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PREFACE

Biological Effects of Electromagnetic Radiation is a
publication researched and prepared by the Franklin Insti—

A tute Research Laboratories, Science Information Services
Department , under a grant from the U.S. Army Research
Office. The grant is co—sponsored by the Bureau of Radio-
logical Health, Food and Drug Administration; Office of
Naval Research; U.S. Navy Bureau of Medicine and Surgery ;
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.

This digest serves as a vehicle through which current docu-
mentation of research highlights on the biological effects
and health implications of nonionizing electromagnetic
radiation (microwave and radiofrequency radiation) are
compiled , condensed and disseminated on a regular basis.
Biological Effects of Electromagnetic Radiation is inten-
ded to be a highly useful current awareness tool for scien—
tists 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 Electromagnetic Radiation is pub—
lished quarterly. The issues of Volume II, and future
volumes, will include materials received during the pre—
ceding three months. Each issue will include news items
and announcements , a listing of meetings and conferences,
abstracts of current literature , and a directory of cur—

r . rent research. Materials for which full text is not
available will be included as citations. When available,
a special report section , technical note , book review, or
topical retrospective literature survey will be included .
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Biological Effac e Electromagnetic
Radiation 11(4), December 1975 ABBREVIATIONS AND ACRONYMS

- A —  hr—hour
H z — h ertzA, a m p  e’ ampere

A—a n g s t r o m  
- -AC — alternating current

ACER .- adrenocorticotrophic hormone IEEE — Institute of Electronic and Electrical
AF — Air Force Engineers
AMP .- adenosine monophosphate INPI — International Microwave Power Institute
AN SI — American National Standards Institute i.p. — intraperitoneal
AEP — adenosine triphosphate IR — infrared

i.v. — intravenous
-B-

BRR — Bureau of Radiological Health —

-
~~~~ 

J—joule

K . .c — cyclic —

C — Centigrade kA — kiloampere
Ci — CurIe kg — kilogram

F l CL — Current Literature kHz — kilohertz
cm — centimeter km — kilometer
CNS — central nervous system kV — kilovolt
cps — cycles per second kW — kilowatt
CR — Current Research
CW — continuous wave - L -

1—liter
lb — pound

dB — decibel 
~~~5O — 50% mortality

dc — direct current LF — low frequency
DNA — deoxyribonucleic acid
DOD — Department of Defense - M -
DORa — dlhydroxyphenylalanine

• rn—meter
mA — milliampere

- E - mc — megacycle

E, t — electric field mg — milligram
mho — unit of measurement of conductivity

ECG — elez~trocardiograin MHz — megahertzKEG — electroencephalogram mm — minuteEIIF — extremely high frequency ml — milliliterELF — extremely low frequency mm — millimeterEM .- electromagnetic mmho — millimbo
— electromagnetic compatibility mOe — millioersted

EMP — electromagnetic field mon — month4 EI41 — electromagnetic interference mW — milliwatt
— electromagnetic pulse Mw — megawatt

EMP. — electromagnetic radiation — microwave•1 EPA — Environmental Protection Agency mV — millivolt
ES — electrostatic
ELS — electrostatic field - N —

- F - NBS — National Bureau of Standards
NIH — National Institutes of Health

£ — frequency NIOSH — National Institute for Occupational Health
F — farad and SafetyFDA — Food and Drug Administration nm — nanometer

NSF — National Science Foundation- G -  — CF

g— gra m - 0 -
G—Gau e a Oe — oerstedGHz — gigahertz OUR — Office of Naval Research

OSHA — Occupational Safety and Health Administration-H-
g , ~ — magnetic field 

. 
-

HEW , DREW -. Department of Health, Education, and Wel—
fare PFD ~ power flux density

HP — high frequency PUS Public Health Service

~
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p.o. orally
pps — pulses per second
PRY — pulse repet it ion freq uency
PW — pulsed wave

- R - R
R, rad — Roentgen
RF — radiofrequency
RNA — ribonucleic acid

s.c. — subcutaneo~a
sec — second
SHY — super high frequency
Sq — solar quiet daily variation
SW — shortwave

- 1 -

TLV - threshold limit value

- U —

UHF — ultrahigh frequency
US — ultrasound
USDA — U.S. Department of Agriculture
USNC — URSI — International Union of Radio Science —

U.S. National Committee
UV — ultraviolet

- v -
V — volt
VA — Veterans Administration
VLF — very low frequency
vol — volume

W - watt
WBC — white blood cell
WG — waveguide

• WHO — Wprld Health Organization
u k — w e e k
wt — weight

yr — year

SYMBOLS
c — dielectric constant

— complex per inittivity
A — wavelength
Ii — micro
o — specific conductance

• y—g ammn a
0 - o h m
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4,
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Biological Eff ec ts  Electromagnetic
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HIGH VOLTAGE POWER LIN E CONTROVERSY MA GNETIC F IELDS AND HUMANS

There is controversy concerning ultra high voltage Whether humans sense and are affected by magnetic
power lines as a source of electrical emissions which fields is presently being studied at the University
might be dangerous to humans and animals. The U.S. of Minnesota. Otto H. Schmitt , chairman of the Bio—
Environmental Protection Agency ’s radiation division Physics Group and professor of electrical engineering,
is investigating the limiting of such lines or im— began the two year study after serving on an American
posing special precautions on public exposure. The Institute of Biological Sciences committee that alert—
Sov iet Union did f ind some adverse physiological ef— ed the U.S. Navy to possible biological dangers from

• fects among workers on lines below the ultrahigh Project Sanguine . In this study, volunteers were
voltage level. Exposure limits were set there i.n 1971 placed in a box that screened Out all external magnetic
after some workers showed ‘ins tability ’ of pulse and fields. Then a magnetic field was generated inside the
blood pressure and tremors of arms and legs. Two pro— box , and turned on and off at random. None of the 500
posed power lines in northern New York State and another subjects could tell consistently when the low frequency
in Michigan are presently under controversy. The ul— fields used in this study were on.
tra powerful lines carry 765,000 V and have noise Populcir Science 207(4):22 , 1975
levels up to 60 dB. The electric field around lines

I causes shock if a metal  surface , such as a vehicle side,
is touched . The lines carry alternating current , os-
cillating at the standard rate of 60 Hz. It is these
f luc tuations , combined with the strength of the current ,
tha t are thought to have harmful  physiological effects.
Nearly all the ul t ra  high lines in the U.S., in Vir— OPPOSITION TO PROPOSED DIATHERMY STANDARD
ginia , West Virginia , Ohio , Kentucky , Indiana , and Mich-
igan , belong to the American Electric Power Co. The
lines run from major generating plants to electric The Technical Electronic Product Radiation Safety
companies ’ distributing centers. There , the current Standards Committee of the BR}1 recently proposed a
is reduced in steps to the 110 V and 220 V levels, standard for MW diathermy equipment . At a public
Transmission is progressively less expensive as vol— meeting held in Rockville , Maryland in September , the
tage is stepped up. The power industry claims that IEEE Committee on Man and Radiation ’s opposing poai—
by using high voltage lines , the number of lines tion was presented . CONAR believes that unnecessary
needed would be fewer. However , the lines run close restrictions on the use of diathermy equipment by
to where people live and work and under state laws, qualified practitioners is undesirable and that it
util ity compan ies gener ally get right—of—ways by would be better to regulate the qualifications of
condemnation. There is no federal jurisdiction over diathermy operators than to limit the flexibility
power lines, of the equipment. The question of limits should con—

The .le WS Journal W ilming ton , Delaware cern only the power density impinging on portions of
~ovember 27 , 1975 the bod y that are not to be heated and on equipment

operators  a f t e r  a p p r o p r i a t e  screening and shfelding.  -
•

The proposed standard appear s to be unnecessary and
could seriously hamper the benef icial app lica t ions o f
MW rad ia t ion  in biology and medic ine .

• IEEE .~rectrw ’i l2 ( l l ) : 2 0 , 1975
• MICROWAVE COOKING OF LOW GRADE MEAT

The ASP. Food Machinery Co . ,  Ltd . and GEC—Elliot t
Process Au toma t ion , Ltd. have developed a process to
produce meat and fish products which removes the need
f o r  cas ings , rendering low grade but pro tein r ich
meats palatable. The product is free from cooking loss MICROWAVE THERMOGRAPHY FOR CANCER AND STROKE
and bacteria . The process uses MWs to cook materiel
which has been extruded from a continuous vacuum pro— DETECTION
cessor . The cooked material is then cut or diced.
The purpose of the system is to produce meat cubes
and similar ingredients f or p ies , ready meals , and Alan H. Barrett and Philip C. Meyers of MIT have de—
canned products. It can also be used for manufactur— veloped a technique capable of detecting abnormal
ing skinless sausages. It is claimed that the product temperatures within body tissues as deep as 10 cm.
is a solid cube of meat in which tough constituents Microwave thermography uses a radiometer sensor
such as sinew and gristle are made palatable. The attached to the skin to measure heat radiated by • 

-
-

end product of the process can withstand freezing , internal tissue in the form of microwaves. Abnor—
boi l ing ,  baking and retorting temperatures without mal temperatures often signify developing tumors of
disintegration. Cooking losses are under 5% because the breast or reduced blood flow indicative of the
the meat cooks almost instantaneously in metal tubes onset of a stroke. I -

• which pass between two microwave guides. Chemical and Engineering Ne~ a 53(46):3l , 1975
Pood Manufacture 50(8):24 , 1975

.— —~~~~~~~~~_ _ _ _



• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1TT T~~~~~

Biological Effects Electromagnetic
• NEWS ITEMS Radiation 11(4), December 7975

ELECTRIC CURRENT TO HEAL BONES

For more than f our years , surgeons at the Hospi tal of
• the University of Pennsy lvan ia have been using low

voltage electric current  to help broken bones heal.
They have learned where it is best to p lace the elec-
trodes and the optimum voltage for various fractures.
However , it is not known why it works. Both biochem—
ical and biop hysical f ac to r s  are involved.

The Eveni n~ Bulletin November 4 , 1975

ITEMS FROt~ THE COMMERCE BUSINESS DA I LY

• RESEARCH ON MICROWAVE RADIATION.

The Off ice of Naval Research. Arl ing ton , Virginia , has
contracted with Battelle Memorial Institute , Richiand ,
Washing ton , for the ‘thove study. (November 4, 1975) -~ -

• DEVELOPMENT OF ED MODEL OF AN EM RADIATION SYS-
TEM.

The USAECOM Procurement Division , Port Moninouth , New
Jersey,  has contracted with AEL Service Corporation ,
Colmar , Pennsy lvania, for the above study. <&ovember

• 5, 1975)

• FURTHER RESEARCH ON DETERMINING THE INFLUENCE
OF EMBRYONIC EXPOSURE TO MICROWAVES ON POST-NATAL
BEHAVIOR AND GROWTH RATE .

The Office of Naval Research , Arlington , Virginia ,
proposes to negotiate with the Institute for Sehavioral
Research , Inc. , Silver Spring , Maryland , for the above
study. (November 20 , 1975)

2
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Ba logic a lEff ects f !ectron.ag net,c MEETINGS AND CONFERENCES

~~~~~ 1975 ANNUAL MEETING OF THE USNC-URSI MAP PING OF FREE SPACE AND SCATTERED FIELDS IN
MICROWAVE DIATHERMY. C. Kantor (Div. Electron.
Prod., BRH , FDA , Rockville , Md.), H. Bassen ,

• Date: October 20—23 , 1975 and M. Swicord .
• Place: Boulder , Colorado

sponsor: URSI, IEEE SHORTWAVE DIATHERMY APPLICATORS. A. W. Guy
Requests ,~‘ci’ Information: Prof. J. R. Wait , i~~. 242, (Dep. Rehabil. Med., Univ . Washington , Seattle),
RSl , CIRES , University of Colorado , Boulder , Colorado J. A. McDougall , and M. D. Webb.
80302

• Selected Bibliograp hy of Papers to be Presented: MICROWAVE-INDUCED HYPERTHERMIA AND RADIATION
SENSITIVITY OF MOUSE INTESTINE. C. A. Gordon

MICROWAVE HEARING IN MAMMALS AT 3.0 GHz . c . A. (Dep. Rad iol., Univ . Utah , Salt Lake City),

Cain (Bioacoust. Res. Lab., Univ. Illinois, Ur— C. Livingston , and L. A. Dethlefsen.
bans) and W. J. Rissmann.

BIOLOGIC EFFECTS OF PULSED HIGH FREQUENCY ELEC-
A THEORETICAL STUDY OF MICROWAVE-GENERATED AUDITORY TROMAGNET IC RADIATION. B. West (Med . Coil.

• PHENOMENA IN MAMMALIAN CRANIAL STRUCTURES. J. C. Virginia , Richmond) and W. Regelson.
Lin (Dep. Electr. Eng., Wayne State Univ ., Detroit
Mjch.) and C—K. Lam. MICROWAVE RADIATION AS A DIAGNOSTIC TOOL. P. C.

Pedersen (Univ. Utah , Salt Lake City), C. C.

MICROWAVE-INDUCED AUDITORY RESPONSE--COCHLEAR Johnson , C. H. Durney, and 0. G. Bragg.
MICROPHONICS. C. K. Chou (Dep. Rehabil . Med.,
Univ. Washington Sch. Med., Seattle), A. W . Guy REMOTE MEASUREMENT OF RESPIRATION IN INFANT PR I
and R. Galambos. MATES USING AN X-BAND DOPPLER RADAR. F. A. Spel—

man (Re g. Primate Res. Cent., Univ. Washington ,
DISCRIMINATIVE CONTROL OF APPET I T I VE BE HAV I OR BY Seattle), C. W. Kindt. 0. M. Bowden , G. P. Sac—

PULSED MICROWAVE RADIATION IN RATS. R. B. John— kett , J. E. Spillane , and D. A . Blattman.

son (Dep. Rehabil . Psychol ., Univ. Washington
Seattle), 0. Meyers , A. W . Guy, P.. H. Lovely, ANTENNA DESIGN FOR A PASSIVE TEMPERATURE MONITOR-
and P.. Galambos, ING AND IDENTIFICATION SYSTEM FOR LIVESTOCK.

J. A. Land t (Los Alamos Sci. Lab., N.M.).
RF SOUND : POSSiBLE MECHANiSMS AS DEFINED BY
RECENT RESEARCH. E. S. Eichert (Randomline , Inc., E- AND H—FIELD INSTRUMENTATION AND CALIBRATION
Hunting don Val ley ,  Pa . )  and A. H. Frey. BELOW 500 MHz. P. S. Ruggera (Div. Electron.  P r o d . ,

BRH , FDA , Rockville , Md.).
BIOLOGICAL THERMA L EFFECT OF MICROWAVE RADIATION
ON HUMA N EYES. K. A. Al—Badwaihy (Dep. Electr. MAGNETIC FIELD STANDARD AT FREQUENCIES ABOVE 30
Eng., Cairo Univ., Egypt) and A—B. Youasef . MHz . H. Trzaska (Tech. Univ . Wroclaw , Poland).

EFFECTS OF 35 AND 107 GHz CW MICROWAVES ON THE A LOW FREQUENCY H-FIELD RADIATION MONITOR. E.
RABBIT EYE. L. Birenbsum (Polytech. Inst . New Asian (Narda Microwave, Plainview , N.Y.).
York , Brooklyn) , I. T. Kaplan , W. Metlay, S. W.
Rosenthan , and M. N. Zaret . COMPLETE MEASUREMENT OF HAZARDOUS ELECTROMAGNETIC

• FIELDS WITH ELECTRO OPTICAL CRYSTALS. H. Bassen
MECHANISM OF MICROWAVE CATARACTOGENESIS IN RAB~ (BRH, FDA , PHS, Rockville , Md.) and R. Peterson.
BITS . P. Kramar (Dep. Rehabil. Med., Univ.
Washington Sch. Med., Seattle), C. Harris , A. W. MEASUREMENT OF ELECTRIC AND MAGNETIC FIELD STRENGTHS
Guy, and A. Emery. FROM INDUSTRIAL RADIOFREQUENCY (1D-4O MHZ) POWER

SOURCES. 0. L. Conover (NIOSH, DLCD , PAB , C m —

• THE EFFECT OF CATARACTOGENIC DOSE3 OF MICROWAVE cinnati , Ohio), W . H. Parr , E. L. Senr i~uLaffar ,
RADIATION ON LENTICULAR TRANSPORT. J. P.. Rabino— and W. E. Murray, Jr.

• • witz (New York Univ. Med. Cent., Inst. Environ,
• Med., New York). METHODS AND INSTRUMENTAT ION FOR THE EVALUATION

AND CALIBRATION OF MICROWAVE SURVEY INSTRUMENTS.
A ROSE OF ANOTHER NAME ISA CABBAGE. D. R. Jus— N. L. Swicord (Div. Electron. Prod., BRH , FDA ,
tesen (VA Hosp., Kansas City, Mo.). Rockville , Md.), H. I. Bassen , W . A. Herman , J .

E. Duff , and J. P.. Bing .
STEADY STATE TEMPERATURE PROFILES IN MICROWAVE
DIATHERMY . K. A. Al—Badwaihy (Dep. Electr. Eng., MUTUAL COUPLING BETWEEN LINEAR ANTENNAS. N. L.
Cairo Univ., Egypt) and A—B . A. Youssef. Swicord (Div. Electron. Prod., SRI!, FDA , Rockville,

Md.) and A. Y. Cheung.
PHYSIOLOGIC DESIGN CRITERIA FOR THERAPEUTIC
APPLICATORS OPERATING AT 915 MHz . J. F. Lehmann RESPIRATORY ACTIVITY OF MITOCHONDRIA EXPOSED IN
(Dep. Rehabil. Med., Univ. Washington , Seattle) A COAXIAL AIRLINE TO 2000 4000 MHZ MICROWAVE
A. W. Guy , and J. B. Stonebridge.  RADIATION. J. A. Elder (Exp. Biol. Div., EPA ,

3
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Resea rch Tria ngle Par k, N.C.), J. S. Au , and FIELD MEASUREMENTS FOR A SERIES OF BEHAVIORAL
N. D. Long. STUDIES. V . R. Reno (Naval Aerosp. Med. Ree.

Lab., Pensacola , Fla.) and J . 0. deLorge .
THE EFFECT OF MICROWAVES (2450 MHz) ON LYMPHOCYTE
BLAST TRANSFORMATION IN VITRO. P.. J. Smialowicz STUDY OF THE MICROWAVE -INDUCED PERTURBATIONS OF
(Exp. Biol. Div., EPA , Research Triangle Park , THE BEHAVIOUR BY THE OPEN-FIELD TEST INTO THE
N. C.). WHITE RAT . -I . Gillard (Hosp. Instr. Armees

Sainte—Anne , 83800 Toulon Naval , F r a n c e ) ,  B .
MI CROWAVE PE RTURBATION ON CELLULA R ENZYMATI C Servan t ie , C. Bertharion , A. M. Servantie , J.
REACTIONS. S. T. Hsieh (Tulane Univ., New Or— Obrenovitch , and J. C. Perrin.
leans , L a . )  and 1 .  J .  Seto .

• AVOIDANCE BY RATS OF A 2.88 GHz PULSE MICRO-
A SUMMARY OF CELL AND TISSUE LEVEL EVENTS PRO- WAVE FIELD. E. L. Hunt (Walter Reed Army Inst.
DUCED BY RF FIELDS PREDICTED FROM CONSIDERATION Res., Washington , D.C.), N. W. King,  and P.. H.
OF RE G IONA L HYP ERTHERMIA . J. W . Frazer  ( U . S .  Lovel y .
Air Force Sch. Aerosp . Med . ,  Brooks Air Force
Base Tex ) .  AL TERA TION S IN THE SLEEP PROCESS OF THE RABBIT

‘ AS A FUN CTI ON OF CHRONIC LOW INTENSITY ELECTRO-
MAGNETIC RADIATION EXPOSURE. R. C. Manthei

EFFECTS OF MICROWAVE RADIATION ON MAMMALIAN CELLS (Biomed. Res . Lab., Naval Surf. Weapons Cent.,
iN VITRO . J. C. Lin (Dep. Electr. Eng., Wayne Dahlgren , Va.) and Z. R. Glaser.
State Univ., Detroit , Nich.) and K. C, Chen.

THE EFFECTS OF 1.7 AND 2.45 GHz MICROWAVES ON
EVALUATION OF DOMINANT LETHA L TEST AND DNA STUDIES DRUG-INDUCED SLEEPING TIME IN THE RAGd IT.
IN MEASURING MUTAGENIC ITY CAUSED BY NON-IONIZING Cleary, S. F. (Dep. B iop hvs . , Virg inia Commonw .
RADIATION . M , N. Varma (Dep . Bin—Envi ron .  } • n c . ,  U n i v . ,  R i c h m o n d . ) .
Sch. E n g . ,  Howard U n i v . ,  Washington , D . C . )  and
E. A. Tr a b c u i a v .  M O D I F I C A T I O N  OF I N T E R N A L  D I S C R I M I N A T I V E  S T I M U L U S

CONTROL OF BEHAVIOR BY LOW LEVELS OF PULSED
MUTAGENICITY INDUCED BY N O N - I O N I Z I N G  RADIATION MICROWAVE R A D I A T I O N .  J . R. Thomas (Naval Med .
IN SWISS MALE MICE. N. N. Varma (Bio—Env ir on . Eng. , Res. I n s t . ,  Bethesda , M d . ) ,  S. S. Yeandle , and
Sch. Eng. , Howard Univ., Washington , D . C . ) ,  E. L . L. S. Burch .
Dage , and R. Joshi.

BEHAVIORAL EFFECTS OF RESONANT ELECTROMAGNETIC
THE EFFECT OF MICROWAVE EXPOSURE ON BACTERIA: POWER ABSORPTION IN RATS. J . A. D’Andrea (Dep.
MUTATION INDUCTION . C. F. Blackman (Exp. Biol. Electr . Eng. Bioeng., Univ. Utah , Salt Lake City),
Div., EPA , Research Triang le Park , N.  C . ) ,  N .  C . 0. P .  Gandhi , and R .  P .  Nesner .
Surles , and S. C. Benane.

THE EFFECTS OF MICROWAVE RADIATION ON BEHAVIOR
DEPENDENCE OF TOTAL AND DISTRIBUTED ABSORBED AND TEMPERATURE IN RHESUS MONKEYS. J. 0. de—
MICROWAVE ENERGY UPON SIZE , SHAPE , AND ORIEN Lorge (Naval Aerosp . Med. Res. Lab., Pensaco la ,
TATION OF RAT PHANTOMS IN WAVEGUIDE. A. Leicher— Fla.).
Preka (Inst. Physiol Bioche-” . Med . Fac., Sara—
j evo , Yugoslavia) and H. S. Ho. MICROWAVE AND INFRARED RADIATION EFFECTS ON AN

OPERANT RESPONSE IN RHESUS MONKEYS. R. D.
CONSIDERATIONS OF CHAMBER DESIGN , ENVIRONMENTAL McAfee (VA Hosp ., New Orleans , La.), S. T.
CONTROL , AND MICROWAVE FL~LD INTERACTIONS IN C i d e r , T. J. Li pscomb , J .  C. May, and M. C.
SMALL ANIMAL EXPERIMENTATION. W . M . Houk (Naval Holland .
Aerosp . Med . Res. Lab., Pensaco la , Fla.), J .  D.
Grissett and A. Longacre , Jr.

A TWO IMPEDANCE METHOD FOR WIDE RANGE DIELECTRO-
• 

• 
CHRONIC EXPOSURE OF A RAT POPULATION BY CIRCULARLY METRY.  M. Swicord (Div. Electron. Prod., BRH, FDA ,
POLARIZ ED GUIDED WAVES. A. W . Guy (Dep. Rehabil. Rockville , Md.), 1. Saffer , and A. Cheung.

• Med. Univ. Washington Sch. Med. Seattle) C.
K. Chou , and R. H. Lovely. WIDE-BAND CHARACTERIZATION OF DIELECTRIC AND HEAT

PROPERTIES OF SIMULATED BIOTISSUES. A. Y. Cheung
MICROWAVE IRRAD IA TION APPARATUS DESIGN AND DOSIM- (Inst. F~uid v n .  App i. Math., Univ. Maryland ,
ETRY. H. S.  Ho (BRH , Rockville , ‘-Id .), ~~~ P.. College Park), D. N .  Koopman , and N . L .  Swicord.
Foster , and N . L. Swicord . 

THE ATTENUATI ON FUNCTION FOR BIOLOGICAL FLUIDS
ADRENOCORTICAL RESPONSE IN RATS EXPOSED TO OF MILLIMETER AND FAR-INFRARED WAVELENGTHS.
MICROWAVES. W . G. Lotz (Univ. Rochester , N.Y.) K. H. h u n g e r  (Dep. Chess., Tufts Univ., Medford ,
and S. M. Michaelson. Mass.).

ELECTRIC DIPOLE INTERACTIONS FOR MICROWAVE PULSES
A UNIQUE ELECTROMAGNETIC ENV RDNMENTAL SIMULATOR. AND DAMAGE TO EMBRYOS. 5. h , Pyle (Dep. Electr.
E. R. Graf (Electr. Eng . Dep., Auburn Univ. , Eng., Univ . Colorado , Boulder), C. L. Mu , R.
A l a . ) ,  D. C. Burks , and F. C. Cole. Ca idwe l l , and F. S. Barnes .  -
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MICROWAVE -INDUCED AVOIDANCE BEHAVIOR IN THE MOUSE. ELECTROMAGNETIC RADIATION EFFECTS ON THE BLOOD-
•J. C. Monahan (SRI!, Rockville, Nd.) and H. S. Ho. BRAIN BARRIER SYSTEM OF RATS. K. J. Oscar (U.S.

Army Mobility Equi p. Res. Day. Cent., Fort Sal—
PHYSiOLOGICAL AND BEHAVIORAL EFFECTS OF CHRONIC vojr, Va.) and T. D. Hawkins.
LOW LEVEL MICROWAVE RADIATION OF RATS. K. E. 

-

Moe (Dep. Rehabil. ‘led. , Univ. Washington , Seattle), REDUCTION IN SENSITIVITY TO AUDIOGEN IC SEIZURE
• R. H. Lovely ,  and A. W . Guy. FOLLOWING A SINGLE , 2450 MHz , CW IRRADIATION OF

RATS . T. D. Hawkins (Dep. Microwave Res., Wal—
THEORETICAL CALCULATIONS OF POWER ABSORBED BY tar Reed Army Inst .—Kes., Washin .i~n , D.C.) andMONKEY AND HUMAN SPHEROIDAL AND ELLIPSOIDAL PHAN - E. L. H u n t .

• TONS IN AN IRRADIATION CHAMBER. H. !lassoudj
(Univ. Uta h , Salt Lake C i ty ) ,  C. H. Durney, C. NONTHERMAL EFFECTS OF ELECTROMAGNETIC FIELDS ON
C. Johnson , and S. Allen. THE CENTRAL NERVOUS SYSTEM. H. Eritikos (Dep.

Bloeng. , Univ. Pennsy lvania , Philadelphia) and
MEASUREMENT OF RADIOFREQUENC Y POWER ABSORPTION S. Takashinia .
IN MONKEYS , MONKEY PHANTOMS , AND HUMAN PHANTOMS
EXPOSED TO 10— 50 MHz FIELDS.  S. J . A l l e n  (U . S .  LIGHT AND ELECTRON MICROSCOPIC INVESTIGATION OF
Air Force Sch. Aerosp. Ned ., Radiobiol.  D iv . , (rooks BRAINS EXPOSED TO N O N - I O N I Z I N G  RADIATION . E. N.
Air  Force Ba~~- , T ax . ) ,  N D.  Hurt , J. H. Krupp, A lbert (Dep. Anat., George Washington Univ. Med .
J. A. Ratlifi , C. J. Durney, and C. C. Jnhns-~ n . Cent,, Washington , D.C.).

POWER DEPOSITION IN A MULTILAYERED SPHEPICA I
MODEL OF THE HUMA N HEAD. S. ‘I. Neu J~r (Div. ELECTROMAGNETIC POWER ABSORPTION IN LOSSY WIRE
Electron. rod., 5~~1j , FDA , R o c k v i h i e , N d . ) ,  0. H. MODEL OF MAN. K. R .  Ussashanka r (Dsp. Electr.
H ill , and P.. B. Kellogg. Eng . , Univ . Mississipp i, University) and C. M.

Butler.
D I S T R I B U T I O N  OF ELECTROMAGNETIC ENERGY DEPOSI-
TION IN MODELS OF MAN WITH FREQUENCIES NEAR RESO- NUMERICAL SIMULATION OF THE EFFECTS OF NONION-
NANCE . 0. P. Candhi (Dep . Electr . Rag. Bioeeg . , IZING R . F .  RADIATION UPON THE HUMAN BODY. A. F.
Univ . Utah , Salt Lake City), K . Sedi gh , C. S. Easery (Dep. Mech. Eng., Univ . Washington , Seattle),
Beck , and C. L. Hunt. A. N . Guy , K. K. Kran ing , and P.. Short.

MODELS OF BIOLOGIC INTERACTION WITH ELECTROMAGNETIC COLONIC TEMPERATURE CHANGES DURING MICROWAVE
FIELDS . • J . N i e i ) ~ u~ al (Dep. Rehabil. N ed . , Univ . EXPOSURE. S. H. Githen s (Dep. Microwave R es . .
Washington , Seattle ), H. Webb , and J. N. Frazar. Walter Reed Army Inst. Res., Washington , D.C.~~,

T. D .  Hawkins , and J. Schrot .

MICROWAVE-INDUCED SHi FTS OF GONADOTROPIC A C T I V I T Y  MICROWAVE FREQUENCY AND E -FI ELD ORIE NTATION IN-
IN ANTERIOR PITUITARY GLAND OF RATS. H. ‘Ilkol— TERACT WITH ANIMAL SIZE . J. Schrot (Dep. Micro—
a j c z y k (Inst. Occup . Med., 90—950 Lodz , I’ land). vave Res, , Walter Reed Army Inst. Res., Washing-

ton , D . C . )  and T. D. }lawkin:.
THE EFFECT OF 1.6 GHz CW FIELDS ON TRACE METAL
CONTENT OF SPECIFIC REGIONS OF RAT BRAIN. F. EFFECTS OF WEAK LOW FREQUENCY ELECTRIC FIELDS ON
Chamness (U.S. Air Force SeC. Aerosp . Ned . ,  CALCIUM EFFLUX FROM ISOLATED CHICK AND CAT BRAIN.
Brooks A ir F rc e  Base , Tax.), H. Scholes , S. S. N. Bawin (Dep. Anat. Physiol., Brain Res. Inst., -

Sexauer , and 1. W. Frazer . Univ . Cal i fornia , Los Angeles) and N . P.. Adey . —

INTERACTION OF MODULATED ELECTROMAGNETIC FIELDS LONG-TERM EFFECTS OF WEAK 45-75 Hz ELECTROMAGNETIC
WITH NERVOUS STRUCTURES. C—L. Wu (Dep. Electr. FIELDS ON THE SLIME MOLD PHYSARUM POLYCEPHALUM.
Eng. , W-syne State Univ., Detroit , Mich.) and J. B. Creenebaum (Div. Sd ., Univ . Wisconsin—Park—
C. Lin.  side , Kenosha) , E. N. Goodman , and H. T. Macron.

THE EFFECT OF 1 .6 GH z RADIATION ON NEUROT RA NSM IT -  EFFECTS OF THE FIELD FREE SPACE ON THE CIRCADIAN
ERS IN DISCRETE AREAS OF THE RAT BRAIN. j, H . ACTIVITY RHYTHM OF THE HOUSE SPARROW , PASSER

M e r r i t t  (Radiobiol . D i v . ,  U.S. Air Force Sch. D O M E S T I C U S , AND OF THE SONG SPARROW , MELOSPIZA
Aerosp. Med., Brooks Air Force Base , Tex . ) ,  R . M E L O D I A .  V . Bliss (Dep. Zool., Univ . Rhode Is—

• I . Hartzell , and J . H. Frazer. land , Kingston) and F. }leppner.

- 
• NUMERICAL STUDY OF ELECTROMAGNETIC POWER DEPO- EFFECTS OF 45 Hz ELECTRIC FIELD EXPOSURE ON RATS.

SITION IN oIOLOGICAL TISSUE BODIES. P. W. Bar— N. S. Mathewson (Armed Forces Radiobiol. Res.
ber (Univ . Utah , Salt Lake City). Inst., Def. Mu d . Agency , Bethesda , Md.) , C.  H.

Oosta , S. A. Ol iva , and A. P. Blasco .
F I N I T E  ELEMENT-VARIATIONAL CALCULUS APPROACH TO
THE DETERMINATION OF ELECTROMAGNETIC FIELDS IN EXPOSURE OF DOMESTIC FOWL TO ELF ELECTR I C AND
IRREGULAR GEOMETRY. S. N. Neuder (Div . Electr . MAGNETIC FIELDS. W. K. Durfee ( 1)ep .  Anim . ~ -I.,
Prod., BRH , FDA , Rockville , Nd.) and P. H. K. Univ. Rhode l~ land , Klngstcn,, ‘. R. Plante ,

• M i- ijer . P. Marton , S. Muthukri shnsr. , and C. Polk.
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Biological Effects Electromagnetic
MEETINGS AND CONFERENCES Radiation 1/14). December 7975

HIGH VOLTAGE ELECTRIC FIELD COUPLING TO HUMANS AND RATS . N. B. Stavlnoh a  (Univ. Texas Health
USING MOMENT METHOD TECHNIQUES. R. J. Spiegel Sci. Cent., San Antonio), N. A. Medina , S. T.
(lIT Res. Inst., Washington , D.C.). Weintraub , 0. H. Ross, and A. T. Mod~k.

LONG TERM EXPCSURE STUDIES OF HIGH PEAK POWER

THE EFFECTS OF WEAK ELF ELECTRIC FIELDS ON (HPP) PULSED ELECTROMAGNETIC RADIATION ON MICE.

SCHEDULE-CONTROLLED BEHAVIOR OF MONKEYS. R, C. T. C. O ’ Crad y (Siomed . R es.  L a b . ,  Naval Sur f .

Medici (Brain Res. Inst., Univ . California , Los Weapons Cent., l)ahlgren , Va.) and Z. R. (,laeer.

Angeles).

INVESTIGATION OF ELECTROMAGNETIC EFFECTS OF A
EFFECT OF AC ELECTRIC FIELD APPLICATION UPON 1000-FOOT TV TOWER ON MIGRATORY BIRDS. r . C .
HUMAN VISUAL THRESHOLD. S. Sugi yama (Kwansei Burks (Electr . m g .  Dt- . , Auburn Univ., Ala.)
Gakuin Univ., N ishinomiya , Hyogo , Japan) and and E. R. (ra f.
K. Mizuno.

SOME DEVELOPMENTAL AND BEHAVIORAL FACTORS OF LOW
IMPACT OF EXTREMELY LOW FREQUENCY ELECTROMAGNETIC INTENSITY P-BAND RADIATION. C . N.  P i n d t  ( R e v .
FIELDS ON ANIMALS IN NATURE. B. Greenberg (Prof . Prinate Cent . Ini- - . Washington , Seatt le), N .  ‘I.• Biol. Sci., Univ . Il l inois Chicago Circle , Chi— Bowden , F. A. Spelman , and N K. Morgan.
cago) .

THE BIOLOGICAL ~H DN:FICANC E OF RAD~’:C2 [DUENCY• PHYSIOLOGICAL BASIS OF HUMAN ELECTRIC SHOCK RADIATION E M I c C : o r l  CHARACTERI~ T I C C  DN C A R D I A C
THRESHOLD. W. P. Moran (Dep. Phys., Univ. Tulsa . ~I C F ’ -’A~ E P  P C t M ,TE . J. I . N it- h e l l  (U .S. Air
Oklahoma). Force Sch. A~-r s:- . Med., Radiobiol . Div ., ire -c Ps

Air For e Base • ~,n Antonio , Tax.) - m d  N. D. Curt.
USE OF DIELECTRIC MICROPROBES FOR ELECTROMAGNETIC
FIELD MEASUREMENT. A. Deficis (Microwave Dep. , BROADCAST RA DIA TI-~N - A “:C ~D P.. A. Tell
O . N . E . R . A . — C . E . R . T . , 31055 Toulouse Cedex , (EPA , Washinpton , D.C .i and .3. F. J im -i ce .
France).

HEAL IH HAZAR DS IN ~~l ,H F I E L D S .  K .  0. Woo las
PERFORMANCE OF THE LCOF PROBE IN CA LO P1M[ ’ ~~IC (MOD, United Kingdom).
AND TISSUE TEMPERATURE MONITORING APPL ICATIIC NS .
C. K. Livingston (Univ . Utah, Salt Lake Cil~~i , CRITICAL ASPEC~ . OF - “ -C ~IRSUS TERRESTRIALC. C . Johnson , C. H. Durney , and T. C. R izim- ll . H NA~ N L~~ C ~~~[i~ f lS1 5 .  F. S. N~ x~

y Ri-s . Div.,
‘li mm i Heart I n- ,t - . a. ) .

A B I R E F R I N G E N T  CRYSTAL OPTICAL THE PMCINL ’IR FOP
MEASUREMENTS OF ELECTROMAGNETICALLY 1N~-H~ ED
HEATING . T. C. Cetas ( D i v .  E l e c t r a r i .  P r o d . ,  BRH , THE ~N FL I ENC E OF ‘~i~~RflWAVE EXPOSURE ON NEUROENDO-
FDA , Rockv il le , Nd.). CR I.~ FU N C~~fl , IN THE KA T -NNC DOG . S. N. Michael—

son (Univ. Rochester , N .Y.).
OPTICAL ETALON TEMPERATURE SENSOR FOR MI C ’wc-~ E
TISSUE HEATING APPLICATIONS. D. A. Christensen PSEUDOSUBSTRATE BIND I~ O TO RIBONUCLEAS E DURING
(Dep. Electr . Keg. Bioeng., In iv. Utah . Salt EXPOSURE TO MICROWAVE RADIATION AT 1 .70 AND 2.45
Lake City). GHz. J. N. Allis (F.xp. Biol. Civ ., EPA , Research

Triangle Park , N.C .) and N. L. Fromme.
• ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ CHRONIC LOW-LEVEL EXPOSURE OF RABBITS TO MICROWAVES.

K. S .  Fer n ( D iv .  Biol .  E f f . ,  BItE , FDA , HEW , Win-
chest er , Mass.) end G. .3. Hagan.

QUANTIFICATION AND MEASUREMENT OF INDUCED FIELDS
• INSIDE FINITE BIOLOGICAL BODIES. K. M. Chesi MICROWAVE FREQUENCY AS A FACTOR IN THE INDUCTION

(Dep. Electr. Keg. ~yst. Sci., Michigan State OF LENS OPACITIES IN THE RABBIT EYE. C. • ‘ . Hagan
Univ ., East Lansing), B. S. Guru , and D. P. (Div. Biol. Eff., SRI!, FDA , HEW , Winchester ,
Nyquis t .  M a s s . )  and P.. L. Carpenter.

E X P E R I M E N T A L  CALIBRATION OF A MINIA TURE ELECTRIC A STUDY OF THE EFFECTS OF MICROWAVE IRRADIATION

FIELD PROBE WITHIN MUSCULAR TISSUES. A. Y. Cheung ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~( Ins t .  Fluid Dyn . App l. Math. , Univ. Maryland , d K ~ F -

College Park), ‘I. L. Swicord , and II. I. Bass-en, an . . erri.

COMPARISON OF THERMAL EFFECTS IN THE RABBIT EYE
THE EFFECTS OF ENVIRONMENTAL TEMPERATURE ON FROM MICROWAVE RADIATION AND FROM EXTERNA L
THERMOREGULATORY , SERUM LIPID , CARBOHYDRATE , AND HEATING “ i c t (ts i 131 1 F f f  5 RJI ~~

‘ -
ri cc tic nCrc  rv onc r rs  Tts . . . arpen er V .  0 . . . , ,GROWTH HORMONE RE~rv  FDA , HEW , Winchester , Mass.) and 1 . J .  H agan.

MICROWAVE. N. H. Houk (Naval Aerosp. ‘-lid. Res .
Lab., Pensacola , Fla.), S. N. Michaelson , and THE USE OF STRIPLINE TO STUDY MICROWAVE BIOLOGICAL
0. K. Belscher. EFFECTS . R. L. Seaman (Dep. Biomed . Eng., Duke

THE EFFECTS OF 19 MEGACYCL E IRRADIATION ON MICE lmn ~v ., fur~am , N. .), H. Wachtel , and N. T.
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BIOMEDICAL ASPECTS OF RADIOFREQUENCY AND MICROWAVE
RADIATION: A REVIEW OF SELECTED SOVIET , EAST
EUROPEAN , AND WESTERN REFERENCES. Z. P.. Glaser

- - (Biomed. Res. Detachment , Nav.’t Surf. Weapons Cent.,
Dahlgren, Va.) and C. II. Dodge.

THEORETICAL CALCULATIONS OF POWER ABSORBED BY AN
ELLIPSOIDAL MODEL OF MAN AND ANIMALS IN AN ELEC-
TROMAGNETIC PLANE WAVE. H. Massoudi (Univ. Utah,
Salt Lake City), C. H. Durney, C. C. Johnson, and
S.  Allen.

TIME-COURSE OF ADRENAL RESPONSE IN MICROWAVE-
— - EXPOSED RATS . R. Guillet (Univ. Rochester , N.Y.),

W . G. Lotz , and S. N . Michaelson.

THYROID RESPONSE TO LOCALIZED MICROWAVE EXPOSURE.
R. L. Nagin (Univ. Rochester, N.Y.), S—T. Lu, and
S. N.  Michaelson.

ELECTROMAGNETIC FIELD EFFECTS ON ISOLATED NERVE
TISSUE. S. S. Sandler (Bioelectromagn . Lab.,
Dep. Electr. Eng . Northeastern Univ., Boston ,
Mass.).

.... CONFERENCE ON ENGINEERING IN MEDICINE AND
BIOLOGY

Tate : September 20—24, 1975
~. -z~- :  New Orleans , Louisiana
2~-ana ar: Alliance for Engineering in Medicine and

C Biology

Z e c~ ta i  3~~~Z C o ~ ra~~v, e m’ P iq era to be Precented:

DIAGNOSTIC APPL ICATION OF MICROWAVE RADIATION.
P.  C. Pedersen (Univ. Utah , Salt Lake City), C. C.
Jo hnson , D. H. Durney, and 0 . C . Bragg.

V. —
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0621 THE EFFECT OF RADAR ON CARDIAC PACEMAKERS . and total gonadotropins were essentially normal , ruling
(E.) Rohi , 0. (Dep. Cardiol., Univ. Ulm , out the possibility that spermatogenesis alterations

Germany), H . H. Leun , N. E. T. Hauber , N. Stauch , were secondary to central dienc epha lop ituitary disorder.
and H. Voigi. rs,i Trans . 14(2):115—117 , 1975. The alterations seen in technicians exposed for a long

term to re la t ive ly  hig h intensity MWs were probably due
Noncompet itive cardiac pacemakers may detect e l e c t r i c —  to MW exposure as two—thirds of the technicians rein —
al signals from outside the body which can modify vesti gated 3 mon a f t e r  interruption of exposure showed
their behavior.  The interference susceptibil i ty of improvement in spermatogenesis . (6 references)
16 of these pacemakers to radiation from the most
powerful civil radar system in Europe was investi-
gated in the laboratory and 1.2 km from the radar 0623 HEALTH HAZARDS FROM MICROWAVE EXPOSURE.
s ta t ion.  The system operates with a RF output  power (E.) Bush , D. (Univ. Radiat. Prot. Off.
of 5 x 106 N , 1.3 CHz frequency and a duty cycle of Univ. dirnming ham , England). H~a~ th Pm:ss.  29(3):431,
0.002. Tears were performed in the laboratory in 1975.
air , fat , water, 0.9% NaCl , and after implantation
in dogs and humans . The layer of f a t  or solution I t  is C ain noted that there is l i t t l e  research
was kept constant at 1 cm in front of the pacemaker , coordination into the basic understanding of the
and the electrode length was 1/4 so that it con st i— problems presented by tIN5 , inclod ing the nature and
tuted an optimal receiving antenna. By varying sc,ile of biolog ical e f f e c t s .  There is little inter—

acemaker orientation , electrode length , and e l e c —  national cooperation , discussion , and agreement on
trode position independently, it was shown that the standards , as exemplified by the 1000—fold difference
susceptibility of the pacemakers was determined by o f maximun permiss ib le  exposure levels between the
radiation received through the electrode acting as an USSR and the USA and UK.  The case of long term low
antenna in air. Laboratory tests indicated that fat level effects ‘s acute thermal effects should beprovided the least shielding, similar to that of air, exp lored and resolved . (4 references)
The testing therefore took place in air with an elec—
trode length of 0 .25 1  and pacemaker and e lectrode in
their most sensitive orientations. Two conclusions
were drawn : (1) metal encapsulation of the pulse 0624 LASER RADIATION AND MICROWAVES; THEIR IMPAIR-
generator did not provide sufficient shielding be— MENT OF THE HUMAN BODY AND THE MEASURES FOR
cause it did not prevent the entry of radiation along PROTECTION . (.Jap.) lida , H. (Nati. Inst. Radiol. Sci ..
the electrode , and none of the pacemakers remained Jap.). Sam’. Tic. (Jar.) 2l(4):166—l76, 1975.
undisturbed at the biological tolerance limit of
10 mW/cm2. To protect pacemakers optimally , several
units were modified by metal encapsulation of the The impairment of laser and MW radiation on the human
pulse generator and a low—pass filter at the electrode , body is reviewed . The MW radiation causes both
With these alterations , they were undisturbed at pulse thermal and nontlierma l effects , and the latter effect
power densities far above 10 W/cm2. (5 references) is an obstruction in the nervous system and cell

metabolism . The thermal effect depends on the energy
absorptlvity, specific gravity , and specific heat of

0622 GONADIC FUNCTION IN WORKMEN WITH LONG-TERM the individual tissue or organ , and also depends on
EXPOSURE TO MICROWAVES. (K.) Lancranjan , how the accumulated heat can be transported to the

I. (Dep. Occup. Dis., Inst .  Hyg. Public Health , Buch— neighboring tissues or environments . Therefore , the
arest , Ro mania) ,  M . Maicanescu , E . Ra fa i la , ~~, 

MW radiation causes less obstruction on the human
— 

Klepsch , and H. I. Popescu. Health Phy s .  2 9 ( 3 ) : 3 8 1—  skin than the tissues inside the human body ; however ,
383, 1975. the thermal effect on crystalline lens and testicles

is large because of the lack of blood circulation
- . Thirty—one technicians (mean age 33 yr) with an aver— for heat transfer. Cataracts may be caused by a large

age exposure of 8 yr to MWs with frequencies between amount of MW irradiation. The US Air Force employs
10,000 and 3600 MHz were investigated for gonadic the value of 0.01 N/cm2 as the maximum allowed MW
function. The complex clinical examination included energy for eye safety. A 50% increase in the leuko—
endocrinologic and andrologic examinations to elimin— cytes is reported in experiments on rats and rabbits
ate those with endocrinologic diseases, veneral die— as the radiation effect on the erythropoietic organs.
eases, varicocel , hydrocel , testical trauma, and There is disagreement about the radiation effect on
other causes which could influence spermatogenesis. the CNS bet’~een scientists from the USA and USSR. The

I • Sperinatic liquid analyses were carried out after at maximum allowed level for MW radiation safety also
least 3 days of sexual rest. Volume , motility, differs by countries . (10 references)
spermatozoa/ml and percentage of abnormal spermatozoa
were measured. The elimination of total neutral
17 ketosteroids and total gonadotropins in 24 hr
urine were determined in 19 technicians . Results 0625 THE EFFECTS OF MICROWAVE IRRADIATION ON
were compared to controls without occupational expo— INSECTS , NEMATODES , FUNGI , AND BACTERIA
sure to chemical noxae or ionizing radiation. Seventy IN WITHERED PINE TREES. (J a p .)  Yamane , A. (Nail.
percent of the technicians showed decreases in libido For. Exp. Ste., Minist. Agric. For., Tokyo, Japan),
and disturbances in erection , ejaculation , and/or T. Kobaymshi , 0. Mamiya, H. Tamiya , K. Sasaki , and
orgasm. Alterations in spermatogenesis were present S. Yoshida. Proc., 86th Annu. Meet .  Jap . Deneoro—
in 74% of the technicians . Results of 17 ketosteroids logica l Soc., p. 317—318, Aug. 1975.
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Biological Ef f e c t s  Electromagnetic

CURRENT LIT ERATURE Radiation 11(4), December 1975

The lethal effects of MW irradiation on insects , changes were seen in the brain. The activities of
nema todes , fungi , and bac teria in wi thered p ine trees alkaline phosph atase , 5’—nucleotidase , isoci trate
were studied using 2450 MHz MW5 with output powers dehydrogenase , cz—glycerophosphate dehydrogenase ,
at 0.6 and 5.9 kW. When the speckeled—longicorns of lactate dehydrogenase , NADH—diaphorase , and mono—
larva, prepupa , and pupa were placed in a plastic amine oxidase did not change in the liver. How—
capsule and irradiated with 0.6 kW MWs , 25% of the ever, rats irradiated at 500 pulses/mm had decreased
larva longicorns died after 30 sec irradiation , and glucose—6—phosphate dehydrogenase and succinate de—
90% of the larva longicorns died after 60 sec irradi— hydrogenase ac tivities around the cen tral veins of
ation. The larva longicorns were more sensitive to the liver; ATPase activity was lower around the bile
the microwave lethal effect than the pupa longicorns. canaliculi; and acid phospha tase was more d i f f use in

• The temperatures attained at the core and under—bark the cytoplasm of the exposed liver than in control.
- • of pine trees after the microwave irradiation were (1 reference)

different , and the core temperature was higher than
the under—bark temperature . This reflec ted the
observed lethal effect , and longer ir radia t ion time
was required for killing the insects , nematodes , 0628 LONG TERM EFFECTS OF ELECTROMAGNETIC
fun gi , and bacteria which lived in the under—bark FIELDS ON PHYSARUM POLYCEPHALUM. (K.)
than in the core of the pine trees. The e f f e c tive Goodman , E. N. (Sci. Div., Univ. Wisconsin—Parkside,
Irradia tion time was 45 sec for larve insects , 2 mm Kenosha), N. Macron and B. Creenebaum. J. Cell
for nematodes , and more than 5 mm for  fungi  and BioZ. 63(2) :ll7a , 1974.
bacteria . (1 reference)

The long term effects of ELF El-iFs on the growth and
development of Physarum p olycephalum were studied .
Cultures were continuously exposed to 75 or 60 Hz

0626 DISINFESTING PROCESS HERTZ ONLY INSECTS . fields (2.0 C , 0.7 V/m) for up to 701 days. After
(E.) Lowe , J. F. (Eur. Ed., E~es~~~n lows, 90—120 days a delay of 1—2 hr between successive

O6l90—Roquebrune—Cap Martin , France). Des . News mitoses in the cultures was noted . Cultures re—
3O(17):62—63 , 1975. tu rned  to control  levels about 60 days a f t e r  removal

f r om the f i e ld . The ab ility to complete the sexual
A method has been developed to kill 100% of the and asexual life cycles was not affected ; however ,
li ving insects , grubs , eggs , and larvae in wheat by subt le  changes in gross morphology and a general
app lying MW energy . The a b i l i t y  of the grain to slowdown of protoplasmic streaming were noted . (No
germinate was unchanged. The process also prevented references)
mold growth. Ionizing , IR , visibl e , UV and US
r a d i a t i o n  have a l l  proved unsuccess fu l  and/or  un-
economical to use . The MW process involves heating
the grain in a HF alternating field between a pair 0629 THE INCREASED EFFECTIVENESS OF CANCER
of capacitor plates to 63 C followed by rapid cool— CHEMOTHERAPEUTIC AGENTS WHEN COMBINED
ing to 15 C. Heating takes place simultaneously at WITH SIMULTANEOUS MICROWAVE IRRADIATION . (K.)
all points within the material and is almost in— Brent R. L. (Jefferson Med . Coll., Ph iladelphia ,
stantaneous . Steps in the process include pre— Pa. 19107) and 0. Hami. Pediatr . Res. 9(4) :386 , 1975.
leaning and prewarm ing, MW exposure , cooling, and

transfer to storage . Heat extracted during cooling A study was made of the ability to alter the ef—
is used for prewarming. This process should be fectiveness of drugs present in hyperthermic tissue
suitable for flour , oats , corn , and packaged products, when exposed to MW radiat ion.  Methotrexate and 5—
It is economical and environmentally acceptable as fluorouracil were administered to pregnant rats at
there are no chemical or radioactive residues. (No LD/lo to LD/30 doses, and the ra ts were immediately
references)

• exposed to MW radiation for 30 mm with embryo
tissues maintained at 42—43 C. The LD/50 dose of
these drugs was s ignificantly lowered in the hvper—

0627 HISTOCHEMICAL AND ULTRASTRUCTURAL ANALYSIS thermic embryos , indicating that MW radiation may be

OF THE EFFECT OF ELECTROMAGNETIC RADIATION of use in increasing the effectiveness of the drug

ON RAT LIVER AND BRAIN. (K.) Robinson , N. (Dep. in the irradiated tissue. It could be utilized in

Anat., London Hosp. Med. Sch., United Kingdom) , j ,  situations in which a local increase in drug ef—

G. Nievel and J. Anderson. Bjochem. Soc. Trans. cti~~~~ gg may benefit the organism. (No refer-
ences)2(6):1359—l360 , 1975 .

IJltrastructural and h i s tochemica l  e f f e c t s  of pulsed
El-fR on ra t  l iver and brain were studied . Whi te
f ema le  Wis tar~~rats  (100 g) were exposed f o r  10 mm 0630 COMPUTATION OF THE ELECTROMAGNETIC FIELDS

to 27 MHz radia t ion at 300 and 500 pulses /mm and AND INDUCED TEMPERATURES WITHIN A MODEL OF
duty cycles of 2.4 and 4% . The animals were sac— THE MICROWAVE-IRRADIATED HUMA N EYE . (K. ) Taflove ,
rific ed and liver and brain were rapidly excised . A. (Dep. Electr. Eng., Technol . Inst., Northwestern

Light and electron microscopic studies were per— Univ., Evans ton , Ill.) and M. E. Brodwin. ThEE Trans.
formed and the activIties of various enzymes were Microwave Theory Te-e~. MTT—23(11):888—896, 1975.
determined . No significant microscopic changes were
observed at either 300 or 500 pulses/sin . No enzyme The use of experimental animals to establish a human
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safe ty  standard for MW radiat ion implies that  the knowled ge on the effects of static and slow changing
anatomy, physiology and electromagnetic environment magnetic and electric fields on the communication

- - of the animal can be related to that of humans . How— processes in humans , an imals , and plant life was ex—
ever , the role of tissue structure in determining MW amined in a symposium and series of workshops. This
absorption is possibly s ign i f ican t  and heat ing poten— meeting was sponsored by the U.S. National Sciencej tial contours may develop in different locations and Foundation in conjunction with the Neuroelectric
at di f fe rent magnitudes in man because of dimensional Society,  the International I n s tit u t e  fo r  Medical and
and s t ructural  differences in tissue anatomy . The Biological Engineering, Marq ue tte Universi ty ,  and The
absorbed power d is t r ibut ion  pat tern  wi th in  a detailed Medical College of Wisconsin. Twenty—three papers,
model of the MW irradiated human eye with i ts  bony most of which are abstracted in this issue of Bio—
orbit  has been computed at 750 MHz and 1.5 GHz f r e —  log(~-.al Effects of Electromagnetic Radiation (CL 0632
quencies of planewave irradiat ion, and temperature — CL 0655)-, Were presen ted and four workshops were
distribution within the eye has been calculated . The held. These workshops included c r i t e r ia  and recom—
fields are computed using a f inite d if ference , time— mendations for a comprehensive research plan in each
domain solution of Maxwell’s equations . A numerical area to be generally applicable for research , indus—
solution of the heat conduction equation for the eye— trial , and government use. (No references)
ball is also given , using the compu ted MW heating
funct ion  as the source function. The heating poten-
tial due to irradiation at 750 MHz peaks at the muscle
interface at the front of the eye and decreases with 0632 ELECTROSTATIC FIELDS , ELECTROMAGNETIC FIELDS ,
depth. At 1.5 GHZ irradiation, a pronounced peak is AND IONS - MIND/BODY/ENVIRONMENT INTERRELA-
found near the center of the eyeball and the potential TIONSHIPS. (K.) Beal , J. B. (World Inst., New York ,
also peaks strongly at the muscle interfaces below N. Y.). Biologic and Clinical Effects of Low-Frequenc~
and in front of the eye. The frequency dependent Magne tic and Electric Fielda, ed. J. C. Llaurado, A.
position of the heating potential peak can be ex— Sances, Jr. , and J. H. Battocletti (Springfield : C.
plained on the basis of distinct resonances of the C. Thomas, 1974), pp. 5—20.
eye scatterer  and head as a whole. At lower frequency,
the dimensions of the eye orbit are too small to The relationships between man and his EM environment
support a wave concentration effect , but at higher are discussed. At a basic level, the cell wall is
fre quencies a resonan t beh avior independen t of pos— found to be folded and convoluted in a manner to
sible concentration effects of the whole head can be serve as a semi—conductor. Cell components include
supported. The heat conduction model developed has organic semiconductors like liquid crystals that are
as i t s  basic assumption that the chief cooling mech— hypersensitive to temperature changes , magne tic and
anism of the eye is the retinal blood supp ly localized electric fields , stress , ionizing radiation , and con—
at the surface  of the eyeball. At 750 MHz irradia- tamination. Many cells have a double ou te r  membrane
tion , the peak temperature of 40.4 C is located at which functions as a capacitor with the character—
about the center of the eyeball. The lens temperature Istics of a leaky dielectric. At low frequencies ,
is much higher at 1.5 G}fz because the surface cooling the cell membrane permeability to ions is enhanced ,
mechanism is less e f f e c t i v e  than for  the shallow 750 promoting electrochemical interactions . Detection
MHz heating pat tern . This is a strong indication of minute magnetic and ES fields which accompany
that tissue thermodynamics must be considered when biological activity may lead to such things as moni—
analyzing MV heating of organs. Comparison of these toring effects of the mind on physiological processes
results with those obtained by Guy et al. for the and early diagnosis of specific disease. The living
rabbi t eye indicates the possibility of relating MW cell is subject to the influence of El-iFs that may
heat ing pa t te rns  within the respective organs. A induce a complex system of currents and act as m di—
more detailed human model and computer runs for  higher cators of environmental conditions . Any mechanism
frequencies are needed. (25 references) which , for example , disrupts the highly structured

biowater within the cell will certainly disrup t the
biological transfer of electrons. At a larger level ,
the brain receives input from the nervous system by

0631 BIOLOGIC AND CLINICAL EFFECTS OF LOW- means of elec trical pulse generation and trans—

FREQUENCY MAGNETIC AND ELECTRIC FIELDS . 
m ission through the nervo us system. ESFs can in-
fluence the rate of generation by the nerves and a(K.) Ll au rado , .1. C. (Marquette Univ., Milwaukee,

W i s c . ) ,  A. Sances , J r . ,  and J .  H. Ba t tocle t t i .  posi t ive ESF can improve such things es Lri~ htrcss

(S pring field: C. C. Thomas, 1974), pp. ix—xi. 
discrimination and alertness. One of the most
sensitive areas of the brain to El-iF effects is the
hypo thalamus . Damage to this area can increaseEver increasing amounts  of man made emanations f rom sens i t iv i ty  to field changes many times . Some aspects

EM sources are introduced In t o  the environment , o f t e n of the brain ’s electr ical  act ivi ty  are re la ted  towithou t  consideration of h a r m f u l  biological e f f e c t s .  intel l igence, as sensory s t i m u l a t i o n  causes nonrandomAs the number of sources increases , the po ten t ia l  fo r
damage also grows. Evolution has equipped man w i t h  change in EEC ac t iv i ty . Thus , our biorhythms reset

to EM and ES f ie lds , LF radia t ion , ions and othera reasonable tolerance for  this rad ia t ion , but l i t t l e unknown factors. (43 references)quantitative information Is available regarding the
e f f e c t s  of these mechanisms upon l iving organisms.
For this reason , a forum was assembled wi th  a wide
range of expertise in industry , government and in 0633 SOURCES , PROPAGATION , AMPLITUDE AND TEMP-
the life and physical sciences. The Current state of ORAL VARIATION OF EXTREMELY LOW FREQUENCY
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(0-100 Hz) ELECTROMAGNETIC FIELDS. (K. ) Polk , C. changes. Neither animal experimentation nor d in-
(Dep. Elec t r .  Eng . ,  Univ . Rhode Island , Kingston) . ical studies have provided evidence for  a ha rmfu l
Biologic and Clinical Ef f e c t s  of Low-Frequency effect of exposure in Western studies.  Magnet ic
Magnetic and Electric Fields, ed. J. G. Llaurado , A. f ie lds  do exhibit biological ef f e c ts, bu t it appears
Sances , Jr. , and J. H. Battocletti (Springf i e ld :  that man can tolerate short exposures to high magnetic

C. C. Thomas, 1974), pp. 21—48. fields without ill effects. Changes in the ECO and

t EEC of test an imals have been seen , but the signifi—

Information about natural background noise in the cance of these changes has not been established .
lO—~ Hz to 100 Hz frequency region is given. Nothing Over a long per iod , there may be a gradual accumula— j
in this region of na tural origin is thought to have n o n  of physical and biochemical imbalances including

any biological e f f e c t, and no such effects have ever growth retardation , hematologic changes , morphologic
been satisfactorily established. This is not cur— changes , and delayed wound healing. This may be due

prising in terms of the extremely low amplitude of to inhibition of mitosis , and is of possible use in
natural ELF noise in comparison with man—made noise cancer therapy. Possible genetic effects have not

4 and with the amplitude of steady geomagnetic and atmo— been fully explored. A set of safety standards for

spheric electrical fields. The intensity of earth’s human exposure to magnetic fields has been recommend—

magnetic field is not constant, even in the absen ce of ed , with whole body exposure of up to 2000 C for short

solar dis turban ce , but exhibits a ‘solar quiet daily periods of time allowed . The question of very weak

variat ion ’ (Sq)  about a 24 hr periodicity. This Sq fields needs to be studied due to lack of knowledge
changes with latitude and season and is also affected of the effects on man traveling in space and sci—

over long periods by trapped particles in the iono— entific interest in the possible physiologic role of

sphere. The largest variation occurs over the geo— the normal geomagnetic field . Little is known

magnetic equator. In any attemp t to relate biological about the biological effects of alternating mag—

changes to na tural magne tic disturbances , it is netic fields. (38 references)

necessary to consider that major magnetic storms are
accompanied by o ther geophysical phenomena like
meteorological effects and variation in cosmic rays
which could also have biological e f f ec t s . In the
absence of local disturbances , the steady f air wea ther 0635 ELECTRIC AND MAGNETIC FIELDS PRODUCED BY
electric field would be essentially constant. However , COMMERCIAL POWER SYSTEMS . (K.) Miller
temperature, relative humidity, ion ized pollu tan ts, D .A. ( lIT  Res. I n s t . ,  Chicago , I l l.) .  Biologic and
naturally occurring ions , and ordinary clouds , as well Clinical Effects of Low—Frequency Magnetic and
as thunder clouds , can profoundly affect the electric Electric Fields, ed. J G. Llaurado , A. Sances, Jr.,
field at ground level. Large deviations from the and J. H. Battocletti (Springfield: C. C. Thomas,
fair wea ther f ield are expec ted in the presence of 1974), pp. 62—70 .

fog, rain , or substantial clouds . At locations where
local e f f e c ts are m inimal , a curve of diurnal variation The nature of electric and magnetic fields produced
is ob tained with a minimum 18% below the mean and a by commercial power systems is described and values
maximum 15% above. Natural fluctuations of the geo— of typical fields are reported. In the U.S., the
magnetic field and the resulting earth currents ordinary commercial power frequency is 60 Hz, wi th
called micropulsations also occur wi th periods be tween specialized applications at 16—2/3 and 25 Hz. Elec—

• 600 sec and 0.2 sec. In measuring frequencies below i n c  energy Is sent to substations by large trans—
100 Hz, man—made noise must be suppressed as this is mission lines which operate at several hundred
almost always much larger than natural fields and may thousand volts line—to—line . Transmission is done
frequently mask the noise due to natural phenomena . with 3 phase circuits employ ing at least 3 wires
(77 references) balanced in that at each instant of time the sum of

-
. - the current flow in a given direction along all 3

conductors is zero. Distribution substations feed
the distribution lines used to send power to the
customers. At the customer ’s loca tion , a distribu—

0634 CRITICAL REVIEW OF THE BIOLOGICAL EFFECTS tion transformer steps down the voltage to 120—240 V.
OF ELECTRIC AND MAGNETIC FIELDS. (K.) The current flow gives rise to magnetic and electric

• ~~~~~~~~~ C~ £.~~ Scb. Med . Dent., Univ. Rochester , fields in the ear th and the d i f f e rences  of potent ia l
N. Y . )  and S. M. Michaelson. Biological and Clin— give rise to e l ec t r i c  f ie lds  in the air surrounding
ion Effects of Low—Frequency Magnetic and Electri c the conductors . The values reported are typ ical of
Fie l to , ed. J. G. Llaurado , A. Sances, Jr. and J . fields which have been present for several genera—

.

~~~~

H. B a t t o c l e t t i  (Spr ingf ie ld : C. C. Thomas , 1974) , t ions w i t h  no apparent  ill e f f e c t s .  (6 re ferences)
pp. 49—61.

A review of the biolo gical e f f e c ts of sta tionary
elec tric and mag net ic f ie ld s and of alterna t ing f ie lds
with frequencies up to 100 Hz is presented . In no— 0636 PSYCHOLOGICAL EFFECTS OF MAGNETIC AND
contac t ele ct r ic  f ie lds , low f r equency exposure may ELECTRIC FIELDS . (K.) Wilson, A. S.
give rise to dangerous current densities in the body (Psycho physiol. Res. Lab., VA Cen ter , Wood , Wisc.).
which are proportional to field strength and fre- Biolo~iic and Clinical Effects of Low—Frequency Map—
quency. Soviet literature indicates biological ef— netic and Ele’otric Fields , ed. J. C. Llaurado , A.

• fects of stationary and low frequency electric Sances , Jr., and J. H. Battocletti (Springfield: C.
fields including physiological and morph ologi c C. Thomas, 1974), pp. 71—80.
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A review of research on the e f f e c t s  of EMR on comp lex experimen ts include animals , ~1 ints , and humans , and
higher order behavior was undertaken. Psychological a continuing review of literature and research will
research on the influence of magnetic and electrical be made to ensure minimal risk of biotic disturbances.
energy was found to have identified few tangible ef— (4 references)
fects. The experimental efforts lacked a systematic
approach to the examination of the variables involved ,
and the research has so far produced no data suggest-
ing that a profound psychological hazard may be de— 0639 EVALUATION OF THE HEALTH OF PERSONNEL WORK-
veloping. (19 references) ING NEAR PROJECT SANGUINE BETA TEST FACILITY

FROM 1971-1972 . (K.) Krumpe , P. E. (Naval Med. Res.
Unit No. 4, Grea t Lakes , Ill.) and M. S. Tockman.
Biologic and Clinical Effects of Low-Frequency Nag-

0637 PROJECT SANGUINE : OVERVIEW AND STATUS OF netic and Electric Fields, ed. J. G. Llaurado , A.
THE NAVY’S ELF COMMUNICATIONS SYSTEM CON- Sances , Jr., and J. H. Battocletti (Springfield: C. C.

CEPT. (K.) Baker, R. E. (U.S. Naval Electron. Thomas, 1974), Pp. 98—122.
Syst. Command , Washing ton , D.C.). Biologic and Clin-

• ical Effects of Low—Frequency Magnetic and Electric Problem—oriented medical data were established for
Fields, ed. J. G. Llaurado , A. Sances , Jr., and J. 24 personnel at Project Sanguine Beta Test Facil i ty in
H.  B a t t o cle t ti  (Springfield : C. C. Thomas , 1974), 1971. These subjects were paired with control vol—
pp. 83—90. unteers from Great Lakes, I l l .  In fol low—up examin—

ations 1 yr la ter , 12 Sanguine employees were available
Sanguine is a proposed reliable and survivable corn— and 9 of these matched controls for comparative analysis.
munication system for transmitting messages to sub— At each exam , de tailed medical his tories and physical
merged submarines and other U.S. Forces from a sin— exams were performed along with specialized studios.
gle transmitting location. The system will radiate These included psychometric testing; ECC; Masters test;
ELF energy at less than 100 Hz. It has advantages EEC; electromyogram ; nerve conduction velocity ; slit
of low atmospheric attenuation , low sea water atten— lamp eye exams; chest , abdom inal , and skull x—raya ;
uation and slight effect by disturbed propagation audiograin; gynecologic evaluation of women; and blood ,
path. The transmitting antenna will excite EM waves serum, urine , stool , and semen specimen exams. The
in the spherical cavity bounded by the ionosphere test subject moved freely into and out of the EMFs,
and the earth’s surface. The vertically polarized and the influence of shielding by buildings and
electric field has a small horizontal component vehicles was not measured . Periodic exposure to
which propagates downward through sea water and can Intense fields while working at or near the antenna and
be sensed by an electric field submarine antenna , terminals was an uncontrolled variable also . Trends
The principal components are the insula ted an tenna toward increasing or decreasing val ues during the
cables, transmitter equipment , and terminal grounds. interexamination period were tabulated; however , no
Messages from the Wisconsin Test Facility utilizing effect due to the facility on test subjects was noted.
<1/2 V radiated power have been received in Norway No medical problems attributable to exposure were
and by a submerged submarine . An Environmental Cam— noted and no significant changes in constitutional
patibility Assurance Program (ECAP) was set up to symptoms , the endocrine sys tem, neuromuscular , opthal—
assure minimal adverse environmental impact during mologic , cardiac , or hema tologic exam , or psycholog—
construction and operations . The electric field ical profiles were seen. No evidence of the neuras—
produced by Sanguine is no greater than that pro— thenic syndrome was noted. In conclusion , no signifi—

• duced by commercial power lines, and no harmful ef— cant differences were observed between test and control
fects have yet been seen. (No references) Subjects and the Sanguine employees did not appear

- 
• - to s u f f e r  any ill e f f e c ts attribu table to their ELF

exposure during the 1 yr period studied. (22 refer—
• 

• - ences)

0638 BIOLOGICAL RESEARCH FOR EXTREMELY LOW FRE--. QUENCY COMMUNICATIONS SYSTEMS . (K.)
Rozzell , T. C. (Off. Naval Res., Arl ing ton , Va.).
Biologic and Clinical Effects of Low-Frequency Map - 0640 MICROWAVE RADIOMETRIC TECHNIQUES : A
netio and Electric Field8, ed. J. C. Llaurado , A. MEANS TO EXPLORE THE POSSIBILITY OF COM
Sances , Jr., and J. H. Battocletti (Spring field: C. MUNICATION IN BIOLOGICAL SYSTEMS. (E.) Bigu del
C. Thomas, 1974), pp. 91—97. Blanco , J. (Dep. Anat., Queen’s Univ ., Kingston ,

• On tario , Canada) and C. Romero—Sierra. Biologic
• There is concern about possible side effects on bio— and Clinical Effects of Low-Frequency Magnetic and

logical systems and the environment from ELF radio— Electric Fields, ed. J. C. Llaurado , A. Sances , Jr.
waves. The Sanguine antenna is such an ELF trans— and B. H. Battocletti (Springfield : C. C. Thomas,
mitter. It is not known whether the ELF electra— 1974), pp. 123—136 .
magnetic radiation produced at the low levels ex—
pected for a Sanguine system would produce measurable Biological systems are sophistica ted genera tors and
adverse reactio is in biological systems. None of the receptors of different energy forms which interact
studies made by the U.S. Navy have indicated this, among themselves and with their surround ings . They
The Navy’s research program allows exposures to be generate EM, elec tr ic , and magnetic fields. Because
made at field strength levels equal to and up to 100 of the possible role of El-IFs in bioinformation
times greater than the expected Sanguine levels. The transfer , the contribution of MW radiometry to the
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ques t ion of information transfer  between biological tremely sensitive to ELF electromagnetic fields.
- 

- systems is studied. Radiometry is based on the fact Subsequent evolution would enhance the fidelity of
• that all bodies in the known physical universe emit transmission and reception , especially between

the ~~ region. Living systems have both a thermal
ENR, and a reasonable amount of this radiation is in generically related forms. (10 references)

emission spectrum and a non thermal spec trum mad e up

0642 COMMUNICATION IN BIRD FLOCKS : AN ELECTRO-of a number of well—defined lines of emission and
absorption due to discrete sources and sinks of EMR
in the body. In a pilot study an X—band MW radio— ~~GNETIC MODEL . (K.) Heppner, F. H. (Dep.

Zool., Univ. Rhode Island , Kingston) and B. D. Haffner.
meter was constructed and experiments were conducted
at 8.95 CH2. Natural MW emissions from human and 

Biologic and Clinical Effects of Low-Frequency Magnetic
and Electric Fie~ds, ed. J. C. Llaurado , A. - Sances ,animal subjects were measured. Results showed a Jr., and J. H. Battocletti (Springfield: C. C. Thomas,large increase in natural MW emission relative to 1974), pp. 147—162.

the background , corresponding to different States
of stress or changes in the emotional , physiological , A  hypo thesis is presented to explain the apparently
and pa thological State. There are potential appli— synchronous movements of certain Species of birds
cations to biology and medicine as, for example, MW
characteristics of damaged and malignant tissues are 

while flying in flocks . Cluster formation character—

different from normal ones. MW radiometry may be ~ 
is tics of blackbirds and some small shore bi rds  are

powerful tool In biocommunications as well. (10 
composed of birds flying in close order with the

references) 
flock in a spherical shape. Their movements are
highly coordinated. In one 34 sec sequence of New
York starlings the birds reversed directions 7 times ,
and each time all birds had changed directions within

0641 EXTRA LOW FREQUENCY (ELF) ELECTROMAG- 1 sec. In another segment of rock doves most birds
NETIC RADIATION AS A BIOCOMMUNICATIONS were setting their wings within 1/48 eec in preparation

MEDIUM: A PROTEIN TRANSRECEIVER SYSTEM. (K.) for a gliding turn. In a third film of mixed black—
Cole , F. E. (Alton Ochsner Med. Found., New Orleans , birds , the signals for turning were undetectab le so
La.) and E. R. Graf. Biologic and Clinical Effects presumably reached all birds in less than 1/70 sac as
of’ Low—Frequency Magnetic and Electric Fields, ed. the film was taken at 70 frames/sec. Two possible
J. C. Llaurado, A. Sances, Jr. and J. H. B a t t o c l e tt i  cases for leade rship are considered: (1) a leader
(Springfield : C. C. Thomas, 1974), pp. 137—146. anywhere within the flock capable of transmitting a I• signal to the flock from any position within range of

Ques tions still arise as to the type , availability, his transmission, or (2) a leaderless flock with all
and operation of various forms of energy necessary birds ac ting in concer t as a ‘superindividual ’. Since

for  pol ypeptide synthesis on primitive earth. The the second case goes beyond any present evidence , the
theory has been presented that enormous amounts of first possibility is tentatively accepted. The birds

EM energy arose from an ELF dependent , p lanetary could conceivably communicate by sound , light, or
resonance phenomenon. Sensitivity of biological EM systems. However , sound travels too slowly to

systems to this spectral region would result as a reach all members of a flock essentially simultaneously,

consequence of this ELF dependent spontaneous gen— and it is doubtful whether sound could be heard over

era tion of l i fe, and this sensitivity would be the background noise. Visual signals are no t prac ti cal
augmented by eons of evolution. This evolutionary in a large flock where birds in the center would block

pressure is postulated to have fostered the develop— the sight of birds on the periphery. If a visual

ment of a protein—mediated transreceiver system ex— relay system were employed , one would expect to see
quisitely sensitive to perturbations in this region. a wave of turning pass through the flock which is a
On ear th , the molten core—ionosphere was envisioned f unc tion of the f lock densi ty and bird reac tion time .
to have functioned as an ELF oscillator with a io The EN system would operate by the detection of an
Hz eigenfrequency. The high intensity resonant meg— induced El-IF surrounding the leader produced by elec—
netic fields penetrated the molten core , enhancing trical activity in the brain and neuromuscular system.
the fluctuating component of the earth’s pr imary It has been shown that bird feathers can act as EM

• magnetic f i eld and permitting an exponential in— detectors so the remaining problem is one of trans—
- 

- crease in the strength of the 10 Hz field. An mission. The leader bird may be able to develop , - -

enormous electric disturbance would occur , permitting currents in the long bones of his wings which could
the formation of boundless quantities of organic corn— be transmitted to the rest of the flock. As a turn
pounds when the surface temperature was below 100 C. is made , differen tial stress would alter the traits— ‘ 

- -

Evidence exists which suggests that the relation— mitted signal which would furnish directional inform— ‘ -•

ship between life and ELF fields still functions , ation to the other birds . The nervous system as a
hinting that a mechanism resides in the organism at whole may be able to act as an antenna. The problem

the molecular level capable of interpreting and remains to prove the links experimentally. (24 refer—
transmitting these signals. Such a transreceiver ences)
mechan ism could be sensitive to and transmit almost
unmeasurable quantities of radiated energy . The
protein molecule could function as this transre— 0643 LABORATORY SIMULATION OF EXTREMELY LOW FRE—
celver. Since protein makeup would have had to con— QUENCY ELECTRIC AND MAGNETIC FIELDS. (K.)
form to the dynamics of the 10 Hz field , higher Valen tina , A . R. (lIT keg, Inst., Chicago , Ill.),
levels of cons truc t ion wou ld have EM struc ture re— Biologic and Clinical Effects of Low—Frequency M~g—
Elec ting these orienting forces and would be ex— netic and Electric Fis 7 io, ed. B. C. Llaurado , A.
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Sances , Jr., and J. H. Battocletti (Springfield: C. during a minimum of 45 successive days before dropping
C. Thomas, 1974), pp. 163—171. back to operant levels. Subtle EEC changes took place

• with freq uency bandw idths contracting into sharp peaks
The mechanisms by which the E—f ield induces current at the dominant frequencies of the responses. It is
in organisms under test depend on differences in thought that the effects seen were the results of
conductivity and the geometrics involved. Examples genuine biological transductions in the CNS rather than
are given to establish a uniform electric field in generalized thermal effects or artifactural injections
a conductive media. The same magnitude and distri— of field voltages via electrodes. All effects were
bution of currents must be produced within the organ— restricted to anatomically localized rhythms , fre—
ism as those that would result from its exposure to quency related to the assigned modulations , suggesting
the fields in the natural habitat. The amount of cur— that the modulation frequency was indeed responsible
rent which will flow through an animal will depend for the EEG changes seen in all irradiated animals.
upon the electric field , separation of the two points The hypothesis is presen ted tha t ampli tude modula ted
of contact with earth , and the total resistance of VHF fields can under these circumstances act as effec—
the current path. Except for the level of the elec— tive , contingent reinforcers. The mechanism of
tric field and current flow , all other features of interaction is unknown , but a direct action of the
an electric field simulator must be identical for fields on the CNS is favored with a working hypothesis
test and control samples. To establish a uniform based on the concepts of a ‘greater membrane of brain
magnetic field over a working volume simple magnetic cells. ’ (54 references)
field generating structures such as solenoids , Helm—
hol tz coils, and multicoil structures have to be
used. (No references) 

0645 INSTRUMENTATION TECHNIQUES FOR MEASURING THE
EFFECTS OF ELECTRIC AND MAGNETIC FIELDS ON

INSECTS IN MOTION. (K.) Ferris, C. 0. (Bioeng. Pro—
0644 REINFORCEMENT OF TRANSIENT BRAIN RHYTHMS BY gram , Univ . Wyoming, Laramie) and S. 0. Hakes. Bio—

AMPLITUDE-MODULATED VHF FIELDS. (K.) Bawin , logic and Clinical Effects of’ Low—Frequency Magnetic
S. H. (Brain Res. Inst., Univ . California , Los Angeles), cc-id Electric Fields, ed. B. C. Llaurado , A. Sances ,
R. J. Gavalas—Medici , and W. R. Adey. Biologic and Jr., and J. H. Battocletti (Springfield: C. C.
Clinical Effecta of Low—Frequency Magnetic and Electric Thomas , 1974) ,  pp. 187-201 .
Fields, ed. B. C. Llaurado , A. Sances , Jr., and J. H.
Battocletti (Springlield: C. C. Thomas, 1974), pp. 172— Instrumentation designed and constructed to examine
186. the behavioral response of restrained and unrestrained

insects subjected to electrical , magn etic , and EM
Effects of very weak fields on changes in learned or fields is described. Common houseflies (Musca domest—
spontaneous behavior and interaction with auditory ica) were used in the two experimental systems re—
responses and with brain evoked responses are studied , ported here. One system was designed to monitor an
Experiments with VHF (147 MHz), low intensity (~ 20 unre strained colony of flies in an induced electric
V/m) elec tric fields, amplitude—modulated over a wide , field while simultaneously comparing activity of the
low frequency range (0—20 Hz) were conducted on colony in a field free region . This system was a
chronically implan ted , untrained cats at EMF intensities free flight enclosure with one region exposed to an
of about 1 mW/cm2. The cats were implanted with electric field and a second region kept free of fields.
bipolar elec trodes in the caudate nucleus , cen trum A light sen’sing diode matrix was constructed on the
medianum , hippocampus , and presylvian gyrus. Eye floor of the enclosure and a light source formed the
movements were also monitored. Specific EEC patterns ceiling. When an insect intersected a vertical line

• were selected in movement free epochs in different between a light sensor and the plane of ligh t , the
brain locations during two control sessions. The intersection was observed and counted . A set of
anImals were trained for 10 sessions before being electrodes with appropriate power supplies established
submitted to extinction until the return to control a field over half the matrix and a set of dummy elec—
level s of performance. They were reconditioned for trodes was mounted across the other half. Fields of
4 sessions , then divided into two groups : (1) four 5000—10,000 V/rn were app lied and the colony ’s
animals were overtrained for 6 days than resubmitted activity recorded. The insects preferred the region
to extinction in the absence of fields ; (2) three of the electric field in a ratio of approximately 2:1 .
animals were irradiated during overtraining and Activity was also related to time of day , even though
ext inction. Performances were assessed by visual ligh t , tempera ture , and humidity were constant. The
and spectral analyses. A group of untrained animals second system was designed to determine if there was
was used to test the effectiveness of the modulated any obvious effect on the wing beat characteristics
VHF fields . All animals reacted similarly to the of a tethered fly when subje-ted to an intense electric
initial conditioning and subsequent extinction , and field. The insects were anesthesized , moun ted on a
exhibited similar relearning curves up to day 5. splin ter of bamboo with bayberry wax , and subjec ted
Control cats maintained regular levels of performance to 1000—2000 V/rn electric fields. Optical reflection
during the 6 overtraining sessions but never exceeded from the wings using a pho to diode which responded to
their previous achievement. Extinctions were again the wing beat frequency was used . No observed change
rap id. The irradiated animals displayed irregular in frequency was observed between free and induced
high per~

’ormances and eventually all levels were field experiments. In the presence of a magnetic field
equal or superior to the highes t scores ob tained dur ing of 6000 gauss, the wi ng bes t signal ampli tude increased
the first conditioning. During extinction they con— with a definite alteration of the spectral components.
tinued to perform with irregular , high performances  When f ree  f l i ght behavior was measured in a magnetic -
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fiel d , there was little correlation between behavior ever , such interactions are being studied . Investi—
and field free or induced periods. The experiments gation of the nervous systems has confirmed the
are designed to show the feasibility of the instru— possibility that almost all pa tholog ical process
mentation developed and no experimental conclusions can be produced by some form of brain or nervous
are drawn. (16 references) stimulation. Disease processes are influenced by

psychosomatic distress. The severity of sympcoms
and physical changes can be influenced by diet ,

0646 CONTROL OF VISUAL FATIGUE BY MEANS OF DC 
heredity, drugs , toxins , Infectious agents , etc.
No single factor causes any disease. A variety of

AND AC ELECTRIC FIELDS . (K.) Suglyama , therapeutic aids can restore balance and health.
S. (Kwansei Gakuin Univ., Niahlnomiya , Hyo go , Jap.). Acupuncture plays a role as a safe treatment in
Biologic and Clinical Effects of Low—Frequency Mag— trained hands and (f era ne method which aids in
netic and Electric Fields, ed. B. G. Llaurado , A. therapy. (21 references)
Sances, Jr., and 3. H. Battocletti (Springfield:
C. C. Thomas, 1974), pp. 202—207.

The author had previously found that visual function 0648 A SCIENTIFIC EXPLANAT ION FOR THE RATIONALE
could be ar tif icially depressed or facilitated by con— OF ACUPUNCTURAL ANALGESIA. (K.) Kroger ,
trolling the frequency of photic stimulus given to W . S. (Inst. Coumpr. Med., Beverly Hills , Calif.).
the eye. The visual threshold , represen ted by the Biolo ~-~e and CZinic :~ ~

‘‘ects o f’ Low-Fre~uenc~ May-CFF (critical flicker frequency), can be increased netic arid Electric Ffelds, ed. B. C. Llaurado , A.
or decreased by control of the f r e quency componen t Sances , Jr., and B. H. Battocl€-tti (Springfield :
of the photic stimulus, indicating that the central C. C. Thomas, 1974), pp. 220—226.
nervous function is directly related to the frequency
of light. It was found that CFF could be controlled As yet no rationale for acupuncture has been validat-
in a facilitative or inhibitory way accord ing to the c i .  Many successful surgical operations have been
polarity of a DC high vol tage field , and tha t AC pertormed in China with use of acupunctural analgesia
fields influenced the CFF. In current experiments , (A.A.). There are subtl e effects from the cultural
the e f f e c t of the f r e quency componen t of the photic factors particular to China , a regimented society ,
stimulus on the CFF was examined . The CFF was al— which aid in A.A .’s success there. Acupuncture be—
ready under the influence of AC and DC positive and comes a kind of operant conditioning. In China , a
negative electric fields. In the first experiment dry run of an operation is often performed by the
it was found that the inhibitory effect of a flick— surg ical team. Such precond it ioning (autogenic
ering light stimulus (CFF — 6 Hz) was neutralized training) helps to eliminate fear and tension. It
by an AC (15 kV) electric field , indicating that helps to block the pain impulses from reaching the
fatigue of the visual system could be avoided by higher sensorium . The twirling needles supplant ¶exposing the subjec t to an AC f ield . In the second verbal or nonverbal suggestions used by hypnothera—
experiment the cancellation effects of photic (CFF pists. There is no proof for the meridians or spots.
± 6 Hz) and DC ( 1 15 kV) electric field stimuli was Acupuncture in the environment in which it is used
investigated. Mo cancellation was seen , indica t ing is the method of choice. More restraint should be
that the photic and electric field stimuli whose used in regard-ng it as a qualified method in the
direc tions were opposite always produce an inhibit— U. S. (17 references)
ing state of function of the visual system. In the
third  ex perimen t , possible enhancement of effects
produced by photic and electric field stimuli with
the same directions were studied. Enhancement of

0649 PHYSIOLOGIC EFFECTS OF CEREBRAL ELECTRO-the inhibi tory e f f ec t was seen , bu t no enhancement
- - of the facilitative effect was found. Thus, the THERAPY CURRENTS . (E.) Rosenthal , S. H.

visual system is inf l uenced by an electric field. (Univ. Texas Med. Sch., San An tonio) and D. F.

An AC f ield can neu tralize excessive func t ioning Briones. Bioiouic and Clinical Eff’e~ts ~f 
Low_ crc_

caused by photic inhibitory stimulus. An inhibitory -7~iency ?-ii ct-/ c’ and Elc-c ’~ ric Fields , ed . J. C. Llaura—
DC field can enhance inhibitory states caused by do , A. Sances, Jr., and B. H. Battocletti (Sp ring-

field: C. C. Thomas , 1974), pp. 227—230 .pho t ic inhib itory st imulus , bu t does not cancel
e f f ects when pho t ic and elec tric f ie ld  stimuli of
opposite direction are used . (2 references) In treatment of patients with cerebral electrother~ipv

(CET) many experienced a transient mild euphoria
and/or  marked increase in sexual l ibido dur ing the
course of treatment. This suggests that CET may act

0647 A WESTERN VIEW OF ACUPUNCTURE . (F.) by direct stimul~ tion of the hypothalmus and/or p1—
Shealy, C. N. (Pain Rehabil. Cent., ~ tuitary area and may cause hormonal and biochemical

Cross e , Wisc.) and A. Prieto , Jr. Biologic and Cli~— changes . A series of p i l o t  hormonal screening tests ,
i-’~l Effects of Tenw-Prequcna~ Magnetic and Elec t ric including evaluation of serum thyroxine and serum
Fields, ed. J. C. Llsurado , A. Sances , Jr., and j. T—3 resin uptake and 24 hr urine catecholamines and
H. Battocletti (Spring field: C. C. Thomas, 1974) ,  17—ketosteroids , were performed . CET was g Iven daily
pp. 211—219. fo r 30 mm at a frequency of 100/sec and 1 msec pulse

d u r a t i o n .  Serum t h y r ox i n e  m d  T-3 res in  up t ake  level
Mo correlat ion of neurop hysiological  pathways has were drawn on 41 sub l ed -i (20 males , 21 f e m a le s )  p r i o r
been made with appropriate acupuncture points; how— to their firs t trettment and following 5 standard
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treatments. A definite transient rise in serum thy— two bones of the lower leg. Constant voltage pulses
roxine was observed , but no significant change in stimulated the nerve , with a fixed monitored force of
T—3 resin uptake was seen. Of 20 males, 10 had ri ses con trac tion , voltage , and current. Unrectified and
of 0.5 pg 1 or more while 10 had no appreciable unfiltered RF pulses were completely inadequate.
change. For 21 females the number of positive and The three rectified waveforms produced the same force
negative changes was not appreciably different. Six of contraction if the average voltage remained the
males under 40 yr old were used in a study to measure same , but the unfiltered waveform required 2—3 times
24 hr urinary catecholamines and ~7—ketosteroids. more energy than the filtered one. On the other
Twenty—four hr urines were collected prior to begin— hand , f il ter ing required an extra capaci tor and us ing
ning a course of CET and repeated 1 wk later after a the unf i l t e red  waveform reduced the size and cost of
series of 5 CET. All 6 subjects showed increases in the rec:iver , increased reliability, and simplified
urinary cathecholamines , with the average reading manufacture . Long term testing is needed to deter—
rising from 23.9 to 48.7 pg 1/24 hr (p ~ 0.02). The mine tne chronic effectiveness and safety of an Un—
average levels of 17—ketosteroids rose from 18.5 to filtered vaveform on nerve tissue. (10 references)
25,6 ng/24 hr. These studies indicate the presence
of definite physiologic changes and suggest the pos—
slbi litv of a simple nontraumar ic hypothalamic
function test for neuroendocrinologists . Additional 0652 IN VIVO ELECTROPHYSIOLOGY OF TENDONS AND
s’:udies are underway. (4 references) APPLIED CURRENT DURING TENDON HE~LING .(K. ) Kappel , 0. A. (Kansas Univ . Med. Cen t . ,  Kansas

City), S. Zilber and L. D. Ketchum . Biolcaic and
Clir, ioal Ef f e c t s  of Low-Frequeno~ Magnetic and Elec—0650 SURFACE ELECTRICAL STIMULATION (TRANSCU- tri o Fj e ’ i c , e d . ,  B. C. Llaurado , A. Sances , J r . ,  and

TAMEOUs ) FOR THE RELIEF OF PArN . (K.) J. H. Battocletti (Springfield: C. C. Thomas , 1974),
Burton , C. (Temple Univ. , Ph iladelph ia , Pa.) and 0. pp. 252—260.
Maurer . BIologic and Cl/n/al Effects of Low-Fre—
~7~crOy -rrzotic and Electric Fie/d.s, ed. B. C. Llaura— In hand and extremity injuries , tendon repair is
do . A. S~nces , Jr., and J. H. Battocletti (Spring— basic. As tendons are almost entirely collagen , the
field : C. C. Thomas , 1974), pp. 231—240. strength of healed wounds parallels the orientation

and organization of collagen bundles in the healing
A transcutaneous stimulator and electrode system was i n t e r f a c e .  Mongrel 25 kg dogs were anesthesized and
developed that allowed a high degree of pain relief , the flexor profundus tendon in the first digit of
In designing the system , the major concerns were each hind paw was isolated. Two electrodes were at—
s a f e t y ,  e f f i c a c y ,  human engineering, reliability, and tached to each tendon 2 cm apart and electrical
cost .  The electrode system which was developed con— measurements were per formed dur ing  relaxation , stretch ,
sisted of a silver loaded acrylic emulsion painted on after transection and repair , and after wound closure .
the skin. While wet , a small carb on impregnated In some dogs the electrode wires were then a tt ached
silicone pad was placed over the paint. A small con— to an asymmetrical square wave stimulator supp lying
nector pin could be inserted into a tail in the pad 100 mV , 60 my positive—40 mV negative at 1 Hz for 3
when dry . The epiconductive system is a low impedance , hr/day, 5 days/wk . Healing was evaluated with he—
highly comf ormable , low profile transcutaneous maloxylin—eosin stain. Spe cif i c  electrical proper—
elec trode which is hypoa l l e rgen ic .  In tes ts  on over t ies in tendons previously seen in vitro were con—
100 chronic intractable pain patients with various firmed in vivo. Resting differences of potential of
etiologies , the system had value in relief of pain. 7.5 aV were recorded along the longitudinal axes of
(11 references) the tendons. These resting potentials increased

dur ing active elongation and shortening and disap-
peared almost entirely when the tendons were severed .
This e f f e c t may contribute to the realignment and

065~ FILTERED VERSUS UNFILTERED RF ENERGY FOR even tual organization of collagen in the healing
NERVE STrMULATION . (K.) Friedman , Ii. tendon. The change in the resting potential when the

(Medtronic , Inc., Minneap ol is , Mints.) and T. Wi1 tendon is severed and repaired may be correlated with
h ams. Biologic and C~’/ nical Effcc’ta ~f li w-Pre— healing and return of strength and may serve as a
quenc ’,y Magnetic o~-i Electric FieZ-l:- , ed, J. C. guide for initiating rehabilitation. (6 references)
Lla urado , A. Sances , Jr . and J . H . Battocletti
~Spr ingfield : C. C. Thomas, 1974), pp. 241—251.

Th is study was conducted to determine if the square 0653 WORKSHOP ON MAGNETIC-ELECTRIC FIELDS AND
• waveform , used to stimulate peripheral nerves, is ENVIRONMENT . (K.) Franklin, D. L. (Scripps

necessary . Four different waveforms were tried ex— Clin. Res. Found., La Joll a, Calif.) and J. B. Beal .
perimentally: unfiltered and unrectified RF burst , Biolog fc’ and Cliii/c’a7- Ef , -’ -cts of Low—Pr,’cj~ienc~ •t-~ac-RF half wave rectified and ulfiltered , square wave net/c’ and Electric F iei’- - li ’ , ed. B . C. Llaurado , A.
rec t i f i ed  and f i l tered , and RF full wave rectified Sances , Jr ., and B. H. Battocletti (Spring f ie ld :
and unfiltered. A bipolar lead was wrapped around C. C. Thomas , 1974), pp. 321—328.
the sciatic nerve of dog. The Achilles tendon was
exposed and released from I ts insertion on the dog ’s Four broad problem areas were identified as pertain— - -

~
calcaneus . The tendon was wired to a strain gauge ing to magnetic—electric field frequencies from DC
force transducer In such a position that the muscle to the MW range. No priority could be established
and tendon contracted isometrically parallel to the for any one area as they are closely interrelated ,
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and it was recommended that they be developed con— ceases. The lowest priority should be given to
currently. Area one defines critical unsolved prob— prospective and retrospective epidemiological studies .
lems: the lack of instrumentation to measure field Joint biologic , behavioral , and engineering research
effects and the responses of biologic systems , the teams are nec essary for a successful program.
lack of detailed information on environmental ef— (No references)
fects parcicularly i~i reg ions other than the MW area ,
the lack of models and standards requ ired by comp lex
interacting variables , and the lack of educational
and communication needs , including interdisciplinary 0655 WORKSHOP ON BIOLOGICAL EFFECTS OF ELECTRIC
curricula. Area two defines a priority list of prob— CURRENTS : ELECTRICAL STrMULATION AND THER-
hems : method development , establishment of a range APY . (K.) Shealy, C. N. (Pain Rehabil. Cent., La
of system variati9ns , determination of physical mech— Crosse, Wisc.) and A. Remond . Biologic and Clinical
anisms for variations , and de f in ition of f i eld ef -  Effects of Low—Frequency Magnetic and Electric Fields,
fects on living systems. The third area identifies ed. B. C. Llaurado , A. Sances, Jr., and B. H.
researchers and institutions capable of handling Battocletti (Springfield : C. C. Thomas, 1974),
these problems and identifies qualifications needed pp. 334—337.

* in this research. Area four defines the criteria
for evaluation of research proposals. These include The widest chronic use of electric stimuli has been
coapetent researchers , evaluation of scientific in the field of cardiac pacemakers, and the major
merit of work, imaginative solutions , clearly defined concern ir this technique is the lack of a standard—
al ternat ives , and judgment of whether special recog— ized approach to their use. In other uses, electri—
ni t ion of broad implications of the biolog ic effects cal stimulation includes transcutaneous stimulation ,
of ~ f fields is present. (5 references) which is at least partially effective in acute and

chronic pain 75% of the time. Implantation of RF
activated stiisulators around peripheral nerves has
had significant effectiveness in controlling pain ,0654 WORKSHOP ON SOURCES AND SAFE LEVELS OF

ELECTRIC AND MAGNETIC FIELDS. (E.) Kahn , 
as has dorsal column stimulation. Brain stimulation
by totally implanted units has shown intriguing

A . R. (Medtronic , Inc., Minneapolis , Minn.), 0. A. success in the initial trials. Recommendations for
Miller and E. Postow . Biologic and Clinical Eff cots further studies include: (1) hazards  of long term
of Low—F’requenc~,i Magnetic and Electric Fields , ed. stimulation; (2) evaluation of electrodes ; (3) great—
J . C. Llaurado , A. Sances, Br., and J. H. Battocletti er knowledge of effects of electrical energy ; (4)
(Springfield: C. C. Thomas , 1974) , pp. 329—333. systematic exp lora tion of effec ts on body systems

other than the nervous; (5) potential application
The development of society has paralleled the utili— to other disease processes; (6) better diagnostic
zation of energy,  much of which is in the f orm of tools for a variety of illnesses ; (7) controlled
electricity. It is necessary to examine the possible randomized studies in the clinical use of electro—
effects of the electric power distribution system therapy; and (8) investigations to understand whyand other sources of low level elec tr ic and magne tic therapy fails in some patients. (No references)
f ie lds  on b iolog ical systems . Only that portion of
the frequency spectrum below 1 kHz is considered.
No subs tantial evidence has been given to show that
low frequency electric fields produce any delete-
rious e f f ec ts on humans , but the possible need for 0656 INDUCTION THERMOCOAGULATION OF THE BRAIN
safety standards should be investigated. To do this, QUANTITAT~ON OF ABSORBED POWER. (K.) Lin ,
the f i r s t  step is to f ind  biological effects believed B. C. (Dep. Rehabil. Med., Bioelec tromagn. R7es. Lab.,
to be caused by these fields. Then the threshold Univ. Washiagton Sch. Med., Seattle) . IEEE Trans.

- - - of the effects in tarms of frequency, power , and Bioned. Cn,;. BME—22(6):542—546, 1975 .
• other unique characteristics should be determined ,

and the ~otential hazard to humans evaluated. The RF electromagnetic field induction has been suggested —

time course of the effect must be determined and a as a simple , controllable , and repe atabl e technique
decision made in regard to safety standards of the to produce brain lesions . The procedure involves im—
EM field. A system of p rior it ies of possible CM planting a small metal seed in the brain and then in—
hazards is recommended : (1) high voltage 60 Hz traducing the head into an KY EM induction field. The
electric fields; (2) high voltage DC electric fields; seed is heated by the external field to produce a
(3) 60 Hz magnetic fields produced by buried super— cerebral lesion. There is a lack of quantitative in—
conducting transmission lines; and (4) 16 2/3 , 25 , forma tion regard ing the amoun t of power absor pt ion by
50 and 400 lIz fields. Other areas to consider are the seed , the degree of tissue temperature elevation ,
airpor t magnetic detection systems and library and and induction heating of other tissues of the body .
department store merchandise detection devices . If A theoretical model was designed to stud y induction
a biological  e f f e c t does exist , it will be very sub— thermocoagulation as related to applied field strength ,
tie , so multiple Stress experiments , psychological, tissue electrical properties , and tissue geometry .
and behavioral experiments are strongly recommended The model is a cylindrical metal imp lant inside a
along with the use of human volunteers and chronic spherical head containing homogeneous brain tissue
studies. Classical biological experiments should throughout the sphere. Without any foreign object ,
be used only after an effect is demonstrated to the power deposition inside the sphere is a function
investigate the mechanism of interaction and to of radius squared , increasing quadratically with dis—
unders tand the inf luence of EMR on biolog ical pro— tance away from the center. When a small cy l i nd r ical
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meta l  imp lant  is in t roduced , i t  may be assume d tha t  Magnetotaxis , a bac ter ial response to magnetic f ie lds ,
the induced current in tissues surrounding the im— has been found in at least 5 morphologically distinct
plant is unaltered. Calculations were made for an types of bacteria in the vicinity of Woods Hole ,

~ It i~ found that power deposited in the metal im— unit membranes arranged as vesieles about the pen —

imp lant with a 1.0 mm radius and 5.0 mm length. Mass .  The cells were characterized by two chains
Properties of the implant are that of 430 stainless of 5—10 electron—opaque crystalhike particles found

* steel and a 1 MHz operating frequency is chosen, to be internal cell components. The crystalhike
The conductivity of the brain tissue is 0.263 mmho/m. particles were often found within intracytoplasmic

plant is at least 2 orders of magnitude higher than phery of the celia. The tendency of these particles
that deposited elsewhere inside a 10 cm radius sphere . to clump when outside the cell is consistent with
It is t h e r e f o r e  possible to hea t  the  the rapeu t ic  the possibility that they may be a permanently mag—
implant selectively. The power absorption through— netic substance. Within the particles , iron was
out the head is highly dependent on location , so it the predominantly detectable element. Freely sus—
may be possible to orient the head with respect to pended killed cells frequently formed chains of up
the applied magnetic field to shield heat sensitive to 10 cells which acted as a single dipole in re—
areas . The problem of thermal consequences and sponse to changes in the position of a nearby per’-

• tissue degeneration as a result of elevated tempera— manent magnet . Studies of the behavior of living - -

ture are not discussed. (12 references) and dead cells in uniform and nonuniform fields
should contribute to an understanding of the magneto—
t ac t i c  mechanism. (5 r e f e r e n c e s )

0657 NON-THERMAL RADIOWAVES AND GENETIC DAMAGE
IN DROSOPHILA MELANOGASTER. (K.) Mittler ,

S. (Northern illinois Univ., DeKalb). - --1utat. Rca . 0660 PERCUTANEOUS RADIOFREQUENCY DENERVATION OF
3l(S) :316 , 1975. SPINAL FACETS. (K.) Shealy ,  C. N. (Pain

Rehabil. Cent., S. C., La Crosse , Wisc.). J. Ne.aro—
Adult Drosophila males were exposed to raaiowaves suy’!. 43(4):448—45l, 1975.

produced It frequencies commonly used by amateur
radio operators and various stages of spermatogenesis A technique for RF localization and coagulation of

were tested for genetic damage. One group was ex— articular nerves supplying the spinal facets , based
posed fo r  12 hr on the antenna of a 20 w t r a n s m i t te r  on Rees ’ closed surgical pr ocedure , was developed .
to 146.~~ MHz r a d i a t i o n  at 62 .5  V/rn , and the second Following localization of puncture points under

• group was exposed for 12 hr to 29.00 MHz radiation f luoroscopy and local anesthesia , No. 12 gauge thin—
from a 300 11 transmitter . When testing for chrorno— walled needles were introduced and a thermistor
some loss and non—disjunction , no genetic damage electrode (19 cm x 1.2 mm diameter) was inserted
due to rzcdiowave exposure  was seen. (No r e fe rences )  through one of the guide needles . After radiographic

and electrical confirmation of desired electrode
position , the RF generator was act ivated and the
lesion temperature was raised over a 1—2 ruin period

0658 A NOTE ON EMP SAFETY HAZARDS. (K.) Guy, to 8G C with maintenance for 150 sec. The procedure

A. W. (Bioelectromagn. Res. Lab., Oep. was repeated at other involved levels after which

Rehabil. Med., Univ. Washington Sch. Med., Seattle). the patient returned directly to his room , rested for

IEEE Trans. Biorned. Ens. BME—22(6):464—467, 1975, 2 h r , and was then encouraged to start spinal exer-
cises. Pain relief was usually obvious it comp letion

EMP is a unique energy source which can produce far of the RF lesions. The 207 patients followed for at
least 6 mon were divided into 3 groups: (1) 57 who

greater field strengths in man than can be produced
by most sources of EM energy even though the absorbed were previously unoperated . (2) 60 who had u n d ergon e

energy density may be smaller. This is due to the previous operations without fusion , and (3) 90 pa tien ts -

* 
relat ively fast rate of change of field of the ~~~~~~ 

who had undergone operations with spinal fusion.

In this case, if concern is with limiting maximum 
Patients on follow—up were asked about how much of the

field strength induced within the tissues , the time time they had pain , severity of pair , inhibition of

rate change of field is more important than the pulse— 
phys ical activity, drug usage , and personality effects.
No neurological compli cations were seen in thesewidth. The rise time , t,~, is the most important in

* 
terms of magnitude of the induced field , peak ab— 

patients. For those in group 1, 79% achieved re lief

sorbed power density, and the energy density deposi— 
of pain , 41% in group 2 , and 27% in group 3. Most

tion. At this time the EMP safety standard cvi be late failures had a return of pain within 1 mon after

based on previous experiments with man ’s exposur e the procedure. The high failure rate in groups 2 and 3

to typical radar pulses under the limitation of the 
is related to the extensive scarring , oft en coupled

ANSI standard (10 mW/cm2) rather than relying on 
wi th arachnoiditis , seen after so much surgery . This

the def inition of the upper limit of the electrical proc edure is simple and sa f e  and of f e r s  relief when

field intensity (k1~ ~- 94/(t0)½ V/rn) which has 
there is no comparable alternative therapy . (9 refer—

appeared in the ~~~~~~~~ ,- ReJister. (4 re feren ces) ences)

0661 A CASE OF PROLONGED, REVERSIBLE DEMENTIA
0659 MAGNETOTACTIC BACTERiA. (K.) Blakernore, ASSOCIATED WITH ABUSE OF ELECTROCONVULSIVE

R. (Woods Hole Oceanogr . Inst., Mass.). THERAPY . (E.) Regestein , Q. R. (Div. Psychiatr.
Science 19O(4212):377—379 , 1915. Dep. Med., Peter Bent Brigham Hosp., Bos ton , Mass.),
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Biological Ef f e c t s  f le e  tronlagnetic
C U R R E N T  L I T E R A T U R E  Radiation ( ( ( 4 ! . December 1915

B. B. Murawsk i , and K. P. Engle. J. ‘ko’ . t~~ t. 
Ut ah , Sal t Lake City). J, i/ç~’ -.).owave Power l O ( 3 ) :2 4 9 —

?ic. l61(3):200—203, 1975. 250 , 1975.

Confusion and amnesia following electroconvulsive Bioeffects research data , in terms of irradiation
therapy (ECT) usually lasts only a few weeks and conditions , must be presented in a form suitable for
clears completely thereafter. However , in some comparison and evaluation. It is recommended that

• cases, memory disturbances may persist more than a radiation conditions be reported in terms of the
year , particularly when large numbers of treatments average and the localized absorbed W/k g in the samp le .
are administered. There is much diversity of opinion With flits data it will be possible to extrapolate
about the number of ECT treatments indicated for meaning fully to man for direct use in reassessing
psychiatric patients. A 57—yr—old housewife comp lained safety standards. The specific absorption rate (WIkg)
of abdominal and epigastric discomfort and insomnia, in the tissue , PL, is given by PL=(o/2P)E.E* where a
Her initiative deteriorated and she became inadequate is the tissue conductivity at the irradiation fre—
at housework. Medical examination of the abdomen and quency, p is the t issue d e n s i t y ,  and C is the el citni c

* 
upper CI tract were- unrevealing and she was referred field strength in the tissue. Conventionall y u/kg is
to a p s y c h i a t r i s t .  ECT was given 3 times a wk for measured in tissue by calorimetry , using the-roegraphy
2 mon . then 2 times a wk for 1 mon. She was dis— techniques or making point measurements of tempera—
charged on arnobarbitone and given ECT once a wk for tore rises with nonperturbing temperature probes.
2 yr. She did no housework , slept , ate , and watched If the rise is linear with time , PL~4l86c:T/ ,t where
television all the time , had no initiative or spontan— C is the tissue specific heat in cal/g C , •~ t is the
city, and sh- - -~ -d a profound memory d e f i c i t .  Eventually duration of radiation in seconds, and P~~W/kg. it
an independent assessment was done despite warnings is strongly recommended that irradiation conditions
from tier first psychiatrist , and ECT was stopped . She be reported in terms of average and local W/kg.
was reassessed monthly and drugs were graduall y with— This information may be inferred from the following
drawn . Over a period of months she began to converse , d a t a :  (1) sgecification of the incident wave intens—
senserium proved clea rer , and fitful sleeping and pain ity in mW/cm~ if the radiation is planewave with
r e tu rned .  Eleven mon after cessation of ECT anti— E/H=377 ; (2) description of specimen shape , dimen—
depressants were administered which relieved the sions , electric properties , and orientation with
remaining symptoms. Weekly ECT had caused a dense respec t to E and H; and (3) description of specimen
impairment in memory al though lack of a clear history irradiation apparatus , sp ecimen placement , presence
and mental status at the time of first presentation of reflecting objects , etc. W/kg is the only common
makes careful diagnosis of the ori g ina l  condit ion ground by which biolog ical e f f e c t s  research can be

• impossib le . (18 references) compared , evaluated and utilized intelligentl y in the
establishment of an irradiation safety standard . (No
references)

0662 SOME BIOCHEMICAL AND CYTOLOGICAL OBSER-
VATIONS ON THE EFFECT OF NONIONIZING

(MICROWAVE ) RADIATION . ( ‘- ‘ .) Dwivedi , R. S. (Dep. 0664 NON INVAS IVE MICROWAVE MEASUREMENT OF RESPIR-
Bot., Howard Univ. , Washington , D.C.), S. Ogunwuyi , ATION. (K.) Lin , B. C. (Dep. Eiectr . Eng.,
and i,’. McC leod .J . C O Z  2~~~ . 63(2):90a, 1974. 

Wayne State Univ., Detroit , Mich.). ~~~‘* ‘ .

63( lO ) :1 530 , 1975 .
The effects of 10 mW/cm 2 2450 MHz continuous and
pulsed r a d i a t i o n  on rabb i t s  were studied . Resu l t s  A techni q u e u s i n g  MW radiation to measure rcsp i r c t e~ry

showed a decrease in levels of lactate dehydrogenase movements of man and animals was developed . Radia—
(LDC) , glutamic oxalacetic transaminase (COT), and tion (10 0Hz) from an X—band standard gain horn is
a lka line phosp hatase ever a 2 wk period of chronic di rected toward the chest of the  sub jec t  and the  cc—
r a d iat i o n .  Levels of -c—i g lobu l in  and a—2 g lobulin f le c t i o n  is d e t e c t e d  and compared t o  the transmitted
were elevated although total protein , albumin , and wave to give resp iratory information. The method is
f— g l o b u l i n  remained cons tan t . There  were s t r i k i n g  simple , noninvasive . and requires no contact with
changes in the LOll isoenzymes of the serum and the subject. Problems such as skin irritation. re—
testes. Severe damage to testicul ar cells was seen . striction of breathing, and loose electrode connec—
including comp lete degeneration of tubules and leydig tions are eliminated , and use of ratio measure-rents
cells. The damaging effects were at least practical— make -ascillati ’r frequency unimportant. (2 references)
ly reversible if the animals were allowed to recover
for several wk. There was little difference in ef-
fects due to continuous pulsed radiation m di—

• cating that damage was not only thermal. The re— 0665 EFFECTS IN RODENTS OF A 1-MONTH EXPOSURE TO

suits suggest that MW radiation is capable of pro— MAGNETIC FIELDS (200—1200 GAUSS). (K.)
ducing serious alt er-tions in the metabolism f Nahas, C. C. (Dep. Anesthesiol , Pathol., Coil. Phys—

various key proteins , especially after prolonged ex— icians Sung., Columbia Univ., N - v  York , N.Y .), H.

posure. (N” refe rences) Boccalon , P. Berryer , and B. Wagner. Az ’~a~ ., Sraoi- ,
Environ. McE. 48(9) :1161—1163 , 1975.

An i nves t i ga t i on  was pe r fo rmed  on the e f f e c t s  of con—
0663 RECOMMENDATIONS FOR S P E C I F Y I N G  EM WAVE t i nuous exposure t c *  200—1200 C magnetic fields.

IRRADIATION CONDITIONS IN 8IOEFFECTS RE- M icrosce-pic observations were made of the capillaries
SEARCH . (K.) Johnson , C. C. (Pe p. Bioeng., Univ . of tire mesoappendix of rats exposed t o  a 500 C field ,

20

_ _ _ _ _ _ _  
- 

- --
~~~~~~~~ 

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



-

I

Biological Ef f e c t s  Else tronlagilete
RaO cr ,,rr (/4 • December 7975 C U R R E N T  L I T E R A T U R E

and a systematic histupatholog ical study war; performed infections . The latter group included 25 patients
of the major organs of rats exposed to magnetic fields with pyogenic bacterial infections , 30 with pulmo—
of 200—1200 C for one mon. (ages containing 3 rats nary tuberculosis , 29 with leprous infections , 20
each Were placed in a median position between 2 mag— with measles, and 7 wIth cerebral malaria. Plasma
nets so as to obtain a homogeneous r- .cgrre ttc field intaining leukocytes was exposed to a magnetic
around the cages. Tiirec- control rats and 3 groups field ranging in intensity from -‘*700 to 6300 gauss
of 3 rats were exposed to 500 C for 6, 12 , and 30 (mean 5500 gauss) for 3 hr at a temperature about
daY s , reap. Following exposure - , capillary circ ccla — 4 C above room temperature. After exposure to the
tion was observed ‘Soc in the rncsoappendix using magnetic field , the phagocytic index (ratio of the
160x magnification. These capillaries were normal number of phagocytized yeast cells to po lynu clei r
anc showed no intravascular thrombosis regardless of neutrop hils) remained unchanged in 13 and increased
ex rosure duration. Four groups ct rats we-re exposed in 36 of the controls. No correlation was found
fc  r 28—32 days to 0, 200 , 400 , and 1200 C fields , between adhesiveness and ph .cgocytosis. Among the
Trey were weighed before and after exposure and 24 1cr patients , exposure to the magnetic field increased
- m e  specimens were collected following c- x(r ;sr;re . the phagocytic index in patients with pyogenic bac—
l’ ernt’ —four hr after c-x p r s r l r r - , blood samples were ton al infections. The phagocytic index decreased
taken and all animals were sacrificed. Rats exposed significantly after exposure to the magnetic field
to the magne t i c  f i e l d  gained s i g n i f i c a n t l y more tat in patients with pulmonary tuberculosis and cerebral
than controls. This Ut gain was apparentl y related malaria but not in those with leprous infections .
to field intensity. Final wt of brain , thymus , In patients with measles , the phagocytic index re—
spleen , kidney, heart , liver , and testes was also mained unchanged in 13 and decreased in 7 after
significantl y higher in exposed rats. Adrenals , exposure to the magnetic field. It is hypothesized
ovar ies , and lungs  had the  -c am e final wt in all t h a t  the  magne t i c  f i e l d  a c t s  on DNA , p a r t i c u l a r l y
groups. T i r e - re  was no alter ation in the vascular bed , on regulatory genes. (9 ref e r ences)
no Intravascular thrombosis , and no pathology of the
art ery walls in any group. Pneumonltis was found in
a l l  S~~~i d g c  ~~j  ~ d~~ en congestion 

0668 COMBINED EFFECT OF A UNIFORM MAGNETIC FIELD
2/6 control s were congested , 2/4 exposed to 200 c , AND NONION IZING RADIATION ON LEUKOCYTES .

2/5 at 400 0, and 5/5 at 1200 C. No alteration in (Sr. ) Belloss i , A. (Fac.  Med. Pharm., Dakar , Senegal),

•-cdrenal glands , liver , gonads or ONS tissue was found . N . Ouclos , and J. de Certaines . Bull. - -~ -
. , t(~ .

h e r e  were no s i g n i f i c a n t  changes in hematocr i t , W1SC Noire !an~; . 19(3):251—253 , 1974.
count , hemoglobin , or coagul ation time . Exposure to
the highest field used in this study produced no Blood , taken from 85 presumably health y bla ck Af rican
ca s u a l t y  or apparen t  ill  effects . F u r t h e r  studies men , selected randoml y ,  was added to heparin and

are needed of the effects of low intensity fields on allowed to settle at room temperature. Plasma con—

growth and development. (19 references) tam ing WBC was p laced in glass slides holding 2.5
ml and was covered with a cover slip to prevent evap-
oration. One of these slides was placed in a mag-
netic field measuring 4000 to 6700 gauss (meao 5000

0666 THERMAL PROFILES OF NATIVE AND MICROWAVE- gauss) for 3 hr at 6.5 C above room temperature.
IRRADIATED DNA . (K.) \‘arma , il. M . (Em — The control was heated to the same temperature.

Environ. F.ng. Sci., Howard Univ., Washington , B. C.) Both samples were then exposed to radiation from
and E. A. Traboulay, Jr. •Yt~tat. °- -r . 3l(5):334 , 1975 . e mercury—vapor lamp (2302 to 11 ,286 A) at 30 C for

30 ruin. Rad iant energy , measured in the 2537 A
Swiss male mi- c were irradiated for 30 ruIn at 1.7 band , was 2.8 mW/cm 2. A total and differential WBC
0Hz with a power density of 50 mW/cm2 to test for was then performed on both samples and controls.
chemical changes in testicular i)NA. A difference The total WBC was significantl y lower in samples
was seen between control and irradiated mice when exposed to UV radiation alone than in controls. In
measuring hyperchr omicity and melting temperatures samp les exposed to both the magnetic field and UV
of DNA , supporting the possibility that MW irradia- radiation , the decrease was of borderline signifi—
tion causes strand separation. Carefully controlled cance. The differential WBC showed that these de—
experiments are neede~d to determ in ,- tIre degree- of creases were largely due to decreases in polynuclear
genet ic  damage.  (No r e f e r e n c e s )  n e u t r o p h i l s .  No •ljr i r cr e r lt changes occurred in polv—

• nuclear eosinophils. and there were too few i~ol ynuc—
lear basophils and mr ’ ’c’cvtes to draw any d e f i n i t e
conclusions. These changes , wh ich have previously

* 0667 EFFECT OF A U N I F O R M  MAGNETIC  F I E L D  ON LEUCO been reported to occur in Caucasians , art- att ributed
CYTES. STUDY OF PHAGOCYTOSIS. (Pr.) to changes in the structure of proteins and/or

Bellossi , *\. (Fac . Mi- i Pharm. . Dakar , Sent-gal), nucleic acids. (5 referent-os)
0. Duclos , and C. Bellos si. °YZ. .1cc. t i. ,

~~~
y .

Noire Lang. Fp 19 ( 2 ) : 1 92 — 1 9 5 . 1974.

The e f I e  t of exposur e to *1 uniform m a g n e t i c  f I e l d  0669 EFFECTS OF A U N ] F O R M  MAGNETI C F I E L D  ON
on phagocytosi s  of n o n v i a b l e -  ce l l s  of baker ’s yeast  S E R U M  AND PLASMA . ELECTROPHORETIC STUDY
by leukocytes was s t i l t e d  in blood samples taken OF THE PROTEINS. (Pr.) Bellr’ssl , A. (Fac. Med .
f rom 69 randomly selected , presumably normal black Pharm., Dak i r . Senegal) and 1. Demaille. Bn j- . ;oc’.
African males and from pat ien ts with a variety of i-( i. A :r. h ir, ’ Lang. e-. 19(3):275—27t~, l’t 7~~.
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Bcoiogical E f f e c t s  Else ti-ornapo etic
CURRENT LITERATURE Radiation 1 / 1 4 ;  December 1975

— Blood or p lasma samples , taken from randoml y selec ted , 0671 EFFECT OF PULSED ELECTRICAL DISCHARGES
apparently healthy , bl ack A f r i can males, were div ided IN MICROORGANISMS IN WATER. (R uB . )
into 3 parts. One was p laced in a uniform magnetic Pavlovich , S. A. (Kali nin Med. Inst., USSR), C. P.
field measuring 4350 tq 5900 Oe (mean 5100 Oc) for Osipov , P. P. Tofilo , and N. I. Voronkina. 7~cj.
3 hr at temperatures of 25 to 33 C (mean 29.5 C). ~7ccSt . (8):1IO—llI , 1975.
The second was placed in an oaen at the same temper—
ature , and the third served as a control. The 3 Suspensions of Esoherichia cc!-! , c r h :1 Zocc~ *cao ace- -
samples s-r e - subjected to electrop horesis on the e:cc , and ha-r- !~ lus anthracis In sterile tap water

— 
same strip of Phoroslide Millipore with pH 8.6 vero— were exposed to high—voltage (50 kV), pulsed (1—2/eec),
nal buffer having an ionic strength of 0.075 for 20 electrical discharges (capacitance 0.1—0.3 uF).
mm at 100 V . After staining with scarlet 5, pro— Bacterial suspensions were placed in airtight , stain—
tein determinations were performed densitometrically. less steel cylinders with two openings: the opera—
Using this method , protein determinations were per— ting elect rrrde was immersed in one and the other was
f ormed on 2 3 serum and 21 plasma samples. Except covered with a tube for a pipette so that samples
for the 8 band in plasma , which included 8—globulins could be removed after exposure to 1—120 Successive
and fibrinogen , there were no significant differ— pulsed discharges. These high—voltage , pulsed elec—
ences between p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  ob— t r i ca l  discharges had an a n t i b a c t e r i a l  e f f e c t .  When
t a m ed f o r  samples exposed to the magnetic field a suspension containing 2 m i l l i on  K. o h  in 1 ml
and those heated in the oven. A comparison of the tap water was exposed to one such discharge , 201
mean percentages of proteins revealed that all serum of the bacteria were killed; 10 impulses killed 84.61,

— globulins decreased and serum albumin increased after and 20 impulses killed all of the bacteria. B. an-
exposure to the magnetic field . However , the 8 band thr’acis was even more sensitive : one pulsed dis—
was denser in t h e  exposed plasma samples than  in charge killed 91% of the bac te r ia  and 10 discharges
the controls , while no appreciable change occurred killed all of them . Further experiments demonstrated
in the a 1 band . No differences were observed in that bacteria suspended in distilled water were more
migration of serum albumin. If an ellipsoidal model sensitive to these electrical discharges than those
is hypothesl:’ed , the changes observed could  be ac— suspended in tap water , while bacteria suspended in
counted for  by a decrease in the asymmetry of serum saline solut ion were h ighly  r e s ist aat .  Exposure of
globulins and an increase in the asymmetry of fibrir,— river and tap water to high—voltage pulsed electrical
ogen after exposure to the magnetic field. discharges (capacitance 0.1 iF) revealed that tap
(5 reforences) water was comp letely sterilized by 20 discharges ,

but it required 60 discharges to kill 92% of the
bacteria in river water. This is attributed to the
higher bacterial count in river water and to the

0670 PR~ I IMTNARV CT 110 ti c T high concentration of salts and organic impurities

c-raer MA(’,JrTTI. ~~ 
°ri 

H E ~ OF CON- wh ich greatly reduce the antibacterial action of
-
~~ N u I L I S .  hig h vo l t age , pulsed e lec t r ica l  d i scharges .

- - - c . )  Be l lossi , A . (Fac. Med. Pharm. , Dakar , Senega l) (6 references)
and Cas te t s .  Bue! 3c r . -‘-Ssd - No —r e Lii . ~r.19/ i ) : 3 4 2 — 3 4 5 , 1974.

The ability of Proteur mSc~t 1 rj l j o  to ferment glycerol , 0672 STUDY OF THE BIOLOGICAL EF FECTS OF PROLONGED
ar~ b irrose , ribose , xylose. galactose . glucose , fruc— EXPOSURE OF RATS TO MICROWAVE RADIATION
tose , trehalose, and N—acety lglucosamine was loves— HAVING I N T E N S I T I E S  OF 5 TO 50 mW/c m 2 . (Ser.)
ti goted in the APT system 50 after app lication of Bordevic , Z .  (Inst. Aeronaut . Med., Zeunun , Yugoslavia).
a magnetic field measuring 3700 to 4500 gauss (mean Vojnasanii. Preg h. 32(l):Sl—53 , 1975.
4150 gauss) fo r  2 hr at a mean t e m p e r a t u r e  of 30 C.
Controls were incubated for 2 hr at  room t e m p e r a t u r e  Exper iments  were performed on 480 male Wistar rats
(mean 23.5 C). No statistically significant differ— that were divided into two groups and exposed to:
ences were found after 24 and 48 hr incubation in (1) 10 doses of MW radiation (5—50 mW/cnc~ for 2hr/—
API sys t em 50 tubes  at 37 C. Fermentation of gly— day) or (2) a single dose of 5—50 mW/cm2 for 2 hr.
cerol , D(— )-fructose , and nibose  was i n i t i a l l y  more The f r e q u e n c y  of the MWs was 2400 MHz and the wave—
rapid in cultures exposed to a magnetic field , but l eng th , 12 cm . Body weight and t empera tu re  were
fermentation of glycerol and O(—)—fructose was the measured , and d if f erential blood coun ts and op h t h a l —
same In expe r imen ta l  and contro l c u l t u r e s  and nIbose mological examinat ions were performed before and
fermentation occurred more slowly in experimental after exposure of rats in group 1. These animals
cultures after 48 hr. After 24 hr incubation , D(+)— were then p laced I n a chamber under c o n d i t i o n s  s i m u —
xylose , galictos t- , and D(+)—trohalose fermentation lating those found - rt an a l t i t u d e  of 11, 000 ii above
proceeded more slowly In experimental cu l t u r e s  than sea level until they died. Rats in group 2 were
In controls. After 48 hr. no differences were ob— sacrificed after exposure , histol ogical examinations
served In the rate- of xylose and galactoae fermen— were performed on their tissues , and the c,,cctents
tation , wh ile that of trehalose was slower in c-xper— of catecholamines were determined in their brains
im ent ti cultures. The fermentation of D(—)—arablnose , and hearts. The threshold dose which produced sig—
D(— — fructose , and N—a cetylg lucosamine proceeded at nificant changes in the bialog li -a l parameters mea—
identical rates after 24 hr , but fermentation of surerd was 10 mW/cm 2. Exposure ‘if r a t s  to th i s  dose
ll(-i—arabtno se and D(—)—fructose was faster and that for 10 days increased rectal and axillary temper—
of N—ai- i- tylglucosamlne was slower in experimental atures and produced leukopeoia accompanied by rela—
cultures after 48 hr. (11 references) tive neutrophilia and l vmphopenia . The extent of
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Radiati on !fl 4; December 1975 CURRENT LITERATURE

these changes increased with increasing doses of Sec apart. Rats were divided into two groups and
radiation . No changes occurred in the number of were exposed : (1) fo r  3 h r/ d a y  over 10—15 days or
ery throcytes or platelets or in hemoglobin levels (2) for 30 mm /day over 1—6 months .  Pronounced mor—
in any of the experimental animals. All rats , in— pholog ical changes occurred in the testes of rats
eluding those repeatedl y exposed to 5 mW/cm 2 or exposed to a field intensity of 72 kit/a for 10 days.
more of r ad ia t ion , also had decreased resistance These changes consisted of interstitial edema , pleth—
to acute hypoxia. The absolute lethal dose for ora , dystrophic changes in cells of the seminiferous
restrained rats was 30 mW/cm 2. Animals exposed to tubules , decreases in the number of sperm cells ,
this dose developed motor excitation , clonic convul— and dystrophy and necrosis of spermatozoids. Similar
sions , and res p iratory collapse and died wi th in  2 changes were observed in rats exposed to 24 kit/rn, but
hr. Immediately before death the rectal tempera— the extent of these changes depended upon the dura—
ture increased to 44 C. Histolog ical examinations tion of exposure. Decreases had occurred in the
performed on rats in group 2 demonstrated that death ribonucleoprotein content of the protoplasm in first
resulted from the thermal effect of MW radiation order spermatocytes , especially dur ing growth and
which caused thermoregulatory mechanisms to fail, division . Damage to forming spermatozoids and sperm—
Peripheral blood changes appeared to result from the atids was more pronounced in the testes of rats in
atressor effec t of MW radiation at intensities of group 2. These cells were swollen and often fused
10 mW/cm 2 or higher. These changes were apparently to form ‘sperm bal l s ’ in the lumina of the tubules.
caused by irritation of the hypothalamus , p ituitary, No spermatozoids were found in most tubules , and
and adrenals. No cataracts or other patholog ical those that were present had undergone dystrophic
changes wer e pr esent in the ey es of any of the cha nges . Ser tol i cell  fun ct ion appeared to be
experimental animals. (No references) relatively unimpaired . The cytoplasm of Sertoli

cells contained li pid granules wh ich are considered
by some invest ig a t o rs to result from phagocytosis
of li pids from residual bodies formed during reduc-
tive division. These changes were most pronounced

0673 THE EFFECT OF UHF ELECTROMAGNETIC FIELDS in r a t s  exposed for  6 mon ths ;  the  tes tes  in theseON THE VIABILITY OF PLEROCERCOIDS OF animals were about half the size of those in controls.
D I PHYLLOBOTHR I UM LATUM. (Eas. ) Romanov , I .  V. (S.  In group 2 , morphologica l  changes were found in r a t s
0. Kirov Med. Inst ., Corky , USSR), ‘1. lu. Ulyanov , exposed to field intensities as low as 2.4 kit/rn.
and Tu. V. Smiroov. Parac~tol. (Yosk.) 43(1): These findings confirm that the testes of rats are
108— 109 , 1974. highl y sensitiv o to low f r e q u e n c y ,  pulsed EMR .

(No references)
Plero cerco ids of ~~~~c - ~- ! - t 2 r ~~cr latum, the f ish
tapeworm , were p laced  in pe t r i  dishes con t a in ing  10
ml physiolog ica l sal ine and were exposed to UHF rad-
iation with a frequency of 39 MHz or 2189 MHz (field
intensity of approximately 30—35 V/rn) for 10 or 60 0675 EFFECT OF ATP AND GLUTAMIC ACID ON OXIDA-
cain and to radiation with a frequency of 2189 MHz T I V E  PHOSPHORYLATION AND NITROGEN METABOLISM
and a field intensity of approximatel y 10 V/m f or IN THE BRAIN AND LIVER OF RATS EXPOSED TO A PULSED
10 or 60 m m .  Unexposed controls lived 2—3 days ELECTROMAGNETIC FIELD . ;~~~r . )  Mish chenko , L. I.
longer than p lerocercoids exposed to the UHF fields. (Kharkov Res. Inst. m d .  Ilyg. Occup. Health , U SSR)
The survival time of irradiated plerocercolds de— and F. A. Kolodub . !kr.  c 3 : r-: . :h. 4 7 ( 4 ) : 5 2 8 — 5 3 l ,
creased si g n i f i c a n t ly w i t h  increas ing  exposure and 1975.
depended on the f r e q u e n c y  and wavelength of the
radiation. To check the viability of irradiated AT? (1 mg/lOO g/day) and glutamic acid (5 mg/lOO
p lerocercoids , 6 irradIated with 2189 MHz for 60 g/day) were injected s.c. into norcirradiated rats

— mm were fed to a dog.  A f t e r  13 days the dog was and rats which were simultaneously exposed 15 times ,
autopsied  and 2 i m m a t u r e  tapeworms were found in f o r  3 hr at each session , to a pulsed EMF ( f requency
the intestine : one was 30 cm long and the other , 7 kHz , f i e ld  i n t e n s i t y  72 k i t/rn ). Controls received
only 1.6 cm long. The l a tt e r  specimen had an ab— 0 .2  m l / d a y  of p hys io log ical  sa l ine .  I r r a d i a t i o n  of
norma l , degenerated strobila. (No references) rats significantly decreased the PlO coefficient by

reducing the rate at which inorganic phosphate was
esterified (by 33% in the brain and by 22 % in the
l i v e r ) .  I n j e c t i o n  of ATP in n o n i r r a d i a t e d  r a t s  sig—

0674 CHANGES IN RAT TESTES CAUSED BY EXPOSURE nificantl y decreased the rate of 0~ 
uptake (by 13%

TO A LOW F R E Q U E N C Y , PULSED E L E C T R O M A G N E T I C  in the  bra in  and by 9~~ in the liver) and significantl y

a FIELD. (i~a c .)  (r strr v s k i v l , I .  S. (Kharkov Res. increased the r a t e  at which inorganic phosphate was

Inst. Ind . Hyg. Occup. Dis.  , U S S R ) ,  I.. N. Yashina , e s t e r i f i e d  in  the  l iver  (by 18%).  This  resul ted  in
and C. I .  Y ev tushenko .  -r-z0 . [1c ~ -c (9):139—142 , a significant increase in the P/O coefficient . How—

1974. ever , a d m i n i s t r a t i o n  01 ATP to i r r a d i a t e d  r a t s  had
no e f f e c t  on 02 up t ake  and phospho ry l a t io n  in e i ther

His to log ica l  examina t ions  and I t i st o c h e m i c a l  s t u d i e s  the b r a i n  or liver. This may be due t o  changes pro-

of ribo— and deoxyribo—nuc leoprotein were performed duced by irradiation in the structure of the mito—

on testes from 150 albino rats which had been exposed rhondr lal membranes . In~ e~~tion of glutamic acid

to a low f r e q u e n c y  (7 kH z)  pulsed F.MF. The f i e l d  i n t o  i r r a d i a t e d  r a t s  increased the r a t e  at which
intensit y ranged from 0.4 to 72 cAlm , the duration ino rganic  phosphates were esterified in the brain - -

of pu1~~es was 130 psec , and pulses  were spaced 10 and liver to values h .ir ir t t-rist ic for -on tro ls.

--
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No appreciable change occurred in oxidative processes . GHz MW5 fo r  30 mm at i n tens i t i e s  of 5 or 20 rnW/cnrr .
Irradiat ion s i g n i f i c a n t l y  decreased the lac ta te  con— A ft e r  1, 4 , 12 and 24 hr of exposure the eells were
tent of the liver (by 32.2%), possibly by activating incubated with 5 pCi/ml of 3H—g lycine and autoradio—
oxidative processes.  In i r radia ted  ra ts  given ATP , graphs were made using stripp ing film. The incor—
lactate contents were decreased not only in the liver , poration of the amino acid was measured for four
but also in the brain (by 31%). No increase occurred groups , 0—10, 10—20, 20—40, and above 40 gra ins per

- t in the crea t ine phosphate content of the brain in cell. Karyometric analysis of irradiated cell cul—
these rats. Irradiation significan tly increased the tures was performed 1, 4, 8, 12 , 24 and 48 hr after
content of ammonia in the brain (by 54%) and glutam— exposure. In cultures irradiated at an intensity
m e  in the liver (by 32%); both of these values nor— of 20 mW/cm2, inhibition of protein synthesis with

increased production of urea which has been shown stimulation of protein synthesis and enlargement of

malized after administration of ATP. Clutamic acid lowering of nuclear volume and enlargement of nuc—
normalized the content of these metabolites in the leoli was found one hr after irradiation. This was
bra in and , to a lesser extent , in the liver. It followed by increase in glycine incorporation 12 and
is suggested tha t complete normalization of nitrogen 24 hr after irradiation with enlargement of nuclei.
metabolism in the liver m igh t be preven ted by its In cultures irradiated at an intenrity of 5 mW/cm 2

to occur when animals are exposed to pulsed EMF5. nuclei were seen 24 hr after irradiation. These
(11 references) results suggest tha t low intensity MWs stimulate

-etabolism of cells grown in r ’-it r ~ , although at
hi gher intensities the phase of stimulation is pre—

0676 BEES EXPOSED TO HIGH VOLTAGES . (Gee.) viabil ity. (26 references)
ceded by a short period of inhibition in the culture

Warnke , U. (Fachber. Biol. Univ. Saarbrucken ,
Germany) and R. Paul. ~-c:~ah . Wiss. Tech. 75( 13) :
415—416 , 1975. 0678 MICROWAVE EFFECT ON RABBIT SUPERIOR CER-

VICAL GANGLION . (K.) Courtney, K. P.
Abnormal behavior was induced in bee colonies in (Dep Rehab il. Med., Sch. Med ., Univ . Washington ,
Styropore boxes by exposing them to electrical fields Seattle), J. C. Lin , A. W . Guy, ~nd C—K. Chou .pr oduced by high voltage generators at 50 Hz. This IEEE Tran.s. M-- crot~~z’c Th ecr - T- °,c. MTT—23(lO):809—
behavior could be reproduced under certain (unspec— 813 , 1975.
ified ) meteorolog ical conditions. The bees became
very restless when p laced in an a l t e r n a t i n g  f ie ld  An investig a t ion  was made to discover where precisely
at a maximum in tens i ty  of 11 kV f f /m . This can be known doses of MW radiation would be applied to the
a t t r i b u t e d  to the change in temperature. The bees nervous tissues of higher complexity, i.e., nervous
also became very aggressive , not only toward out— tissue containing synoptic connections . The superior
siders , but even toward other bees in the colony cervical ganglion of the rabbit was selected for
and their own queen. Some of the bees that were excision and exposure to CV 2450 MHz fields within
attacked were stung to death. At lower field in— a temperature controlled waveguide environment .
tensities (7 kV 

f
/m)~ onl y some of the brood were Absorbed power densities between 2 and 1000 V/kgef

fed; the workers no longer stored honey and pollen , failed to influence significantl y transmission laten—
and cells which had been filled with honey were cies of responses recorded f r om postgangl ion ic f i be r s

— 
- emptied. If colonies had been placed in the Styro— due to stimulation of either myelmnated or unmyelina—

pore box only a few days before they were exposed ted fibers in the preganglionic trunk. (12 references)
to the electrical field , bees went out again after
a few days. However, if the bees had lived in these
boxes for  some time befo re  exposure , they cemented
up all tears and holes , including the flight hole. 0679 FOCUSSED MICROWAVE RADIATION: A TECHNIQUE
Within 5 days , the flight hole was completely closed , TO MINIMIZE POST MORTEM CHANGES OF CYCLIC
ac ut e oxygen def ici ency set in , and the entire colony NUCLEOTIDES , DOPA AND CHOLINE AND TO PRESERVE BRAIN
suffocated . The temperature in the hive was so high MORPHOLOGY . (F.) Guidotti . A . (Lab. Preclin. Pharm—
that the wax melted. (8 references) acol., Watl. Inst. Ment . Health , Washington , D. C.),

D. L. Cheney, M. Trabucchi , N. Doteuchi , C. Wang,
and P . A. Hawkins . N~-rIrcchar,~ca0of - c4 13(l2):l115—
1122 , 1974.

0677 AUTORADIOGRAPHIC ANALYSIS OF PROTEIN SYN-
THESIS AND MEASUREMENTS OF NUCLEAR VOLUME An inexpensive high power (2 kW) MW radiator was de—

IN WISH CELL CULTURES IRRADIA1ED WITH 3 GHz ELECTRO- veloped which can be focussed on the mouse or rat
MAGNETIC RADIATION. (K.) Szmigielski , S. (Ins t. head . It inactivates the b r a i n  enzymes in 0 . 5 — 2 . 1
A via t .  M e d . ,  Warsaw , Poland) and M . Luczak .  Phys. sec , depend ing on si7e of anima l , and allows cnea stic- e—
Mc--!. Biol. 20 ( S) : 825— 833 , 1975. ment of b r a i n  c o n c e n t r a ti o n s  of cy c l i c  AMP , cyc l ic

(‘,MP , cho l ine , DOPA , and var ious  g lucose  metabo lites
The inves t iga t ion  aimed to evaluate the relationship which undergo rapid metabolism during the post mortem
between the amount of p r o t e i n  synthesis and nuclear prri r-osses. The microwave fixation techn ique offers
volume In cells i r r a d i a t e d  w i t h  MWs , and to  d e t e r —  t h e  a d v a n t a g e  t h a t  the  bra in  ran  be s l i c e d  w i th  a
mine the relation between time and inhibition and freezing mlrrotcirne to allow mirrodissection of van —
stimulation under these conditions. WISH cell cul— otis brain nuclei for neurochemical studies . lrradI—
tu res  were i r r ad ia ted  24 hr  a f t e r  passage wi th  3 i t . i t r n  r r f  t he  ra t  head for 0.5 sec produced death of
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the animal , but complete dena tu ra t ion  of the brain C). Four of the five subjects had their highest re—
proteins was achieved a f t e r  only 1 sec of MW exposure.  corded tempera ture  in the muscle , whi le  one had the
When compared to the freeze—blowing technique the highest temperature at the skin surface or in sub—
metabolite concentrations are similar as well as cutaneous tissue. The effective depth of heating
the oxydoreductive state of tissue. The new MW was on the average 2.4 cm from the interface into the
technique, by allowing for microdissection , there— muscle at 433.92 MHz and 2.5 cm at 915 MHz.  In sub—
fore establishes an important precondition for micro— jects with a 2 cm fat the peak temperatures also oc—
chemical studies related to brain function . curred in the superficial muscle and were cooled by
(29 references) increased blood flow. After 20 mm the highest tem-

perature was found i,n the subcutaneous fat which is
only sligh tly cooled . When the cooled contact 915
MHz appl ica tor was use d , temperatures at the skin

0680 SOME AUTONOMIC REACTIONS IN RABBITS EXPOSED surface were much lower , but the highest temperature
TO A UNIFORM MAGNETIC FIELD. (Rus.) still occurred in the subcutaneous fat layer. As no

Klimovskaya, L. D. (No affil.) and N. P. Smirnova . significant differences were found in using 433 .92
kcsr c . i~iol .  Ao-iakosmicheskamj a  Med . 9(3):lS—22 , 1975. MHz vs 915 MHz radiation , there is no reason to

legal ize the 433 .92 MHz f requency for  dia the rnv use
Exposure of rabbits to a uniform magnetic field (4500 in the U.S. (12 references)
Oe) for 3 hr signif icant ly red uced the ra te of resp i-
ration for 3 hr after exposure had ended. Arterial
pressure decreased during exposure but normalized

0682 ADRENOCORTICOTROPHIC ACTIVITY OF THE PITU-within 1 hr after exposure. Although the pulse did 
ITARY UNDER THE EFFECT OF A UHF FIELD .no t change signi f icant ly ,  signi f icant decreases were

observed in some animals during exposure and for (R~c.) Murashov , B. F. (D. I. Ul yanov Med . Inst.,

short periods thereafter . Before exposure to the Kuibyshev , USSR), P. E. Krasnobaev , V. L. Goban , and
magnetic field , injections of epinephrine (4 or 10 V. A. Romanushko. - . Tr. Prr f. Zabol. (3):36—38 ,

pg/kg i.v.) produced dose—dependent bradycardia and 1975.

increases in blood pressure , but the e f f e c ts on re-
spiration varied greatly. Cardiovascular response The ACTH activity of the blood was determined by

to 10 pg/kg epine phr ine was red uced when injec tions Sayer ’s me thod in 82 men , aged 19 to 50 yr , who had
were performed 1—3 hr after exposure. Exposure to worked with UHF generators fo 6 months to 11 yr.

the magnetic f ield had no e f f e c t on cardiovascular Controls consis ted of 23 clinically normal subjects.
changes produced by acetylcholmne (20 pg/ky i.v.) The ACTH activity was significantly higher in workers

or by electrical stimulation of the reticular forma— exposed to UHF radiation (28.5 mg/lOO ml) than in

tion in the midbrain (100/sec stimuli from a square— controls (value not given), suggesting that the low

wave generator for 30 see). Exposure of rabbits to intensity UHF fields used in industry increase pitu—

the magnetic field before or after they had been itary function. A single exposure of Wis tar ra ts
subjected to accelerations of 6 or 10 g did not to a UHF field (wave length 12.62 cm , power f lux

densities of 0.1, 1, or 10 mW/c m 2) sign if i cant lydecrease cardiovascular or respiratory compensation
in the animals. (6 r e f e r e n c e s )  increased ACTH a c t i v i t i e s, whereas a single exposure

of rats to high intensity (100 mW/cm 2 ) UHF rad ia t ion
for  30 cain had no effect on the ACTH activity of
their  blood . When rats were exposed to low i n t e n s i t y

0681 HEATING PATTERNS PRODUCED IN HUMANS BY (1 mW/cm 2) UHF rad ia t ion  f o r  30 cain/day for a rela—
433.92 MHz ROUND F I E L D  APPLIC ATOR AND 915 tively short period (10—20 days), the ACTH activity

MHz CONTACT APPLICATOR. (0.)  Lehman n , J. F. (Dep.  increased , bu t  the increase was not statistically
Rehab il. Med. , Un iv .  Washington Sch. M e d . ,  S e a t t l e ) , significant. The ACTH activity tended to decrease
B. J. DeLateur and J. B. Stonebridge . Arch. Phys. in rats irradiated under the same conditions for
-~cd. Rehabil. 56(lO):442—448, 1975. 30 days .  P i t u i t a r y  stimulation occurred in both

nonirradiated and irradiated rats (1 mW/crn fo r  30
Theoreticall y, 433.92 MHz MWs should selectively heat cain/day for 30 days) when 0.12 mg/kg of epinephrine
muscle more effectively than 915 MHz OWs , which is a was in jec ted  i .p .  This i n d i c a t e s  tha t  exposure to
frequency legal for diathermy use In the U.S. To UHF radiation in the range s t ud i ed  does not impair
test this , 20—45 yr old human volunteers were used the ability of the pituitary—adrenal system to
to determine the t empera tu re  d i s t r i b u t i on  produced respond to ep inep hn i n e .  The r eve r s ib l e  f u n c t i o n a l
by ~

- i 433 .92  MHz round f i e ld  app l i c a t o r  as compared changes  observed in these  e x p e r i m e n t s  are probabl y
to a 915 MHz contact applicator. The subler -ts wert- caused by disorders in processes rc~gulating secretiondivided in to  2 groups:  those wi th  ~ 1 cm fat in the of ACTH . (10 references)
a n t e r i o r  t h i g h  of the r igh t  l eg  and those with a 2
cm fat. This portion of the thigh was scrubbed and
temperature measuring probes were inserted up to a
depth of 4—5 cm. All subjects were exposed to 433.92 0683 EXPERIMENTAL STUDY OF SOME PROBLEMS ABOUT
MHz MWs at a power output of 55 W for 20 m m .  The THE BIOLOGICAL EFFECT OF WATER EXPOSED TO
difference between incident and reflected power was A UNIFORM MAGNETIC FIELD. (- r aO .  ) Stc-fanov , B.
measured. At the end of 20 cain exposure , the corn— (Med. Acad., V r rna , Bulgaria) and S. Solakova . G:’ra.
b ined effect of r -rm nt inued heating with MWs and cool— ~~~~ (8):7O—72 , 1975.
ing by increased blood flow allowed the muscle tem-
peratures to ni st- to therapeutic temp i-ratures (

~ 40 
The body weight , re (-tal temperature , and blood were
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investigated in 3 groups of a lbino ra ts  fed (1) ordi— 3—4 days .  Edeni a and infla!mnation disappeared corn—
nary drinking water , (2)  water  exposed to a uniform p letely a f t e r  10—il days, sleep normalized , and
magnetic field (induction 0.1 t e sla) ,  or (3) water  neuro t ic  reac t ions  disappeared.  To improve the re—
exposed to a uniform magnetic field (induction 0.6 sults of therapy, magnetocherapy was continued even
teals). Rats in groups 2 and 3 were given 2.5 mi/day after the pain disappeared. Pain was comp le tely al—
of ‘magnet ic’ wate r  p .o .  through a stomach tube for  leviated in 37 patients. In 3 cases, there was no
45 days and received the rest of their water in petni pain at rest , and s l ight  pain was felt only when the
dishes. The most pronounced biological effects were neuroma was palpated. Two patients had no pain at
observed in rats in group 2. Af ter 45 days, si gnifi— rest , but a spastic sensation persisted in the phan—
cant decreases had occurred in the absolute weight torn limb . Magnetotherapy proved superior to all of
gain; total serum protein; Na+, and K~ ; and rectal the methods tested so far. These include electro—
temperature.  The number of r e t i cu locy tes  in the sleep, ul trasound , diodynamic currents , and electro—
blood increased s i g n i f i c a n t l y .  There was a tendency phoresis combined wi th anal gesics. The results of
for total blood cholesterol concentrations to de— special tests indicate that magnetotherapy has an
crease. None of these changes exceeded normal limits, inhibitory effect on the CNS , a spasmolytic action

on peripheral blood vessels , and analgesic and(No ref erences) 
antiedemic actions. (No references)

0684 DESTRUCTION OF SALMONELLAE ON POULTRY
MEAT WITH LYSOZYME , EDTA , X-RA Y , MICROWAVE

AND C H L O R I N E . (K. ) Teotia , J. S. (Dep. Anim. Sci., 0686 EFFECT OF A UNIFORM MAGNETIC FIELD ON AB-
Colorado State Univ., Fort Collins) and B. F. Mil ler .  SORPTION SPECTRA OF PROTEINS FROM ASCITES
Poult. Sci. 54(5):l388—1394, 1975. TUMOR S-37 AND HEMOGLOBIN FROM NORMAL AND TUMOR-

BEAR ING ANIMALS IN VITRO . ( Rue .)  Aristarkhov , V.
Experiments were conducted to study the destruction M. (Inst. Chem. Phys., Moscow , USSR), L . A. Piruzian

of S. sen~’tc r -bsrq 775W and S. t p hi ’nur-tum on poultry and V. P. Tsybyshev. Isv.  Aka d. Nauk SSSR [Biol. ]
meat with lysozyme , EDTA , x—rays . MWa , and chlorine . (6) :917—920, 1974.

A frozen stock culture of the microorganisms was in-
cuba ted un ti l it reached the sta tionary growth phase . The e f f ect of a un i form magnetic field (5000 Oe for
It was then diluted in 0.1% sterile ~eptone water to 

17 or 18 hr) on absorption spectra was studied in

a concen tra tion of 5 x l0~ to 8 x 10 viable cells/ml . dilute solutions of ascites fluid proteins from ani—

Small whi te  turkey hen carcasses and medium size drum— mals [species unspecif ied]  with ascites sarcoma S—37
sticks were placed in bags and covered wi th  500 ml in d i f f e ren t  stages of development and in di lu te

al iquo t s  of the contaminat ing f luid . The bag was solutions of hemoglobin from normal animals and ani—

shaken for 2 cain and the fluid was poured off. The mals with ascites sarcoma S—37. Spectra were re—

car cass was held in the closed bag at  room tempera ture  corded 3 hr  after removal of the solutions from the

for 60 cain before  experimental  t r ea tmen t .  Each car— magnetic field . After exposure to the magnetic

cass was aseptically transferred into a glass pan f i e ld , absorption spectra of ascites fluid protein
f ro m 7 day old sarcoma S— 3 7 showed an increase in theand covered with sterile Saran Wrap. They were ir-

radIated in a MW oven for 1—10 mm each , removed from 
in tensi ty o f absorpt ion at 280 nm due to incre ased

the pan , and examined for any change in physical ap— aggregation of protein molecules. When the spectrum

pearance . The test organism and other bacteria were of a nonexposed control solution was subtracted , 2

destroyed in 120 sec on drumsticks and in 600 sec on peaks appeared at 275 and 234 nat. The peak at 275
— broiler carcasses with MW irradiation. tgq treatment nat is probably caused by a tyrosyl group. Similar

produced partially cooked meat. If this cooking had results were obtained when a technique was used

no effect on shelf life , flavor , and accep tabi l i ty which eliminated light scattering. Further investi—

by customers , it could be the quickest and cheapest gations on protein from ascites sarcoma S— 37 in dif—

means of destroying salmonella on poultry meat. (13 ferent stages of development showed that exposure to
references)’ the magnetic field generally, but not always, in-

creased the intensity of absorption. These differ—
ent results are attributed to differences in the
state of ascites fluid proteins during tumor develop—

0685 EXPERIENCE WITH MAGNETOTHERAPY FOR PAINFUL ment. Exposure of a hemoglobin solution from normal
NEUROMAS IN STUMPS OF THE EXTREMITIES , animals to a constant magnetic field decreased the

(P u s .)  Kucherenko , A. E.  (V inn i t sa  Med . I n s t.,  USSR) i n t ens i ty  of absorption and shifted the main peak
and V. I. Shevchuk. Vraoh. Delo (7):l24—l25 , 1975. at 413 nrn toward a shor ter  wavelength .  This m di-

cates tha t  the magnetic field causes profound struc—
Magneto therapy  was used to t reat  42 World War II tural changes in the hemoglobin molecule. In con—
ve teran s, aged 48—75 yr , who had undergone amputa— trast , the magnetic field decreased the intensity of
t ions for gunshot wounds and fractures 29—32 yr absorption only slightl y in hemoglobin solutions from
previously. All of the patients had painful neuromas animals with 7 day old ascites sarcoma S— 37 , but the
in the stumps of the extremities and severe phantom peak was still shifted. If the absorption spectrum
pain syndrome. The stump of the upper or lower ex— for hemoglobin from tumor—bearing animals was plotted
tremity was placed between the poles of an electro— r~-1a tive to that for hemoglobin from normal controls ,
magnet with an alternating magnetic field of 200—400 similar results were obtained . No shift in the peak
Oe for  15 ca in /day  ove r a 20 day per iod.  Pain  was was observed when the same method was used to p lo t
a l leviated a f t e r  the f i r s t  session and edema a f t er  the  spectrum for hemoglobin a f t e r  exposure to the
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magnetic field. These results indicate that the r-~’g— stored pork were compared with that of fresh conven—
- 
- 

netic field has a normalizing effect , i.e. the field tionally cooked pork , and the relation of flavor and
e l imina tes  those s t r u c t u r a l  changes in the hemoglobin aroma to various chemical characteristics of the heat
molecule which result from tumor development. (8 treated meat was studied . Most aroma and flavor corn— 

-

references) ponents of freshly cooked and reheated pork were sir-ti—
lar. No signi f ican t d if f erences were found be tween

0687 A SUMMARY OF THE ERMA C WORK SESSION ON NER- 

f reshly  cooked and MW rehea ted pork , bu t some d if f e r enc es
were noted between conventionally reheated muscle and
that of the other treatments. MW reheated muscle is

VOUS SYSTEM AND BEHAVIORAL EFFECTS OF NON- more like freshly cooked muscle than is conventionally
IONIZING ELECTROMAGNETIC RADIATIONS. (E.) Galloway, reheated muscle. Total ninhydrin—reactive compound s
0. (BRH , FDA , PBS , Washington . D.C.), S. N. Bawin , and amount of protein in various tissue extracts were
J. Frazer , W . Stavinoha , A. Guy , R. Lovely,  D. Hawk ins, not affacted significantly by the heating treatments.
J. Schrot , J . R. Thomas , D. R. Justesert , E. L . Hunt , (20 references)
A. Frey, R. Seaman , and N. DeSantis. J. ~~-?r’otJaVC
Power lO(2):127—140, 1975.

On Oc tober 31 and November 1, 1974 , an Electromagnetic 0689 EXPERIMENTAL MODELS FOR THE EVALUATION OF
Radiation Management Advisory Council (E RMAC ) work MICROWAVE BIOLOGICAL EFFECTS . (K.) Czerski ,
session took p lace in Washington , D . C . ,  to  re’.’iew P. (Dep. Burn. Genet., Natl. Res. Inst. Mother Child ,
research and progress pertaining to possibl c- nervous Warsaw , Poland). Proc. IEEE 63(ll):l540—1544 , 1975.
system and behavioral effects of NIR and to assess
the biological effects of these radiations. The par— Biological organisms are self regulating systems equipped
ticipants described their current research efforts , with  in te rdependen t  homeostatic mechanisms. Absorption
a f t e r  which a summary and set of recommendations were of radiant energy creates a disturbance which activates
drawn up. It was noted that a large amount of material these mechanisms . Biological effects resulting from
is emerging w i t h  commona l i t y ,  especial ly w i t h  regard exposure should be considered as a chain of events m i —
to biochemical , endocrine , and neuroendocririe effects. t ia ted by the primary interaction of radiation with
There remains a need to build up a greater base of living matter and may be classified as early (immediate)
information without precluding new or innovative ap— direct effects , earl y (immediate) indirect (secondsry)
proaches. Liaison and communication between labora— effects , or late (delayed) effects. This approach should

tories and agencies should also be improved. In the serve in exper imen tal de sign and in terpre tation of resul ts
neural/behavioral field , indications of nervous sys— ob tained in MW experimentation. The term primary inter—
tern and behavioral effects warrant further invest iga— action should refer to the mechanisms of radiation ener—
tion , particularly in terms of specific exposure gy absorption and direct interference with biophysical ,
conditions and health conditions. Difficulties in biochemical , and bioelec tri cal mechan isms or phenomena
determining doses and distribution of absorbed energy in the living system . The present knowledge of biophy—
remain and the importance of characterizing power sics of com plex living system s is insufficient to pre—
density and absorbed ener gy in a uniform manner was diet the whole range of modes of the primary interaction

emphasized . Measurement guidelines should be published , of MW5 with such systems. Assessing the biological
Discrepancies between studies in which performance significance of the phenomena produced is also difficult.
effects were observed only during irradiation and Empirical observations should be included in the know—
those in which they  were observed fol lowing exposure led ge forming the basis for further experimental ap—
were noted and a hypothesis for a possible mechanism proaches and used for verification of the validity of
was suggested which could account for this. The dif— theoretical predictions. The most investigated primary

ference between pulsed and CW radiation effects should interaction of MWs with  l iving system s is the t r a n s f o r —
be studied with associated neurochemical and mechanism station of absorbed energy into increased kinetic energy
studies. The use of RF as a tool for understanding of the absorbing molecules. Its physiological conse—

brain f u n c t i o n  was noted .  Areas requiring more emph a— quence s ar e i n su f f ici ently taken into account in experi—
sis included : chronic exposure;  separation of E and mental design. The internal distribution of fields
H f i e l d s ;  CW vs PW ef f e c ts , parallel efforts r-o inves— wi th in  the irradiated object is nonuniform and is a
t i ga t e  mechanisms;  more work at the biophysical , mom— function of frequency, exposure cond it ions , tissue
brane , and neurochemical levels; and uniformity of geometry and dielectric properties. An increase in
measurement to allow extrapolation between animals and temperature changes metabolic rate and magnitude of
man.  The levels of fund ing  for  t h i s  research ar e in— blood f low (ear ly  di rect  biologic e f f e c t s )  and these
adequate and multi—year funding was particularly changes influence metabolism and transport of metabolites.

stressed . (No references) These local changes may inf luence  the f u n ct ion of the -

whole organism (secondary early biolog ical effects).
• It becomes obvious that research  on MW biological ef—

f a c t s  is a h i g h l y  i n t e r d i s c i p l i n a r y  domain which re —
• quires a team cons i s t ing  of a physiologist , cy to logis t ,

0688 FLAVOR AND CHEMICAL CHARACTERISTICS OF CON- biochemist , b iophys ic i s t , and e lect ronics  engineer .
VENTIONALLY AND MICROWAVE REHEATED PORK. In future research , thermal balance characteristics

(K.) Penner , K. K. (Dep. Foods Nutr., Kansas State of animals exposed to MWs should be studied ; physio—
Univ . ,  Manhattan) and J. A. Bowers. J .  Food cci. 38 logical  and pharmacological methods should be used to
( l973) :553—5 55 , 1974 . d i s c r i m i n a t e  between early immediate and secondary

biological e f f e c t s ;  the  possibilities for developing
Flavor and aroma of MW and conventional ly reheated and biolog Ical MW d o s I me t r i c  indices should be examined;
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and effec ts on growth and development should be urgently 0692 MICROWA VE S CHALLENGE TODA Y ’S HEAT PRO CESSING.
- - invest igated under ca re fu l ly  controlled conditions . (55 (K.) Schiffstann . R. F. (Bedrosian Assoc.,

references) Alpine , N.J.). Food Eng. 47(ll):72—76 , 1975.

0690 EVALUATION OF POSSIBLE MICROWAVE-INDUCED LENS

Industrial MW heating is becoming a more important food
processing tool due to economic and/or product quality
benef i ts .  Foods are processed fas ter , cheaper , and
with less labor. Increased production , increased yield ,

CHANGES IN THE UNITED STATES AIR FORCE. (K.) and reductions in processing t ime pay for  the initial
Shackle tt , 0. E. (U.S. Air Force Sch. Aerosp . Med., investment. >1W tempering of meat shortens tempering
Brooks Air Force Base , Teat.), T. J. Tredici , and D . L. time , reduces drip loss , and improves sanitation. The
Epstein. ~~~~~~~ [‘~a~ e , Cn;’~

’ron. ?-le~). 46(ll):1403— MW doughnut proofer heats dough uniformly to 45.5 C in
1406 , 1975. jus t  4 atm f rom c u t t e r  to fryer . It provides speed and

better control of production and product qualit y. The
A Joint Service Ad Hoc Committee on Microwave Ocular MW fryer yields a product which never before existed :
Effec ts was formed to research MW e f f e c t s  in terms of a coreless  doug hnu t  w hi c h  is l a rge r  and less  oiie wv , A
lens changes using an epidemiologic approach. If MW d rye r  is used to produce  u n i f o r m l y d r i e d  p asta  at
significant ocular effects occurred from exposure to lower capital costs and process times , wit~i lower rc-—
MWs , a difference between control and study groups quirements for space. Internal h eating by >1Ws dr ives
could be statistically determined. The presence or ab— the water to the surface \-orv efficiently to avoid
sence of effects was recorded qualitatively using three hardening. To thaw f ish , ne w thawing  t u n n e l s  use r i -
diagnostic signs: opacities , vacuoles , and posterior frigerated air (—30 C) in the Ml~ syste-n . The productIon -

~
subcapsular iridesence. Subjects (477) and age matched of ky—hr of MW power is mr-c costly when thawing than
controls  (340) were examined at  8 different Air Force when tempering , but not any h igher than prr-sent methods. —

bases over a 3 yr per iod .  The subjects  had known his— Some po t en t i a l  commerc ia l  uses of M1~’ include freere

~crtes of having worked around MW generating equipment . dry ing and/or vacuum dr v1 n~~ Though still being re-
Controls  had no known MW exposure. Examination included searched , the process is presently used commercially
a detailed work history, past medical history , and fam— in Europe t~ mak e n atu r ii c o l o r  e x t r - l - t s  and to dry
ily history . The distant visual acuity was measured tea leaves. MW baking hoç-~ s to nake use of domestic
for each eye individually and pupils were dilated. In soft wheat flour i s  , partiJ rep l~~ i nc-nt for imported

3 lenticular criteria and given an external ocular exam— ing, and blanching ot foods awaits further Investigat ions.
a double—bl ind study the subjects were examined for the hard w h e a t .  Con t inued  use of ‘1W- in the puffing, dry-

ination and direct oph thaimosco pic fundus examination . (No references)
The groups were broken into age decades and compared .
No significant differences were seen between the 2
groups: 601 of the controls and 561 of the study sub-
jects had lenticular opacities; 41% of each group had 

0693 MEASURE OF ENZYMATIC ACTIVITY COINCIDENT WITHvacuolea; an-i 62% of the controls and 60% of the study
subjects had posterior subcapsular iridescence. An 2450 MHZ MICROWAVE EXPOSURE . E.: Ward , I.
expected increased incidence of lens changes with age R . (Exp. Biol. Lab., Nati. Environ. Res. Cent ., 7 I’A ,
was seen. This study does not support the contention Research Tri angle  Park , N.C.), J .  W. A l l i s , and J. A.

tha t  >1W exposure causes human cataracts at levels per— Elder. ~
- . Y~’ ’ - Po~’cr l O ( 3 ) :3 l 5— 3 2 0 , 1975.

mitted by U.S. safety standards. (18 references)
A dual beam ( a r ’-  15 s p e c t r o r - C o t o r n e t e r  was f i t t e d  w i t h
a waveguide tuner  and s p p l i - n t o r  so that  a samp le could
be irradiated at 2450 MHz while being spectrophotome—
trically compared to an unirradiated reference solution .

0691 ELECTROMAGNETIC FIELD EFFECTS IN NERVE TISSUE. The CW beam was perpendicular to the light path and ir—
(d.) Sandler , S. S. (Northeastern ljniv., radia ted the samp le throug h the top of the open cuvette.

Boston, Mass.), C . S. Smi th , and E. N. Alber t .  ~~~~~~~~~~~ 
Enzymatic activities were determined at 25 C. Tempera—

~~~~~~~ in:~
’rnr’ !. 46(ll):l4l4—14l7 , 1975. ture s in bo th reference and samp le solutions were mess—

ured con tinuously w it h micro thermocoup les , as enzymatic
An at tempt  was made to cor re la te  morp hological a l t e r —  a c t i v i t y  is temperature sensitive. To maintain 25 C

ations in nerve t i s s u e  from the bullfrog with specific during irradiation the sample was regula ted  at 19.8 C
local e l ec t r i c  f i e lds  in the t issue.  A t r a i n  of high without radiation. Total irradiation time was about

intensity, short duration pulses was used to produce ~ ra in.  Human and Torula yeast glucose 6—phosphate
a high e lec t r ic  f i e ld  in t ens i ty  w i th  neg l igible  ther— dehydrogenase were assayed for enzyma’ic activity by
mal hea t ing .  The peak electr ic  f ie ld  was 1.3 x l0~ following the change in absorbance at 340 nm. Adeny— 

-

V/rn wi th a pulse repetition rate of 250 Hz . The nerve la te  kinase from r a t  liver mitochondria and rabbit

tissue of freshly d issected sections of the spinal muscle were determined at 340 nat by the method of
cord and bra ins tem of b u l l f r o g s  was i r r ad ia ted  and Schnai tman and Greenawal t .  NADPH cytochrome c reduc—
the large mo to r neu rons were used for his tol og ical taae was assayed at 550 urn. No differences were seen

study. The tissue was f ixed , cu t , and s tained with in spec i f i c  a c t i v i t i e s  of unirradiated and MW i r rad i— t ’ .
thionin or hematoxy lin. No significant histological ated preparations (p � 0.05). An absorbed dose ra te
d i f f e rences  were seen between control and exposed tim— of 42 ± 4 W/kg was calculated from t emperature d i f f e r —  I-I
sue , suggesting t h a t  previous f indings may have resul— ences before and during irradiation. These results

ted from appreciable amounts of thermal heating. (7 are relevant to the use of a 2450 MHz MW blood warmer
references) to raise the t empera tu re  of re f r igera ted  bank blood
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to body temperature prior to transfusion. The lack of from normal egg mortality. IR measurements of tern—
a d i f f e rence  between control and sample NADPN cyto— perature changes were made with a scanning system.
chrome c reduc taae , which is membrane bound to the The temperature changes found were very large , sug—
endop lasmic ret iculum , is important in regard to the gesting that the ovicidal mechanism is thermal.
hypothesis that MW interactions can occur with biologic The most effective MW treatment occurs when a high
membranes. It membrane interaction does occur , it is power is app lied for a short time . When a low MW
not detec table  as a change in enzymatic ac t iv i ty .  (40 power is app lied for a longer time , the sample has
references)  t ime to cool , and it takes a larger amount of power

to produce the ovicidal effect. (2 references)

0694 OXYGEN COMSUMPTION AND RESPIRATORY QUOTIENT
IN FIVE ANIMAL POPULATIONS NATURALLY EX- 0696 A THEORETICAL INVESTIGATION OF MICROWAVE

POSED TO SANGUINE ELECTROMAGNETIC FIELDS . (K.) I RRADIATION OF SEEDS IN SOIL. (K.) Olsen ,

Greenberg, B. (Dep . Biol. Sc i . ,  Univ .  Illinois , R. G. (Dep. Electr. Eng., Washington State Univ.,

Chicago Circ le) .  ?ec. Rep., Contrac t  No . N000 39— Pullman) . J. Microwave Power. lO(3):28l—286 , 1975.
73—0030 , lftp , 1975.

Seeds in soil are exposed to MW radiat ion in an at—
A study was made to determine if or how ELF EM fields tempt to prevent germination. MW energy absorbed

have biological effects. Specimens taken in Septem— by the seed and soil is converted into heat result—
ber from the Sanguine experimental antennae in Wis— jog in lethal temperature rises. The larger the

consin were tested . At this time mating and repro— temperature rise , the larger the probability of

duction are over and day length is diminished , lethal effects is. The seed can be heated to a sig-
nificantly higher temperature than its soil environ—The animals  tested included the wood louse , ear th-

worm, redworm , slug, and redbacked salamander, meat and this can lead to a saving in the energy

These animals undergo a seasonal change in metabolic necessary to produce germination control. The a—

rate related to reproduction and general activity mount of energy absorbed by seeds irradiated from

cycles so it was of i n t e r e s t  to determine whether above is not only a function of the dielectric

the fall populations responsed differently to San— field intensity and the exposure time , but also

guine EMFs because of th e i r  d if f eren t physiologic depends upon the reflection of the radiation from
the su r face  and the geometry of the seed. Maximums t a t e s .  Exposed and control  an imals , grouped for

uniformity of size, were tested simultaneousl y. power absorption occurs from frequencies in the

Oxygen consumption was measured in a closed mano— range of 1 CHz for seeds buried at 2.5 cm . For

metric system. The electric and magnetic fields seeds closer to the surface , higher frequencies will

were measured at each collecting site . No signifl— result in greater power absorption. For seeds

cant d i f f e r e n c e  was found in 02 consumption or res— buried more deep l y ,  a lower frequency is desirable .
piratory quotient between test and control groups of The temperature rise of the seed is a function of

f a l l  animals .  As a l l  the species co l l e c t ed  have the powe r diss ipated in the seed , the dura t ion  of
l imi ted  m o b i l i t y  it is reasonable to assume that ir~adiaujcm , and the hea t capaci ty and mas s of the
t h e y  are the t h i r d  or l a t e r  genera t ion  of a n i m a l s  seed . The soil type is an important  f ac to r  in de te r—
tha t  have been exposed to Sanguine—generated fields mining the effect of the exposure. For seeds buried

for 5 years. After 5 yr of Sanguine operation , in a mineral soil , the requ ired energy density for
m e t a b o l i c  rate , behavior , h a b i t a t  se lect ion and germinat ion control is in excess of 800 Jfcm.  The
ext ernal features are not altered. (14 references) greater the thermal conductivity of the soil , the

faster the decay in soil temparature is. (17
re fe rences)

0695 OVICIDAL LEVELS OF 2.45 GHz ELECTROMAG-
NETIC ENERGY FOR THE SOUTHERN CORN ROOT- 0697 CONDITIONS OF STRONGEST ELECTROMAGNETIC— 

WORM. ( F . )  Fanslow , G. E .  (Dep . E l e c t r .  E n g . ,  Eng.  POWER DEPOSITION IN MAN AND ANIMALS.
Res . In s t . ,  Iowa S t a t e  U n i v . ,  Ame s) ,  J .  J.  Tol le f son (E.) Gandhi , 0. P.  (Dep. Elec t r .  Log . ,  Univ. Utah ,
and J . C. Owens. J. Microwave Power l O ( 3 ) : 3 2 l — 3 2 5 , Sa l t  Lake Ci ty) . lEEK Trans . l1icrowave Theory Tec~r.1975. T T — 2 3 ( l 2 ) dO2 l—lO29 , 1975.

To use EM energy as a nonpulluting means of control— The strongest whole body absorption for biological
l i ng  insects , i t  is necessary to d e t e r m i n e  the  bodies was found fo r  EMF5 po la r ized  with the e lectr ic
energy level required to produce a specific effect field along the long dimensions of the bodies. The
on a given insact . This study describes the deter- major length is approximately 0.4 times the wave—
mination of the threshold energy levels required to length of radiation for bodies in free apace. EM
produce an ovicidal e f f e c t  on the sou thern  corn roo t— power absorpt ion was measured for bodies of fixed
worm. The eggs of southern  corn rootworm were sub— sIze at  varIous frequencies using a parallel—plate
j e e r e d  to EM energy at 2 .45  GHz in s l o t t ed  waveguide waveguide as a transmission medium of p lane waves.
applicators . The effect of the EM energy was deter— Bodies scaled down in all dimensions result  in peak
mined by comparing the average number of hatched absorption frequencies scaled up by the same factor
eggs / t r ea tmen t  w i th  the average number of hatched and vice versa . Exper iments  w i t h  biological phan tom
eggs /con t ro l .  By comparing t r ea tmen t s  w i t h  con— f i g u r i n e s  show a high power deposit ion in the neck -:
trols , the effect of EM energy can be separated region. Initial experiments with anesthesized and
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dead rats have shown a higher power deposition in of small animals and infants. Only the heating pc’—
the neck region than in the core of the animals. tential was calculated; the resulting temperature
The frequencies of maximum absorption for  adul t  rise is reduced by heat diffusion and heat convec—
humans is projected to be on the order of 65—75 tion due to blood flow . (7 references)
MHz for  free space condi tions and about half  as
much in the presence of ground e f f e c t s .  (12 ref-
erences) 

0700 CONFORMATION CHANGES IN rRNA INDUCED BY
ELECTRIC IMPULSES . (i- .) Revzin , A.  (Max

Planck Inst. Biophys. Cheat., 0—34 Gottlngen , West

0698 MUTAGENESIS BY RADIOWAVES IN ANTIRRHINUN 
Germany) and E. Neunann. Bio~~:-3. h.n~. 2(2):lLiLi-

MAJUS L . (Er .) Har te , C. ( I n s t .  0ev. 150 , 1974.

Physiol., Univ. Cologne . Wes t Germany) . M ut a t .  Res.
29(l):71—75, 1975 . 

Electric impulse expE r iments r~ore performed with a
high power pulse generator equi pped w i t h  a f a s t  spec— —

The pollen of Antirrhinum mczjus L. Sippe 50 was trophotometric detection system and polarization op—

irrad iated (1 = 1.5 m; field strength = 1 ,5 VIm) 
tics. The light intensity emerg ing throug h crossed

for Li , 12 and 43 3/4 hr to test the mutagenic ef— 
polarizers is increased in the presence c~ the f i e l d

fee t in the progenies .  The i r rad iated pollen was while the intensit y emerging through parallel polarizers

crossed onto styles of emasculated flowers of 
is decreased . Tire time course of changes in UV absor—

plants in the greenhouse . The only difference 
bance and electric dichro ism can be resolved into con—

between experimental pollen and the controls was 
tributions from orientational and conformationa l changes.

the exposure to radiowaves.  The f requency of pro— Resu l t s  of exper iments  show a f i e l d  induced effec t and

genies with a high percentage of empty seeds shows no t an ar ti fac t f orm , e.g., cell distortion. Tire result s

a correlation with the duration of the pollen 
of a typical electric dichroism experiment show that

treatment. Abnormalities were only counted as the fast changes when the rectangular pulse starts are

mutat ions  when aeveral seedlings of t h 0  Same pro— due to (partial) rotation of double helical arms into

gerry showed the same cha rac te r .  The m u t a g e n i c  e f —  the f i e l d  d i r e c t i o n .  The slower part  ( re laxa t ion  t imes

fee t  was confirmed by the increase in embryonic in the msec and ; sec range)  is shown to be d ue t~ changes

lethality after selfing the M 1 plants and the in— 
in orientation of the entire rRNA molecule , concomitant

crease in re la t ive  f requency of s e g r e g at in g  pr o— w i t h  e lec t r ic  induced helix coil transitions of oligo—

genies w i th  seedl ing anomal ies .  (9 references) 
meric base paired regions. The stud y indica tes that
such electro—optical studies may be comp licated by con—
formational changes which occur in addition to orien-
tation , especially for long impulses of high field
intensity in solutions of low ionic strength. Converse—

0699 THE D i S T R I B U T I O N  OF H E A T I N ;  P O T E N T I A L  l y ,  poss ib le  o r i en t a t i o n  of molecules should be considered
INSIDE LOSSY SPHERES . (K., lZritikos , when anal yzing optical changes in temperature jump ex—

H. N. (Dep. Bioeng., Moore Sch . Ehi -c :r . Eng ., periments , since a large electric field is present as
Univ.  Pennsylvania , Ph i l ade lph ia )  and ii. P. Schwan . the capacitor is discharged during the jump . (33 refer—
TF!’.E Trans . ~~~~~~~ T h - ; ,  B M E — 2 2 ( 6 ) : 3 5 7 — L i l i i , 1 9 75 .  ences)

One mechanism which contributes to the effects of
EMF5 on biological tissues i~ th e process by which
the heating potential is distributed inside the
test objects. A nonuniform distribution implies 0701 DORSAL COLUMN STIMULATION . ITS EFFECT ON

the poss ib i l i ty  of  nonuniform temperature rise or THE SOMATOSENSORY EVOKED RESPONSE . I F . )
the crea t ion of hot  spots .  This s t u d y was designed Bla i r , R. 0. C . (Div . Neurol .  N eurosu rg . ,  Toronto Wes t—
to establish the conditions under which the heating em Hosp., Ontario . Canada), R. C. Lee , and G. Vander—

poten t i a l  teaks inside the tes t  o bj e c t  and to d e t e r —  l inden .  - - ‘‘-I . -‘.lcu-s- -Z . 32(LI):826—829 , 1975 .
mine the exact size and shape of th es e -  potentfal
hot spots .  Bio logica l  tissues are Iossv dielectrics Ti re physiolo gical mechanism s by which dorsal column
providing Joules heat when subject to EMFs. For st imulation (DCS) relieves pain are not known . The
this s tud y ,  the  d i e l e c t r i c  p roper t i e s  of b ra in  effec ts of varying trequencv , duration , and intensity

tissue in a homogenous sphere was chosen . In no of DCS in the individual components of the somatosen—

case was the heating found to be uniformly distri- sory evoked response (SER) an - Investigated. Six pa—

buted throughout the sphere. The type of nonrin i— tients had been selected to receive- imp lantation of a

forinity was dependent on the radius of the sphere dorsal column stimulator t o  r e l i c -y e  chronic pa in .  The
and f requency of the radiation. Two recions could SER ob ta ined by stimulating the tibial nerve at tire

be distinguished: one where heating takes p lac e ankle consisted of a series of positive and negative

p r i m a r i l y  at the f r o n t  s u r f a c e  and a second where d e fl e c t i o n s  beginning a p p r n x i t n a t c l v  30 rnsec a f te r  the
maximum h e a t i n g  takes p lace ins ide  the  sp her e . s t imulus  and l i st i n g  for  more than 400 msec . Four sub—
The magnitude of the maximum hea t ing  po ten t i a l  was j e c t s  showed wel l  def ined  responses of this type . Dur—
subs tant ia l ly different from values c a l c u l a t e d  by ing DCS there was a consistent r educ t i on  in ampl i tude of
traditional methods , with maximum discrepancy tire late componen ts of the  SER . l-.lren the i n ten s i t >  of
( l a rge r  by a f a c t o r  of 10) t a k i n g  p lace  in the region l)CS was maintained at levels adequate to relieve pain ,

where hot spots occur .  Hot spot s  occur  only  for li ttle change in the early components of the SER occur—

small spheres and -ire then -- fore pertinent to heads red during the first 100 msec .  With hig her vol tage

30 - -
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levels of DCS , there was some suppression of all corn— tissue of mammals and b i rds  and a v a r i e t y  of e lec t r ic
ponents of the response. Most pa t i en t s  repor ted  best and EM f i e lds .  Behaviora l  e f f e c t s  f rom these s tud ies
relief with DCS at frequencies around 100 Hz. Th e occur wi th  very low t i s sue  e l ec t r i c  g rad ien t s .  Calcium
rel ef lasted several hours after a period of DCS. ion appears to have an essential role in these in t e r—
(11 references) actions , and evidence points to a functional role for

intrinsic electric gradients. (65 references)

0702 MICROWAVE DRYING OF MICROORGANISMS: 1. 0704 NONIONIZ ING RADIATION . (E.) Sliney , 0. H.
INFLUENCE OF THE MICROWAVE ENERGY AND OF THE (No aff il.) and D. L. Cnnover. Tfl-~~~Cr~a~ I~~~~~OOtg ’lef l—

SAMPLE THICKNESS ON THE DRYING OF YEAST. (K.) Comes , taZ Hea i-h; The ~o ror and the Conr’:o~~te , eel . C. V .
A. ‘I. F. (Dep. Cheat. Eng., Sch. Eng. Mauá , S~o Paulo , Cralley and P. R. Atkins (New York: Academic Press ,
Braz il ) ,  C. F. Leonhard t , M. Torloni , and W. Borzani. 1975), pp. 157—177. 1 -
J. ‘-~~~rcwawo Powe~’ 1O(3):265—270, 1975.

A review of the standards concerning physiologic effects
The stud y was made to ascertain whether MW heating of NIH , wi th  an emphasis on new exposure c r ite r ia , is

A could be used to dry yeast cells. A Microvac—2000, given. Mention is made of national consensus standards
24 50 MHz MW oven , w i th  an input power varying from 1.2 and federal  rules which are near publication for  several
to -..2 kW , was used In the experiments. Commercial
pressed yeast in 500 g t a b l e t s  was used in the drying 

types of NIR , including lasers and NW exposure. The
ANSI C95.l standard was modified to include the speci—

tests. The moisture content of the pressed yeast was fica tion of the TLVs in the equivalent free space elec—
de term ined by drying 1.5 g of the sample in ~ conven— tr ic f ield s t rength  (200 VIm) and the magnetic field
t ional oven at 100—105 C fo r  5 h r .  Drying time needed
to achieve a f i n a l  mois tu re  con ten t  of 0.05 g of water/g  

s t rength  (0 .5  A/m) fo r  CW f ields and in electric field

of dry  yeast and dry ing ra te  dur ing constant  r a te  period s t rength  squared (40 , 000 V7/m 2) for modulated fields.
This revision was p r imar i ly the resu l t  of a growing

are provided . There was a good linear cor re la t ion  be— rea l iza t ion t h a t  separate e lec t r ic  and magnet ic  f i e ld
tween the power input and the dry ing rate  calculat ed
dur ing  tire constant  r a t e  period . Samp le thickness on 

s t rength  measurements  were manda tory  for meaning fu l  and
accurate charac te r iza t ion  of RE fields below approxi—

the drying rate indicated that for a samp le larger  than statel y 300 MHz. (63 references)
2.0 cm there is no significant variation of the constant
dry ing rate. The results indicate a real possibility of
us ing NIL energy fo r  dry ing s ingle cell p r o t e i n .  (3 ref-
erences) 0705 FREQUENCY AND ORIENTATION EFFECTS ON WHOLE

ANIMA L ABSORPTION OF ELECTROMAGNETIC WAVES .
(K. ) Ga ndhi , 0. P . (Dep . Elec t r . Cng., Univ . Utah,
Salt Lake C i t y )  ‘ro . B~’o’-rc ~. ~~~~~~ BNE—22(6):

0703 EVIDENCE FOR COOPERATIVE ~1ECHANISMS IN THE 536—542 , 1975 .
SUSCEPTIBILITY O~ CEREBRAL TISSUE TO ENVIRON-

MENTAL AND INTRINSIC ELECTRIC FIELDS. ( . )  Adey , w. Studies were car r ied  out to  determine whether the total
R . (No affil.). F: nst i-~ r~ z T -~~~c- -;r . ~~~~~~ ~~~~~~~~ power absorbed in a whole animal bod y varies  wi th  fre—

r~~er’q , ed. F.  0. Schsti t t , D . N .  Sr-~rne ider , and n. N rprency , what the frequency regions of most absorption - 
-

Crothera (New York :  Raven Press , 1975),  pp .  32 5—34 2 . for  various p o l a r i z a t i o n s  a re , what  percentage of inci-
dent power is absorbed at such frequencies , and whether

Information processing in brain tissue no longer is extrapolations to humans are possible. Us ing a paral le l
considered to involve only the  nerve cells.  There  ire  plate waveguide with a 6,35 x 15 .9 cm2 cross section , RF
strong physiolog ical in~~-r r -t tons between ne rvous and absorption of 96, 158 , 214, and 390 g anesthesized Wis—
surrounding neuroclial cel ls . Sur f a c e  reg ions may have tar rats was measured . The animals were p la ced on a
o ther  q u i t e  special functions in the detection and trans— styrofoam street r -  separate them from the waveguide
duction of weak chemical —r rrd electrical events at t i e  plat es as observed characteristics were independent of
membrane surface. The characteristic phenomenon of placement as long as the bodies  were 2—3 mrs from the
over lapping d e n d r i t i c  f i e l d s  in the pa l i s ades  of cel ls  p l at e s .  It was found that there is a definite frequency
t i r i t  c h i t - r o t e  r iz e  a l l  v e r t e b r a t e  cerebral  gang l ia may r egion of pe rk a b s o r p t i o n  and the f requency  for  maximum
be assoc iated with the concurrent development of a absierot ion reduces as :~~1/3 w i t h  wei ght W of the  an imals .  ) -

rir -- t h m ic  e l e c t r i c  wave process. This dendri tic organ— F r  r e q -nries below resonance , the power absorbed
i?.-rtion ap000rs to constitute a specific arrangement v nies as I t  ;he absorption peak, the power
in cerebral tissue. The possibilit y that brain tissue a asorbt- - i varies as 112 1 3 , which is essen t ia l ly  an absorp—
may be s ens i t i ve  to f i e l d  p o t e n t i a l s  in t i re  environment t on cross se-ct ion proportional to the shadow cross
of the  neuron , including the intrinsic fields of ti ni - se- - tion of the animal. Above resonance, absorption
LEG . is di s- - oese - l . Experiments involving monkeys are reduces rnoootonically with increasing frequency . The
described which  involve t i r e  i f f e c t s  of low level , low e f f e c t  of t he  t a i l  on whole body absorpt ion  was minimal .
f requency  e l e c t r i c  f i e l d s  on EEC and behavior. There The RF power deposition varied significantly with orian—
was a dec ided  t rend  to shor ter  in ter response  t imes  in tation and frequency , ~‘i t tr the strongest absorption for
the presence of the fields. To add to tire evidence waves polarized along the long dimension of the body at
tha t membrane s r r t ice mt g i ~r t r -nn sduc -e  weak extracellu— frequencies such that the major length is approximately
lar  f i e l d s  as a s t ep  in the e x c it i t i o n  process , the 1/4 wavelength of radiation in tire presence of ground
e f f , — - ta 0 VHF eli-- t r o m a gn e t i c  f i e l d s , a m p l i t u d e  modu— caused image . The h i g h e s t  who 1~ bod y absorp t ion fo r

in t e rac t  ions h - ire been l n - n o n s t r r t t r - I b etween t i n -  b r a in  (6 r e f e r e n c e s )
la ted at EEC f r equenc ie s , was studied , Unequivocal humans is predi cted to he 40— 5 0  Mhz by extrapolation.
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0706 INDUSTRIAL AND SCIENTIFIC APPLICATIONS OF high voltage transmission lines. It was necessary to
DOPPLER RADAR . (s.) Whe tton , C. P. (Br. determine the nature of electric fields in the vicinity

Rail Board , London , England). (c~rc2txz~’c J. 18(11): of ac tua l  transmission lines , including the calculation
39—42, 1975. of the magnitude of fields at ground level , several meters 

—

above ground , and the lateral profile of the gradients
The principal advantages of Doppler radar over oilier in a direction perpendicular to transmission lines. The
methods of speed measurement are the lack of any need maximum gradients tha t were calculated were used to set
of phys ica l  contact  wi th  the system and the ability of reasonable limits on the fields . The electric field in—
‘-tb’s to be directed into areas which are normally in— tensity can be minimized by using a triangular configu—
accessible. The NW hardware is usually very simp le , ration for line voltage. The number , size , and spacing
ranging from single cavity devices to arrangements in of the phase sub—conductors have a minor effect on the
which the oscillator power is transferred to tire mixer gradient , with the gradient increasing as the apparent
by a coup ler and a circulator is used to allow single size of the phase conductor is increased. The steps
antenna working. A physiological application of Dopp ler taken to reduce corona and RIV tend to increase  the
radar is i t s  use to monitor the respiration rate of voltage gradients at ground level. The maximum elec—
humans and animals. The radar is d i rec ted  at the sub— t r iO f ie ld  in tens i ty  increases as p lant heig ht increases
jec t ’s chest and resp i r a t i on  rate  is inferred from the beneath a p r o t o t y p e  1100 kV transmission line. This
periodic changes in Dopp ler shift frequency which occur increase is caused by raising the effective ground
as the chest wall moves.  It is a grea t advantage tha t  p lane for the  t ransmiss ion  l ine. The project  wi l l  in—
the radar needs no contac t  wi th  the patient . The device volve t e s t a  made on the germinat ion ra te  of seeds and
causes no discomfort and , at 2.5 mW , presents no bio— morphological changes at the  cellular  level.  Plants
logical hazard. The same principle is used to form ~ will  be grown through several life cycles under dif—
respiration monitor in a polygraph system. (21 refer— ferent electrical fields to assess effects on pollen
ences) tube growth , pollen viability , meiosis , and mitoais .

(20 references)

0707 CLIN ICAL APPLICATION OF EM METHOD ON THE 0709 ORIENTATION BEHAVIOR OF RING—BILLED GULL
CENTRAL AND PERIPHERAL ARTERIES . (~r z r .  CHICKS (LARUS DELAWARENSIS) EXPOSED TO

Wanibuchi , Y. (M itsui  Me -rn. H o a p . ,  Japan) , H. Ilirna , F.  PROJECT SANGUINE ’S ELECTRIC AND MAGNETrC FIELDS. (K.)
Sano , N. Nakanishi , A. Nishimura , and S. Okino . r~oc~cr Southern , W . E. (Pep . Biol. Sd ., Northern Illinois
To Jznr.kan 22(7 — 8) t6 0 5—6 10 , 1974 . Univ., D e E a l b)  ti’er. , Off ice of Naval Research ,

Contract No. N0 001 4— 72—A — 0 050—000 2 , 32 p . ,  1973.
The application of the electromagnetic method to measure
human blood flow is presented with examples of measure— A stud y of possible Sanguine impact on avian migrational
ments in large arteries. The flow measurement results orientation was conducted during the summer of 1973.
for  the ao rta and pulmonary artery in both pre— and post— Ring—billed Gull chicks were used to determine if the
operat ions of ASD indicated the same blood flow volume magnet ic  and e lec t r ic  f i e l d s  produced by the energized
in the aorta and pulmonary a r t e r y  upon the d i sappearance  antenna had an e f f e c t  on their direction finding abil—
of the l e f t — r i g ht s h u n t .  The a r t e r i a l  blood f low wave it y .  Exper imenta l  t r i a l s  were conducted w i t h  ei ther
of a p a t i e n t  w i t h  ao r t i c  i n s u f f i c i e n c y  indicated tha t  the  n o r t h — s o u t h  or eas t—west  antenna energ ized with 260 or
disappearance of the back current of blood could be seen 300 A at 45 or 76 Hz of CW or modulated signal . Trials
after an operation to install an artificial valve. The serving as controls were conducted when tire entire sys—
quantitative diagnosis of heart rate and back current tom was shut down . All trials were conducted during
could be determined frost the pulmonary artery blood flow low intensity d isturbances in the geomagnetic field.
wave for  a pa t i en t  w i t h  Fal lo t ’s t e t r a l o g y .  The EN blood The 255 con t ro l s  showed mean head ings ran ging be tween
flow measurement can be used for the selection of an 145.930 and 154.280 which are consistent wi th  the head—
effec tive drug for  enlarging peri pheral arteries. The ings predicted for the population samp led. Analysis of
blood inflow wave measured at the upper arm of a patient the 1133 experimental trials conducted with the buried

— indicated an increase in the blood inflow rate from 40 antenna energized did not produce such clear cut results
ml/min to 262 ml/min after arterial injection of 5 ml a l though a detrimental effect was evident . Frequency ,
Priscoline. The EM measurement of blood flow wos limi amperage , -~nd mode of transmission did not noticabl y
ted to its use in animal experiments until a few years mod if y the birds ’ responses during trials. The AC
ago; however , the technique has been applied in human magnetic field produced by the energized antenna and
surgical cases , and the comparable accuracy of the blood superimposed on the geomagnetic field is responsible
flow measurement obtainable in animal experiments is for the recorded disorientation. These e f f e c ts were
possible in human applications. (17 references) recorded at ground level where the Sanguine field was

at its maximum intensity, girds subjected to short
term exposure to the Sanguine fields responded similarly
to those given larger exposure . It is possible that

0708 ECOLOGICAL INFLUENCE OF ELECTRIC FIELDS. the fields estimated to occur at even 1000 ft above the
(K.) Bankoske, J. W. (Westinghouse Ei ectr. operating system may be sufficient to cause disorien—

Corp., East Pittsburg h , Pa.) and C. McKee. Res. Rep. tation of juvenile Ring—billed Culls. (13 references)
No . EPRI 1::’), 20p , 1975.

This project was initiated to stud y effects of electric
f i e ld s  on p lan ts , an imals , and anu s in the vicinity of -~~
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0710 ELECTRICAL ENHANCEMENT OF HEALING IN COMBAT
INJURIES TO HARD AND SOFT TISSUES. -

Savara , B. S. (Health Sci. Cent., Univ . Oregon , Port-
lan d ) ,  R. U. Fields , R. T. Tacke , and N. H. Bartley.

. 2 e .  , U.S. Army Med . Res. Dev. Command , Cont ract
No. DADA—17—72—C—2185 , 26p ., 1974.

Experiments are being conducted to establish quantita—
tive relationships between application of electric cur-
rent and the reparative process in hard and soft tissue.
if l ~‘(vo dog calvarlum models were used in conjunction
with tetracycline hydrochloride labeling techniques to
determine whether the reparative process in hard tissue
is enhanced or accelerated , In v~

,o studies of the
soft tiSsue of rats and :‘: ~‘~~ rc studies of t issue and
cell culturma were conducted to determine the effects
of current levels , wavef orms , and electrode materials.
Dogs (23—35 ib) frost a defined genetic pool cere- util—
ized. Pour circumscribed defects , ~ nun square , r -ere
ou t  through the cortical and spongy bone into the mar-
row of each parietal bone using a denial hand piect- .
Electrodes were imp lan ted  on each side of the dc-I e i - t
and a constant direct current of 0.10, 1.0, or lb irA
was app l ied . Daily physical examinations and weekly
hematological and serum chemical evaluations were re-
ported . Tetracycline hydrochloride was administered
i.v . (10 n g / k g total bod y wt) at 1, 3, and 5 vie p -- i t
operatively. On the 42nd day post operative , the ani—
mat was sacrificed and a complete autopsy was performed.
All defects of the animals that had received current
were in a more advanced state of repair than those of
animals that had not received current. Those defects
receiving current in t i e -  earlier stages (1—3 wk) of the
reparative process showed slightly more advanced repairs
than those in th~ later stages (4—6 wk) and controls.
In soft tissue repair , observations correspond to the
results found in the hard tissue ~n V:~~~ . ~~ u - ~ro cell
and t i s sue  culture studies of primate fibroblasts grown
in suspenaion and in monolayer cultures showed that
cultur n--i receiving 0.1 and 1.0 A direct current exhibit
sl igh tly increased cell counts when compared to controls ,
but no significant change in cell viability was seen.
Under microscopic examination of the monolayer culture ,
an uneven distribution of mitotic figures which are more
numerous in the  area of the cathode are seen. Cultures
receiving 10 irA current show a definite decrease in
total cell count with no significant difference in t 1re
vi sb ility count. This  work is c ont i n u i n g .  (45 referen-
ces)

___________________________ - 
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0200 INFLUENCES OF VERY WEAK EXTRA-PHOTIC ELEC- an anima l Is exposed t i  F24R. Cumulativ e effects

TROMAGNETIC FIELDS . drown , F. A. (Sch. Arts of recurring field exposure will be investigated by

Sri., Northwest ern Univ., Evanston , Ii i.). com p a r i n g  b a s e l i ne  recordings t i  r ecovery  r eco rd ings
made between i e r i i e l i i  of i r r a d i a t i on  as w e l l  as by

See CR 0112 , Volume 11(1), for description of this comparing sub ser 1uerit field exposure recordings with

research. (Renewed 7/75—6/76) pr io r  f i e l d  exposure  r e c o r d i n g s .  Baseline field
exposure recovery recordings w i l l  r.ro~- e frurii a
fraction if a second to hours for acute preparationsSupporting Agency:U .S. Natl. Sd .  Found., Div. Biol. 
and minutes to days for chronically imp lanted animals.Med . Sri. 
Elect rophysiological techni ques will be emp loyed
including spectral analyses of EEGs and averaged
cortical evoked potentials using a computer of

0201 OCULAR PATHOLOGY FROM ELECTROMAGNETIC RAD- averaged transients i c  determine sensitivit y to EMR.
IATIONS . Fine , B. S .; Hirsch , S. E.; Tso, (7/74—6/75)

N. 0. (Univ. Aasoc. Res. Educ., Bethesda , Md .).
Supportin g Agency:U.S. Dep. Def., Navy .

I t is known that damage to ocular tissues may occur
by exposure to various wavelengths of the EM spectrum.
Damage is dependent on the amount of energy absorbed.
With development in recent years of a wide variety 0203 FLUID SHEAR OR MAGNETIC ALIGNMENT OF BLOOD
of sources of powerful El-IRs, some of which are , in COMPONENTS. Gardner , R. A.; Joist , J. H.;
addition , coherent (i.e., masers and lasers) the Sutera , S. P.; Barnothv , M. F.; Baroth y ,  J. M . (Sch.
potential grows for accidental injury to the eye. Eng. Appl . Sri. , Washington Univ., St. Louis , M o . ) .
This research proposes to evaluate the sequence of
morphologic events produced in ocular tissues liv The objective of this project is to identif y quanti—
such devices in both the visible and invisible per— tatively field mechanisms of interaction in blood due
tions of the spectrum. Current methods of light to either fluid flow (rate—of—shear) or externally
and electron microscopy will be app lied to these app lied fields (electric or m a g n e t i c ) .  Two such
studies. This project consists of two parts: (1) effects tha t have been documented recentl y are the
an evaluation of two important regions of the invis— delay of (e vitro thrombus formation due to either
ible spectrum using (a) an ultraviolet laser tel increasing rate of shear in the flow or the appli—
determine effects on cornea , lefls , and possibl y the e St  i - rn of an external magnetic field. The efforts
retina in short (days, weeks) and medium r errn (months , of this research will be focused on the wc-rkin o
year) experiments arid (b) determination of the effects hypothesis that the mechanism which results in theseof MW r a d i a t io n  on the  lens in shor t , m e d i u m and long ef f e c t s  is the p r e f e r e n t i al  i r l i g i r m e - r r t  o f one or more
t i -rn c- -~p c- r irnents , and (2) an evaluation of damage to of the macromolecular participants in the ~‘r: ~‘~~tr-
the primate fovea by coherent visible li ght using a thrombus formation process. Fresh whole blood (wb)
CW laser (Argon). The proposed studies ire currently 

or p latelet—rich—plasma (prp) from fasted do will
of great clinical importance in the matt er of evalu— be used to produce coagula under the controlled ‘c
sting the pot e nt ia l for acci d enta l injury and ilr-tr -r - p- 1 j p - flew conditions of a modified Chandler ri -til tingom it ion of st rnil - i r l- - of safety. (6/75—5/76) loop system . The effects to be studied include the

dependence of thrombus—formation tine ir. prp and vii
Supporting Agen y:HEW , PHS , FDA. on field strength and rate—of—shear and the dependence

ii f thrombus structure in wb and prp on field strength
and rate—of—shear. The reduced se~l irlr -nt rt ion of
erythrocytea in whole blood or sing le protein solu—

0202 THE EFFECTS OF LOW POWER DENSITY ELECTRO- tions in a transverse f i e l d  w i l l  be examined theoret—
MAGNETiC ENERGY Oh BIOLOGICAL SYSTEMS . ie al l v and experimentall y in order t o  i d e n t i f y  or ien—

Flanigan . N. F.; Rid gway, S. H. (Br-- v st . Res. Dep., tattoo effects. Solutions if single blood proteins
- - U.S. N~~v : . San Diego , Calif.). will be examined using the optical techni ques of

s p ect r o p h o t o m et r v . spect r o p o l a r i m e t r y  and h i r e f r i n g —  -

The objective of th is i r k -  is to  ~ror dv the el i - i t ro— ence to q u a n t i f y  t h e i r  o r i e n t a t i o n  in a t r ansverse
Pll :cs i ilir c Y ( i i- . ,  b r a i n  wave I t  ivity, heart r /t e- I magnetic field. (6/75—5/76)
and behavior of reptiles (turtles) exposed to low
powe r density (~ 10 mW/ cm 2) iMP at a number of fre— Supporting Agortry :IIFN , PHS , NIH .
quencles within a range of 0 .1 ii- 10 G}iz. h - - r r r n r - I r l - -
lic electrodes wiU be developed to enable both EEGs
- m d  ECG~ to he recorded f rom the b r a  in and u -a rt
r i - - i l l . ,  of a c u t e  and chronicall y imp l anted ;n i m a l s . 0204 DEVELOPMENT OF A H I G H T  POWER M I C FONA V I
All f i e l d  i-xp ii - iur r- exp eriments will Ii i~ l i n - t r - i l  i n  FOCUSED OVEN . G u i  l~ t i i  , A. (lu-ne-v , D. L .
- mi r. Acutely Implanted turtles will be a n e s t h e t i z e d  G i i - u t ~~~ , F . ;  Fan g, C. (La b. Preclin. Pharmaccml., Nu n ]
or p a r t  i i m l l y  a n e s t h e ti  ned and r e s t r a i n e d .  F.ECs and I nn ~; t  - Merit. Health , lle-tlnn- - i lun • M d . )
i CG.i w i l l  he simultaneously recorded . Chronicall y
imp lanti-rI animals will he prepared using a stand ard— See CR 0079 , Vo lume 1( 11 . for description of this

e r - i l  p r i i cilu re. Ear lr . i n n i r i ; i l w i l l  serve as 115 OWfl research. (Renewed 7/74—e/75)
c o n t r o l . B a s e l i n e  r - r n n r n l ings p r i o r  to  any f i e ld
exposure  w i l l  be compared w i t h  those  ob t a ined  when Supporting Agency:HEW , (‘lI P . Nu l l .  Inst. i - l e n t .  Health
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0205 PRE- AND POSTNATAL EFFECTS OF MICROWAVE In order to determine if 11W radiation can produce
IRRADIATION . Jensh , B. P.; Brent , R. L.; cataracts in primates , the face and eves of operantly

Weinberg , 1.; Vogel , W . (Sch. Med. • Thomas J e f f e r s o n  t r a ined  u n f e t t e r e d  rhesus monkeys have been irradiated
Univ. . Ph i l ade l phia , Pa.). during their operation of a uranipulandum . The operant

condi t ion ing  appara tus  has been b u i l t  and the MW irrad—
-. • There are t h ree  objectives of this investi gation. iation equipment is in use. Power densities (500

Techni ques and in st r u m en t a t i on  will be developed fur— mW/cm 2) and du ra t i ons  (15—20 m m )  of x— ba n d pulsed I-IF
ther for the determination of exposure and dosimetric irradiation to the face , wh ich p r i du c e s  ocul ar and
parameters at 915 and 2450 MHz , and for time deter— skin injury in anesthetized animals , have been found
mina t ion  of tire i n f l u e n c e  ci f  pulsed exposure , contin— to be readily tolerated by unanesthetized rhesus
uous exposure , peak power , and average power (pulsed monkeys for a rewarding drink presented in 0.25 ml
irradiation) . The dosage and monitoring procedures increments on a variable schedule (25%). A long term
w i l l  be re f i n e d  t h rough p o l i s h i n g  of t echn i ques and s tud y of possible l a t e n t  e f f e c t s  of chronic exposure
i n s t r u m e n t a t i o n  fo r  q u a n t i t a t i v e  mea-~urr -mc-n t  of mod— to 9.31 GHz pulsed 11W irradiation is in progress with
ula ted  and pulsed transmi—; sion of 2450 and 915 Mhz eight experimental and e ight c o n t r o l  unf ~- t t e r ed r h e s u s
and power ranges at  or near those c u r r e n t ly  considered monkeys. The original pilot study is being enlarged
accep tab le .  The e f f e c t s  of low dose ch ronic  p rena ta l  to a f u l l  scale inves t iga t ion  of e l ec t ron ic  t echn ic —
MW irradiation and (1) embryon ic  and f e t a l  development ians who may have been exposed to MW r a d i a t i o n .  I t
in the rat , (2) postnatal development in the rat , (3) will be their task to obtain the names and addresses
reproductive capacity of tine rat , and (4) CNS of time of selected groups of veterans to whom the shadow—
exposed adult offspring will be determined. The graph device wil l  be mailed. The data obtained will
procedure will include three power ranges at two be statisticall y interpreted. (7/75—6/76)
transmissions and two frequencies (2450 and 915 MHz)
and four time periods in the rat pregnancy plus Supporting Agency:U.S. Veterans Adm.
paired controls . (6/75—5/76)

Supporting Agency :HI- W , PH S , N I H
0208 MINIMALLY -INVASIVE STIMULATION WITH IMPLANTED

DIODE. Schuder , J. C.; Stoeckie , H.; Almond ,
C. H.; Stephenson , H. E. (Scim . Med. , Univ. Missouri ,
Columbia).0206 VEST IBULO—COCHLEAR EFFECTS OF UHF-MICROWAVE

R A D I A T I O N .  Lebovitz , R. ‘I. ; Seaman , B. (Sch. Electrical stimulation of biological tissues is cur—
Med., Univ. Texas , Dallas) . ren t ly  used or under ac t ive  cons ide ra t ion  f o r  use in

the treatment of a variety of c l inical  problems .
This research concerns the experimental exami nation of While the p o s s i b i l i t y  of se lec t ive  e lec t r i ca l  s t im u —the neura l activi ty in the vestibular system of animals 

lation of a localized region within the body by com—s u b j e c t  to ac u te , c rania l  MW radiation . This work
w i ll proceed i n i t i a l l y  on mongrel cats and progress pletel y non invasive means has been p o s t u l a t e d  on

t h e o r e t i c a l  groun d s , such  s t i m u l a t ion has yet to  beto monkeys as techni ques are r e f i n e d .  Wi th  t i ne  animal
demonstrated experimentally . Howeve r , t h e  s e l e c t i v eimmobilized in a atereotaxic frame , i-IF ra d i a t i o n  w i l l s t i m u l a t i o n  of a loca l i zed  region w i t h i n  the- body canbe app l ied to the cranium at an incident frequency of

‘1 15 MHz , using power densities in the range of 5 to 
be achieved by imp lanting a very small diode at time
desired site and then app lying a pulsed BY field by100 mW/cm 1. Tine relevant data include gross field and

single cell electrical activity in the vestibular 
means of electrodes or a coil on or near the surface

nerve and mssocia ted nuc le i .  In t e r s p i k e  in te rva ls  are of the  body.  Reasonab ly  comp l e t e  theoretical descrip—

ana lyzed  by compute r  for average rate and interval 
dons of the two s ’stems have been derived on the

s t a t i s t i c s  and correlated w i t h  the MW radiation . As a 
basis of an idealized model in which cir - ular elect—

control , known but weak cranial acceleration is rodes or the coil are placed ciii the surface of a semi—

applied before and during MW exposure to classify tire 
infinite lnorv n~~ - n n c - u  - mediu m . The dir- ci  current corn—

unit and field response pattern. Other controls in— ponent of diode current is related to t b  power input

d ude vestibular nerve section , intracranial tempera— 
to the e-iec tro ili - pair or to tire coil and to the geom—

tune- monitoring and histolog ical verification of 
etry of the system. The i v -  systems are being cur—

electr i-d i- sites . Particular attention is paid to the 
rentl y evaluated for the cardiac pacing of dogs and
the  s tudy  wi l l  be extended to  cover -Il/o r s t i m u l a t i o n

suppresu; ion of MW induced f i e l d  a r t i f a c t s  in e lectrodes
and to the calibration of absorbed energy. A second— 

app lications . Input power—diode curr -n/ t ri - l i t ion—
ships will be de ri yr -d for more complex models.ary a im of t h i s  work w i l l  be to e x a m i n e  tire e f f e c t s

of i-lW radiation unit activit y in the auditory path-
way. (5/75—4/76) 

Supporting Agency:HFW , PHS , hIll

Supporting Agency :FII-W , P 1-I S , FDA

0209 MECHANICAL PROPERTIES ANt) ENERGY PROPAGATION
CHARACTERISTICS OF TISSUES. Ware , R.

McCutchceon , F.; Knapp, C.; Binagat , C. (VA Hosp ., Lex—
0207 BIOLOGICAL EFFECTS OF MICROWAVE RADIATION. ington , Ky.).

McAfee , B. D.; Cazenavette , I. L .; Holland ,

I
N. C.; Robin - tte , C. 0. (VA Hosp., New Orleans , La.). The objective of this resr -m rc h Is to investigate time
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correlat ion of ~lassica1 mechanical properties of 0212 EFFECTS OF LOW INTENSITY MICROWAVE RADI
various kinds of h uman and animal tissue in corre— ATION ON MAMI’IALIAN SERUM PROTEINS. Cle .nnv ,
lation wi th the tissue propagation characteristics S. F . ;  B e r r y ,  E . R. (Sch. Mid., Virg inia Commormw .
for US and FM energy . Investigation of transmission Univ., Richmond).
spectra of the full range of infrared energy for dog
blood and design of US test range and instrumentation See CR 0136, Volume 11(2), for preliminary descnip—
s\-xtems are already underway . The goal ~or the first tion of this research. This ongoing project is
year is to complete design and fabricat ion of the des igned to synthesize c’ia and t/-w-.s isomer s of
test range and instrumentation system and to obtain 3—mercaptoethylamine and y—mercaptoprophylamine for
preliminary data using animal (dog and rabbit) tissues, studies to determine their radio protective prop—
(7/73—6/74) erties. Careful studies have been made to determine

modes of synthes is  of the proposed compounds. The
Suppor ting Agency:U.S. Veterans Adrn. general approach will be to follow the routes of

synthesis so as to make sufficient quantities of
the compounds for testing. (Renewed 7/75—6/76)

Supporting Agency:U.S. Dep. Def., Army
0210 BIOELECTR IC PHENOMENA CONTROLLING BONE

GROWTH. Bassett , C. A.; Pawluk , R. J.
Chokshi , H. R.; Park, I. ; Bogoshian , A . (Sch. Med.
Columbia Univ., New York , N.Y.).

0213 BEHAV IORA L AND BIOLOGICAL EFFECTS OF RESO-

The objective of this project is to develop a highly NANT ELECTROMAGNETIC POWER ABSORPTION IN

ef f e c tive aurg icall y noninvasive method to increase the RATS. Gandhi , 0. P.; Johnson , C. C. (Sch. Eng. ,
rate and ftequency of fracture repair. Capacitively Univ. Utah , Salt Lake City).

coupled electric and inductively coupled EM fields
already have been shown to have the ability to influ— See CR 0080 , Volume 1(3) and CR 0148, Volume 11(2),
ence oa teogenes is and other biological processes. The for descriptions of this research. (Renewed 7/75—

coupl ing e f f iciency of present fields , however , is not 6/76)
capable of provoking osteogenic stimulation of a mag-
n itude already shown possible wi th a po ten t biochemical Supporting Agency:U.S . Dep. Def., Army
osteogenic factor. Since the biological system has
a demonstrated capacity to respond on a scale hereto-
fore thought impossible , it appears important to
develop electric pertubations which can trigger re— 02)4 MECHANISMS OF MICROWAVE INTERACTION WITH
sponses of this magnitude . As an initial step to HUMA N AUDITORY SYSTEMS . Lin , J .  C , ;  Yu , F.
increase the effectiveness of these modalities , an T. (Wayne State Univ., Detroit , Mich .).
attemp t will be made to study mechanisms by which
pulsing electric and EM fields interact with non— This research will investigate , through theory and
excitable cells to alter their behavior. Primary experiment , the mechanism of interaction of pulsed
emphasis is to be focused on effects at the p lasma 1-twa with living tissues. This involves analytic
membrane—glycocalyx interface and the capacity of studies of the stress and forces induced by the
this structure to complex or release cations such as incident MW energy, optical measurement of vibra—
Ca+l and lC~~. Results will be correlated with altered tions in models of human and animal heads exposed
pat terns and rates of collagen and DNA synthesis by to pulsed MWs, and theoretical and experimental
connec tive tissue cells in V tro. The relat ionships invest igat ions of the f r equency  behavior of the
established by these studies will be used to screen induced vibrations which may be used to isolate
pulse character istics , such as amplitude frequency, the precise mechanism involved in the auditory phen—
shape , and wid th , for maximal perturbation of cell omenon . The results of this research will advance
function. Data arising from these basic studies will the existing knowl edge on the quantitative effects

- - be applied in fracture and pseudarthrosis models in of MW energy on living organisms and provide some
animals. (12/74—3/75) urgently needed scientific information in determining

human tolerance to MW radiation. (8/75—7/76)
Supporting Agency:HEW, PHS , NIH

Supporting Agency:Natl. Sci. Found., Div. Eng

021 1 ACCELERATION OF FRACTURE HEALING BY ELECTRI- 0215 ANALYSIS AND PREPARATIONS OF AVAILABLE
CAL FIELDS. Brighton , C. T. ; Friedenberg , WORLD LITERATURE ON BIOLOGICAL EFFECTS

Z. B.; Black , J.; Korostoff , E.; Heppenstall , R. B. OF NONIONIZING ELECTROMAGNETIC RADIATION . Lindberg,
(Sch . Med. , Univ . Pennsylvania , Phil adel phia). 

~~~~~ Larr i rnore , J ,  (Mead Corp . ,  Dayton , Ohio).

See CR 0134 , Volume 11(2), for description of this See CR 0103, Volume tI(l), fo r  descr iption of this
research. (Renewed 9/75—8/76) research. (Renewed 7/75—6/16)

S u p p o r tin g  Agency :HEW , PHS , NIH Suppo rting Agency: Office Telecomm . P01.
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0216 THE ROLE OF CYCLIC AMP AND CYCLIC GMP IN
THE CENTRA L NERVOUS SYSTEM. Lust , 1-1. D . ;

Passonneau , J. V . ;  Kupperberg,  H. J . ;  Yonekawa , W. D.
(HEW , PHS , NIH , Bethesda , M d . ) .

The react ions  of cyclic AMP and cyclic  GM? to induce
a l t e r a t i ons  experimental ly  in brain metabolism were
investigated in vivo. Cyclic GM? in the cerebellum
increased following electroconvulsive shock (ECS)
and a f t e r  the admin is t ra t ion  of e i ther  CNS st imulan ts
or convulsants .  The levels of cycl ic CMP were de—

F creased following the injection of a number of CNS
depressants and anti—convulsants . While cyclic AMP
also increased following ECS, this cycli c nuc leo tide
is pharmacologically unresponsive. Most of the anti—
convulsants tested to date decreased the cyclic GMP
levels by grea ter  than 50%. The re la t ionship  of
cerebel lar  cycl ic  GMP to bo th elec tr ically and chem-
ically induced seizures is cur ren t ly  being investi-
ga ted .  ( 7 / 7 4 — 6 / 7 5 )

Supporting Agency :IIEW , PHS , NIH

0217 INVESTIGATION OF OCULAR EFFECTS OF CHRONIC
EXPOSURE OF PRIMATES TO MICROWAVE RADIATION

AT 2 .45 GHz.  Polson , P. ( S t a n f o r d  Res. I n s t . ,  Menlo
Park , C a l i f . ) .

See CR 0102 , Volume 11(1), for description of this
research. (Renewed 7/75—6/76)

Suppor t in g A g e n c y : 1 . S .  Dep. D e f . ,  Army

0218 BIOLOGICAL EFFECTS AND HAZARD S OF MICRO-
WAVE RADIATION.  Hunt , E. L.; Larsen ,

L. E.; Jacobi , J. H. (Walter Reed Army Inst. Res.,
Washington , D.C.).

See CR 0117 , Volume 11(1), f o r  descr iption of this
4 research.  (Renewed 7 / 7 5 — 6 / 7 6 ) .

Supporting Agency:U.S. Dep. Def., Army
it I
(
- . i

38

. .  —. . 
- -.

~~



AUTHORS OF CURRENT LITERATURE INDEX

- 
- 

5 ) ~~Y , W. -~. OtMA ILLE,  J. I1~~ K IN S , P.S.
L44 , 703 669 679

5 E F F I ,  l- .N .  D E S A N T I S ,  M. ~I E P P N F R , F . 1.
691 687 642

‘t i  t iS ,  J .w. OURO VI C, 7. iJNT , E.1.
h9~ 672 687

t \ l f~~ S) -’4, J. D0TEU~ Hl. N . 1405, 4.
6 2 7  67 9 624

/ 3  S T 4 R K I 4 ~~V , V .M.  DIJCL~~S, N. h E M S , -I.
686 667, 668 737

Bs\Kfl’ , ~~~~~~ G W IV E D I ,  ~- .S. JO INSON , C.~~.
637 662 663

B3N KC- i ’(t, J .W. cLDE ,’ , J .A .  J U S T E S E N ,  D.~~.
lui 693 687

3e- T t E Y ,  N.H. ENGL’ , R. 0. KAHN, A . R .
7 1 )  661 o54

4~~T T r : 1 . E T r I ,  J .H. t P S T F I N ,  0.1. K A P P E L ,  0 .4.
631 690 652

~~~~~~~ S.M. FAN S LUW,  G.E .  KA J FMAN ,  G .e.
(44 ,  o87 695 634

~~. ~ I , J.E. FERRIS , C.D. KET IIJN , L.D.
132, 653 645 652

-i L I  ii,I, 5.  F I E L D S , ~ .W . K L E P S C H , I.
t~ 7, t ib ,  - ‘69 ,  67 c)  7 10 622

1 iiSsI , C. 1cAN K L IN , 0.1. K L I N IV S ( A Y A ,  1.0.
6 i 7  6 5 3

s~~i - r Y- ~s , - . FRALc ~~, J. KJBS Y 6 S I -4 ’I, 7.
EE5  687 625

~‘t i-J )~~L E1- ~~TO , 3. FREY, A. KOL])UB, F.A.
c40  687 675

n ‘ i i ~ , P.J .ri. F-k IEDMAN, 4 . K~~4 S N O BA F V ,  P.E.
T- j L 65 1 682

.v ~~~~4J~~- ~~. G A L L O W A Y ,  0. K~~1T IKO S , H.~~.
687

tL~~~~LL j - \ , . GANDHI , u.P. K~~)G~~~, W . S .
697, 705 648

o ‘ 7~~~~~i l  , ,. G A V A L A S — M E D 1 E I ,  R.J. K~~JM° , P. E.
732 644 639

a ~~~~~ j,4• 0085N , V .L . KU —I l~~~ENK0, & .E .
83 o82

•L.  OD MES, 4.M. F . LAN C 5A N JAN, I.
52-i 702 622

~4 -  ~~~~~ ) .l- . DuDOMAN, £.M. 15J ~~, H.M.
/ 4 /  62W 621

‘ - C .-H~~ , ~~~~~~ 
GRAF , E.R. LEE , P.G.

ri33 641 7)1
- 

~~~~~ . GREENBEPG, B. Lc~4M 6- N N, J.F.
. (5J o94 o81

~ o , :- . G,~E E N E B A U M , B. L EcD N / IA RDT , G. F .
t,28 7 02

c ’~~ r r t ~ ~ U1DOTT I, A. 1.1~4, J.C.
679 656. 664, 678

-t~~l-Y , £.1. i;tjy , A .w. LL~~i’-A DJ, J.G.

~~~ 658 , 678, 687 631
I ~~J ,  — K .  F$A FF N E R ,  J. t)~ L)V ~~L Y,  5 .

Ti  642 687

~~~( E ,  F . .  I-l A KE S ,  S.) . L)W E, J.F.
1 4 1  645

‘ ‘ s  ~~ , -).L. HA M I ,  0. L J C ~~4 K , N.
629 677

~~~~~~~~~~~~ ~~~~~~~ HA R T - , C. M~~ICA NE~~CJ ,  M.
78 698 622

p I- . H A U B E R , ‘1.1.7.  M 4 ’ 4 I Y A , 0.
(- 119 621 625

- t  L~~~~ i- ’~F L ,  J. HA WI ( IM S ,  0. M4~~~ JN, N.

~87 628
O r (  A T .. J— , F.J. MA J/ ~t P  

~ D.
6 8 1  650

39

- 
- 

—.--- - -  

~~~~~~~~~~~~~~~~~~~~ .--————-- 



Biological Effects Electromagnetic
AUTHOR INDEX Radiation (1(4). December 7975

M CC L E O D , W. RONAN US~~ O, V . A .  T O F I L O ,  P.P.
662 682 671

MI C IIAELS ON , S.M. ROM ER O—S IE RRA , C. TOLLEFSON , J.J.
6 34 640 695

M I L L E R ,  B.F. ROS ENTHAL, S.H. T O R L U N I ,  M.
— 

- 684 649 702
• M I LLER , D .A. ROZZELL , T.C. TRA BU (JLAY, E .A., JR.

635 , 654 638 666
MISHEHENKO, 1.1. SA NCES, A ., JR. T RA BUCC HI, N.

675 631 679
M u lLER, S. S A N D I E R ,  S.S. T R E D I C I ,  T .J .

657 691 o90
M U RASH OV , B .F. SAND , F. TSYBYS HEV , V.P.

682 707 o86
M U R A W S K I ,  B.J .  SASAK I , K. UL YA NQV,  M.IU.

661 625 673
NA HA S ,  G.& . SAVA RA , 8.5. VA L.ENTINO , A .R .

665 710 643
NA KANIS HI ,  N. SCHIFFMANN, R.F. V4 NDERLINDEN, G.

707 692 701
NEUMANN , 1. scHRor, 3. VARMA,  N.M.

700 o87 666
N IE VEL , 3.6. SCHW4 N, H.P. VOIGT , 4.

627 699 621
1-4IS H IMURa , A. SEAMAN , R. VOR ONKINA , N.).

707 687 67 1
OGUNWUY I, S. SHACKLETT, D.E. W AG/I ER,  B.

662 690 665
OKIN U, S. SH EALY , C.N. W A NG,  C.

707 647, 655, 660 679
OLSEN,  R.G. SHEVCHUK, V .1. W A N I8UCHI ,  Y .

696 685 707
OS IPOV , P.P. SLINEY, D.H. WARD, T.R.

671 704 693
OSTR OV S KAYA , 1.5. $NIRNUV, IU.V. W AR 1-SK E, U.

674 673 676
OWENS, J.C. SMLM NOVA ,  N.P. W HETTO N , C.P.

695 680 706
PAUL, R. SMITH, 6.5. WILLIAM S, T.

676 691 651
PAV L OVI CH, S.4. SOLAKOVA , S. W ILSON, A .S.

671 683 636PENNER , K.K. SOUTHERN, W .E.  Y4M AN E,  4.
688 709 625

PIR UZ IAN, L.A. STAUNCH , N. YA SH IN A , L .N.
686 621 674

- 1  
- , P31K , C. STAV I NO HA , W . Y E V T U S H E N K O ,  6 .1.

633 687 6 7 4
- - -, POPE SCU, H. I .  STEFANOV,  B. Y JSHI DA , 5.

622 683 625
PO STOW , E. STONE BRI O GE , J.B. Z ILB E R, S.

654 681 652
4 P R I F T O ,  A . ,  J R.  SUG IYAMA , S.

647 646
R-A FA ILA, E. S Z MIG IELS KI ,  S.

622 677 ‘ 
-

REG E ST E IN, Q .R.  TACKE,  R .T .
- 661 710

REMUND , A. T A F L O V E ,  A .
655 630

R EV Z I ” 4 , A. TA NIYA , H.
700 625

R3BIN S ON,  N. TEO T IA ,  J .S .
6 27 684

R)HL , 3. THOM A S , J.R .
621  687 1’,

~0 MAN 0V, I .V .  T OC KM A N, M . S .
673 639 

- 

-
.

40 GPO *l~~.4•j

LI IL


