated
endures for .yst~~~ such as the Over—The-Horizon with planned or operational radar systa.. This
(0TH ) radar for CONUS defense . A series of explor— effort will eva luate “near field ” exposures repre—
atory tests will be conducted to estab lish powe r semta~~ve of those associated with the 4l4L 0TH
ebeorption/snsrgy d.poeition parameters as a tune- radar system. Data will be app lied to 115*1 safety
tion of frequency , field inten sity, sample conf igu— criteria for this and othe r ,yst. . The study
ration , and snviromeental stress. Initial studies will avsliaate the effects of P.? radiation on those
will be conducted at HP band frequencies of 10.5 , bioch~~~ca1 events subeerving and associated with
19.27, or 26.6 5* using a 50 kU pulse tr ansmitt er . neura l impulse tra nsmissions in ths centra l nervous
These studies will include irradiation and maasurs - system. Simultaneous estimation. of 5—hydro myindole—

U
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acetic acid , hosovanillic acid , norep inepbrine , dope— citation caused by injection of free radical str uc—
miss, and 5—hydroxy t ryptemine will be made in dis- turs, discovered at IIAVAIIDEVC . The levels of
crete brain areas of rats exposed to RI fields • Pre— MW power which cause biochemical and EEC indication
ii.minary studies of the effect of a defined electr i— of stress will be investigated. Alteration with
cal stimulus and hyperther mia on the levels of these frequency, pulse light, duty cycle will also be
trenemittere will be made. After preliminary data studied. Pro. the results, information will become
have been o~~sthed, the effect of “far field” condi- available to establish safety standards. (7/74-6/75)
tions (19 ISa) at both CV and pulsed modes on the
neurotran.mittsrs will be determined . The same Supporting Agency:U.S. Dsp. Pet., Navy
studies will be done using animals exposed on the
SAN “near—field” simulator. (7/74—6/75)

Supporting Ag.ncy:U.S. Pep. Pet., Air Force 
0125 EFFECTS OF MICROWAVE IRRADIATION ON EMBRY-

ONIC BRAIN TISSUE. Zioch, U. K. (Inst.
lehav . Las., Silver Spring, Nd.).

0122 I*ACT OF RF BIOEFFECTS ON AF OPERATIONS. Prel iminary studies have indicated tha t moderate toNitcheU, J . C. (Sub . Aerospace Med., low level exposure to microwaves causes increaaing .1-Stocks Air Force lass, San Antonio , Tea.). totic activity of primordial neuroblasts . A study
will be made of those effects and their implicationsSpecific Air Force sya t~~~ RI emission and bioef— on brain development and behavior factors of rats sofects studies will be conducted and a state—of— exposed . The Army is a major developer and user oftsc~~~1oHP data base maintained to support environ- ground located devices using MW beams . The effectsmental upset positions and operational RI safety on men or animals accidentally irradiated are ofcriteria for future and ongoing sy.t~~~ such as considerable concern . Adequate knowledge will allowAN/FPS—$5 , LIlACS, 487L , 4l4L , Pave—paws , and Seek— ser ablisheent of improved safety criteria and avoidsail. PP radiation effects data applicabi. to *1 establ isheent of excessive restrictions on their useiF safety crit eria and systems’ operations will be by other govermeental agencies . Phase I of the pro—compiled as background information. Systems ’ stu— ject will study neuroa natom ic alterations during fetaldies will be undertaken in accordance with mission and subsequent development . Ceetationa l stage , expo—dirsct ion. The S.F biomedical data base generated sure mode (cavity vs free space) , and variations inunder this effort will be used in support of the *7 MW parameters (frequencies , power densities , exposurepetition for a change in 051* standards , Title 29 , rates) will be included . Phases 11 and III will dependCfl 1910.97 and in the revision of AiM 161—7. m i —  on the success of Phase I.  Phase II will study be—tial state-of—the—art data will be obtained through havioral consequences of alterations found in Phasea multi—agency contract with the Franklin Institute I, the biophysical proper ties operative , and the na-to provide a quarte rly bioiogiotzl Aff ect, of EZ.ot,.o— tore of mechanisms causing alterations . The obj ec—magnetic Radiation Digest. tives of Phase III are to provide a detailed descrip-
tion of neuroanatomical alterations in the develop—Supporting Agency:U.S. Dsp. Pet., Air Force ing brain resulti ng from fetal brain MW insult. An
operational explanation of the biophysical par ameter
important to the alterations will be developed and
the behavioral and physiological effects of brains0123 EFFECTS OF LOW FREQUENCY A-C FIELDS ON so altered “in utero ” will be assessed. (7/74—6/75)BIOLOG ICAL SYSTE)6 . Mciinae y , H. B. (U.S.

Ilsvy , Craw Syst. Dip., Varminster, Pa.) .  Supp orting Agency:U .S. Dep . Dsf ., Army
CL 0103 , this issue , describes this project. H. S..
)frr ~n~.y replaces S.. D. Straub as principal inves-
tigator during this contract period. (Renewed 7/74—
6/75)

Supporting Ageocy:U.5. Dsp. Def., Navy

0124 BIOCHEMI CAL MEASURES OF MICRO WAVE I NDUCED
STRESS . Polis , I. D.; Cope, F. (U.S.

Navy , Craw Syst. Dsp. , Warminster , Pa.).

The stress induced by microwave radiation using
chemical and physiological changes to determine
possible health hazards will be measured . The
direct relation of the rise in plasma phospholipids
to stress of various kinds his been established by
the biochemist ry laboratory of 1*VAIIDIV CD. Shea-
pholipid change, have been correlated with CNS cx-
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PRELIMINARY INVESTIGATION OF THE RF EXPOSURE OF
CLINICAL PERSONNEL USING 13.56 MHZ DIATHERMY EQUIPMENT

B~~oks AFB , Team 78236

Stmeavt J. Allen
AMD/USAFSAM/RAP

I~~~ th4Otio~t that is K/H 200. For the second exposure geometry
the loop was inserted between the applicator and the

Constant vigilance is maintained throughout the USAP pat ient ’s arm , arid th. field density was determined
laboratories to minimize personnel radiofrs quency to be 3770 edl/& . Although the measurement in this
(RI ) rad iation exposures . In response to a recent geometry is of questionable absolute accura cy , it
question conc erni ng potential hazard , with the use does indicate the magnit ud e of the power density and
and control of 57 diather my machines , a survey was the patient reported only a sligh t sensatio n of heat—
performed on two Bir tcher Model 800 diathermy units tri g in the treated area. For the second exposure ,
(13.56 lOla) at Wilfor d Mall Medical Center , Lackland measurements above the pa tient ’s head indicated
API, Texas . fields which were less than 1 mW/cm2 .

Proo.dia ’.
The survey was performed with MIS built and calibre— Extr emely high fields are generated near the eppli—• ted i—field (dipole) and Il—field (loop) probes and a cator of these specific devices; however , the untre at—

• Narda Mod el 8310 electromagnetic radiation monitor ed areas of the patient, as well as the surrounding
with a Model 8321 broad—band isotropic probe. The area occupied by the therapist and other patients.
first survey (lirtcher Model 800 , Serial #1113B7201) are well below 10 */cm2 . The patients rsportsd
was perfo rmed with the patient reclined on a Crest— little if any sensation of heating for 20 minutement table with the applicator in the region of the treatments. The results of these measurements show
knees. Three orthogonal readings were made with the no exposurs problem f or the therapist or patients
HIS dipole and these readings converted to incident in this specific clinical situa tion. Several other
power density. Three orthogonal readings were also Al diather my clinics will be surveyed to cover the
made with the H—field probe and these readi ng. con— other diathermy frequencies and ascertain if any pot—
verted to inciden t power density. The field measure— ential personnel hazards exist.
mints vera app lied as follows:

Incident Power Density in mw/ca 2 —

E1 2+ K  2+ E ~~
2

3b0
Where K is in ~~incident Power Density in mW/cm 2 -

37.7( H ~ ~+ 12 2~ 13 2>
Where H is in Aim

A second series of measurements was made using the
lirt eber Model $00 , Serial #310817664 with another
patient seated in a chair and the applicator on the
lef t arm . The 10 edl/cm~ iaodo,e lines wer, locat ed
using the B—f is]’ probes.

Result.

For 13.56 lOla CV the 115 dipole and Narda instrmssnt
agree within 102. It should be cautioned that if
the Marda prob, is used in a pulsed field in this
frequancy range large errors can result; the instru—
went being desigmed for 0.3 to 18 GHz operation .
The i—field devices indicated the 10 mW/cm 2 iaodoss
line extended from 2 to 3 feet from the applicator
for either expoeurs g~~~~try. Treatment tables were
approximately S test apart and survey of adjacest
trea tment tables indicated th. field to be less than
3. .V/cm~. The incident power in the area where the
therapi1t stood to tune the diatharip vms less than
1 lU/ cm m d  the therapist was only in the i ediate
ares for 2—3 minutes during the treatment. 1—field
measurements med. at several locations indicated a
field str~~~th which was about a factor of 2 higherthan would be indicated by the I—field mseser .s’s,
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E~tendlng the Parameters of the Digest Gordon Conference of EM Radiation Suggested

Dear Sir: I have rece ived your letter regarding in— Dear Sir: I was mos t pleased to learn from your
• forma l exchange progr in biological effects of non— letter of July 1, of the Science Infor mation Serv ices

ionizing ~l radiation. I have also received a letter effort to produce a current awareness bullet in on the
fro m Dr. Hleinetein of the Franklin Institute which biological effects of non—ioni zing electromagnetic
is apparently relevant to the same topic, radiation . I an curr ently doing research in this

I am very interes ted in this field and pleased area , as you may know , and would like to be on your
mailing list and assist you in any way possible .to see that an informal exchange is being set up. I

note from Dr . Kleinstetn ’s letter that the electrical It occurred to me that your quarterly publtca—
~ 1 per etere are to b. microwave and li’s; all of tion might serve as a vehicle to present the idea ofour work is in static or low fr equency fields , and I orga nizing a Cordon Research Conference on the liolog—
would have nothing to contribute to the present bib— ical if fects of Non-Ionizing Electromagnetic R*dia—liograp hy . I suggest that you consider extending the tion . The reader, of your bulletin would appear to
scope of the paramete rs to include this add itional be the individuals who would benefit f rom such a meet—area ; we have found certain specific effscts and there trig and if the idea is presented I feel it mightare collaborativ e rep orts in the literature in this serve as the impetus leading to the organiza tion ofarea , a much needed meeting of this type. I hope you will
&‘b.rt 0. Racker, 14.D, consider this further and contact me if it appears

f easible to pursue .Medical Investigator
Vetera ns Adsinistr ation Hospital Steph en F. Cleary, Ph.D.Syracuse , Now York 13210 Medical College of Virginia

Richeond, Virginia 2329$
Ed.’. Note: A special section or special report Ed. ’. Note: The digest is exploring this possibility ;could be devoted to static and low frequency fields 

reader’s c~~~5ute would be appreciated .in an issue later this year. Those interested should
complete the General Information form or suggest
other sources of work in this area,

Low-level High Frequency Current Flows

Dear Sir: I would be most interested in receiving
your current awareness bulletin on the biological
effects of non-ionizing radiation, since I em invol-
ved with several co ittees of the UFFA and IEKE in
thi s area .

could I suggest a subject for early discussion?
The effects on infants (or neo—natal animals) of the
application of low—level high frequency currents for
long periods of tins. Low—level would be 10 to 500
micro peres. We are usually concerned with currents
flowing through th. body rather than radiation field..
Frequency ra nge is 10 MIx to l(NOlz. Duration is one
hour to one week.

While this i. probably not your area of prime
concern , it is a significant problem in patient mon-
itoring. If there is nothing much in the literature
about it now, perhaps it could go out as a question.

Soul Aron~~, P31. P .
Department of Radiology
Massachusetts General Hospital

• boston, Massachusetts 02114

Ed. ’. Not.: Send suggested sources or references
direc tly to Dr. Aroncu or the digest
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