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RADIO-FREQUENCY RADIATION 

BIOLOGICAL EFFECTS 

PREFACE: 

T h e  pur po se of t h is r ev i ew i s  to provide information on the 

biologi c al effec t s  a n d h ealth hazards of radio-frequency 

r ad i at io n (electrom a g n e t i c  r a d i a t i on in t he radio- and microwave 

r a n g es, up t hrou g h 300,000 meg ah er t z ) . 

Ex perts fail to agr e e  on t h e  b iolo g i cal effects for a number 

of reason s. Generally, however, the d i s agreement lies in the 

f a c t t h a t m a n y  of t h e  cla i ms can no t  b e  c l e arly replicated i n  the 
1 Et b o t- E1. t or- 'y' .. F=-1.-· o m  i::i. p U.l' .. �-:-:� 1 ;..; :::� c: i en t. i ·f i c v i r::� lt'J p o i n t t h i s me an s t h e 

d at a m u s t  b e  d i sr ega r ded .. U nfo r t u n a t ely, this does little for 

the victims of exposure to radio-f requency radiation. 

The pur pose of t h is paper is to draw together a sampling of 
th at data t o  ser ve as a base of information when examinin g claims 

o-f injur- y dUE·? t. o 1'- c-.-l.cl i o-·-+ i'- i:.:.· qut::.· n  c y r- a d  i C:t t i on M 

The United States s t a n d a r d  of safety for e�posure to 

m i crowave r a d i a t i o n  i s  se t a t  a r ad i a t i o n  dose of 10 mill i watts 

per s q u a r e cen t i met er of b ody su r f a c e. The standard was based on 

the work of Dr . Her m a n  Sch w a n ,  a r e s ear ch scientist wor k i n g on 

th e a s s u mpt i on that h e a t  w as t o  only effe c t c aused by m i c rowave 
r a d i a t i on ..  The America n  Sta n d ards I n st i t ute has accept ed this 

l ev e l a s  an o c cupat i on al gu i delin e . 
The value accept ed a s  saf� in t h e  Un i ted States i s  a 

t ho u s and t i mes gr e a t er t h an the m i crowave sta n d ard i n  t h e  Sov i et 

U n i D n • The'/ s r:.:· t t h (·:::: \/ .::-�.1 u E! <:\ t. 0 .. 0 :1. m i J. 1 i watts p e 1,.. :; quare 

c r:.0n t :i. meter·. 

DOCUI''IENT���T I Clt\1 

The r em a i n d er of t h i s  r epo r t w i l l draw on the published 

results of resear chers i n volv ed i n d e t ermining the biological 

ef� e c t s  of r a d i o-fre q u e ncy r a d i ation M Because the purpose of 

this p aper i s  to exa m i n e why satisfactory answers have not been 

fou n d  in the qu e s t  for i n form a t i o� about these effects, the 
m c\ t e r· i <3.1 c: i t E· cl v-J :i J. 1 · c: c; n c: E·:· n t:. ;--· e:\ t �::.:· on 11 n on --t E! >� t b o o k '1 type r-es u 1 t s .. 

1 .. DNA HELIX FOUND TO OSCILLATE IN RESONANCE WITH MICROWAVES 

Sc i en c e  News , Vol. 125, p. 248, April 21, 1984 

II For-· t h e + i r·· �=- t t i rn E·:·:· !I b i o p h y ·::; i c: :i ·:::> t s h ave demons t r- ate d t h at DNA 

the molecular cod e  of l i f e - re sonan t ly absorbs microwaves. 

Th i s  f i nd i n g .. . .  " ..... . h as pr ompt e d  r ese arc hers to suggest that 
n on t h E� 1,.. rn Et 1 g E• n E• t: :i. c: r::• f f E·:· c:: t ==� ·f �--· o m  1 o \.-\1 1 E! v e 1 m i c r o t."J aves a r e 

pos s i blE�. " 

'11\lont h E·r- m al rnec-t n s  o·f 

more c o n trover si al since 

low power levels . . . .  M . .  

is d i ff i c ult to obtain 

a b sor-pt. i on ar-t-? far more obscur-e and 

they are th ough t to occur at relatively 

Moreover � a t  low power densities it 

s t a t i s tical l y  significant data from 



E·:• :< p E! (. :i fTi E·:.· ri t. :;; on r-esults f rom suc h 1 ab or- C:\ t Dlr· y 
E'>: p eri mE-?n t -�; 
chronically 

.:·:\ �;; V.J E:• J. J. as epidemiological studies on humans 

to low level microwaves have 1a�gely been 

2. GENERATION AND DETECTION OF PULSED X-RAYS FROM MICROWAVE 
SOURCES. Anthony P. De Minco, Rome Air Development Center, N.Y. , 

Biological Effects of Microwave Radiat ion , Vol. 1. , New York 

Medical University, 16-18 August 1960. Plemum Press , 1961. 

II I n h i q r-, p o trJ �� ,,- m i c: t--c:n•J a v f-? g t-:.1 n e r- C:\ t or- s , c on d i t i on s and 

components exist wherein the production of soft X-radiation at 

levels as lCJii·J a�::. 1�3 k\/!1 t!···,t·-·ough tl·•f=� 11intE-?r-mediat.E?11 range and on 
up t o 11 h a r· d II X--· r-a cl i at i on at ��; 0 0 k v i �:;. p D ::; ::; :i b 1 e .. II 

3 ..  BICJLCJGICAL 
Science Bulletin, 

EFFECTf.3 CJF. 
1··) D 1 .. �::; .. I\! D • 

r·1 I CF:CJVJA1 .. ./ES .. 
l, a anuat'··y 

7 ll L- • v .. Gordon, Foreign 

11 The r-o 1 E· of the c �:,::. r1 t r- Ell n e 1r· v o us s '/stem i n the causa t i on of 

m i c 1r· ow i::t v e r· c-:l d i E:"l t i on d <::\rna c;; E� h a�; b c::-� e:� n t h e source CJ ·f m u c h 

c o ntrover s y .  While some researchers point to the central nervous 

system as being among the most UHF r e sistant portions of the 

body � most S_o vi et v.J en- h::-? ,,-:=. cont. E·? n d that i t i s the most · sen s i t i v e 

to such radiation. The response to local� y applied m icrowave 

radiation in the c e n t i m et e r  range was found to be nociceptive in 
nature and to include reflex withdrawl m oveme�ts, elevation of 

blood pressure, and alterations in rate and depth of respiration. 

Reaction of the nervous system to microwave r adiation is a 

function of radiation intensity, the range of microwaves� the 

funct.i onc:d conc:!i ti on of thE� nr:?.r-'·./Ou�-=i: :�.:.yr::itc-?rn, and the typal ogi cal 

featur e s  of the animal. Intermittent ex posure to low-intensity 

microwaves produced persistent functional shifts within the 

central nervous system which suggested the possibility of 
cumulat:ivE·� b:i.DlD<;;Jic:al b:i.ologic:c-:·ll E·ffec::t. Df microw aves . 

11 

4.. RESPONSE OF THE NERVOUS SYSTEM TO MICROWAVE RADIATION. 

Vladimir Mutschall, 
June 1969. P. 51. 

Foi .... E-?ic;Jn Sc::ienc:�:,::. Bulletin, 'v'ol .. 5, No. 6 , 

11 The nont her· rnal :i. n t. E'nsi tit:��=· app 1 i ed to humans had produced 

symptoms primarily of an asthenic n�ture: increased fatigability, 
dullness, partial loss of memory and vision� insomnia� headache� 
�= :< c E� =; !5 :i. v c.• p E• r· :::. p i (. <::"1. t·. :i or·, E\ n d c: h i 1 1 !! v e r· t:. i g o !' red u c: e d s e :-: u a 1 
potency, pain in the cardiac region, and dyspnea. Other symptoms 

indicating functional disorders of the nervous system included 
increased tendinous reflexes, occasional peritoneal emaciation, 

and vegetative disturbances such as vasomotor labi lity , 

hyperhydrosis, acrocyanosis, stable dermographism� and 

intensified pilomotor reflex: some individua l s had developed 

t ,,- o p h i c: c: h <::in q e s ( n a i 1 + ,,-,;:l (_] i 1 i t ·'/ !I t. ,� i c h or- r-h e a � e t c • ) II 

5. THE MECHANISM OF ABSORPTION OF ULTRAHIGH FREQUENCY 

ELECTROMAGNETIC ENERGY IN TISSUES, AS RELATED TO THE PROBLEM OF 
TOLERANCE DOSAGE. H. r Schwan and Kam Li� IEEE Transac tions 
Medical Electronic s , 23-24 Se pte m b e r  1955, Mayo Clinic. P.49. 



11 At ·f 1'- r:? q u. en c :i. E· s l c1 h' �::.:-1,.. t h an LJ. 0 0 m c <::t n d h i g h e r t h an 3 , 0 0 0 m c , 
the human body will abso�b about 40 to 50 pe�cent of airborne 
radiation. Between 1,000 and 3,000 me the percentage of absorbed 
energy fluctuates between 20 and 100 pe� c ent, depending on 
frequency� thi cknes s of skin � and thickness of subcutaneous fat. 
Conse�v at ive est i mates of tolerable amounts of energy should be 
based, therefore , on a possible 100 per c ent absorption. 

At frequencies lower t ha n 1,000 me most of the radiant 
ene�gy is t�ansformed into heat in the deep tissues. Frequencies 
higher than 3,000 me c a use predominant surface heating. 
I n to 1 E� r- a b 1 c?. t <·::-:• m p E·:· r- <::1. t u 1,.. E-:· r- i s E� cl u <·::· t o c?. ; .: p o sur e t o h i g h f r e que n c y 

elec t�omagnetic waves is less likel y , therefore� at high 
fre qu e n c i es above 3,000 me than at lower f re quenc i e s below 1,000 

me. " 

w. HUMAN PERCEPT I ON OF ILLUMINAT I ON WITH PULSED 

FREQUENCY ELECTROMAGNETIC RADIATION. Allan H. F�ey 
1'/o 1 • 1B:!., ':?7 July 1973 .. P. 

ULTRAHIGH­

and Rodman 

"P, p::=.yc:hoph'y'!5:i.c:a1 �:;t.udy of thE� per· c : t:.'pt. :i on of "sound" induced 
by il lum i na t ion with pulse-modulated, ultrahigh-frequency 
E·l E)C:tt-omagnet . . :i. c: E·:•nt·:?.l'-�:.:1·/ :i. r1cl i c at f::· cl thi:3.t pE·r-cPpti on was pr··:i mar i 1 y 

d ependent upon peak power and sec onda ri ly dependent upon pulse 
v-J i cl t h .. T h t·=� E\ v P 1,.. Et g t·?. p o �i·J E? r· rJ i d n o t. s i g n i f i cant. 1 y a f f e c t 
perc eption . Perceived characteristics of � itch and timbre 
appea r- E:o d t. o be f u n c:: t i on !5 of mod u 1 at. :i. on " 11 

7 HEARING SENSAT I ONS IN ELECTRIC FIELDS.. H.C. Sommer and H.E. 
von C-Ji <?.r· k e, PiE·:? I'- o::.::.p �:\C:: f:.� t'1ecl :i. c i r·, f.·?.' !I f.3c:.:-�p·t r?.mb F-11.-- 1 <t64 n p. 8 �54 .. 

11 E 1 •:::: c t t'"" i c a 1 c u r- r· E· n t. o + a u d i o f I'"" e q u <::-! n c: ·-y p ass e d t h r- o ugh the 
human head by employing various types of el ectr odes gives rise to 
hE·ar i ncJ :;en s at ion-�:; .. " 

II I n 1 9 6 1 , F 1' .. E·� ··;./ r· P p o 1, .. t r2 c:l that the human au d i to�- y s y s t E· m can 
direc tly detect radio fr e quency energy transmitted throu g h air by 

elec tr omagnet ic waves. Several radio frequencies� transmitted by 
p U 1• :; E• iTI 0 cl U 1 c:'. t E� cl fn i C r· 0 \-\) <·::•. V E� t r· i::\ r1 �:; m i t. t E� r :1 W t·? I'"" e Ll Sed • S Ll b j e C t S , 

e ;.; p o ':5 e d t o p E· a k p o V·J E· r·· d r.:;; r·i ::::. :i. t i e.�; o·f 2 0 0 t o 3 0 0 m i 1 1 i \r'..J at t s per 
s quare c entimete� and e le c t r i c field strengths in the order of 15 
v o 1 t s I c m , l'". E.' p or·· t E? d h ear- i r1 g t h t? s €0 mod ul c:·l t i on p ul s e s • 11 

8. HOW DA N GEROUS IS LOW-LEVEL RADIATION? �:::arl 7 '- •  t-1organ, New 
ScierYti�;t:1 �.i ���pr·il 1c.17c? .. F' .. 1 8 .  

" I t i ' :5  a 1 �::; o e v i  dent t 1·1 c-:t. t a 1 1 per--:.;; on s d o  not run the s a  me 
risk of developing a mal ignan c y from a given radiation exposure 
and that. the risk of some types of c a n cer is greater for certain 
people than it. is fen- c:d: hel'"· :::;. ThE· fine:1.l onset of a malignancy 
9r other disease may require a ser ie s of events. For example, a 
given type of l euk a emia may require as many as three suc cessive 
events (like throwing th�ee electrical switches connected in 
series)" Some of t hese switches may be thrown by viruses, 
bac t<.�ria, c hemic als, mE�chanic::al damaqe Ol'"" l�adiation .. 11 



I I �; t. u d i F:� s h y I l'"v·J i n B r· o s ::; !I o-f t 1·1 E? F� o s we 1 1 F' a r k t·'i em o r· i a l 

Institute in New vork, support the hypothesis of a series of 

switches in disease processes and suggest that there may be 

:i n t E� r· act i on :::; ( :::; y n E� I'- �J i => m :::; ) b E·! t v.J <·::·en t h E· evE� n t ::; i n t he s e r i e s; • I I  

II T h us :1 b E-� c au s <::: Cl -f a q E.• n i t i c: :i. n h e 1' .. i t a r .. 1 c e !I \/a r· i o us d i seas e s !I 
age, sex, eating and smoking habits and, perhaps � many other 
individual ch aracteristic s, certain members of the general 
population have a higher risk of radiation-induced malignancies 

than othr2r::;,." 

ELECTROMAGNETIC FIELDS AND THE LIFE ENVIRONMENT. K. r·1a.r- h a !I 
Musil, and H. Tuha, San Francisco F'ress, 1971. Chapt. 4 .. 

" The b E� s t k n o v·v �� f f f·� c t o + r· ·f en e r· g y <:1 b so 1,.. p t i on i n b i o 1 o g i c a 1 

material is its heating.... Brief irradiation produces maximum 

heating at the body surface (skin), often even leading to local 

sup E� r· f i c i a 1 b LW n ::.; • • • .. .. T h e t <::-� m p E0 r at u r E� d r· o p s w i t h i n c r e as i n g 

depth ... ". It is also possible for some organs to be seriously 

i n j u r .. e d �"\1 :i. t h D u t th E·! t::� n t. :i. 1' .. r:.::..• o 1' .. <;;Jan i s m bE-:� i n g overheated • 11 

11 f.:J o 1'-k e 1' .. ·s '. 1 n <::t n r·· f f i t::� 1 d ) c om p 1 a i n of head a c he s and 
eyestrain, together with a flow tea�s, of fatigue derived from 
overall weakness, and dizziness..... At night their sleep is 
distu�bed and they often feel sleepy in daytime.... Sometimes 
they perceive nervous tension or, on the contrary, mental 

d e p r· E· :::; s i on c: o rn b i n E� d �'.J i t. h d E-: t. f2 t·· i or .. at :i. on of i n t e 1 1 e c t i a l f u n c t i on s 

(notably memor-·y impair-mE·�r"d:)... Tl·!c)SE:) affected complain of a 

pulling sensation in the scalp and on the brow, loss of hair, 

pain in muscles and in the heart �eg i on , and breathing 

difficulties.... A single irradiation may cause a drop in 
the resistance of the o�ganism .... With regard to the dependence 

of the effect of rf field on sex, women are generally more 
sE·nsitiv�? t o  this -factor· than rnE·?n. 11 

II So v i e t <::�. u t. h or· �::; v·J E :\  ,,. n t-. h E:·t t c h r· on i c: i 1,.. r· a cl i at i on at i n t. ens i t i e s 

of the order of a few milliwatts per square centimeter are 

suffic ient to produce opacities in the human eye. In such 

persons, a flow of tears and eye fatigue is observed first, 

combined with changes in visio�, especially a decrease in 

sensitivity to colored light (especially blue ) and defective 
o b ·:::; E� r· vat j. on D ·f i:\ v·J h :i t <·=� o b j E-� c: t. . . . • 

. 
r-. c: h an g e i n i n t r a o c u 1 a r 

pressure was also observed to result from chronic exposure to 
cent :i rn�-:::·i.:l'" i c v'Jav�=�s. II 

1' T h f.� r· E� C:l c t i \/ i t y o + t h E· e r .. 1 t i 1'- e n e r v o us system of an an i m a 1 i s 

disturbed by an rf field. For example, sensitivity to touch and 

the threshold of p ain are both reduced.... The decrease in the 

sensitivity of smell can serve as one of the �arliest sympotoms 

of the effect of centimetric waves on healthy sub j ects working '
with rf i nstEll1 at:i. c:ins. 11 

11Disturb<::lf1Ct-?:::. in bJCJocl cil,..c:ulc:\t:i.on have been described, 

E.' v i d en c �? d b ;./ a c h <::\ n (;J E! i n h 1 o o c! + 1 o v·J " 11 



11 A numbE?I'" of au.thol'"'s:; havE· ::;t ucl :i. eel t hf? e f f e c t s  on the 

kidneys, the adrenal glands and the l iver . They f ou nd de c r e a sed 

filtr·at.i on :i n thE:• r-enal t.ubult-?s;, p f.:r rhap !=:. caused by d e g ener·atton 

of the epit h elial cells in the distal and p r ox i ma l  r ena l 

t u bu l es. . . . Persons working in rf f ie l ds, p a r t i c u l a r l y  wom en, 
exhibited enlargement of the thyroid g l and, thou g h  without an 

a c c om p {.:':!. n y i n �;J c:: 1 i r·1 :i. c: r.:1. l p :i c:: t u r- E·� o + h y p (:? r· t h 'y' r o i d i s m • • • • R f 

r ad i at. i on c:l c:H� s n o t c:: .:u.t s; E·? h :i. �; t. o 1 o t;J :i. c <::d. c han g  e s i n bon e mat- r o �"' . .. . . " 

II Th (·?!'"' \::-) 
mechanism o·f 

that ther·e 

mechanism s � 
g i VE�n set o·f 

i s n D u n i ·f o 1.-- rn E· �< p 1 an i::\ t i e> n f or th e I'"' e s u 1 tan t 

the effec ts of elec tromagnetic waves. Th e r-e a son is 
may be a whole series on indep end ent primary 

severa l of which may be acting s i mu l taneous l y  f or- a 

p •=�r cl.mc-:::·t E�r· �:; .. 11 

11 The gr·oup o+ 
in teresting idea of 

electromagnetic waves 

cy clotron resonanc e  of 

the organism. It 

elec troma gnetic field 

" r- E· s. on c� n c: c-:� t , ... 1 e c)t·-i <-? s " a 1 so i n c 1 u des 

regarding the bio l ogi c a l  e f f ec t  

as a nonthermal effect r e s u l ting from 

several notable varieties o f  mo l e c u l e s  

is actuall y a combination of 

1-'J :i. t h t h E· ear-t h � �=- mag n e t i c f i e 1 d . 11 

the 

of 
the 

in 

the 

10. 

Chou 

QUANTITATION OF MICROWAVE BIOLOGICAL EFFECTS . 
an cl t1 .. �\) .. Guy, Department of Heal th , 

Chung -K�tJang 

Education and 

Welfare, Ju l y  1 977. 

11 {� 1 thou g h at t h E:· t h I'- E· -:; ! ... , o 1 d o ·f t h E� m i c: r· o II.J ave au d i t or-y 

tht::' ternper-e:'tt.u.r-(·? r . .  :i. !:;E· in thE� t.i �::;�:;;.uE· i ncr-eases by on l y  5 

degr-ees C, this minute but fast t emper ature rise can 

th ermal expans ion pressure in the head, r-esu l ti n g in a 
sen sat i CJI"'J n I I  

ef f ect 

,·, 10 -6 
gene r- ate 

hear-ing 

lln LIGHT AND ELECTRON MICROSCOPIC OBSERVATIONS ON THE BLOOD­

BRAIN BARRIER AFTER MICROWAVE IRRADIATION. E. N. Al b ert � U.S. 

Department of Health, Educ aton and We l fare, July 1977. P. 294. 

11 !"'! i c: r- o v·J E:\ v �:;:. ;�) l"l E� \/ <:::· b E-:· E? n r <·=� p Dr- t. e c:l t C) c: d us t::' an ass or- t rn en t of 

ph�siological and mor-phological a l terations i� the central 

ner-vous system of experimental animals. These inc l ude tigrolysis 

and vacuolation of hypothalamic neurons, p y knosis of cerebra l ,  

deep cer-ebellar- and brain stem neurons, nuclear e c c entr- icity and 

karyo l ysis of spinal gang l ia.. The above ment ioned alterations 

vJel""(·? l,.. epor .. tE.'d a+tr?l'" c:\CUtE· E:·>�posur·E:
·
�; (lE�ss than one hour) and at 

2 0 -· 1 0 0 m L··J Is quat- e c t.:: n t :i. mE· t f.:) r- p D v·J E? r- d en s i t i e s . 11 

12. RADIO-FREQUENCY AND MICROWAVE ENERG I ES � MAGNETIC ANC 

ELECTR I C  FIELDS. Sol M. M i chaelson , Foundations o f  Spa c e  B i o l ogy 
and Medi�ine , NASA, 1975. P .. 419. 

11 S e v <-:� 1r· a 1 i n v t::.• s t i q at or .. �==· r- c-::: p o ,,- t t h at e >� p o sur- e of an i m a l s or-

man to e l ectr-omagnet ic radiation may result in direct or- indirec t 

effec ts on the cardiovascular system . . . . Distur-bances of the 

b l ood c:ir-culatiDn that have been described a r e ev i denc ed by 
change in blood flow, usua l ly an incr-ease in f low wh i c h is 



p r  o p o r,.. t i on .:::\ 1 t o  b o t h t h e  i n t e n s i t y a n d  d u r a t i o n o f  e >� p o s u r e :  

' '  C 1 i n :i. c a 1 o b ·::; <?. I'"" v E� t :i. o n  ·::; D + h u m  <3. n :::; E� ;.: p o �.; E· cl t o m i c r o �.., a v e  f i e 1 d ·::; 

h a v e  s u g g e s t e d  t h a t  m o t o r  e f f e c t s  m a y  b e  a c c o m p a n i e d  b y  s l e e p  

d i s t ur b a n c e s , l o w e r  r e s i s t a n c e  t o  f a t i g u e , i n c r e a s e d  
i r· r·- i t. a b i 1 i t ·y· �· d. n d m E� m o ,,.. ·/ c o n  c E· n t r· a t  i o n  d E·� f i c: i t �:; . ' ' 

' '  F �- c-� y j···� a=� r· e p o ,.- t t.7 d t h a t:. :i. n cl i v i d u a 1 ::; c a n d e  t E":: c: t p u 1 s e -

m o d u l a t e d  e l e c t r o m a g n e t i c e n e r g y  a t  w a v e l e n g t h s o f  1 0  t o  7 0  e m  
a n d  a t  a v e r a g e  p o w e r  d e n s i t i e s o f  0 . 4 t o  2 . 1 m W / s q u a r e e m .  T h e 

r e p o r t e d s e n s a t i on s  wer e u su a l l y  a u d i t o r y i n  n a t u r e . . . . .  F r e y  

b e l i e v e s  t h a t m o d u l a t i o n i s  n e c e s s a r y f o r p e r c e p t i o n o f  
m i c , .... o �.., a v £0 s • " 

B I O L O G I C A L  E F F E C T S . E. J .  L e r- n e r , IEEE 

S p e c� r u m ,  D e c e m b e r  1 9 8 0 . 

" r� n o ·t i·I E• I'"" c:u- e a  o +  p o s s i  b 1 e i m p o r· t. a n c: e  i s  t h a t o f  p u l s e d 

r a d i a t i o n w i t h  l o w a v e r a g e  p o w e r  d e n s i t y b y t r e l a t i v e l y h i g h p e a k  

p o w e r  d e n s i t y . I n  t h e  1 9 6 0 s , M r . F r e y  w a s  t h e  f i r s t t o  o b s e r v e  

t h El t h u m a n  s a n  d a n  i m a 1 !:::. c o u 1 c1 ' ' h E· a r· ' '  m i c rr ·  o w  a v e  r- a d  i a t  i o n  p u l  s e d  

a t a u d i o f r e q y e n c i e s  w i t h  a v e r a g e  p o w e r  a s l o w a s  3 0  m W / s q . e m .  

i f  t h e  p e a k  p o w e �  w a s  a t  l e a s t 6 0  m W / s q . c m . . T h i s  p h e n o m e n o n  m a y  

b e  c a u s e d  b y  a c o u s t o - t h e r m a l  o r  e l e c t r- o - m e c h a n i c a l  e f f e c t s  i n  t h e  

c o c h l e a ,  r a t h e r  t h a n a n y  d i r e c t  c o u p l i n g  t o  t � e b r- a i n .  M r . F r- e y  

a n d  o t h e r r e s e a r c h e r s  h a v e  s u b s e q u e n t l y  o b s e r v e d  o t h e r e f f e c t s  o f  

p u 1 ::. f? d r (3. c:l i a. t. :i. D n (;;� t. p E� i::t k p 0 V·J E• r· F� v !-.7� n b E� 1 0 �-\) :1. m (I.J I s q • c m n I '  

1 4 .  T H E  E F F E C T  O F M I C R O W A V E S  O N  T H E  F U N C T I O N A L  S T A T E  O F  N E R V E . 

V . I .  K a m e n s k i i ,  D e p t . o f  t h e  N a v y , W a s h i n g t o n , D . C . , 1 9 6 6 . 

' '  T h e i I'"" r· a cl i a t  :i. o n  o + ·f ,,.. n g n F! r·· v f? w i t. h c: o n  t i n u o u s  m i c r o �""'a\/ e s i n 

t h e  c o u r s e  o f  2 0 - 3 0  m i n .  i n c r e a s e d  t h e  c o n d u c t i o n s p e e d  o f  

e x c i t a t i o n , s h o r t e n e d t h e  r e f a c t o r y p h a s e s , c h a n g ed t h e  s i z e  o f  

t h e  A P A , b u t d i d n o t  a f f e c t  t h e  t h r e s h o l d o f  e x c i t a t i o n o f  t h e  

n e r v e . . . . .  T h e i r r a d i a t i o n o f  t h e n e r v e w i t h  p u l s e d  m i c r o w a v e s  

i n  t h e  c o u r s e  o f  2 0 - 3 0  m i n .  i n c r e a s e d  t h e  c o n d u c t i o n s p e e d  o f  

e > �  c i t. a t  i o n  :i. n t h e n e ,,- \/ 1::0 a n c l  i n c r· e d. s e d  t h E· e >� c i t a b · i 1 i t y o f  t h e  
n e r v f.? .. • • • T h e ,,.. e a 1·· E� (.;JI'- cn.t n d ::; f o �- I'"" e g a r cl i n g t h e e f f e c t s o f  

p u l s e d  m i c r o w a v e s a s  n o n - t h e r m a l , w h i l e  t h e  c h a n g e s o b s e r v e d  w i t h  

c o n t i n u o u s  i r r a d i a t i o n c a n b e  a t t r i b u t <?. d  t o  t h e  t h e r m a l  e f f e c t  o f  
m i c r· o �·J El V £0 �5 .. ' ' 

1 5 .  P A T H O P H Y S I C A L  A SP E CTS O F  E X P O S U R E  T O  M I C R O W A V E S . S . M .  

M i c h a e l s o n , A g a r d Lec t u � e  S e r i es N "  7 8  o n  Ra d i at i on H a z ar d s �  1 975 

' ' (.� l t h o u g h a n u m b e r··· o f  i n \/ E:7 ::; t i g a t o t-· s ::; t a t e  t h a t t h e  b l o o d  a n d  

b l o o d  f o r m i n g  s y st e m a � e n o t a f f e c t e d  b y  a c u t e o r  c h r o n i c 

m i c r o w a v e  e x p o s u r e , e f f e c t s  o n  h e m a t o p o i e s i s h a� e  b e e n  r- e p o r t e d . 

T he t i m e o f  o n s e t  a n d d e g r e e  o f  h e m a t o p o i e t i c  c h a n g e  m a y  b e  

d e p e n d e n t  o n  t h e  w av e l e n g t h , f i e l d  i n t e n s i t y  a n d  d u r a t i o n o f  
E� :-: p o s u r  e " 

1 1  

1 '  P r·· e �-;. m E:"l n a n  d L.. e v i t. i n a i n t E� 1,.. p r e t t h e i r- d a t  a a s  i n d i cat i n g a n  



e f f e c t  o n  t h e  p a r a s y m p a t h e t i c  n e r v o u s  s y s t e m  ( v a g u s  n e r v e ) d u r i n g 

'v' e n  t. 1  a 1 i ,,- r·· �-:\ cl i <='. t i o n  i:·:t n cl o n  t hE� �; ,.,., m p c\ t h E! t :i. c n e r v o u s  s y s t e m cl u r i n g 

d o r s a l e x p o s u r e .  L e v i t i n a h a s s u g g e s t e d t h a t t h e  p e r i p h e r a l 

n e r v o u s s y s t e m  i s  t h e  m ed i a t o r b e t w e e n  m i c r o w a v e  r a d i a t i o n a n d 

i t s p o s :; i b 1 e E! ·f f t:-? c t s o n  tH;:• i::H,.. t r· c-d: <= • " 

' ' F. u n c: t i o n a l  cl <:\ m a q (·�  t o  t h.<-:= c: a r· d i v a s c: u l a r- s y s t e m  i n d i c a t e d  b y  

h y p o t o n u s , b r  .:::l d y c: a ;,..· d  i a !
' 

d e l  a y t::? d  <::t u r- i c u l  a r- a n d \l e n t r  i c u l  a r  

c o n d u c t i v i t y ,  d e c r e a s e d  b l o o d  p r e s s u r e ,  a n d  d e c r e a s e d  h e i g h t  o f  

E K G  w a v e s  i n  w o r k e r s  i n  R F  o r  m i c r o w a v e  f i e l d s h a s b e e n  

t-· E-? p or· t. f� cl . " 

1 6 .  E N D O C I=\: I 1\! E 
E X  P 0 S U R E  . �) . 1"1 . 

A N D  C E N T R A L  N E R V O U S  S Y S T E M  E F F E C T S  O F  M I C R O W A V E  

M i c h a e l s o n , A G A R D  L e c t u r e  S e r i e s No . 7 8  o n  

" F u n c t  i o n -.=d <::1 1 t e 1,.. a t  i o n s  i n  t h e  n e u r- o e n cl o c r  i n e  s y s t e m o f  b o t h 

a n i m a l s a n d m a n  e x p o s e d t o  m i c r o w a v e s  h a v e  b e e n  r e p or t e d  b y  

s e v e r a l  i n v e s t i g a t o r s .  T h e f i n d i n g s  i n c l u d e  c h a n g e s i n  t h e  

s e c r e t i o n s  o f  t h e  p i t u i t a r y g l a n d , a d r e n a l  c o r t e x , t h y r o i d g l an d � 

a r1 d  t h e  g o n a d s .  1 ' 

l 7 "  I N T R O D U C T  I (] 1\1 : 

N E R 1,J O U S  S Y !3 T E I1 u 

E F F E C T �:;  

I_;J . R .. (2j c:l E� y , 

O F  E L E C T R O M A G N E T I C  R A D I A T I O N O N  T H E  

A n n a l s o f  t h e  N . Y .  A c a d e m y  o f  

S c i e n c e s , 1 9 7 5 . P .  1 6 .  

I I  T t·1 e �; E· �; t u d i e �; o f  t 1··"' <·:7:• �; <� n s i t :i. v i t y o ·f t h t:-? b r a i n a s  a �.o.J h o l e t o  

w e a k  e l e c t r i c a n d e l e c t r o m a g n e t i c  f i e l d s l e a d  t o  t h e  s t r i k i n g 

c o n c l u s i o n t h a t m a m m a l i a n c e n t r a l  n e r v o u s  f u n c t i o n s c a n b e  

m o ci i f ]. �:= cl b '/ e 1 <-=� c: t r- :i. c: <::·t 1 <J ,, .. a cl i E• n t ·::.:; :i. n : c E� r- E· b ,.- a 1 t. i s s u e  s u b s  t a n  t i a l 1 y 
l e s s  t h a n t h o s e  k n o w n t o  o c c u r i n  p o s t s y n a p t i c e x c i t a t i o n a n d  

a l s o  s u b s t a n t i a l l y s m a l l e r t h a n t h o s e  p r e s u m e d  t o  o c c u r  w i t h  

i n w a r d m e m b r a n e  c u r r e n t s  a t  s y n a p t i c  t e r m i n a l s · d u r i n g  r e l e a s e  o f  

t r· a n  5i m i t t e 1,.. S:i u b ==· t a n  c:: t:� -:; .. 1 '  

1 8 ..  D O  M I C R O W A V E S  A L T E R  N E R V O U S  S Y S T E M  S T R U C T U R E ? E . N .  A l b e r t  

a n d  M .  D e S a n t i s , A n n a l s o f  t h e  N .. Y .  A c a d e m y  o f  S c i e n c e s , V o l . 

2 4 7 , 1 9 7 5 " P .  8 7 " 

" E 1 e c t ,.- o m  C.i q n E· t i c: r· c.� d i a t  i o n  i n t h e  s u p  e ,,.. h i <J h f r e q u e n c y  o r  

m i c r o w a v e  r a n g e  h a s b e e n  r e p o r t e d t d  a l t e r  c e n t r a l a n d p e r i p h e 1 a l  
n e r v o u s  s y s t e m  s t r u c t u r e .  S t r u c t u r a l  m o d i f i c a t i o n s  i n  b o t h  

n e u r o n s a n d g l i a h a v e  b e e n  d e s c r i b e d .. V a s c u l a r  c h a n g e s a l s o 

n o t e d i r·, c 1 u d e r·, e m  or r- h a q e , c: o ll q e -:; t :i. o n  ( h y p E· r e m  i a ) , a n d 

p e r i v a �:; c u l  a t'- E� d E• m a  .. ' 1 

1 9 . M I C R O W A V E - I N D U C E D  A C O U S T I C  

S Y S T E M S  A N D  P H Y S I CAL M A T E R I A L S . 

E F F E C T S  I I\! M A M M A L I A N 

C3 u y , C .. l< C h o u , 

A U D I T O R Y  

a n d J " C . 

Li n �  

1 9 4 .  
A n n a l s o f  t h e N .  Y .. A c a d e m y  o f  S c i e n c e s , V o l . 2 4 7 , 1 9 7 5 . p .  

" O n e  o ·f t h t.:! m o -::; t  v� i c! E� l y o tJ s e r· v e d  a n d a c c e p t e d b i o l o g i c  

e f f e c t s  o f  l o w a v e r a g e  p o w e r e l e c t r o m a g n e t i c ( e m )  e n e g r y i s  t h e  

a u d i t o r y s e n s a t i o n e v o k e d  i n  m a n  e x p o s e d  t o  p u l s e d  m i c r o w a v e s . 
T h e e f f e c t  a p p e a r s a s  a n  a u d i b l e c l i c k i n g  o r  b u z z i n g s e n s a t i o n 



t h a t o r i g i n a t e s 

t h a t  c o r r e s p o n d s  

m i c r o w a v e  p u l s e s . 

c a r• b e e l i c i t <-:::1 d 

t D b e o ·f t h E·: r- m 1::\ 1 

f r o m  w i t h i n a n d n e a r  t h e  b a c k  o f  t h e  h e a d  a n d 

i n  f r e q u e n c y  t o  t h e  r e c u r r e n c e  r a t e  o f  t h e  

T h <·� E·: f  + E:o c: t  :i. s o ·f q r· e ���. t i n t e r e �> t , b e c a u s e  i t  
b y  a v e r a g e p o wer l e v e l s f a r b e l o w  t h o s e  b e l i e v e d  
s; :i. <;; n :i. + :i. c: a n  c c7. • 

1 1 

20 . M I C R O W A V E  E F F E C T S  O N  T H E  B L O O D - F O R M I N G S Y S T E M  W I T H 
P A R T I C U L A R  R E F E R E N C E  T O  T H E  L Y M P H O C Y T E . P .  Cz e r s k i ,  A n n a l s o f  

t h e N .  Y .  A c a d e m y o f  S c i e n c e s , V o l . 2 4 7 , 1 9 7 5 . P .  2 3 2 . 

1 1  L o n q --· i:: t-� r m  1 D l;\J -- d o s E:  m i  c: r- o w e:). V E·:  <·= >� p o s u r e o f  e >� p e r i  m e n t a l  
a n i m a l s m a y  i n d u c e  p e r i p h er a l b l o o d  l y m p h o c y t o s i s ,  a n  i n c r e a s e  i n  
t h e  n u m b e r o f  D N A - s y n t h e s i z i n g c e l l s  i n  l y m p h n o d e s , a n d a s l i g h t  
d e c r e a s e  i n  t h e  r e d b l o o d  c e l l c o u n t . B o n e m a r r o w c o u n t s  d i d n o t 
r e v e a l a n y s i g n i f i c a n t c h a n g e s , e x c e p t  s l i g h t  a l t e r a t i o n s  i n  t h e  
e ry t h r o b l a s t  m a t u r a t i o n c u r v e a n d  i n  t h e m i t o t i c i n d e x o f  t h e i s 
c: Ed 1 · i m n  E· . " 

2 1 . E F F E C T  O F  M I C R O W A V E S  O N  C E L L  F U N C T I O N A N D  V I R U S  R E P L I C A T I O N 
I N  C E L L  C U L T U R E S  I R R A D I A T E D  I N  V I T R O . S .  Sz m i g i e l s k i , M .  L u c z a k , 
a n  d 1"1 • vJ i r·· a n  (J 1;.) s k a !I ( .. ) n r·J a 1 �=· 0 + t h f!� N n \1 " PJ c a cl (;;;? m y  0 f s c i e n  c e '=· � v 0 1 • 

2 4 7 , 1 975 . P .  263 . 

1 1 1 1'- r .. a d :l a t :i. o n  o -f  c:: t.::.• l l �::. u ::;. p f2' n s i o n �:; :i. n v i t r o  w i t h  m i c r o � .. J a v e  
e n e r g y  r e s u l t s  i n  f u n c t i o n a l d i s t u r b a n c e s a t  t h e  c e l l u l a r a n d 
s u b c e l l u l a r l e v e l , w h i c h i n c l u d e  i n h i b i t i o n o f  c e l l g r ow t h � 
c h r o m o s o m a l d a m a g e ,  i n c r e a s e d  c e l l m e m b r a n e  p e r m e a b i l i t y ,  
d e p r e s s i o n  o f  p h a g o c y t o s i s ,  a n d  f o r m a t i o n o f  a t y p i c a l  c e l l s . I n  
c e 1� t c:l. i n i n s� t. C:\ n c: e s; , . :; m E:·t 1 l n o n t h £� r- m <:\ l d o s (·=� s o f  r i c r- o w  a v e  r a d  i a t  i o n  
i r·1 \/ i t r- o m <::1. y :::� t. i in u 1 <::� t E· h u m a n  : 1 y m p h D c y t e s t o d i v i  d e  a n d  
t 1' .. a n  �=> f D r- m • 

11 

22 . A C U T E  S T A P H Y L O C D C A L I N F E C T I O N S  I N  R A B B I T S I R R A D I A T E D  W I T H 3-
G H Z  M I C R O W A V E S . S S z m i g i e l s k i , J .  J e l j a s z e w i c z , a n d M .  
W i r a n o w s k a , A n n a l s of t h e N .  Y .  A c a d e m y  o f  S c i e n c e s , V o l . 2 4 7 , 
1 9 7 �) !1 P .  �:. o s . 

11 L.. o n  q ····· t. e r- m E· �< p o :::. u r- t-? o -f  c.�. n :i. m a 1 s t. o t h e  r .. m a l a n d  n o n t h e r m a  1 
p o w sr d e n s i t i e s o f  m i c r o w a v e  r a d i a t i o n d i st u r b s  t h e . h e m a t o p o i e t i c  
sy s t e m a n d a l t e r s  p e � i p h er a l b l o o d  c e l l s "  D i s p l a c e m e n t  o f  w h i t e 
b l o o d c e l l s ,  w h i c h l e a d s  t o  c h a n g e � i n  t h e  n u m b e r  a n d  c o m o s i t o n 
o f  l e u k o c y t e s i n  t h e  p e r i p h e r a l  b l o o d , i s  t h e  m o s t  c o m m o n l y  
o b s e r v e d  p h e n o m e n o n " " " "  T h e a b o v e  o b s e r v a t i o n s  a l l s u g g e s t  

· ·  t h a t t h e  i;J ,,.. a rn .. l l  o c y t e ·:; y �:; t t.::::· m m a y  r- e a(":: t :i. n a cJ i f f e r en t m a n n e r  t o  
a c u t e b a c t e r i a l i n f e c t i o n s i n  a n i m a l s e x p o s e d f o r a l o n g  t i m e t o  
n o n t h e r m a l p o w e r  d e n s i t i e s o -f  m i c r o w a v e  r a d i a t i o n ,  b e c a u s e  
<;; r· a n  u o p o E· s; i =:; o c :  c u t-· � ;  1' . .  i:':\ p i d 1 y El f t f.:? r· �=�, u c: h :i n + f.-? c t. i o n s .. 1 1 

2 3 . E F F E C T S  O F  E L E C T R O M A G N E T I C  R A D I A T I O N O N  I M P L A N T A T I O N A N D  

I N T R A U T E R I N E D E V E L O P M E N T  O F  T HE R A T . F .  D i e t z e l , A n n a l s o f  t h e  
N .  Y .  A c a d e m y  o f  S c i e n c e s ,  V o l . 2 4 7 , 1 9 7 5 . P .  3 6 7 . 

II V.J E·� h a \; e d e m  o n  �s t r a t  <-=� cl t h <.:\ t v h + r- a cl i a t. i o n  ad v e r s e 1 y a +  f e c t s 
e m b i'  .. \;' O n i c d e v e l o p m e n t . 1 1  



24 . E F F E C T S  O F  P U L S E D  M I C R O W A V E S  A T  1 . 2 8 A N D  5 . 6 2 G H Z ON R H E S U S  

M O N K E Y S  P E R F O R M I N G A N  E X E R C I S E T A S K  A T  T H R E E  L E V E L S  O F  W O R K . J .  

K n e p t o n , J .  DeLor g e ,  a n d  T .  G r i n e r , N a v a l A e r o s p a c e R e s e a r c h  

L a b . , P e n s a c o l a .  F L . 1 9 8 3 . 

11 T h r:.::! ·::; E.' e >: p er· i m E.�  n t -::; d r.::.· rn o n ::; t ,,- a t  e t. h E· m i c r o �.r.J a v e s  w i 1 1 p r o d  u c: e 
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DNA Jtelix found to oscillate in resonance with microwaves 
For the f irst t ime, b iophysicists have 

d emonstrated that DNA - the molecular 
code o f  l i fe - resonantly absorbs mi­
cro waves. This f inding ,  reported at  the 
recen t meeting of the Ameri can Physical 
S o c i e ty i n  D e t ro i t ,  has pro m p te d  re­
searchers to suggest that non thermal 
genetic effects from l ow l evel micro­
waves are possible.  

Exac tly how this and s imi lar  experi ­
ments might translate i n to effects on the 
health and genetics o f  hu mans and other 
l iv ing things,  however, is far from under­
stood and is speculat ive at  best .  The new 
data are sure to add to the already con­
troversial  debate about the bioeffects of 
"electronic  smog" (SN: 4/22/78, p.  247) 
that  is p roduced by a growing number of 
electromagnetic devices i n cluding mi­
c rowave ovens,  broadcas t towers ,  radar 
i nstal l at i o ns and h i gh vol tage power 
l i nes. 

Bio physicists class i fy the i n teraction 
of elec tromagnetic waves wi th biological 
matter i n  two categories:  thermal and 
nonthermal . Micro waves (which range 
from 300 m i l l ion hertz [ MHz] to 300 bi l ­
l io n  hertz [GHz]  i n  the electromagnetic 

. spectrum) can be thermally absorbed by 
causi n g  a d i polar molecule,  such as wa­
t e r, to osci l late i n  a fri c tional  media,  
there by dissipating energy i n  the form of  
heat. This thermal absorption mecha­
nism is relatively wel l  understood and 
forms the basis ,  i n  fac t ,  for the design of 
m i c rowave ovens,  d iathermy medical in­
struments and i ndustrial seal ing devices. 

Non thermal means of absorption are 
far more obscure -and more controver­
s ial  s i nce they are thought to occur at 
relatively low power levels to which a 
larger se.gment of the popu lation m i ght 
be exposed.  Moreover, at l ow power den­
s i ties it is d i ffi c u l t  to obtain statisti cal ly 
s ign i ficant  data from l aboratory experi­
ments on animals; the resul ts from such 
experiments as well as epi demiological 
studies o n  hu mans chron ically exposed 
to l o w  l ev e l  m i c r o waves have b e e n  
l argely i nconsistent .  

This is w h y  biophysi cists such a s  M ays 
L. Swicord of the National Center for De­
vices and Rad i o l og i c a l  Heal th at  the 
Food and Drug Admi nistration ( FDA) in 
Rockv i l l e ,  Md., look for fundamental ab­
sorption mechanisms a t  the molecular 
lev_e l .  One motivat ion for looking at DNA 
molecules in part icul ar, says Swicord , is 
that genetic aberrat ions i n  laboratory 
animals have been observed in the m i ­
c rowave range t h a t  a r e  not  easi ly ex­
plained by thermal effects .  

S w i c ord and c o - w o r k e rs re c e n t l y  
demons t ra_ted t h a t  D N A  molecules can 
n o n thermally absorb energy from m i ­
c rowaves par t i a l l y  b e c a u s e  t h e  D NA 
chains exh i b i t  a phenomenon known as 
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resonance.  All  physical  sys tems have 
some sort of resonance or natural fre­
quency. A vio l i n  stri n g ,  for example, has a 
resonance frequency that is d i rectly re­
l ated to i ts length, mass and tension;  i f  
p lucked a n d  left a l o n e ,  t h e  string w i l l  vi­
brate happily at  that frequency. I f  the 
s tr ing is made to vibrate at another fre­
quency by an external force,  it wi l l  do so,  
but without much en thus iasm.  When the 
driving frequency approaches the reso­
nance frequency, however, the ampl i tude 
of the vi brations wil l  in crease manyfold 
and the str ing will resonate i n  harmony 
w i th the driving force. 

A n d  so i t  is , apparently with DNA 
molecules.  Swico rd's group extracted 
and uncoiled DNA chains from the bac­
ter ia Escherichia coli. From a sal ine solu­
t ion conta i n i n g  DNA chai ns of two spe­
c i fi c  lengths , the research ers obtained a 
resonance absorpt ion cu rve (one for 
each length type) as the frequency of the 
appl ied m icrowaves was varied i n  the 
neighbo rhood of 3 GHz.  

According to Swicord ,  theorists such 
as Earl  W. Prohofsky at Purdue University 
in Wes t  Lafayette,  I n d . ,  and others had 
pred icted that microwaves could reso­
n a n t l y  d rive a l o n g i tu d i n a l  v ibrat ion 
mode in DNA chains by e l ectrically cou­
p l i n g w i th t h e  i o n s  r:e s i d i n g  on the 
backbone of the DNA hel ix.  But  most 
b iophys i cists had also thought that the 
os c i l l a t i o n s o f  t h e  h e l i x  w o u l d  be 
damped by the surrounding aqueous so­
l u t i o n ,  so that e n e rgy from the m i ­
c rowaves wou ld b e  d issi pated instead o f  
t ransferred t o  the D NA chai n .  

T h e  s u rpr ise  i n  the rec e n t  expe ri ­
ments was that  damping does not occur 
to a s igni fi cant degree.  I n  fac t ,  in  one ex­
peri m e n t  w i th a solution containing a 
mixture of DNA chain l engths,  Swicord 
recorded an absorpt ion .  coeff icient for 
the DNA molecules that was 400 ti mes 
grea ter t han t hat for the solvent alone at 
1 1  GHz.  "Th is is the really i n terest ing 
phenomenon," says Swicord. " I f  you've 
got a soup contai n i n g  water and DNA, the 
DNA is more s trongly absorbing than the 
water." 

The d e monstration of resonant ab­
sorption w i th l i t t le  damping is scientif i ­
cal ly i n teres t i n g ,  bu t i t  also troubles re­
s e a r c h e rs .  " R e s o n a n c e  a b s o rp t i o n  
means you're packing a n  awfu l lot  o f  en­
ergy i n to a very small  number of modes 
and usual ly at a fairly smal l  region of 
spac e ," says Proho fsky. "That 's worri­
some because that's abou t the worst 
place in the body you'd wan t resonant 
absorption - right in the DNA ."' The lo­
cal izat ion of energy and the l arge osc i l la­
t ions of the DNA helix in ·  ' uced at reso­
nance,  specu lates Proho fsky, could con­
ceivably result  in a number o f  adve rse ef-

fects such as knocking off a repressor 
molecule that normally i nhibi ts a certai n 
transcript ion process. 

Both Prohofsky and Swicord note that 
the rece n t  experi m e n ts involved isolated 
e l ongated DNA. However, DNA mole­
cules are naturally found coiled up and 
t i ghtly packaged in proteins. and i n  hu­
mans and other high l i fe forms espe­
cial ly, DNA chains form very complex 
s tructures.  So, while resonant modes can 
be induced i n  unraveled DNA, the ques­
tion of other resonant modes existing for 
the c o i l e d  D NA in c hromosomes re­
mains.  Accordi n g  to Prohofsky. c alcula­
t ions i n d icate that nucleosomes - the 
beads of coi led DNA and proteins that 
make u p  part o f  the chromosome -
should resonate at 40 GHz. Whether this 
would actual l y  happen with al l  the p ro­
teins around remai ns to be seen . but i f  
there is one experi ment that  is i m portant 
to do, he says , i t  is one that explores the 
poss ible  resonance e ffec ts i n  nucleo­
somes. 

Add i ng to the s u gges t i o n  that m i ­
c rowaves c a n  i n teract with DNA i n  non­
l i near, complex s t ructures. is some very 
pre l i mi nary data that Swicord says indi ­
cates t h a t  resonance also o cc u rs in  
whole plas m i ds - smal l  rings o f  DNA 
that are foun d  outside the chro mosome. 
I n  add it ion,  he notes that two other re­
search groups have observed that mi­
crowaves can d isrup t  chromosome-as ­
s·ociated protei ns and cause c hromo­
somes to u ncoi l .  

Swicord, w h o  has started experiments 
on the b u n d l e d - u p  packages of DNA 
fou n d  in v i ruses, bel ieves that i t  wi l l  take 
a t  leas t  five years b efore researchers col-' 
lect  e nough evidence to j udge theories 
about resonance in c hromosomal struc­
t ures . Even if resonance is confirmed . the 
i mpl ications for real chromosomes in 
the biological e nvi ronment of the body 
or in the external e l ectromagnetic envi­
ronment presents yet another long re­
search chapter to be pursued. 

The new f indings,  s t resses Swicord. do 
not say what is happe n i n g  i n  people.  but 
coupled with the o bserved genetic ef­
fec ts , the potential  biophysical mecha­
nisms " i mply some degree o f  caution for 
people who might p urposeful l y  expose 
themselves (to m i c rowaves ) .  I t 's n o t  
s i mply som e t h i n g  t o  b e  passed over 
l ightly." 

This kind of research .  he says . is  l ead ­
ing up to a basis for making decisions 
about safe ty and perhaps using our un­
derstanding for potential  ben eficial uses. 
"The exc i tement is that there is a pat h 
poi n t i n g  in a given d i rection that hadn't 
been there before . . . .  It says to those 
people who think al l  the i n formation is in 
that it is not ." -S. Weisburd 
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pdate · 
Electromagnetic 
energy l inked to 
stress, dis�ase 

By BEN ZINSER \ 
Stress increased - New evidence 

suggests that ever-increasing use of 
electromagnetic energy for power and 
communications "may be producing 
stress, disease and other harmful effects 
all over the world by interfering with the 
most basic levels of brain functioning." 

That's the view of Dr. Robert 0. 
Becker, a research professor at Upstate 
Medical Center in Syracuse, N.Y. 

In laboratory tests, mice were 
exposed to electromagnetic fields with 
"itrengths approximating those found 
·ear high-voltage transmission lines. 
fter 30 days the mice underwent a 
ttern of change in hormones, body 

weight and blood chemistries � to 
those found in animals under chrOnic 
stress. 

Im mice or humans, such chroDic 
stress can be expected to produce' an 
increase in such conditions as high blood 
pressure and beh,avioral abnormalities, 
Becker says in a report in Psychology 
Today. � 

Genetics overlooked . - Both the ( 
public and the medical profession have 
overrated the influence of lifestyle · on ' 
health and diseae, a doctor says. · 

Exercise, diet and prudent living are 
appropriate but have only a limited 
ability to modify the health of the 
population, says Dr. Charles R. Scriver, 
proressor of pediatrics at McGill 

· University in Montreal, Canada. Scriver 
also is a professor of biology there. . , 

Medical science, in overestimating 
an individual's power to prevent natural 
illness by improving his lifestyle, tends 
to label disease With "the taint of sin." 

Scriver thinks there should be a 
broader view of disease that would 
recognize medical genetics, which 
concerns itself with an individual's 
intrinsic risk for disease. 

· 

He says he often sees patients who 
have suffered long and unnecessarily 
because physicians have failed to look 

· for the genetic factors associated with . 
· ·their disease. 

· · Source : Internal Medicine News,· a 
newspaper for doctors. Scriver also has 
addressed the American Academy . of 
Pediatrics on the topic. • 



ffect o long-term mi r 

BY BRENT STA PLES 
© 1984, Chicago Sun-Times 

It general ly  is agreed that a t  cur­
rent recommended expo::;ure levels. 
m icrowave rad ia tion presen ts n o  
hea l th hazard for the public a t  large. 
However, there is concern about the 
effec ts of long-term expos u r e  for 
workers who maintain the nation's 
25,000 -microwave instal l a t ions. 

Zorv G laser, a senior researcher a t  
the Food and Drug Admi nistrat ion's 
Center for Medical Devices and Ra­
diologica l Health, warns against com­
p l a ce n cy a b o u t  the e f fec ts o f  
long-term exposure t o  even low levels 
of microwaves. "In our understanding 
of non� ionizing radiation (microwaves, 
radar, emana tions from high-vol tage 
power J ines). we are a bout where we 

were wi t h  ionizing (nuclear) radia tion 
40 yean; ago,' ' Glaser said. "We now 
know the effects of nuclear radiation 
to be far more serious than we i mag­
ined." 

G laser's concrrn is based on recent 
findings that show that ionizing radia­
tion is considera bly more dangerous 
tha n had been thought. An u n usually 
h igh incidence of ca ncer has been re­
ported among A merican and British 
veterans who were exposed to ionizing 
radiation from n uclear test blasts dur­
ing the la te 1950s. The Nationa l Acad­
emy of Sciences has confirmed such 
findings in American veterans who 
participated in the "Shot Smokey" test 
blast .of 1957. The Energy a nd Defense . .  
departments h a v e  undertaken a mor­
tal ity study of 50.000 other veterans to 
determine whether these findings ap-

wa e ex osure unclear .. 

p l y  to all  those · who participa ted in 
nuclea r tests. 

In l ight of these and other develop- · 
ments, the National Academy of Sci­
ences has been asked to oversee the 
rewriting of dosage standa rds for ion­
izing radiation. NAS senior researcher 
Seymou r Ja blon says the risk of  can­
cer from ionizing radia tion may be at 
least fou r  times greater than previ - · 

ously thought. '  Others place estimates 
as h i gh as 10 to 20 t imes greater. And 
cancer risk a mong Hiroshima and Na­
gasa ki a tomic bomb survivors now ex­
ceeds official est imates. 

Servicemen who received m assive 
doses of m icrowave radiation before i t  
was known t o  b e  harmful suffered a· 
variety of effects, i ncluding cataracts, 
neurologica l d isorders and immuno­
l ogical d isorders. Glaser sai d.  

"There can be no disputing the ef­
fects of high- level microwave expo­
sure on human bei ngs," he  said. ' 'But 
on what differentiates a high dose 
from a low dose, we know nothing. Are 
t here cumulative effects? What if you 
get a sub-threshold effect toda y  and 
another sub-threshold effe�t tomor­
row? These questions wi l l  be particu­
larly i m portant for people who instal l ,  
repa i r  a n d  ca librate this eq uipment.  · 

"There aren't  nearly enough studies 
that  have looked a t  the effects of  low­
dose exposure over l.ong ·periods of  
t ime and,  more importantly,  over a n  . 
a n i mal 's l ife-span. And there a re even 
fewer studies that combine the two.  
We can't  say that there are no demon­
strable effects, because we h a ve not 
performed studies to look for t hose 
effects. " 

Monday� Apr i l  2, 1984 Houston C h ro n ic le  P�ge 30, Sect ion 5 
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Microwave exposure awsuits expected 
WASHINGTON ( A P )  - A State De­

partment medical consu ltant says the 
U.S. government may face class-action 
laws u i t s  that  seek damages t o t a l i n g  
a b o u t  $200 m il lion i n  connection with 
Soviet microwave bombardment of the 
American embassy in Moscow. 

The disclosure by Dr. Herbert Pol­
lack, who has served since 1976 as· a coh­
s u l t a n t  to t h e  S t a te Depa r t me n t  on 
medical aspects of the embassy affair,  
came at a joint meeting of two federal 
scientific advisory panels dealing with 
non-ionizing radiat ion. 

. U.S. officials have said the existence 
:of the mysterious Soviet  m ic rowave 
beams was technically verified in late 
: 1962 and that the , radiat ion may have 
·been present  at the Moscow post as 
early as 1953. 

: For yea rs , however , i n fo r m a t i o n  
about the radiation problem was kept se-

cret from most American diplomats and 
o t her personnel  serv i ng in Mosco w .  
Briefings for the overall embassy staff 
did not begin until  February 1976. 

Irrad i a t i o n  of the embassy ceased 
during t he summer of 1979, according to 
U.S. officials. 

The purpose of the beams remains 
u nelear. 

Pollack told the meeting Friday t hat  
a ft e r  t h e  radi a ti o n  a ffa i r  broke i n to 
headlines in 1976, the State Department 
init ially had to deal with about $30 mil­
lion in legal cla ims brought by employ­
ees who alleged i njuries related to mi­
crowave exposure. 

" Ba s i c a l l y ,  t h ey were conge n i ta l  
defects a n d  breast cancers· in women," 
he said.  "The bulk of those ( legal cases) 
have d isappeared . However, there's a 
whole new rash coming along. " 

Pollack said the new round of l i t iga-

t ion was expected to involve ' 1some $200-
odd m illion of class-action suits aga inst 
the Department of State and the U.S.  
government, based on occupat ion in the 
(embassy ) chancery in Moscow duri ng 
the period of t ime from '53 to '77. " 

He voiced the comments at a joint 
meeting of the Electromagnet ic Radia­
t i o n  M a n a g e m e n t  A d v isory Counc i l ,  
k nown a s  ERMAC, and the Frequency 
Ma nage m e n t  A d v isory C o u nc i l .  T h e  
panels advise the government on mat­
ters · including biological effects of non­
ionizing radiation and federal use of the 
electromagnetic  freq uency spec t r u m  . 
Pollack is one of ERMAC's 13 mem bers. 

The med ical consultant, a professor 
e m e r i t u s  f r o m G e o r ge Wa s h i n g t o n  
U n i ve rs i t y ' s  Sc h oo l  o f  Med i c i n e  a n d  
Hea lth Sciences, d i d  n o t  give any details 
on how the initial round of legal cases 
had been disposed of. 

One Moscow case that has been pub­
licly reported involves a former Marine 
security guard , George W.  Watson Jr. , 
of Tustin ,  Calif . , who fat hered a child 
suffering from hydrocephalus, a birth 
clefect.  The boy, now 8 years old,  is 
bl ind, severely retarded and inst i tution­
alized at  a 24-hour; care facil i ty.  

Watson's $1 .75 million suit ,  which also 
alleges medical malpractice at  a Navy 
h os p i ta l ,  is pend i ng in U . S .  District  
Court in Los Angeles. 

A Johns Hopkins University epidemio­
logical study, funded by t he State De­
partment, said in late 1978 that " no con­
vi ncing evidence was discovered that 
would directly implicate the exposure to 
m icrowave radiation . . .  in the causa­
t ion of a ny adverse health effects . "  

B u t  critics o f  t h e  study have r&ised 
quest ions over i ts thoroughness a nd 
sci<!ntific validity. 
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MOSCOW (AP) - Med ical tests show 
that o ne of every 29 adults at t h e  U.S. 
Embassy in � .. Ioscow suifers from a mys­
te r i o u s b l o o d  c o n d i t i o n  resulting in 
abnonnally h i g h  levels of w h i t e blood 
cells, embassy sourcC's said Tuesday. 

Some scienti:;ts dispute previous offi-
. c i a l  embassy c l a i m s  t h a t  S o v i e t  mi­

crowave radiation of the ernb.:"lS.c:;y build­
i n g has nothing to do w i t h  th e b l o o d  
counts. 

Comparative figures for the frequency 
of the same hig� levels of white ceDs in 
th e United States do n o t  exist, but the 
sources said there was no question that 
an a b no r m a l i t y  ha s b e e n  f o u nd in 
Moscow. 

The cause of t h e  blood condition re­
mairl..s u nknown, the sources S3.id, despite 
a stepped-up program of s p e c i a l  te s t s 
and detailed analysis of the health histo­
ries of Moscow embassy personnel a nd 
their families. 

For the past year, Moscow has been 
officially designated as an " unhealthful 
post, "  entitling Americans serving here 
to a higher hardship pay dilferential or 
increased retirement credit. 

U.S. officials have said privately they 
believe t h e  microwaves - first detectd 
at least as far back as 19€2 - are intend­
ed to foil American electronic 
intelligence-gathering operations at t h e  
embassy. · The State Department claims that no 
outward disease symptoms h a v e  b e e n 
brought on by the high w.bJte cell levels, 
and that a variety of environmental fac­
tors,  including vi r u s e s  a n d  intestinal 

·. parasites, might be behind the situation. 
The · department h a s  flatly ruled o u t  

· a n y  connection b e t w e e n  t h e  elevated 
· bl o o d  counts a n d  microwave radiation 

· Still being beamed at the embassy by the 
· .. Soviets. 

But some scientists concerned with the 
possible. eliects of lo·,I,·-level microwaves 
have questioned tilis assertion, . pointing 
to lir.�..ks between microwaves a n d  blood 
abnormality fo u n d  in S o v i e t  cl i n i c a l  
studies and U.S. laboratory experiments. 

Embassy officials have said that in re­
cent months the Soviet xmcrowaves have 
be-en runnL.1g at power levels of 1 to 2 mi­
crowatts per square centimeter and that 
screens mounted over the embassy's \\in­
dews reduce tJ1e intensity to a fraction of 
a microwatt inside. 

T h i s  is w e l l  below the Soviet safety 
standard of a maximum 10 microwatts 
per square centimeter f o r  occupational 
exposure to microwaves. The U.S. stand­
ard. is 1 ,000 times rug her - 10 milliwatts. 

A source closely familiar with the mi­
crowave situation reported that about a 
week after the Aug . 26 fire wruch serious­
ly damaged upper floors of the embassy, 
the radiation l e ve l s suddenly r o s e as 
h i g h  as 4 . 5  rnicrowatts. Another w e e k  
later, the levels jumped again, t o  a peak 
of 8.5 rnicrowatts. 

T h e  source noted that U.S. personnel 
monitoring t h e  radiation we re puzzled 
because t h e  h i g h e r  l e ve ls s e e m e d  to 
occur in random bursts during both day 
and night. Previously, the Soviet signals 
had been found to operate for an 8- to 10-
hour period every day, roughly coincid­
ing with the main working hours of the 
embassy staff. 

D r .  K r i s  Murawski of th e American 
National Red Cross blood program said 
in Washington that "having a h i g h e r  
c o·u n t d o es n ' t necessarily m e an i t ' s  
abnormal. " But he also said interpreta­
tion of counts was different if considering 
a group in.5tead of an individual. "Then, 
e v e n  relatively small increases appear­
i n g regularly acro s s  an entire group 
would mean something,'' he said. 
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By BARTON REPPE RT 
Associated Press Writer 

MOSCOW - After more than than a 
decade of U .S .  diplomatic protests, the· 
Soviet Uniori has eeased bombarding the 
A m e r i c a n  · E m b a s s y  h e r e  w i t h  
microwave radiation , a n  erilb&ssy 
spokesman said Tuesday. 

Western diplomats viewed the move 
as an attempt to help sweeten the 
overall tone of relations prior to next 
month's Vienna summit and signing of 
the new SALT II treaty l imiting 
sfrategic nuclear :eapo'ns. 

THE MYSTERIOUS Soviet beams, 
first detected in the early 1960s, aroused 
concern about possible health hazards 
for embassy personnel and proved a 
long-standing irritant in U .S .-Soviet 
relations. • 

The specific purpose of the Soviet 
radiation was never disclosed. 

U . S .  o f f i c i a l s  t h e o r i z e d  t h e  
microwaves could be intended either to 
jam American electroni� intel ligence­
gathering equipment . on the embassy's 
upper floors and roof, or to trigger 
Soviet surveillance devices planted 
within the building. 

5 op 

ys 
SOURCES SAID there was no hard 

e v i d e n c e  t h a t  t h e  S o v i e t s  h a d  
dismantled electronic installations used 
to beam the low-intensity microwaves at 
the embassy. 

This left open the possibility the 
bombardment might be resumed if 
Soviet-Am e r i c a n  relat ions should 
worsen significantly i n  the future. 

During the last 3lf2 years the Soviet 
beams had been aimed at the embassy's 
upper floors from transmitters located 
east and south of the 10-story 'Structure 
on Tchaikovsky Street. 

An em bassy . spokes m a n  sa id  
Tuesday : " Neither the east nor the 
south signal has operated since the end 
of Apri l .  Hence we have detected no 
radiation since that time from these 
sources. "  

"Occasionally we have picked up 
brief, very low-level emanatiqns from 
more d istant s ignals at unknown 
locations in various directions for brief 
periods, " the U.S .  spokesman added. 

The statement indicated these other 
microwave sources were not considered 
comparable. to the high directional, 
searchlight-like beams that had been 
clearly aimed at the embasgy. 

action against the culprits, he added. 
Watch on waste : Congress gave the 

Department of Energy $600 million to set up a 
· program of grants to local governments and 

· public institutions that want to find ways to 
con�erve energy. But the applicants may wind up 
paYing more than half that amount just to fill out 
the �partment of Energy forms. 

The form worked out by Department of 
Energy bureaucrats is so complicated that even 
the agency admits it will take about 84 hours to 
complete. Grant applications are routinely filed 
out by specialists in the arcane art of 
grantsmanship, and the going rate for these 
experts is  about $30 an hour. 

Multiplying this by the 125,000 applications 
D?� expects to get gives an impressive $315 
m1lhon for the 10. � .mi ll ion man-hours of worl' 
fi l l ing out the forrr1s .  . 

· 
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Hray Herbert reports from A tlanta at the Ninth Congress of the Interna­
tional Primatological Society 

The evolution of kin support 
A basic  princip le  of evolutionary biology is that ani mals i nter­

nal ize behavioral -strategies" in  order to maximize reproductive 
success and improve the fi tness of the family l i neage. The theor:y 
explains apparently self-sacrif icial  behavior as a "kin selection" 
strategy-i ndividual sacrif ice made i n  exchange for genetic rep­
resentation i n  the future family l i ne.  The theory has generated 
considerable controversy over the past two decades . and in the 
wake of that controversy scientists have begu n to test the 
theory's usefu l ness in  predict ing actual soc ial behavior. Accord­
ing to Susan M. Essock-Vi tale and M ichael T. McGuire of  the Uni­
versity of  Cal i fornia at Los Angeles, sociobiological theory p re­
dicts that i ndividuals wil l  be more altruistic toward c l ose kin 
than toward distant ki n because c lose kin carry more of the indi­
vidual's genetic legacy. In addit ion,  k in support should be di ­
rected so as to increase relatives' reproductive success. Es­
sock-Vi tale and �tcGuire interviewed 300 women and fou nd 
.. strong su pport" for the sociobi ological predictions. I n  relation­
ships with friends. the subjects reported far more reci procal ex­
changes - receiving support i n  exchange for giving support ­
than they did in rel ationsh i ps with kin ,  where help ing was more 
often unrequ i ted. The subjects were much more apt to help 
close kin than more distant ki n .  regardless of geographi cal prox­
imity. and i nves tmen t was most .apt to flow from older to younger 
kin. In add i tion.  subjects were more apt to help s ib l ings whom 
they rated as l i kely to have chi ldren,  and they recei ved more 
help from sibl i ngs whose own chi l dren were grown. "Our per­
ceived motives notwi thstandi ng," the researchers conclude, 
"rather than havi ng the best in terests of others at heart ,  our pat­
terns of  hel ping suggest that we appear to help in  ways that w i l l  
maximize o u r  o w n  incl usive f i tness." 

. . .  and grand parenting 
Sociobiology also predicts,  because paterni ty is al ways less 

certain than matern i ty. that grandparents will tend to i nves t 
more in the survival of their  daughters' children than their sons' 
children.  In order to test this principle .  Marti n S. Smith. a psy­
chologist at Si mon Fraser Universi ty in Bri tish Columbia,  sur­
veyed al most 600 grandparents in North Ameri ca concerning.  
their  relationships with their  grandchildren . He fou nd that  the 
subjects spept about 40 percent more t ime w i th their daughters' 
chi ldren than w i th their sons· chi l dren . Smith also found that 
grandparen\s - and especial ly grandfathers - tend to spend 
more t ime �·i th granddaug!"lters - .. a bet ter reproductive bet," 
Smith suggests- than w i th grandsons. And in con trast to parent­
ing patterns. grandfathers reported spending only s l ightly less 
time than grand mothers in  grandparent ing. When males are 
young. Smith speculates. they have other more profitable op­
tions for maxi miz ing genet ic fi tness; as these options decrease,  
males turn to k in i nvestment.  " In the fi tness game." Smith sug­
gests, "a poor bet is better than no bet at  alL" 

. . . and senescence 
Do the behaviors that typify old age have an evolutionary 

component? UCL\ anthropologist Marc D. Hauser compared the 
behavio'rs of old and young stu mptail  macaques . and found that 
the old subjects were not only l ess active but that they vol untar­
ily restricted their social  network , ignori ng and avoid ing  en­
gagement with other group members - especia l ly  non-ki n .  Al­
though the pattern could be explai ned by the physical  depletion 
that accompanies aging. Hauser concedes . i t  is also poss i b l e  that 
senior group me m bers . with depleted inves tment potent ial . be­
come more discri minat ing i n  soc ia l  interac tion . \ ... ·asti n g  less en­
ergy on activi ty \...- i th  no potential  for genet ic  payoff. 
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Leukemia and magnetic or eiectric fields 

Whi l e  updati ng a study of 438,000 deaths among working men 
in the state of Washin gton during 1 950 and 1979, Samuel M i lham 
Jr. noticed a higher than expected incidence of leukemia among 
those whose j obs requi red them to work around high electrical 
or magneti c  f ields.  What first caught his attention were statist i cs 
associated with alu mi num workers. This group experie nc ed 
roughly twice the number of deaths from leukemia as would 
have been expected. Looking at only acute forms of l eu kemia. 
the rate was elevated 150 percent above the norm. 

The prevai l i ng wisdom.  says Milham. is that any leukemia ex­
cess in this group is  p robably due "to i nhal ing coal -tar-pitch vol­
ati les that come off as part o f  the [ aluminum] reduction proc­
ess." But. poi nts out the epidemiologist wi th Washin gton's De­
partment of Soci al and Heal th Services, "coke-oven workers are 
exposed to the same thing - at much higher levels - and they 
don't show any leukemia excess." 

Since strong magnetic fields are i nduced by high (75 .000 am­
pere )  di rect currents used in  the alu minum-reduction process, 
Mil ham's attention turned to electric- and magneti c-field expo­
sures. He broke out data for 10 other occupational groups in 
which workers might be expected to encou nter high fields :  elec­
tronic tech nic ians. radio and telegraph operators . electricians, 
power and telephon� l i nemen, radio and television repai rmen . 
motion-pi cture proiectionists, el ectrical engi neers, streetcar/ 
subway motormen and welders / flame cutters . As �1 i lham re­
ports in the July 22 NEW ENGLAND JOU&""iAL OF MEDICINE,  only 
welders and f lame cutters show no leukemia excess. Together 
these groups exhib i t  a proportionate mortal i ty ratio ( ratio of  ob­
served deaths to expected deaths. mult ipl ied by 100) of 137 for al l 
leukemias and a PMR of 163 for acute forms. Highest PMRs occur 
among power-station operators (259 for all leukemias .  282 for 
acute forms ) and television and radio repairmen (291 for acute 
leukemias).  

'Tm hoping to fol low up union or factory groups that are ex­
posed to [ high fields] arid see whether those with hi ghest expo­
sures are the ones with the mortality excess," Milham says . Right 
now, he is examining death records for men i n  this apparent  
high-risk group to see whether a l l  forms of leu kemias are repre­
sented, or whether there appears to be selec tive preference. 

Radiation-induced reproductive changes 
Heal thy 1 0-year-ol d  rhesus monkeys developed testicular 

chan ges after l ong-term chronic  i rradiat ion with cobalt-60 
gamma rays, accord i n g  to a report in  the Apri l SciENTIA SINICA 
by Wu Cheng and col leagues at the I nstitute of Biophysics of the 
Academica S i nica in Bei j i ng, China. Wi th 0.8 rad per day expo­
sures . the researchers were able to shut down the ani mals' 
sperm production when the accumulated dose reached 1 00 to 
212 rads - hal f  that necessary to achieve the same effect using a 
single dose. And "repa i r  after acute exposure . . .  appeared more 
rapidly than that after chronic i rradiation." the Beij ing team re­
ports . 

The Chi nese study i nvolved 36 animals: an u nspecif ied num­
ber i n  group A received 0.15 rad/day. the 17  animals in  group B 
got 0 .8 rad/day. others received no radiation. Even after 3 years 
of continuous i rradiation. s pe rm count  and test is  vol u me re­
mained normal in  grou p A. al though occurrence of sperm shape 
and chromosome abnormal i t ies did i ncrease. In group B .  how­
ever, tes tis atrophy appeared within only 2 months. As the 
cumu lative dose reached 40 rads. s perm count fel l .  After 5 to 1 1  
mon ths of irradiation ( 100-2 1 2 .8 rads ), spem1 production moved 
toward compl ete shutdown. Recovery of sperm production 
began i n  some group B animals a year after exposures ended . but 
even three years after i rradiation not all  animals had recovered. 
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Radiofrequency radiation: Deciding what is a safe exposure 
I t's hard to escape exposu re to radiofre­

quency (RF) radiat ion .  After a l l ,  i f  your 
radio or television can pick u p  a clear 
broadcast s i g n a l ,  you r  body can too. The 
Environmental  Protect ion Agency (EPA) 
has j us t  completed a crit i cal review of 
more than 5 ,000 heal th-effects studies i n ­
volvi n g  RF rad i a t i o n ,  i nc luding t h e  m ic ro­
wave band . And accord i ng to radiat ion b i ­
o l o g i s t  Danie l  F. C ah i l l ,  one of t h e  review's 
edi tors , the d ata are now s trong enough to 
al low - and in fac t  to just i fy - federal ly 
enforced protection of the publ ic  from 
hazardous levels of RF radiatio n .  

RF radiat ion represents t h e  nonioniz ing 
portion of the e l ec tromagn e t i c  spectru m .  
I ts frequenc ies i nclude those u s e d  for AM , 
FM and short-wave radio;  for u l tra-high 
frequency (UHF) and very-high frequency 
(VHF) televis ion ; for radar; for sate l l i te 
communicat ions;  and for microwave relay 
l i n ks.  The human-resonance frequ enc ies , 
for which the body serves most effect ively 
as an antenna,  are 3 0  megahertz (MHz) to 
300 M H z  - p r i mari ly the FM and VHF 
bands. · 

G rowing el ectronics use has increased 
the a m b i e n t  RF e nvironme n t  to which the 
general publ i c  i s  exposed. Heal th effects­
most n o tably body heati n g  and effects one 
m i gh t  assoc i a t e  w i th fever ( in c l u d i n g  
bra i n  damage, miscarriage a n d  death) ­
have been observed i n  many speci e s ,  i n ­
c l u d i n g  humans,  after prolonged or h i gh­
level RF exposures. I t  was concern that 
there m ight  be related hazards posed by 
low-level  exposures - o m n i present  in  
m o d e r n , i nd u s t r i a l i ze d  s o c i e ty - that  
prompted Canada,  Czechosl ovaki a ,  G reat 
Bri tai n ,  Poland and the Soviet  Union to set  
their  RF-exposure s tandards.  

The U n i te d  States has no comparable 
standard for l i m i t i n g  human exposures to 
RF rad i a t i o n .  However, EPA's new survey of 
RF's b io l ogi cal effects ,  pub l i c ly u nvei l e d  in 
draft form this week,  is a f i rst  s tep toward 
development  of such' a s tandard. Explains 
David E.  Janes,  who d i rects analys is and 
support for EPA'� Office of Rad iat ion Pro-

grams,  "This report  is the biol�ogical basis 
from:_.which we're moving."  

That report was also the basis for the 
publ ic -exposure l i mi t - of 0 .04 watts per 
k i l ogram of body t issue - which Cah i l l ,  
recently ret i re d  from EPA, proposes i n  the 
J u ly H EA LTH PHYSICS . Cah i l l 's figure trans­
lates i n to a power densi ty of roughly 200 
m icrowatts per square cent i meter (J.L WI 
em�) fo r the hu man resonance frequen­
cies .  At  frequencies outside that range , 
hi gher power densi t ies are req u i re d  to de­
posi t the same energy i n to body t issue. 

Based on his  readi n g  of the data just 
surveyed by EPA, Cah i l l  bel ieves that the 
exposure l i m i t  he i s  proposing would not  
cause any observable health effects.  His  
f igure is 50-fold l ower than the Occupa­
tional Safety and Health Ad m i nistration 's 
former " advisory" ce i l ing  (a l i mi t  which 
OSHA stopped enforc i n g  last year).  A new 
OSHA s tan dard for wo rkers shou l d  be 
fo rthc o m i n g ,  though not im mediately. I f  i t  
m i rrored the 1 ,000 fJ-\V/cm� l i m i t  for hu­
man-resonance fre q u e n c i e s  being rec­
o m m e n d e d  by t h e  A m e r i c a n  N a t i o n a l  
Standards Inst i tute ,  i t  w o u l d  s t i H  be five 
times h i gher than Cah i l l 's .  

Perhaps a s  early a s  September, EPA i n ­
tends to i s s u e  a proposed l i m i t  f o r  public 
expos ures . Thou gh EPA would have no di­
rect  authority to e nforce these guide l i nes,  
Janes sa id  they would be b i n d i ng on fed­
eral agencies .  I-le noted that the Federal 
Com m u n i c a t i o ns Commission has i nd i ­
cated i t  w o u l d  e n force t h e  standard i n  i ts 
regulat ion of commerc i al - b roadcast s ig­
nals.  And the National Te lecommunica­
t ions and I n formation Adm i n istration -
which regu l a tes federal ly owned radio 
trans m i tters - has also agreed to adopt 
the EPA guide l i nes,  . lanes sai d .  As such,  the 
maj o r  sources of RF exposures to the pub­
lic wou l d  be con trol led .  

Cah i l l  notes that t h e  agency w i l l  have 
more than j ust  health effects to consider 
when d e c i d i n g  "o n i ts p u b l i c -exposure 
l imit ,  most notably economics and pol i ­
t ics .  Even so,  he bel i eves EPA's f inal  f igure 

Claw leads to d.iscovery of 'new' dinosaur 
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B ill 1·10/l<el; a 55-year-old plumber who 
hunts for fossils in his spore tim e, un­
earthed this foot-long dinosa ur claw last 

• Jan uary in Surrey, Great B ritain. The 
finding is reported by the British Museum 
of Natural History, wh ich in May dis­
patch ed worl?ers to th e site to complete 
the exca vation. Th e cla w  belonged to a 
new species of din osaur that stood 10 to 
15 feet ta ll, a n d  lived 125 m illion years 
ago. Th e anim a l  no do ubt used its claws, 
nearly twice th e size of those wielded by 
Ty ra n n o s a u r u s  Rex , in procu ring its 
meals - th e  plant- eating din osaurs that  
also lived then in southern England. 

w i l l  resemble his own .  
Inte l lectual satisfaction was o n e  fac t nr 

that motivated Cah i l l  to derive the RF­
exposure l imit  he advocates in HEALrH 

PHYSICS, but not the only one . .. Hav i n c:  
b e e n  w i t h  t h e  federal govern ment for 20-
some years , I know that they have a prc..)­
pensi ty for dragging their feet before tak­
i n g  a s tand ," he said. Moreover, he fe l t  thJ. t  
by putting a M reasonable" number i n  tht· 
sc ient i fic domain ,  the publ ic  and courts -­
in the absence of a federal standard -
woul d  s t i l l  have some scien t i fi c  basis f 1 > r  
making decis ions o n  s i t i n g  R F  sou rc,,s 
(such as sate l l ite relay stat ions) a n d  o n  
health compensat ion. -J. Roloff 

Divesting a hormone 
of its secrets 

I t  has been 20 years since s c i e n t i s t s  rt' ­
-ported the i dentification of the hormone 
that switches on the product ion of  w h i tt>  
blood cells called granulocyte s .  The p u r ­
ported hormone is called granu l o poie t i n  
T h e  m a d d e n i n g  t h i ng a b o u t  h u rn a r. 
granulopo i e t i n  extracts that have bec·n 
tested , though, is that whi l e  t h ey hav!..' 
s t imulated granulocyte product ion i n  t i s ­
sue c u l ture wi th great gusto, t h ey h a v  -, 

done i t  o n ly half-heartedly, if at a l l ,  i n  e -..; ­
peri mental  animals.  This discrepancy h:�s 
raised the d ark possibi l i ty that g ran u l o ­
p o i e t i n  i sn't  t h e  hormone that i nduct>s  
granu l ocyte production. 

N o w  gran u l opoiet i n's repu t a t i o n  C. i)­
pears to have been exone rflted by a team 
of blood cell scient ists at Wr ight State Un i ­
vers i ty School  o f  �1edi c i ne i n  Dayton . 
Ohio .  They report that they have·found t h e  
reason w h y  past extracts have b e e n  a c t i •:t.· 
�n the test-tube mi l ieu, yet not i n  a ni m a l s :  
T h e  extracts ( from human urine) p robably 
haven't contai n ed a compound - n a t u ­
r a l l y  act ive i n  humans - that t h e  hormone 
needs to b e  active i n  animals. 

As Marti n J .  Murphy Jr. and co-work�:r�. 
at Wri g h t  State report in the PR.ocEEDil" G::. 

OF THE NATIONAL ACADEMY OF SCIE:":CES 

(Vo l .  80,  No. 1 2), t hey fi rst managed to iso­
l ate a n  extract of granulopo ietin from a 
group of persons w i th a rare blood disease 
that was m uch more active than any tested 
before. They foun d  out that this extrac t 
was so active because it contai ned s ial i c· 
ac i d .  They thus suspect that prev i o u s  
extracts haven't been very active i n  a n i ­
m a l s  because t h ey had lost their s i a l i c  
aci d ,  perhaps v i a  t h e  extract ion process.  

The chal lenge now. says John D. Lut t o n . 
an experi mental hematologist doing re ­
lated research at New York Medical  Co l ­
l ege i n  Val h a l l a ,  N .Y., is t o  see whether 
gran u l o po i e t i n  extracts containing s i a l ic 
acid also i nduce granulocyte product ion 
in  h u m a n s .  Murphy agrees. 

-I A. Treichel  
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