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60 HZ HIGH STRENGTH ELECTRIC FIELD EXPOSURE FACILITY 

Richard T .  S n i t h  
Southwest Research I n s t i t u t e  

San Antonio, TS 

An overview is  g iven  of t h e  des ign  methodology and p l ans  f o r  t he  
c o n s t r u c t i o n  of a  f a c i l i t y  t o  p rov ide  a  60 Hz h igh  s t r e n g t h  e l e c t r i c  
f i e l d  environment f o r  a  behav io ra l  s tudy  of  baboons. The f a c i l i t y  
w i l l  c o n s i s t  of a n  o u t e r  s t e e l  pane l  b u i l d i n g  w i t h  3 i n t e r i o r  reg ions :  
an  o b s e r v a t i o n  enc losu re ,  and two i d e n t i c a l  animal  exposure a r e a s .  
Air c o n d i t i o n i n g  and f i l t e r i n g  of t h e  exposure a r e a s  w i l l  be  provided.  
The e l e c t r i c a l  system w i l l  i nc lude  the  Power Cont ro l  Room, h igh  
v o l t a g e  t r ans fo rmer ,  v o l t a g e  d i v i d e r ,  e l e c t r o d e s ,  i n s u l a t o r s ,  
s h i e l d i n g  s c r e e n s ,  and grounding g r i d .  F e a t u r e s  of each a r e  d i scussed .  
I n d i v i d u a l  and s o c i a l  cage c o n s t r u c t i o n ,  t oge the r  w i th  behav io ra l  
panel  d e s i g n ,  a r e  d i scussed .  Schematic cut-away drawings of t he  
d i f f e r e n t  a r e a s  and f e a t u r e s  a r e  provided.  



E l e c t r i c  F i e lds :  C e l l u l a r  S tud ie s  

F. P. Hungate, K.  Kaune, and hi. E .  F r az i e r  

Recent eva lua t ion  of  t h e  p a r a l l e l  p l a t e  exposure system being u s e d . t o  a s s e s s  
g e n e t i c  e f f e c t s  of e l e c t r i c  f i e l d s  i n  microorganisms revealed t h a t  t h e  e l e c -  
t r i c  f i e l d s  could no t  be de f ined .  As a  r e s u l t ,  a  new system involving 
measurable  c u r r e n t  flow through t h e  c e l l  suspension has been devised .  To 
a s s u r e  t h a t  e l e c t r o d e  e f f e c t s  w i l l  no t  i n t e r f e r e ,  agar  b r idges  a r e  in te rposed  
between t h e  e l e c t r o d e s  and c e l l  suspension.  The agar  b r idges  con ta in  i o n i c  
c o n s t i t u e n t s  i d e n t i c a l  with those  i n  t h e  exposure medium so  t h a t  problems of 
i on  mig ra t ion  a r e  e l imina ted .  Prel iminary d a t a  on Salmonella s t r a i n  TA 100 
exposed i n  t h i s  new system i n d i c a t e s  no s i g n i f i c a n t  i nc rease  i n  t h e  frequent!. 
o f  muta t ions  fo l lowing  exposure i n  DC f i e l d s  up t o  6\//m o r  i n  AC f i e l d s  up 
t o  110 V/m.  

I n  a d d i t i o n ,  a  system has  been developed f o r  t h e  exposure o f  mammalian c e l l  
suspens ion  t o  60-Hz e l e c t r i c  f i e l d s  which uses  an a l t e r n a t i n g  magnetic f i e l d  
as t h e  e l e c t r i c  f i e l d  source.  The use  of  e l e c t r o d e s ,  e i t h e r  i s o l a t e d  from o r  
i n  conduct ive  c o n t a c t  with t h e  c e l l  suspension,  i s  thereby  avoided. Cel l  sus-  
pens ions  a r e  held i n  a  t o r o i d a l  chamber e n c i r c l i n g  one 10-cm by 10-cm l eg  of a  
s t e e l  fe r romagnet ic  co re .  A 35-turn winding on t h e  oppos i t e  l eg  of t h e  core  
i s  connected t o  a  60-Hz vo l t age  source ,  and f i e l d s  up t o  about 6  V/m can be 
genera ted  i n  t h e  c e l l  suspension.  During t h e  p a s t  year  we def ined  optimal con- 
d i t i o n s  f o r  c e l l  (mammalian) growth i n  t h i s  exposure system and attempted t o  
s o l v e  problems a s s o c i a t e d  with ob ta in ing  r e p r e s e n t a t i v e  samples a t  requi red  
t ime i n t e r v a l s .  Using t h e  exposure system, a s  p r e s e n t l y  c o n s t i t u t e d ,  we ha1.e 
genera ted  d a t a  on t h e  e f f e c t  o f  AC e l e c t r i c  f i e l d s  (3.1 V/m) on t h e  growth 
r a t e s ,  mutat ion f r equenc ie s ,  and c e l l  v i a b i l i t y  of Chinese Hamster ovary (CHO) 
c e l l s .  We have n o t  y e t  observed any e f f e c t s  which can be a t t r i b u t e d  s o l e l y  t o  
t h e  e l e c t r i c  f i e l d  exposures .  



E f f e c t  of 60-Hz E l e c t r i c  F i e l d s  on the Growth o f . .  
Cu1 tu red  Mammil i a n  C e l l s  - A Summary o f  

Progress During FY 1980 

R.A. Tobey H.J. P r i c e  K.D. Ley 
Los Alamos Miss ion  Research Corp. Lovelace Medical 

S c i e n t i f i c  Laboratory Foundation 

FY 1980 research goals were t o  i n v e s t i g a t e  the  e f fec ts  o f  60-Hz e l e c t r i c  
f i e l d s  on growth and metabolism of c u l t u r e d  r n a m i l i a n  c e l l s  (Chinese hamster 
c e l l s  l i n e  CHO); and t o  develop the  apparatus necessary f o r  these i n v e s t i g a -  
t i o n s .  S p e c i f i c a l l y ,  t h e  goals were t o :  

1. Design, c o n s t r u c t  and c a l i b r a t e  a  magnet ic- induct ion t e s t  chamber 
t o  p rov ide  a l a r g e  increase i n  e l e c t r i c  f i e l d s  over previous t e s t  
c e l l s .  

2. Repeat b i o l o g i c a l  t e s t s  w i t h  the  o r i g i n a l  t e s t  chamber t o  determine 
i f  the  observed e f f e c t s  on c e l l  growth r a t e  cou ld  be a t t r i b u t e d  t o  
60-Hz e l e c t r i c  f i e l d s .  

3.  Continue b i o l o g i c a l  t e s t s  w i t h  the  capac i t i ve ly -coup led  t e s t  chamber 
designed and cons t ruc ted  du r ing  FY 1979, t o  observe e f f e c t s  o f  
e l e c t r i c  f i e l d s  on c e l l  growth r a t e .  

A magnet ic - induc t ion  t e s t  chamber has been designed and constructed which 
prov ides  e l e c t r i c  f i e l d s  i n  the  c e l l  n u t r i e n t  up t o  approximate ly  2 .5  v o l t s /  
meter. Th is  value i s  about an order  o f  magnitude g rea te r  than obtained w i t h  
the  c a p a c i t i v e l y - e x c i t e d  chamber designed l a s t  year .  

The o r i g i n a l  t e s t  chamber used i n  the  f i r s t  b i o l o g i c a l  t e s t s  (FY78) 
seemed t o  i n d i c a t e  a  change i n  c e l l  growth r a t e  w i t h  app l i ed  e l e c t r i c  f i e l d s .  
Th is  chamber, w h i l e  b i o l o g i c a l l y  adequate, was n o t  e l e c t r i c a l l y  adequate. 
That  i s ,  the  e l e c t r i c - f i e l d  coup l ing  t o  t h e  n u t r i e n t  s o l u t i o n  was i n e f f i c i e n t ,  
and the  apparatus produced corona. Since the  b i o l o g i c a l  r e s u l  t s  observed 
w i t h  t h i s  t e s t  chamber cou ld  n o t  be repeated w i t h  t h e  newer e l e c t r i c a l l y  
adequate t e s t  chamber, t e s t s  were repeated on apparatus s i m i l a r  t o  t he  
o r i g i n a l  chamber. I t  was concluded t h a t  changes i n  growth r a t e  were n o t  
a t t r i b u t e d  t o  e l e c t r i c  f i e l d  i n  t he  n u t r i e n t  s o l u t i o n .  

A complete se r ies  o f  b i o l o g i c a l  t e s t s  were conducted us ing  the  e l e c t r i c -  
a l l y  adequate t e s t  chamber desSgned and constructed i n  FY 1979. No changes 
i n  growth r a t e  have been observed. 

S tud ies  f u r i n g  FY 1981 w i l l  i nc lude  i n v e s t i g a t i o n  of t e s t  chambers t o  
o b t a i n  even h i g h e r  e l e c t r i c  f i e l d s  i n  t he  n u t r i e n t  s o l u t i o n ,  and b i o l o g i c a l  
t e s t s  w i t h  the  new magnet ic- induct ion t e s t  chamber. 



60 Hz E l e c t r i c  F i e l d  Parameters Assoc ia ted  k i t h  t h e  
P e r t u r b a t i o n  o f  a  E u k a r y o t i c  C e l l  System 

Morton, h. M i l l e r ,  Edwin L. carstensenl, 
Dominique Robertson,and Dav id  A .  Dooley 

Departments o f  R a d i a t i o n  B i o l o g y  and B iophys ics ,  
1 and E l e c t r i c a l  Eng inee r i ng  , 

The U n i v e r s i t y  o f  Rochester 
Rochester,  NY 14642, 14627lY 

The o b j e c t i v e  o f  t h e  r esea rch  i s  t o  e l u c i d a t e  a  mechanism whereby an e l e c t r i c  
f i e l d  a f f e c t s  a  m u l t i c e l l u l a r  system. The hypo thes is  be ing  t e s t e d  i s  t h a t  t h e r e  
must  be  a  s i g n i f i c a n t  induced membrane p o t e n t i a l ,  r e l a t i v e  t o  t h e  c e l l s '  normal 
r e s t i n g  p o t e n t i a l ,  t o  p e r t u r b  t h e  system. A  d i e l e c t r i c  approach t o  t h e  s tudy  of 
t i s s u e s  i n d i c a t e s  t h a t  a t  ex t r eme l y  low f r equenc ies  (ELF) t h e  l a r g e s t  l o c a l  induced 
f i e l d s  w i l l  occur  i n  c e l l  membranes. Each c e l l  c o n s i s t s  o f  a  h i g h l y  conduc t ing  
c y t o p l a s m i c  c o r e  surrounded b y  a v e r y  t h i n  i n s u l a t i n g  membrane; thus,  t h e  e n t i r e  
v o l t a g e  d rop  across t h e  c e l l  w i l l  occur i n  t h e  membrane. The magnitude of t h e  
i nduced  p o t e n t i a l  i s  approx imate ly  t h e  p roduc t  o f  t h e  e x t r a c e l l u l a r  a p p l i e d  f i e l d  
(V lm)  and t h e  c e l l  d iameter  (urn). 

' The r e s u l t s  o f  p rev i ous  resea rch  w i t h  6 0  Hz e l e c t r i c  f i e ld -exposed  r o o t s  of 
P isum sa t i vum i n d i c a t e d  th rough  dose response r e l a t i o n s ,  a  t h r e s h o l d  f i e l d  s t r e n g t h  
o f  290 V/m f o r  growth p e r t u r b a t i o n ;  t h e  induced membrane p o t e n t i a l s  were c a l c u l a t e d  
t o  b e  o f  t h e  o r d e r  o f  3  - 8 mV. A d d i t i o n a l  da ta  c o n t i n u e  t o  suppor t  t h e  hypo- 
t h e s i s .  Roots were c h r o n i c a l l y  exposed t o  6 0  HZ e l e c t r i c  f i e l d s  (215 t o  430 Vlm) 
and c u r r e n t  d e n s i t i e s  (1.5 t o  2.7 m9/crr?). Ad justments  of t h e  exposure m e d i u n ? ' ~  
c o n d u c t i v i t y  (0.035 t o  0.14 Slm) a l lowed f o r  d i s t i n c t i o n  between a  f i e l d  o r  c u r r e n t  
induced  p e r t u r b a t i o n  i n  r o o t  growth r a t e s .  l n h i b i t i o n  of growth r a t e s  was d i r e c t l y  
r e l a t e d  t o  t h e  magnitude o f  t h e  a p p l i e d  f i e l d  and n o t  t h e  c u r r e n t  d e n s i t y .  
A d d i t i o n a l  r e s u l t s  i n d i c a t e  ( 1 )  a  narrow range between induced membrane p o t e n t i z l  s  
w h i c h  a l t e r  normal c e l l u l a r  f u n c t i o n  and those  which a r r e s t  i t, ( 2 )  a  p e r t u r -  
b a t i o n  t o  c e l l  p rog ress i on  a t  f i e l d s  wh ich  reduced r o o t  growth r a t e ,  and ( 3 )  an 
a b i l i t y  t o  r ecove r  from an e - f i e l d  induced growth r a t e  r e d u c t i o n .  

The s i g n i f i c a n c e  o f  t h e  da ta  i s  t h a t  a)  t h e  response o f  pea r o o t s  t o  e l e c t r i c  
f i e l d s  i s  c o n s i s t e n t  w i t h  a  c e l l  membrane r e l a t e d  mechanism, and b )  t h e  e l e c t r i c  
f i e l d  s t r e n g t h s  necessary  t o  produce these  growth e f f e c t s  cou ld  n o t  be ob ta ined  if 
a i r  were a  s e r i e s  p a r t  o f  t h e  pa th  between t h e  source and t h e  r o o t s .  

Exper iments  w i t h  ELF-exposed mama1 i a n  c e l l  suspension c u l t u r e s  (L5176Y and 
P-388 mouse lymphoma c e l l s )  and Physarum polycephalum ( s l i m e  mold)  a r e  i n  s t a r t u p  
and w i l l  b e  used t o  t e s t  f u r t h e r  t h e  above hypo thes is .  
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A b s t r a c t  - John S.  Erand 
U n i v e r s i t y  of Rochester  
ELF P r o j e c t  

E l e c t r i c  F i e l d  E f f e c t s  on Subpopula t ions  

of Cells I s o l a t e d  from Bone 

There  i s  c u r r e n t l y  g r e a t  i n t e r e s t  i n  t h e  a p p l i c a t i o n  of l o c a l  e l e c t r i c  
f i e l d s  t o  t h e  t h e r a p y  of bone f r a c t u r e  non-union. T h i s  p r o j e c t  i s  des igned  t o  
t e s t  t h e  e f f e c t s  of low energy e l e c t r i c  f i e l d s  on t h e  p r o l i f e r a t i o n  and m e t a b o l i c  
f u n c t i o n  of s e p a r a t e  p o p u l a t i o n s  of c e l l s  from n e o - n a t a l  r a t  bone. Two c e l l  
p r e p a r a t i o n s ,  main ta ined  i n  shor t - t e rm pr imary c u l t u r e ,  have been demonstra ted 
t o  e x h i b i t  f e a t u r e s  of e i t h e r  bone forming o r  bone r e s o r b i n g  c e l l s .  

Changes i n  r a t e  of DNA s y n t h e s i s ,  determined by a s s a y  of i n c o r p o r a t i o n  of 
3 ~ - ~ h } m i d i n e  i n t o  DXA were observed i n  c u l t u r e s  of o s t e o g e n i c  c e l l s  exposed t o  a 
f i e l d  of 2100 V/cm. S h o r t  t e r n  exposure  (6-30 m i n u t e s )  was i n h i b i t o r y  w h i l e  l o n g e r  
exposure  (24 h o u r s )  t o  t h e  f i e l d  produced a  s t i m u l a t i o n .  S t i m u l a t i o n  of 3 ~ -  
thymidine i n c o r p o r a t i o n  d u r i n g  a  2-hour p u l s e  a t  t h e  end of a  24 hour exposure  
p e r i o d  r e q u i r e d  t h a t  t h e  c e l l s  remain i n  t h e  f i e l d  d u r i n g  t h e  thymldine p u l s e .  
I f  c e l l s  a r e  exposed f o r  22 h o u r s  and removed from t h e  f i e l d  d u r i n g  2-hour p u l s e  
l a b e l i n g  p e r i o d ,  t h e r e  i s  no d i f f e r e n c e  from c o n t r o l  c u l t u r e s .  I n  t h e s e  p r e -  
l i m i n a r y  e x p e r i m e n t s ,  s t i m u l a t i o n  of DNA s y n t h e s i s  d u r i n g  t h e  l o n g e r  exposurs  
p e r i o d  was n o t  observed i n  t h e  c e l l  p o p u l a t i o n s  c o n t a i n i n g  o s t e o c l a s t i c  c e l l s .  
These r e s u l t s  s u g g e s t  a  d i f f e r e n c e  i n  a t  l e a s t  one r e s p o n s e  of two s e p a r a t e  c e l l  
p o p u l a t i o n s  t o  e l e c t r i c  f i e l d  exposure .  

\,%en t h e s e  r e s u l t s  have been confirmed by measurement of t o t a l  c e l l  D:.:.: 
c o n t a c t ,  t h e  t ime  c o u r s e  of t h e  e f f e c t  w i l l  be s t u d i e d  i n  more d e t a i l  a s  w e l l  
a s  t h e  r e s p o n s e  t o  v a r y i n g  f i e l d  s t r e n g t h .  It  w i l l  be  impor tan t  t o  de te rmine  
whe ther  t h e  magni tude of r e s p o n s e  i s  r e l a t e d  t o  f i e l d  s t r e n g t h  o r  i f  t h e r e  i s  
a  un i fo rm e f f e c t  above a  t h r e s h o l d  v o l t a g e .  
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Effect of E L F  Modulated 450 M H Z  Field 
on Calcium Efflux from Rat S m  

Interaction between low level EM radiation and nervous t issues 'as studied 
a t  subcell ul ar levels .  Synaptosomes from cerebral cortex of ma1 e rats  
were incubated a t  22C for  5 min, and in a solution containing 45ca2+ for 
10 min. They were then applied to  millipore f i l t e r s  and perfused a t  a 
ra te  of 1 ml/min for  60 min with a physiological solution a t  34C. 
Perfusate collected a t  1 min, intervals was assayed by liquid sc in t i l l a t ion  
counting. During perfusion, synaptosornes were exposed to  450 MHz f i e lds  
a t  0 .5  m~/cm2 and sinusoidally amplitude modulated a t  E L F .  Exposure 
s ta r ted  15 rnin a f t e r  the onset of perfusion. The time course of 45caZt 
eff lux fol lows a three-phase exponential curve. In a prel iminary analysis,  
each curve i s  normalized according to  the f i r s t  point of the second phase 
(which i s  about 13 min a f t e r  the onset of perfusion). For each exposure 
condition, a l l  curves are then averaged. Four conditions are  compared a t  
present; they are  controls without any f i e ld  exposure, CW and 16 and 60 Hz 
modulation.' Before onset of the f i e lds ,  a l l  four groups show the same 
eff lux character is t ics .  After the exposure, CW, 60 Hz modulation and 
control a re  not distinguishable. However, 16 Hz modulation produced a 
s h i f t  of the perfusion curve,probably arising from an increased amount of  
calcium in the second phase. 
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4 5 ~ a 2 t  E f f l u x  from Synaptosome P e l l e t s  Exposed 
t o  ELF Pulsed Magnetic F i e l d  

Synaptosomes i n  suspension were incubated i n  4 5 ~ a 2 t  and cen t r i f uged  i n t o  
p e l l e t s .  The p e l l e t s  were washed once and allowed. t o  stand i n  1.0 m l  o f  
p h y s i o l o g i c a l  s o l u t i o n  f o r  s tud ies  o f  t ime  course o f  e f f l u x  a t  var ious  
temperatures and e f f e c t s  o f  325 ~ s e c  pulses a t  80 Hz on e f f l u x .  P e l l e t s  
were l e f t  i n  s o l u t i o n  f o r  va ry ing  t imes up t o  25 min, and the  r a d i o a c t i v i t y  
i n  t h e  s o l u t i o n  and p e l l e t s  were then assayed by l i q u i d  s c i n t i l l a t i o n  
count ing.  The percentage o f  e f f l u x  (%E) i s  ca l cu la ted  as: 

R a d i o a c t i v i t y  i n  s o l u t i o n / r a d i o a c t i v i t y  i n  ( s o l u t i o n  + p e l l e t )  x  100 

With the  same p e l l e t  s i ze ,  the  t ime course o f  e f f l u x  was constructed a t  22C 
and 32C. The normal two phases o f  e f f l u x  were d is t ingu ished,  t he  f a s t  phase 
being h i g h l y  temperature dependent, and the slow phase l e s s  so. Beginning 
of  t he  slow phase was determined t o  be 15 min a t  22C and 7.5 min a t  32C. 
By vary ing  the  p e l l e t  s i z e  from l a r g e  t o  smal l ,  t h e  f a s t  phase can c o n t r i b u t e  
14 t o  40% of  t h e  e f f l u x .  The r a t e  o f  f a s t  phase e f f l u x  a t  32C i s  about 
tw i ce  t h a t  a t  22C. This  temperature dependence suggests t h a t  t h e  ca lc ium 
b i n d i n g  and d i s s o c i a t i o n  process a t  t he  sur face membrane i s  invo lved.  I t s  
dependence on p e l l e t  s i z e  suggests t h a t  a d i f f u s i o n  process i s  important  i n  
t h e  p e l l e t .  The temperature i n s e n s i t i v i t y  o f  the  slow phase suggests i nvo l ve -  
ment o f  transmembrane calc ium movement. 

E f f l u x  f o r  15 rnin a t  22C and f o r  7.5 rnin a t  32C was s tud ied .  Test tubes 
con ta in ing  synaptosome p e l l e t s  were exposed between a p a i r  of Helmholtz 
c o i l s .  S i m i l a r  p repara t ions  were placed a t  l e a s t  2m away from the  c o i l s  
as c o n t r o l s .  A t  bo th  temperatures, f i e l d  exposure caused a 57; reduc t i on  i n  
4 5 ~ a 2 +  e f f l u x  a t  p e l l e t  s i z e  corresponding t o  %E h igher  than 20% a t  22C and ,, 

lower than 20% a t  32C. Thus, t h e  e f f e c t  showed up i n  smal le r  p e l l e t s  a t  
22C and l a r g e r  p e l l e t s  a t  32C. Th is  dependence on p e l l e t  s i z e  may be 
a t t r i b u t e d  t o  a d i f f e r e n c e  i n  ca lc ium d i f f u s i o n  a t  these two temperatures, 
s ince  the  e f f e c t  l a s t s  f o r  o n l y  a s h o r t  t ime. Because no metabol ic  subs t ra te  
and no ATP were prov ided i n  t h e  e f f l u x  medium, i t  i s  probable t h a t  energy- 
independent ca lc ium b i n d i n g  t o  sur face macromolecules i s  mod i f i ed  by the 
f i e l d .  
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Studies of Cellular Responses t o  E L F  Fields - 
Hippocampal Sl ice Preparation 

Rat hippocampal s l i ces  are being used i n  the laboratory t o  study the effects  
of E L F  and R F  electromagnetic f ie lds  on the electrochemical exc i tab i l i ty  of  
the central nervous system. We have accumulated baseline data on the 
behavior of the s l i c e  under physiological conditions, through observations 
of spontaneous ac t iv i ty  and responses of the CAI pyramidal c e l l s  t o  stimu- 
la t ion  on an in t r ins i c  f iber  pathway ( the Schaffer coll a t e r a l s ) .  Electro- 
physiological responses such as long-term hyperpolarization, long-term 
potentiation, and epi lep t ic  ac t iv i ty  i n  the hippocampal s l i c e ,  are .  
c r i t i c a l l y  dependent on the calcium concentration i n  the bathing medium, 
and are impaired a t  calcium levels lower than 1mM. Enkephalins have 
recently been shown to increase spontaneous ac t iv i ty  and amplitude 
of population spike response to Schaffer col la teral  stimulation in C A I  
pyramidal c e l l s .  Therefore, we have studied the e f fec ts  of low and high 
calcium concentrations on these excitatory effects  as preliminary steps in 
assessing the possible role of 60 Hz sinusoidal e l ec t r i c  f ie lds  on ce l lu lar  
exc i t ab i l i t y .  Our resu l t s  indicate tha t  a t  low concentrations of enkephalin 
(100 to  200nM), the increased exc i tab i l i ty  of the pyramidal ce l l s  i s  modulated 
by the amount of calcium present in the solution ( 1 ,  2 or 4mN). 

Repetitive e lec t r ica l  stimulation ( t r a ins  of pulses a t  15 a n d  100 Hz) has 
been shown to decrease the extracel lular  calcium concentration and increase 
potassium concentration i n  the v i c in i t  of the pyramidal cel l  layer ,  and we 
have previously described changes i n  4rCazt efflux from isolated brain t issue 
exposed to  E L F  and ELF modulated RF f i e lds .  Therefore, the level of exci ta -  
bi l i  t y  induced i n  the pyramidal ce l l s  by the opioid peptide could a1 so be 
modulated by exposure of the t issue to  weak bath currents a t  frequencies 
between 15 and 100 Hz. 

We have s ta r ted  the second phase of t h i s  investigation by comparing the e f fec ts  
of local ized (Schaffer col l a t e ra l s )  and bath electr ical  stimulation i n  three 
s l i c e s  previously treated with enkephalin (1 V M ) .  Both stimulations induced 
large temporary increases in the responses evoked in two s l i ces ,  bu t th i s  
e f f e c t  was abolished in the third experiment by the presence of Naloxone 
( 5  pM) i n  the solution. This indicates that  the effect  seen in the treated 
t i s sue  i s  specif ic  to  the previous exposure to  enkephalin. 
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l n f l u e n c e  o f  Pulsed Magnetic F i e l d s  on Calcium 
B ind ing  i n  I s o l a t e d  B r a i n  T issue 

Previous s tud ies  i n  t h i s  l a b o r a t o r y  have shown s e n s i t i v i t y  of f r e s h l y  
i s o l a t e d  c h i c k  ce reb ra l  hemi sphere t o  weak, ext remely 1 ow frequency (ELF) 
e l e c t r i c  f i e l d s  (10-60 V/m i n  a i r )  and t o  microwave f i e l d s  (0.5-1.5 mi.:/cm2 
i n  a i r ) ,  amplitude-modulated w i t h  ELF s igna l s .  We now r e p o r t  s tud ies  w i t h  
weak pu lsed magnetic f i e l d s  on i d e n t i c a l  t i s s u e  prepara t ions .  The magnetic 
f i e l d  generator  was designed f o r  s t i m u l a t i o n  o f  bone hea l i ng  by Basset t  
and P i l l a  (Orthopedic  Serv ice,  Columbia U n i v e r s i t y ) .  The f i e l d  has a 
pu lse  r e p e t i t i o n  frequency o f  80 Hz. The waveform i s  a 325 psec square 
wave f o l l o w e d  by a 5 msec t a i l  o f  opposi te  p o l a r i t y ,  and peak f i e l d  
i n t e n s i t y  i s  20 gauss, producing t i s s u e  grad ien ts  of 1-2 mV/cm and a 
c u r r e n t  d e n s i t y  between 1 and 10 u~/c rnz .  

The i s o l a t e d  b r a i n s  were t e s t e d  a t  room temperature and a t  35C. The 
p h y s i o l o g i c a l  s o l u t i o n s  used i n  these s tud ies  conta ined ( i n  mM): NaC1 :155; 
KC1:5.6; CaC12:2.16; g1ucose:lO; NaHC03:either 2.4 o r  10, and MgC12:either 
0 o r  1.2. Resul ts  a t  room temperature (23C) were w i d e l y  sca t te red  i n  
c o n t r o l  and exper imenta l  t i s sues ,  and no s i g n i f i c a n t  t r e n d  developed i n  
t h e  f i n a l  a n a l y s i s  o f  t h e  data. By con t ras t ,  t h e  percent  e f f l u x  ( 4 5 ~ a  i n  
t h e  supernatant  d i v i d e d  by t h e  sum o f  4 5 ~ a  i n  s o l u b i l i z e d  b r a i n  and i n  
supernatant)  f rom b r a i n s  exposed t o  t he  pulsed magnetic f i e l d s  a t  35C was 
s i g n i f i c a n t l y  lower than c o n t r o l  and sham exposed b ra ins ,  i n  the  two ba th ing  
s o l u t i o n s  t e s t e d  here. Moreover, a d d i t i o n  o f  hydrogen ions  (pH 6.8) t o  the  
s o l u t i o n  f a c i l i t a t e d  the  f i e l d  i n t e r a c t i o n s  w i t h  t h e  t i s s u e  i n  a s i g n i f i c a n t  
manner (Bawin e t  a l ,  1980). S i m i l a r  f a c i l i t a t i o n  o f  f i e l d  e f f e c t s  by 
hydrogen i o n s  has a l s o  been observed i n  ch i ck  b r a i n s  exposed t o  450 I"li;z 
f i e l d s ,  modulated a t  16 Hz (Bawin, Adey and Sabbot, 1978). 

S i m i l a r  experiments a re  now performed us ing  magnetic f i e l d s  pulsed a t  60 Hz. 
A f t e r  complet ion o f  t h i s  f i r s t  s e r i e s  o f  s tud ies ,  the  b i o l o g i c a l  e f f e c t s  of  

-magnetic f i e l d s  pulsed a t  f requencies between 5 and 80 Hz w i l l  be assessed- 
i n  terms o f  i o n i c  b i n d i n g  and neu ro t ransmi t t e r  re lease i n  t h e  t h i n  t i s s u e  
s l i c e s  f rom r a t  hippocampus which a re  c u r r e n t l y  s tud ied  e l e c t r o p h y s i o l o g i c a l  l y  
i n  t h i s  l a b o r a t o r y .  
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Magnetic F i e l d  E f f e c t s  on E lec t rophys io log i c  
Funct ion o f  Aplys ia Neurons 

A l t e r n a t i n g  magnetic f i e l d s  may be used t o  induce e l e c t r i c  cu r ren ts  i n  t i s s u e  w i t h  the  
assumption t h a t  e f f e c t s  would be the  same as when produced by e l e c t r i c  f i e l d s .  However, 
t he  magnitude o f  magnet ica l ly- induced e l e c t r i c  cur ren ts  depends on the  area o f  the ex- 
posed t i s s u e  and i t s  p o s i t i o n  i n  the  body o r  p o s i t i o n  w i t h i n  the  experimental  conta iner .  
Apart  from these cons idera t ions  f o r  t he  l o c a t i o n  of maximal cu r ren ts ,  microscopic cu r ren t  
loops o f  very  small magnitude e x i s t  a t  t h e  c e l l  per iphery  and w i t h i n  the  c e l l  throughout 
t he  exposed reg ion .  Because pa t te rns  o f  cu r ren t  f l ow  due t o  an AC magnetic f i e l d  are 
very d i f f e r e n t . f r o m  those due t o  an e l e c t r i c  f i e l d ,  magnetic f i e l d  exposures may st imu- 
l a t e  d i s t i n c t i v e  b i o l o g i c a l  responses. Study of magnetic f i e l d  e f fec ts  i s  important  
because of t h e  concern f o r  environmental AC magnetic f i e l d s  and because of t he  increas-  
i n g  use of these f i e l d s  i n  exper imentat ion.  I n  p a r t ,  t h i s  increase occurs because 
magnetic f i e l d s  may be used t o  i n t roduce  subs tan t i a l  cu r ren t  d e n s i t i e s  w i thou t  i nvas i ve  
e l e c t r o d e  techniques t h a t  a re  f r e q u e n t l y  troublesome, e i t h e r  from e l e c t r o l y t i c  problems 
o r  from a r t i f a c t s  of h igh  vo l tage s t ress .  

Al though t h e r e  i s  growing evidence f o r  l o c a l i z e d  ferromagnetic s t r u c t u r e s  i n  some 
animals,  t h e  magnetic pe rmeab i l i t y  o f  t he  b i o l o g i c  t i ssues  i s  e s s e n t i a l l y  the  same as 
t h a t  o f  f r e e  space and a  d i r e c t  magnetic i n t e r a c t i o n  i s  n o t  presumed i n  these s tud ies .  
We have designed a  magnetic f i e l d  exposure system s u i t a b l e  f o r  use i n  an e lec t rophys io -  
l o g i c a l  s tudy  o f  A 1  s i a  pacemaker neurons du r ing  f i e l d  exposure. Several neurons of 
t h e  abdominal gang1 4 i o n  "wh i te  c e l l s " )  spontaneously produce a c t i o n  p o t e n t i a l s  desp i te  
r e l a t i v e l y  complete independence from synapt ic  i n p u t  and w i thou t  ex terna l  s t i m u l a t i o n .  
Other pacemaker neurons of t he  abdominal gangl i o n  ("L7, L10, L9 ," e t c .  ) , a1 though more 
r i c h l y  connected t o  o t h e r  c e l l s  o f  the gangl ion ,  a l so  behave as endogenous pacemakers. 

We have observed several phenomena i n  bo th  classes t h a t  occur w i t h  delayed onset afteta 
t h e  a p p l i c a t i o n  o f  smal l  e l e c t r i c  c u r r e n t  dens i t i es  t h a t  correspond t o  e l e c t r i c  f i e l d s  
o f  1  t o  4  mV/cm: f i r i n g  r a t e s  show increased v a r i a b i l i t y ,  membrane p o t e n t i a l s  e x h i b i t  
h y p e r p o l a r i z i n g  s h i f t s ,  and some c e l l s  e x h i b i t  paroxysmal a c t i v i t y  a f t e r  several minutes 
of f i e l d  a p p l i c a t i o n .  With s t ronger  f i e l d s  o f  20 mV/cm, e f f e c t s  occur more promptly and 
resemble those obta ined by i n j e c t i o n  o f  cu r ren t  i n t o  the c e l l  body, bu t  d e f i n i t e  phase 
r e l a t i o n  between the  a p p l i e d  c u r r e n t  waveform and a c t i o n  p o t e n t i a l  generat ion t h a t  
e x i s t s  f o r  i n t r a c e l l u l a r l y  i n j e c t e d  AC cu r ren ts  i s  absent when e x t r a c e l l u l a r  cu r ren ts  
a  r e  emp 1 oyed . 
Because o n l y  a  few p a r t s  per  m i l l  i o n  of the cu r ren t  i n  t he  e x t r a c e l l u l a r  medium cross 
t h e  c e l l  membrane, the  transmembrane p o t e n t i a l s  due t o  e x t r a c e l l u l a r  cu r ren t  of the 
magnitude used i n  these s tud ies  a re  very much smal le r  than the  transmembrane p o t e n t i a l s  
c rea ted by  c u r r e n t  i n j e c t i o n  i n t o  the  i n t e r i o r  o f  the  c e l l .  We es t imate  t h a t  the  t rans -  
membrane c u r r e n t s  due t o  e x t r a c e l l u l a r  cu r ren ts  a re  o n l y  10-2 t o  10-4 o f  the  transmenl- 
brane c u r r e n t s  t h a t  occur du r ing  i n t r a c e l l u l a r  i n j e c t i o n .  I t  appears t h a t  t he  observed 
a l t e r a t i o n s  i n  membrane e x c i t a b i l i t y  a r e  n o t  due t o  an o v e r a l l  change i n  membrane 
p o t e n t i a l  and may be r e l a t e d  t o  l o c a l  changes a t  p a r t i c u l a r  s i t e s  on . the  membrane. 
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ABSTRACT 

Pulsed e l e c t r o m a g n e t i c a l l y  induced c u r r e n t s ,  des igned f o r  e l ec t r ochem ica l  
c e l l  su r face  a c t i v i t y ,  have been shown t o  be e f f e c t i v e  t h e r a p e u t i c a l l y  f o r  
t h e  h e a l i n g  o f  r e c a l c i t r a n t  bone f r a c t u r e s .  T h i s  s tudy  a t tempts  t o  ' 

e l u c i d a t e  t h e  c e l l u l a r  mechanisms i n v o l v e d  by  de te rmin ing  induced c u r r e n t  
e f f e c t  .on t h e  r e g u l a t o r y  a c t i v i t y  o f  t h e  bone-des t roy ing  p a r a t h y r o i d  
hormone (PTH). Resu l t s  show a 90-99% i n h i b i t i o n  o f  adenyl c yc l ase  
response t o  PTH and o f  PTH-spec i f i c  decreases i n  co l l agen  syn thes i s  and 
a1 k a l  i n e  phosphatase. F l  u o r i d e - a c t i  va ted  c y c l  ase was, unchanged, sugges t ing  
t h a t  induced c u r r e n t  b locked  PTH a c t i o n  e i t h e r  by  a  m o d i f i c a t i o n  o f  t h e  
PTH r e c e p t o r  o r  by  a l t e r a t i o n  o f  r ecep to r - cyc l ase  coup l i ng .  
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R i v e r s i d e ,  C a l i f o r n i a  
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Biological Effects  o f '  E lec t r i c  Fields on 
Small Laboratory Animals 

Richard D.  Ph i l l i p s  
B i  01 ogy Department 

Pac i f i c  fiorthwest Laboratory 
Richland, Washington 99352 

This project  was s t a r t e d  i n  1976. The f i r s t  year was devoted t o  desigfi- 
ing and building systems f o r  exposing large numbers of r a t s  and mice t o  
60-Hz e l e c t r i c  f i e l d s .  Once these systems had been b u i l t ,  appropriately 
characterized and shown t o  be f r e e  of a r t i f a c t s ,  our next goal was t o  
determine what organ systems, i f  any, were affected by exposure t o  60-Hz 
e l e c t r i c  f i e l d s .  This goal was achieved by conducting a broad and con- 
prehensive s e r i e s  of experiments by an in te rd i sc ip l ina ry  research  tea^:' 
We examined, in. d e t a i l ,  24 major ,areas  in the  biological  sciences.  Rats 
and mice were exposed t o  60-Hz e l e c t r i c  f i e l d s  u p  t o  130 k V / m  f o r  dur- 
a t ions  as long as four months. No s i gn i f i c an t  e f f ec t s  were found in t h e  
following major areas :  

Metabolic s t a t u s  and growth 

Organ and t i s s u e  morphology 

Brai n morphol ogy 

Cardiovascular function 

Serum chemistry 

Reproduction 

Prenatal growth and development 

Teratology 

Bone. growth 

Peripheral nerve function 

Humoral and cell-mediated immunity 

Suscep t ib i l i ty  t o  v i ra l  infect ion 

Cell and membrane function 

Cytogeneti cs 

S t a t i s t i c a l l y  s i gn i f i c an t  e f f e c t s  of e l e c t r i c  f i e l d  exposures were 05- 
served i n  the  following areas :  



Bone f r ac tu r e  repa i r  - re tardat ion 

Neonatal devel opmeiit - ear l  i e r  neuromuscul a r  devel opnen t 

Neuromuscular function - f a s t e r  recovery from muscle fa t igue  

Endocrinology - lower serum tes tos terone level 

Hematology - increased WBC in  F 1  and increased RSC in F 3  
in  3-generation mouse study 

Neurochemistry - depression of circadian rhythm of pineal 
gland melatonin level and S!.4AT a c t i v i t y  

Urine volume and chemistry - increased volume and nore- 
pinephrine level  

Sympathetic nervous system - increased e x c i t a b i l i t y  of the 
superior cervical  gang1 ion 

Behavior - preference by r a t s  t o  s t ay  out of the  f i e l d  a t  
> 90 kV/m and i n  the  f i e l d  a t  5 50 kV/n during the  s l e e ~ i n g  - 
period 

Most of the e f f ec t s  we have observed a re  sub t le  and small in magnitude. 
Many of the e f f ec t s  appear t o  be re la ted  d i r ec t l y  o r  i nd i r ec t l y  t o  pos- 
s i b l e  e f f ec t s  of exposure on the  nervous system. In f a c t ,  i t  i s  l i ke ly  
t h a t  many of the e f f ec t s  we have observed a re  secondary t o  chronic s t i n -  
u la t ion of the animal by the  f i e l d .  

Our research e f f o r t  has sh i f t ed  from t h a t  of a screening study t o  an 
in-depth invest igat ion of nervous system functions,  with emphasis in 
behavior, neurochekistry, neurophysiology and dosimetry. Our current  
and fu tu re  research in these areas wi l l  focus on: 

Relationship of e f f ec t s  t o  f i e l d  s t rength  and duration of 
exposure (dose-response re la t ionsh ip)  

Recovery from observed e f f e c t s  

Fundamental understanding of observed e f f e c t s  

Fundamental understanding of in te rac t ion  of f i e l d  with 
animal (dosimetry) 

Biological s ignif icance of observed e f f ec t s  

Work Supported by the U.S. Department of Energy 
under Contract DE-AC06-76RLO-1830. 



EIGLOGICAL EFFECTS OF 60-HERTZ FIELDS 

Andrew A. Marino, Ph.D. 

Abstract 

The multigeneratior. (MG) and fracture-healing (RI) ncdels are two 
animal systems that we kave developed to evaluate the effects of 
power-frequency fields. In a MG study, various growth and reproductive 
indices are measured over three generations; the extent of healing is 
measured in a FH study. Ye previously reported that 3.5-15 kv/m (?:C) 
and 5 kv/m (FH) -- but not 1 kv/m -- induced biological effects in the 
exposed animals; a 0.5 kv/m (MG) study is now in progress. Our future 
plans include: 

1. A characterization of the electrical environment in the 
exposure system including direct measurements 6f both 
the perturbed fieids, and the tlansi'ent and steady-state 
currents tbat are associated with the watering systa; 

2. Replication of the MG study at either 3.5 or 0.5 k v / ~ ;  

3. Evaluation of the effect of 0.1-1 gauss (?lG 6 FH); 

4. Determinaticn of the synergistic interaction due to 
simultan~ous electric and magnetic fields (YG & F H ) ;  

5. Developnent of the stress hypothesis as a mechanist of 
interacticc with emphasis on nathenatical  odel ling. 



Effects  of E L F  Exposure on Neural and Endocrine Systems of Rodents 

L. E .  Anderson 
Biology Department 

Pac i f i c  3orthwest Laboratory 
P . O .  Box 999 

Richland, Washington 99352 - 

A comprehensive study has been conducted t o  screen f o r  e f f e c t s  on rodents 
of acute and chronic exposure t o  60-Hz e l e c t r i c  f i e l d s .  An emerging pat- 
tern  of potential  e f f e c t s  has been observed in  spec i f i c  areas of the nervous 
sys tern. 

Neurophysioloqy: Detailed neurophysiologic t e s t s  of myel inated ( s c i a t i c )  
and unmyelinated (vagus) nerves from exposed and sham-exposed r a t s  d i d  not 
show any consis tent  changes as  the resu1 t .o f  e l e c t r i c  f i e l d  exposure. Trans- 
mission of impulses between nerves ( i n  synapses) was investigated using t h ~  
superior  cervical  sympathetic ganglia from r a t s  t h a t  had been exposed ( 1 G C  . 

kV/n) o r  sham-exposed f o r  30 days. Character is t ics  of the postsynaptic 
compound action po t en t i a l ,  conduction veloci ty  and high-frequency-induced 
fa t igue  were not a l t e r ed  by exposure of the r a t  t o  the e l e c t r i c  f i e l d .  
However, the condi t ioning- tes t  response curves of exposed r a t s  were shown 
t o  be s i gn i f i c an t l y  higher than those of sham-exposed r a t s .  I t  appears 
t h a t  exposure t o  60-Hz e l e c t r i c  f i e l d s  may promote incressed e x c i t s 5 i l i t y  
of nerve synapses. 

Studies designed t o  assess the e f f e c t  of expos!Jre on neuronuscular functior, 
examined: twitch cha rac t e r i s t i c s ,  chronaxie, t e t an i c  potent ia t ion,  post- 
te tani  c  po ten t ia t ion ,  and recovery from f a t i gue .  Or,ly f a t i s u e  recovery 
i n  soleus (slow twitch) muscle showed a s t a t i s t i c a l l y  s i gn i f i c an t  d i f f e r -  
ence between exposed and sham-exposed animals, with recovery r a t e  being 
s i gn i f i c an t l y  f a s t e r  following e l e c t r i c  f i e l d  exposure. 

Endocrinolo : Following 120 days of exposure of young male r a t s  t o  60-12  
100 k V / m  e l e c t r i c  f i e l d s ,  no consis tent  s t a t i s t i c a l  d i f ferences  f r o r  - 

controls  were seen in serum concentrations of fo l i c le - s t imula t ing  hormone, 
l eu t in iz ing  hormone, p ro lac t in ,  thyroid-st imulating hormone or cor t i cos te r -  
one. Serum leve l s  of tes tos terone were s i gn i f i c an t l y  lower i n  exposed 
animals than i n  sham-exposed controls .  

Weurochemistr : Pineal glands from exposed and sham-exposed r a t s  (30 days, 
--examined f o r  melatonin content as we1 1 as serotonin-I!-acetyl 
t ransferase  (SNAT) a c t i v i t y .  A dif ference between day and night values of  
melatonin was observed in sham-exposed aninial s,  whereas, no s ign i f idan t  
d i f ference was seen in exposed r a t s .  E lec t r i c  f i e l d s  exposure a l so  affe,cts  
circadian SNAT a c t i v i t y ,  w i t h  a  s t a t i s t i c a l l y  s i gn i f i c an t  d i f ference between 
exposed and sham-exposed r a t s  a t  n ight .  



I t  appears that  the diurnal rhythm i n  b o t h  pineal melatonin and %\!AT 
are, strongly altered by exposure to  the e l ec t r i c  f i e ld .  

Future plans: Follow u p  studies are underway to examine in greater 
de ta i l  areas where exposure e f fec ts  have been observed. 

1 )  Pineal chemistry: a replicate of the enzyme study 
and a more comprehensive examination of serotonin 
pathways i s  in progress. 

2) Experiments to  investigate pineal gland/superior 
cervical ganglion interactions are planned., 

I 

3)  Development of the visual evoked response of r a t s  
exposed i n  utero and before weaning i s  being studied. 

4) A study to examine the recovery character is t ics  of 
the condi t ioning-test  response i s  scheduled. 

5) Neurotransmitter levels in several regions of the 
brain will be measured. 

Work Supported by the U.S. Department of Energy 
under Contract DE-AC06-76RLO-1830. 



The I n f l u e n c e  o f  60 Hz E l e c t r i c  F i e l d s  on P h y s i o l o g i c  Regu la t i on  i n  t h e  Rat .  

S.M. Michaelson, K . I .  Altman, N.A. Lebda, M.W. M i l l e r ,  S. P e t t i t ,  S. Power and 
W. Q u i n l a n ,  J r .  

Department o f  R a d i a t i o n  B i o l o g y  & B iophys ics ,  U n i v e r s i t y  o f  Rochester, Rochester,  NY 14642  

O b j e c t i v e s  o f  these  s tud ies  a re  t o  assess t h e  mechanisms o f  s u b t l e  p h y s i o l o g i c  
r e a c t i o n s  r e s u l t i n g  f r om  o r  r e p o r t e d  t o  r e s u l t  f r om  exposure t o  60 Hz e l e c t r i c  f i e l d s .  
Neuroendocrine/neurotransmi t t e r  (NE/NT) assays a re  u t  i 1  i z e d  as indexes o f  
n e u r o p h y s i o l o g i c  and neurochemical  s t a b i l i t y .  Th i s  i s  p r e d i c a t e d  on t h e  concept t h a t  i f  
60 Hz e l e c t r i c  f i e l d s  produce b i o l o g i c a l  p e r t u r b a t i o n s ,  t h e y  w i l l  be man i f es ted  by 
f u n c t i o n a l  changes i n  r e g u l a t o r y  systems o f  t h e  body o f  which t h e  c e n t r a l  nervous system 
i s  t h e  ma in  i n t e g r a t o r  th rough  t h e  hypothalamus and NE/NT pathways. Our approach 
addresses t h e  f o l l o w i n g  ques t ions :  1 )  Can con t inuous  o r  i n t e r m i t t e n t  exposure t o  60 Hz 
e l e c t r i c  f i e l d s  produce a l t e r a t i o n s  i n  NE/NT i n t e g r a t i o n ?  We a re  e s p e c i a l l y  s e n s i t i v e  t o  
t h e  f a c t  t h a t  s u b t l e  i n t r u s i o n s  i n t o  t h e  exper imenta l  des ign  e.g., hormonal changes due 
t o  h a n d l i n g  o r  o t h e r  e x t e r n a l  s t i m u l i ,  cou ld  c o n t r i b u t e  t o  r e s u l t s  t h a t  l e a d  t o  erroneous 
conc lus i ons .  2 )  I s  t h e  s e n s i t i v i t y  t o  60 Hz e l e c t r i c  f i e l d s  a l t e r e d  d u r i n g  v a r i a b l e  
p h y s i o l o g i c  ( i  .e. d i e l  cyc les ;  hormonal i n t e r v e n t i o n s )  o r  pa thophys io l og i c  (hyper tens ion ,  
d iabe tes ,  e tc . )  s t a t e s ?  3 )  I f  t h e r e  a re  weak f i e l d  e f f e c t s  (as  r e p o r t e d  by  some 
i n v e s t i g a t o r s ) ,  do these  have any p h y s i o l o g i c  s i g n i f i c a n c e  and can t h e  mechanism be 
e l i c i t e d  f r o m  examina t ion  o f  t h e  f i n e l y  tuned i n t e g r a t e d  pathways o f  NEINT c o n t r o l ?  

To accompl ish these  o b j e c t i v e s  we a re  b u i l d i n g  and c h a r a c t e r i z i n g  a  60 Hz exposure 
system based p a r t i a l l y  on t h a t  c u r r e n t l y  i n  use a t  B a t t e l l e  P a c i f i c  Northwest and t h e  
b e h a v i o r a l  s t u d i e s  f a c i  1  i t y  i n  our  own department. Wh i le  a w a i t i n g  comp le t ion  o f  
c o n s t r u c t i o n  o f  t h e  f a c i l i t y  we have u t i l i z e d  t h e  l a t t e r  chamber t o  c a r r y  o u t  some 
s tud ies ,  t h e  r e s u l t s  o f  which we can now r e p o r t .  

Male (230-250 g)  Long-Evans r a t s  were exposed 1 o r  3  hours t o  a  100 kV/m 60 Hz 
con t inuous  or  i n t e r r u p t e d  e l e c t r i c  f i e l d .  Serum f o r  c o r t i c o s t e r o n e ,  p r o l a c t i n ,  grov:t3 
hormone and t h y r o t r o p i n  l e v e l s  and b r a i n s  f o r  catecholamines and s e r o t o n i n  assay w2:-e 
o b t a i n e d  immed ia te ly  a f t e r  cessa t i on  o f  exposure. 

To da te  measurements o f  c o r t i c o s t e r o n e ,  growth hormone and p r o l a c t i n  do no t  i n l i c a t e  
any change i n  serum l e v e l s  as a  r e s u l t  o f  exposure t o  100 kV/m e l e c t r i c  f i e l d s .  Ana lys is  
o f  o t h e r  hormones and t h e  n e u r o t r a n s m i t t e r s  are i n  p rogress .  

S ince  these  s t u d i e s  w i l l  f ocus  p a r t i a l l y  on I n t e g r a t i o n  o f  NE/NT s t a b i l i t y  i n  
r e l a t i o n  t o  b e h a v i o r a l  responses, i n  t h e  f u t u r e  we w i l l  use f i e l d  s t r e n g t h s  a t ,  above, 
and be low t h e  d e t e c t i o n  l e v e l  i n  t h e  same s t r a i n  o f  r a t  under exposure c o n d i t i o n s  s i m i l z r  
t o  those  o f  t h e  b e h a v i o r a l  s t ud ies .  Exposure d u r a t i o n s  w i l l  be 1, 3  and 24 hours;  1 week 
and 1 month. Assessment o f  p o s s i b l e  synergy, a d d i t i v i t y ,  o r  a m e l i o r a t i o n  w i t h  
pharmacolog ic  agents o r  pa thophys io l og i c  s t a t e s  w i l l  be under taken.  

I n  t h e  n e x t  yea r  we w i l l  assess t h e  p o s s i b l e  i n f l u e n c e  o f  d i e l  v a r i a t i o n s  on hormone 
l e v e l s ,  t h e  i n f l u e n c e  o f  agon i s t s  and an tagon i s t s  o f  dopamine (apomorphine, h a l o p e r i d o l )  
and o p i a t e s  (morphine, na loxone)  and t h e  i n f l u e n c e  o f  a  b r a i n  s e r o t o n i n  r e l e a s i n g  agent 
such as f e n f l u r a m i n e  on respons iveness of t h e  r a t  t o  a  60 Hz f i e l d .  We w i l l  t e s t  t h e  
d i f f e r e n c e  between con t inuous  and i n t e r m i t t e n t  exposures f o r  i n d i c a t i o n s  o f  h a b i t u a t i o ?  
o r  cumu la t i ve  r e a c t i o n  t o  r e p e t i t i v e  s t i m u l i .  I n  r e l a t i o n  t o  t h e  s t u d i e s  on behav io r  k:? 

w i l l  i n c l u d e  s i m i l a r l y  f o o d  r e s t r i c t e d  r a t s  i n  some o f  ou r  exposures t o  pe rm i t  bet te : -  
d e f i n i t i o n  o f  t h e  animal model f o r  such s t u d i e s  as w e l l  as i n d i c a t i o n  o f  p o s s i b l e  
i n f l u e n c e  o f  n u t r i t i o n a l  s t a t u s  on s u s c e p t i b i l i t y  t o  e l e c t r i c  f i e l d s .  



Ef fec ts  o f  60-Hz E l e c t r i c  F i e l d s  on t h e  
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P a c i f i c  Nor thwest  Labo ra to r y  
P.O. Box 999 

Rich1 and, Washington 99352 

I n  v i v o  and i n  v i t r o  assays of  immune system components and f u n c A '  ~1 or?s 
have been conducted t o  de f i ne  p o s s i b l e  a l t e r a t i o n s  i n  c e l l - n e d i a t e d  
immune parameters and h o s t  r e s i s t a n c e  f o l l o w i n g  exposure o f  az imals  t o  
60-Hz e l e c t r i c  f i e l d s .  

Ce l l -med ia ted  i m u n i t y  was measured i n  mice exposed f o r  39 t o  120 days 
t o  100 kV/m e l e c t r i c  f i e l d s  w i t h  de layed (keyho le  l i m p e t  hernocyanin, 
KLH) and c o n t a c t  ( d i n i t r o f l u o r o b e n z e n e ,  DNFB) h y p e r s e n s i t i v i t y  assays. 
No c o n s i s t e n t  s t a t i s t i c a l  d i f f e r e n c e s  were observed between exposed azd 
sham-exposed mice.  M i t ogen -s t i r n i t l a t i on  resDonses (i;! v i t r o  assays t h a t  
c o r r e l a t e  w i  t h  c e l  1-mediated immuni ty)  o f  sp leen c e l l  s  f r om  mice exposed 
f o r  30, 90, 120 and 150 days were n o t  s t a t i s t i c a l l y  d i f f e r e n t  f rom shari- 
exposed c o n t r o l s .  Furthermore, t h e  i n  v i t r o  s t i m u l a t i o n  resoonses o f  
sp l een  c e l l  c u l t u r e s  (sp leens  ob ta ined  fropi  immunized mice a f t e r  30 o r  
120 days o f  exposure)  w i t h  t h e  c h a l l e n g i n g  a n t i g e n  (KLt i )  t ve re 'no t  a l t e r e d  
by  t h e  exposure o f  t h e  an imals  t o  e l e c t r i c  f i e l d s .  

The i n f l u e n c e  o f  e l e c t r i c  f i e l d s  on d isease r e s i s t a n c e  was assessed i n  
ch ickens  u s i n g  a  v i r u s  mode:. I n  t h i s  system, ch ickens were exposed ( o r  
sham-exposed) f rom 3 t o  10 days o f  age, i n j e c t e d  w i t h  a  l euken ia  v ' rus  
and exposed f o r  ano ther  25 days. No s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  i n -  
c idence  o f  l e u k e n i a  o r  we iah t  g a i n  was observed betweon e x ~ o s e d  o r  sham 
exposed ch ickens.  

I n  summary, da ta  c o l l e c t e d  t o  da te  on va r i ous  hunora l  and c e l l u l a r  con- 
ponents  of t h e  immune s y s t e n  have n o t  shown any c o n s i s t e n t . s t a t i s t i c a 1  
d i f f e r e n c e s  between exposed and sham-exposed an imals .  

D u r i n g  t h e  coming year ,  immunolog ica l  s t u d i e s  w i l l  c oncen t ra te  c?n t he  
p o s s i b l e  e f f e c t s  of 60-Hz e l e c t r i c  f i e l d s  on n a t u r a l  i m ~ u n i t y  p a r m e t e r s  
and p o s s i b l e  i n t e r a c t i v e  e f f e c t s  o f  e l e c t r i c  f i e l d  exposure w i  t.h kno\.t.n 
leukemogenic agents (chemica l  and p h y s i c a l  ) . 

Work Supported by t h e  U.S. Department o f  Energy 
under  Con t rac t  DE-AC06-76RLO-1830 



R.  L. LUNDAK* and D. C .  LYLE* 
PATRICIA J. SCHECHTER** and W .  R. ADEY** 

ABSTRACT 

The E f f e c t  o f  450 Megahertz Non ion i z i ng  Microwave R a d i a t i o n  
on Ce l l -Med ia ted  C y t o l y t i c  Immune Response 

The e f f e c t  o f  a  weak 450 MHz n o n i o n i z i n g  microwave f i e l d  ( 1 . 5  m!a!/crn2, s i n u s o i d a l l y  
modulated a t  e i t h e r  16 o r  60 Hz) on t h e  c e l l - m e d i a t e d  c y t o l y t i c  immune response was 
e v a l u a t e d  i n  t h e  f o l l o w i n g  manner: an e s t a b l i s h e d  T k i l l e r  c e l l  l i n e  f rom C57 b l ack  
an ima ls  termed c l o n e  8-CCTL was ma in ta i ned  i n  c u l t u r e  by t h e  a d d i t i o n  o f  RPMI 1640 
and T - c e l l  g rowth  f a c t o r  ob ta i ned  f r om PHA-st imulated r a t  sp leen  c e l l  c u l t u r e s .  
These c y t o l y t i c  T - c e l l  k i l l e r s  ( c l o n e  8 )  a r e  s p e c i f i c  f o r  a l l o g e n e i c  k i  11 across 
t h e  H-2 h i s t o c o m p a t i b i l i t y  l o cus  i n  mouse. The t a r g e t  f o r  c y t o l y t i c  k i l l  i s  a  D6A 
2  mastocytoma tumor l i n e  e s t a b l i s h e d  b y  Brunner  e t  a l .  some yea rs  ago. 

The assay system i s  t h a t  desc r i bed  b y  Brunner  and now i n  w ide  use. B r i e f l y ,  c l one  8  
c y t o l y t i c  k i l l e r  lymphocytes a t  a  r a t i o  o f  4 k i l l e r  lymphocytes t o  1  DBA mastocytoma 
t a r g e t  c e l l  a r e  mixed t o g e t h e r  i n  RPMI 1640 c o n t a i n i n g  50:; T - c e l l  growth f a c t o r .  The 
DBA 2  mastocytoma t a r g e t  c e l l s  have been p r e v i o u s l y  l a b e l e d  w i t h  51-Cr. Fo l l ow ins  
4h of  c o i n c u b a t i o n  w i t h  T  k i l l e r s ,  chromium re leased  i n  the. superna tan t  i s  an 
i n d i c a t i o n  o f  c y t o l y t i c  k i l l  due t o  c l o n e  8  k i l l e r  c e l l s .  The s tandard  assay i s  
conducted o v e r  a  4h p e r i o d .  

D i f f e r e n t  exper iments  have been completed t h a t  show i n f l u e n c e s  o f  an ELF modulated 
450 MHz f i e l d  on t h i s  c y t o l y t i c  process.  F i r s t ,  c l o n e  8  c e l l s  were exposed t o  t he  
f i e l d  w i t h  69 Hz modu la t i on  4h p r i o r  t o  c y t o l y t i c  assay. An average from t h r e e  
exper iments  (each w i t h  6  r e p l i c a t e s )  showed 22 2 8% r e d u c t i o n  i n  i n i t i a t i n a  c e l l -  
med ia ted  l y s i s  when c e l l s  had been exposed f o r  2h t o  t h e  f i e l d  4h p r i o r  t o  t h e i r  
c y t o l y t i c  assay. I f  c l o n e  8  k i l l e r  c e l l s  were exposed t o  60 Hz modulated microwaue 
f o r  4h w h i l e  t h e  c y t o l y t i c  assay was be ing  conducted, t h e r e  was a  23 f 8:; r e d u c t i o n  
i n  t h e  c y t o l y t i c  k i l l  c a p a c i t y  o f  these c e l l s .  19.4::' ' 2% o f  t h i s  r e d u c t i o n  can be 
accounted f o r  i n  c e l l s  exposed o n l y  d u r i n g  t h e  f i r s t  2  o f  t h e  4h-assay. When exposed 
o n l y  d u r i n g  t h e  l a s t  2h o f  t h e  assay, t h e r e  was o n l y  an 8.3 2 2% r e d u c t i o n  i n  
c y t o l y t i c  c a p a c i t y .  

To t e s t  f o r  a  p o s s i b l e  "window" w i t h . r e s p e c t  t o  modu la t i on  f requency,  c e l l s  were 
a l s o  exposed t o  450 MHz r a d i a t i o n  a t  16 Hz d u r i n g  and p r i o r  t o  t h e i r  c y t o l y t i c  assay 
C e l l s  exposed t o  16 Hz modu la t i on  f o r  4h d u r i n g  t h e  c y t o l y t i c  assay showed no 
d e t e c t a b l e  suppress ion  o f  c y t o l y s i s .  C e l l s  exposed t o  16 Hz f o r  2  t o  4h p r i o r  t o .  
c y t o l y t i c  assay a l s o  showed no s i g n i f i c a n t  suppress ion o f  c y t o t o x i c i  ty, i n d i c a t i n g  
t h a t  a  s p e c i f i c  window may e x i s t  a t  o r  abou t  60 Hz, b u t  n o t  a t  16 H z .  

We have a1 so t e s t e d  recove rab i  1  i ty f r om t h i s  mi crowave- induced suppress ion  of  c e l l  - 
med ia ted  c y t o l y t i c  r e a c t i o n ,  by expos ing c l o n e  8  k i l l e r  c e l l s  t o  a  60 Hz modulated 
450 MHz f i e l d  f o r  p e r i o d s  f r om 2  t o  4h, f o l l o w e d  by r e c u l t u r e  f o r  va r i ous  p e r i o d s .  
F o l l o w i n g  t h e  r e c u p e r a t i v e  r e c u l  t u r e  per iod ,  these  c e l l  s  were aga in  assayed. They 
showed a  c l e a r  t ime-dependent r ecove ry  cu rve .  A t  4  and 8h f o l l o w i n g  exDosure c e l l s  
s t i l l  showed a  22 t o  24% r e d u c t i o n  i n  c y t o l y t i c  c a p a c i t y .  However, a t  16 t o  24h 
t h e y  had f u l l y  recovered.  

*Dept. o f  Biomedi c a l  Sciences & B iochem is t r y ,  Uni v.  Cal i f o r n i a ,  R i ve r s i de ,  Cal i f o r n i ~  
* *Je r ry  1. P e t t i s  Memorial Veterans H o s p i t a l ,  Loma L inda,  C a l i f o r n i a  



Effect  of High-Voltage Fields on Ultradian,  Circadian and 
Infradian Functions in  Rats 

Charles F. Ehret,  John J .  Russell and Kenneth R .  Groh 
Division of Biological and Medical Research 

Argonne National Laboratory, Argonne, IL 60439 *- 

OBJECTIVES 

The object ives  of t h i s  program a r e  t o  invest igate  the  e f f ec t s  of E L F  
f i e l d s  (10-240 Hz) on the  ul t radian,  circadian and infradian regulatory 
aspects  of physiological and behavioral pat terns  in r a t s  by determining the 
occurrence of phase o r  period changes i n  ongoing circadian rhythms during 
continuous and in te rmi t t en t  exposure t o  e l e c t r i c  f i e1  ds ,  and of in ternal  
desynchronization by improperly phased exposures t o  e l e c t r i c  f i e l d s .  When 
changed pa t t e rns  a r e  observed, concomitant neurochemical measurements will 
be made' i n  order t o  evaluate underlying mechanisms and hazards. 

ACCOMPLISHMENTS 

Under a  va r ie ty  of circadian and ul t radian exposure protocols,  Charles 
River r a t s  have been exposed t o  60-Hz horizontal e l e c t r i c  f i e l d s  a t  f i e l d  
s t reng ths  u p  t o  100 k V / m .  The exposure f a c i l i t i e s  a r e  of the  res iden t ia l  
va r i e t y  t h a t  permit long-term and continual observation -- in si t u  before, during,  
and following f i e l d  exposure. These cons i s t  of 10 un i t s  t ha t  incorporate 
f e a tu r e s  t o  measure and record automatically core temperature, a c t i v i t y ,  
body weight and gain,  and . the  number of times i n  which a  bar i s  pressed t o  
gain a  food reward in a  behavioral paradigm. Continuous exposures, and 
c i rcad ian- in te rmi t t en t  exposures have produced no s i gn i f i c an t  e f f e c t s  upon 
c i rcadian period lengths ,  o r  in causing circadian phase changes in t he  above 
mentioned functions.  S ign i f i can t  l eve l s  of hyperactivi ty have been observed 
i n  two groups of young r a t s  (2-4 mos.) exposed in te rmi t t en t ly  (0 .5  h on, 0.5 h 
o f f ,  4  x )  t o  67 k V / m  during the inact ive  phase of t h e i r  circadian cycle.  In 
add i t ion ,  s i gn i f i c an t  hyperactivi ty has been measured in a  small group of r a t s  
exposed a s  above but a t  only 33 k V / m .  However, no subsequent changes in 
c i rcadian functions have been observed following any exposure paradiam t r i e d  
t o  da te .  

SIGNIFICANCE 

The possi bi 1  i  t y  of phase-coup1 ing by membrane reception-transducti  on 
of E L F  energy t o  t h e  circadian clock pathway (and therefore  t o  long-term 
e f f e c t s )  must be invest igated because of 1 )  Wever's observations t h a t  t h i s  
can happen, a l -be i t  @ 10 Hz and 2 )  because of t he  close associa t ion between 
manifest  behavior, neurochemistry and circadian clock-chemistry. Disturbances 
of t h e  c i rcadian o s c i l l a t i o n  can have profound e f f e c t s  on mental health and 
1  ongevi t y ,  and the  boundary conditions a n d  thresholds f o r  potenti61 zeitgebe!-s 
must be def ined.  

PLANS FOR NEXT YEAR 

Attempts t o  inf luence circadian phase and period by the  60 Hz f i e l d  wil l  
continue by means of an operant conditioning paradigm t h a t  couples t he  f i e l d  
ON condit ion with c i rcadian phase and food reward. In another s e r i e s ,  - 
per tu rba t ions  of c i rcadian functions wil l  be attempted in t h e  variable 
frequency domain (10-20 Hz)  in order t o  1  ) prove the  Wever assumpt.ion and 
2 )  i f  v e r i f i e d ,  t o  learn  the optimum phase r e l a t i ons  f o r  circadian perturbations 
and 3 )  apply these  a t  60 Hz. Appropriate neurochemical assay procedures wil l  
be applied when ca l l ed  f o r .  

Work supported by t h e  U.S. Department of Energy under contract  No. W-31-109-ENG-3s. 



E f f e c t  o f  H igh-Vol tage F i e l d s  on Energy Metabol ism, 
Moto r  A c t i v i t y  and Body Temperature i n  Mice 

R i cha rd  S. Rosenberg, Pe te r  H. D u f f y  and George A.  Sacher 
D i v i s i o n  o f  B i o l o g i c a l  and Medica l  Research 

Argonne N a t i o n a l  Labo ra to r y  
Argonne, I L  60439 

I OBJECTIVES 

1 The o b j e c t i v e s  o f  t h i s  s t udy  a r e  t o  desc r i be  changes i n  p h y s i o l o g i c a l  
and behav io ra l  measures i n  response t o  h i g h  v o l t a g e  ELF exposure a t  60 H z .  
D i u r n a l  p a t t e r n s  o f  oxygen consumption, carbon d i o x i d e  p roduc t i on ,  motor 
a c t i v i t y  and t e l eme te red  body temperature a r e  e s t a b l  i shed  b y  a con t inuous  
t r a n s d u c t i o n  and a n a l y s i s  system. Recordings d u r i n g  and a f t e r  f i e l d  exposure 
a r e  compared w i t h  t h e  pre-exposure p a t t e r n  t o  determine f i e l d  e f f e c t s .  

I ACCOMPLISHMENTS 

A v a r i e t y  o f  exposure schedules have been used, b u t  i n i t i a l  e f f o r t s  
have concen t ra ted  on a s e r i e s  o f  f o u r  hour - long  exposures d u r i n g  t h e  i n a c t i v e  
phase o f  t h e  d a i l y  c y c l e .  E f f e c t s  have been s t u d i e d  us i ng  f l o a t i n g  c o n d i t i o n s ,  
w i t h  t h e  an imals  i n  p l as t i c -bo t t omed  cages a t  1 kV p o t e n t i a l ,  and grounded 
c o n d i t i o n s ,  w i t h  mice r e s t i n g  on grounded meta l  f l o o r p l a t e s .  Gas and 
a c t i v i t y  measures were s i g n i f i c a n t l y  i nc reased  o v e r  base1 i n e  l e v e l  s d u r i n g  t he  
f i r s t  exposure hour  i n  b o t h  grounded and f l o a t i n g  c o n d i t i o n s  w i t h  100 kV/rn, 
60 Hz f i e l d s .  The response was r e i a t i v e l y  b r i e f ;  no inc reases  were measured 
i n  any exposure hour  excep t  t h e  f i r s t .  The a rousa l  response was g r e a t e r  and 
a c t i v i t y  l e v e l s  remained inc reased  l o n g e r  when an ima ls  were exposed i n  t h e  
grounded c o n d i t i o n ,  b u t  none o f  t h e  e f f e c t s  l a s t e d  l o n g e r  than  two hours .  
We have begun t o  s t udy  a rousa l  responses i n  grounded an imals  exposed a t  
l owe r  f i e l d  s t r e n g t h s .  Thus f a r ,  t w e l v e  mice have been exposed a t  each 
v o l t a g e  l e v e l  f o r  75, 50, 25 and 10 kV/m. Arousal  responses a t  75 and 50 kV1fi.1 
were comparable t o  t h e  100 kV/m f l o a t i n g  c o n d i t i o n  responses. Four o f  t h e  
m ice  exposed a t  25 kV/m were aroused by  t h e  f i e l d ,  b u t  t h e  amp l i tude  of  
t h e  response was sma l l  i n  comparison t o  h i g h e r  vo l t ages .  One mouse was 
a c t i v e  a t  f i e l d  onset  a t  10 kV/rn. 

1 SIGNIFICANCE 

We have desc r i bed  a t r a n s i e n t  a rousa l  response t o  h i g h  v o l t a g e  ELF 
f i e l d  exposure,  and determined t h a t  t h e  t h r e s h o l d  f o r  t h e  response i s  
app rox ima te l y  25 kV/m. The f i n d i n g s  emphasi ze t h e  impor tance of  exposure 
schedules and suggest t h a t  i n t e r m i t t e n t  exposures may be more d i s r u p t i v e  
o f  m e t a b o l i c  systems and behav io r  than con t inuous  exposures.  

PLANS FOR NEXT YEAR 

We w i l l  v a r y  t h e  i n t e r -exposu re  i n t e r v a l  t o  determine t h e  recove ry  
t i m e  necessary  t o  i n s u r e  a rousa l  responses w i t h  each ELF f i e l d  exposure,  
then  de te rmine  t h e  l ong - t e rm  e f f e c t s  o f  exposures separated by t h a t  i n t e r v a l .  
We a l s o  p l a n  t o  s tudy  p e r c e p t i o n  t h resho lds ,  a v e r s i v e  o r  reward ing  p r o p e r t i e s ,  
and e f f e c t s  on o t h e r  sensory m o d a l i t i e s  o f  h i g h  v o l t a g e  ELF exposure. I n  
a d d i t i o n  s t u d i e s  o f  t h e  e f . f ec t s  of e l e c t r i c a l  n o i s e  i n  ELF f i e l d s  a r e  planned. 

Work suppor ted  b y  t h e  U.S. Department o f  Energy under c o n t r a c t  No. K-31-103-ERG-3E. 



DETERMINATION OF NEURAL, BEHAVI ORAL, AND REPRODUCTI VE EFFECTS OF 60 Hz FIELDS 

A l l a n  H. Frey . -- 

Randomline, I n c .  

Hunt ingdon Va l ley ,  PA 19006 

ABSTRACT 

We p l a n  t o  i n i t i a t e  exper iments  w i t h  60 Hz f i e l d s  i n  November a f t e r  

a  h i a t u s  o f  a  yea r .  Exper iments w i l l  be done t o  determine t h r e s h o l d  f i e l d  

s t r e n g t h s  f o r  seve ra l  b e h a v i o r a l  measures o f  n e u r a l  f u n c t i o n ,  measures 

such as t h e  c o n d i t i o n e d  emot i  ona l  response and t i m i n g .  Another aspect  o f  

t h e  work w i  11 i n v o l v e  assessment o f  a  hypo thes is  on mechanism. Since t he  

h y p o t h e s i s  t h a t  t he  dopamine systems o f  the  b r a i n  a re  i n v o l v e d  i n  e l e c t r o -  

magnet i c  f i e l d  e f f e c t s  has been shown t o  have p r e d i  c t i  ve power i n  g u i d i n g  

some EM expe r imen ta t i on ,  i t  w i l l  be d i r e c t l y  assessed w i t h  60 Hz f i e l d s  

b o t h  p h y s i o l o g i c a l l y  and w i t h  a  s imp le  s e n s i t i v e  behav io ra l  t e s t .  A 

h i s t o f l u o r e s c e n c e  techn ique  des i  gned t o  i d e n t i f y  ca techo lan ine  d i s t r i  b u t i  on 

i n  t h e  b r a i n  w i l l  be used. The t a i l  p ressure  response behav io ra l  technique 

w i  11 a l s o  be used s i n c e  i t  has been found t o  be i n d i c a t i v e  o f  dopamine 

f u n c t i o n  i n  t h e  b r a i n .  The o t h e r  aspect o f  t h e  work i n v o l v e s  assess ing t he  

p o s s i b l e  p r e n a t a l  exposure e f f e c t s  o f  60 Hz f i e l d s  on . l a t e r  n e u r a l  and 

behav i  o r a l  f u n c t i  on. 



Behavioral Effects of 60 Hz Electric Field:.: 
I. Detection of 60 Hz Electric Fields b l j  R a t s  

Sander Stern 
University of Rochester 

O b ~ e c t i v e :  The purpose of this program is to identify 
and study behavioral effects produced b y  exposure to 60 Hi 
electric fields. Our immediate objectives are to determine t f i ~  

detection threshold o f  the field by ratsl and t@ identify t h ~  ' 

mechanisms of detection. 

ficcomplished 1980: Six rats were trained t o  emit 6 
specified response in the presence of a vertical 60 Hz electric 
field but not in its absence. T h e  probability of emitting t h e  
response was directly related t o  the field streng t:!.,. 
Preliminary analyses show that the threshold (i.e., the f i e i d  
strength a t  which the rat emitted the response during 50 percent 
o f  the trials) w a s  approximately 5 to 8 kV/m. The range between 
almost no detection t o  almost 100 percent detection of the  fie!^ 
w a s approximately 5 kV/m. 

Plans for 1981: We shall continue to study det.ectior! n f  
the electric field. Visual observation of the rats sugaest~c: 
that stimuli associated with being close to, or making c o n t a ~ t .  
with, the plastic chamber might have controlledl at least 
partially, detection of the field. By modifying or removing t h e  
chamber for some rats, and by clipping the vibrissae and hair 
o f  othersl we a r e  attempting to study the mechanisni(.! of .  
detection. 

Fianificance and implications: Our assessment of t t i ~  
significance of a behavioral, or other, effect o f  exposure to a 
60 Hz electric field, in terms of potential hazard, ma4 b e  m n r ~  
adequate if we can relate such a result to t h e  senso7.v 
sensitivity, and mechanisms of sensitivity, to the .field. k ' ~  
initially 'intended t o  study the effects of exposure to uniform 
60 Hz electric fields. W e  now believe that stimvli, electrice: 
or other, are produced by action of the field on the chamber: 
and that these stimuli may significantly affect the observe? 
performances. This conclusion is based on our visual 
observations, electrical measurements of the field near t h c  
chamber, and reports in the literature. The f uric tion>; 
significance of the chamber has not been studied systenaticallq 
In our studies w e  are attempting t o  eliminate factors i n t ~ . o d ~ l c ~ C  
by the chamber, by eliminating the chamber itself. Since.. 
however, some behavioral responses to the electric field m a y  
depfnd on the presence of other material, we must be prepared t c  
study these phenomena a s  well. 



Behavioral Effects of 60-Hz Electric Field Exposure 

Richard H .  Lovely 
Biol ogy Department 

Pacific Northwest Laboratory 
Richland, Washington 99352 

The main purpose of the behavioral studies now extant a t  Pacific Northwest 
Laboratory i s  t o  ident i fy,  assess and evaluate possible e f fec ts  of 60-Hz 
e l e c t r i c  f i e lds  on the behavior of laboratory animals duri,ng and subsequent 
t o  exposure. 

A t a s t e  aversion paradigm was used to  determine whether exposure produces 
i l lness/malaise in r a t s .  Rats e$xposed to  a variety of f i e ld  strengths 
(e f fec t ive  f i e l d  strengths of 130, 65 or 32.5 k V / m )  fo r  three hours fo l -  
lowing consumption of 0.1% sodium saccharin i n  water fa i led  to  show di f -  
fe rent ia l  intake of saccharin solution whether assessed by one-bottle 
consumption ( 5  t r i a l s )  or a two-bottle preference t e s t  between plain water 
and saccharin flavored water. From these data one concludes tha t ,  a t  least  
w i t h  these short  exposure durations ( f ive  3-hour sessions),  nalaise/ i  1 lness 
i n  r a t s  i s  not induced by e l e c t r i c  f i e l d  exposure. Positive controls 
t reated w i t h  Cyclophosphamide validated the protocol employed. 

In a second ser ies  of investigations we attempted to  deternine i f  a syn- 
e rg is t ic / in te rac t ive  e f fec t  could be demonstrated by t reat ing animals with 
a minimal dose of Cyclophosphamide ( 5  mg/kg) - and concommitant exposure to  
the e l e c t r i c  f i e l d .  Unlike the former studies,  however, we exposed r a t s  
f o r  f ive  hours as opposed to  three to  determine i f  a longer exposure .dur- 
ation might,also render r a t s  " i l l . "  

Thirty-two r a t s  were randomly assigned to  one of four ce l l s  in a 2 x 2 
fac tor ia l  design. Factor one represented exposure to  a 60-Rz e l ec t r i c  
f i e l d  (130 k V / m )  or sham-exposure fo r  f ive  hours. Factor two consisted 
of inject ing r a t s  with sal ine (placebo) or Cyclophosphamide (5  mg/kg) . 
The d r u g  treatment was administered immediately a f t e r  20 minute access 
t o  0.1% sodium saccharin i n  water given every other day for  f ive days.' 
E lec t r ic  f i e l d  exposure followed drinkin9 by 30 minutes. On a l ternate  
days the r a t s  had access t o  d i s t i l l e d  water for  20 minutes. Following 
the f ive  conditioning t r i a l s ,  the r a t s  were given a f inal  water "recovery" 
day which was followed 24 hours l a t e r  by a 20'minute two-bottle preference 
t e s t  between water and sodium saccharin in water. 

The one-bottle t e s t s  fa i led  to reveal any ef fec ts  of e l ec t r i c  f i e ld  ex- 
posure per se ,  b u t  did reveal a slow cumulative e f f ec t  of repeated ad-  
ministration of the 5 mg/kg Cyclophosphamide. Similarly, the two-bottle 
preference t e s t  revealed a clear  cut t a s t e  aversion developing for  the 
Cyc1ophosphamide.treated r a t s .  Interestingly,  the Cyclophosphamide 



e f f e c t  appears t o  be l e s s  robus t  i n  exposed r a t s  (62% sacchar in preference 
f o r  exposed r a t s  vs. 3%; f o r  sham-exposed). During the  course - o f  the study, 
s p e c i f i c a l l y  the  second t r i a l ,  a  l i g h t i n g  f a i l u r e  (outage) occurred i n  the 
exposure room and t h i s  seemed t o  g r e a t l y  p o t e n t i a t e  the  p a r t i c u l a r  days 
t reatment .  As a  r e s u l t  o f  t h i s  poss ib le  serend ip i tous  f i n d i n g ,  we extended 
the  study as a  p i l o t  i n v e s t i g a t i o n ,  a f t e r  the  aforementioned f i v e  t r a i n i n g  
t r i a l s  and subsequent preference t e s t ,  w i t h  one change i n  the  procedure. 
The e l e c t r i c  f i e l d  exposures were c a r r i e d  ou t  i n  the dark w h i l e  a l l  o ther  
c o n d i t i o n i n g  parameters remained the  same. The r e s u l t s  o f  these two ex t ra  
c o n d i t i o n i n g  t r i a l s  produced s l i g h t  enhancement o f  t he  e a r l y  e f f e c t .  There 
was an even c l e a r e r  suggest ion o f  an i n t e r a c t i o n  between the  l i g h t i n g  con- 
d i t i o n  when i t  i s  va r i ed  w i t h  the  o the r  two major parameters (Cyclophos- 
phamide and e l e c t r i c  f i e l d  exposure) when data a re  blocked across exposure 
vs. sham-exposure cond i t ions .  

Our p lans f o r  t he  immediate f u t u r e  a r e  d i r e c t e d  p r i m a r i l y  a t  r e s o l v i n g  the 
syne rgy / i n te rac t i ve  p o s s i b i l i t y  o f  Cyclophosphamide when adminis tered p r i o r  
t o  e l e c t r i c  f i e l d  exposure. A planned 4 x 2 f a c t o r i a l  experiment should 
he lp  c l a r i f y  whether poss ib le  synergy e x i s t s  and a l s o  prov ide  some idea a s  
t o  whether i t  i s  a  simple ma t te r  o f  a d d i t i v i t y  o f  d i f f e r e n t  s t i m u l i  o r ,  on 
the  o ther  hand, an e f f e c t  a t t r i b u t a b l e  t o  the  i n t e r a c t i o n  o f  e l e c t r i c  f i e l d  
exposure w i t h  the  c o n d i t i o n  o f  l i g h t i n g  independent o f  o the r  f a c t o r  manip- 
u l a t i o n s .  I n  a d d i t i o n ,  we p l a n  t o  b e h a v i o r a l l y  cha rac te r i ze  and q u a n t i t a t e  
our e a r l i e r  f i n d i n g s  o f  s e l e c t i v e  "preference" o r  "avers ion"  f o r  60-Hz 
e l e c t r i c  f i e l d s  by r a t s .  The f i n d i n g s  t o  date, w h i l e  p rovocat ive ,  t e l l  us 
l i t t l e  about t he  behavior  i n  quest ion. S p e c i f i c a l l y ,  t he  f i n d i n g  t h a t  r a t s  
do have "preference" a t  < 50 kV/m o r  "avers ion"  a t  > 30 kV/m suggests t h a t  
they w i  11 work a  manipul%ndum t o  e n t e r  o r  e x i t  t he  T i e l d .  I f  such i s  the 
case, behavior  can be e a s i l y  q u a n t i f i e d  by i nc reas ing  the  work demand ( r e -  
in forcement  schedule) t o  determine the  e x t e n t  t o  which an an imal 's  p re fer -  
ence i s  t o  be i n  o r  o u t  o f  the  f i e l d .  

Perhaps the  most impor tan t  behaviora l  work element f o r  FY 81 w i l l  be our 
at tempt t o  i d e n t i f y ,  by the  "preference"/"avers ion"  paradigm, s e n s i t i v e  
popu la t ions  o f  animals, ( i  .e., animals most per turbed by f i e l d  exposure). 
It may w e l l  be the  case t h a t  by i d e n t i f y i n g  such populat ions,  i f  they e x i s t ,  
we w i l l  be ab le  t o  e x p l a i n  why so many e l e c t r i c  f i e l d  " e f f e c t s "  a re  evan- 
escent.  For example, exposing 30 r a t s  i n  a  subchronic s tudy where 10 of 
t h e  r a t s  a re  advers ive ly  motivated, 15 unaf fec ted  and f i v e  a p p e t i t i v e l y  
mot ivated,  may we1 1  mask r e a l  e f f e c t s  t h a t  a re  man i fes t  i n  on l y  one group. 

Work Supported by the  U.S. Department o f  Energy 
under Cont rac t  DE-AC06-76RLO-1830. 
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ABSTRACT 

Behavioral  Research 

The behav iora l  component o f  the  research program a t  t he  VA Hosp i ta l  , 
Loma Linda i s  in tended t o  measure the  e f f e c t s  o f  60 Hz e l e c t r i c  f i e l d  
exposure on operant performance on, a number o f  schedules r e l a t e d  by 
t h e i r  time-dependent c h a r a c t e r i s t i c s .  I n  each case, t he  goal i s  t o  
bo th  i d e n t i f y  the  na ture  o f  changes i n  performance and t o  determine 
the  behva iora l  mechanism associated w i t h  the  observed changes. 

Dur ing the  pas t  year ,  a major p a r t  o f  the  work i n  the  behaviora l  area 
has been d i r e c t e d  toward the  establ ishment  .o f  a computer f a c i l i t y  of 
s u f f i c i e n t  power t o  per form the  rea l - t ime  data a c q u i s i t i o n  and ana lys i s  
requ i red  f o r  t he  behaviora l  research and t o  as w e l l  serve t h e  r e s t  of 
t he  non - ion i z ing  r a d i a t i o n  research program here. This  system inc ludes  
a PDP-11/70 w i t h  1.3 Mb o f  o n - l i n e  d i s k  storage, magnetic tape and a 
f u l l  complement o f  rea l - t ime  pe r iphe ra l s  f o r  experiment c o n t r o l .  This  
system was d e l i v e r e d  i n  October o f  1979. During the  f i r s t  s i x  months 
t h a t  t h e  system was on s i t e ,  a l l  sof tware requ i red  f o r  r e a l - t i m e  data 
a c q u i s i t i o n  was completed and a l l  spec ia l  i n t e r f a c e  hardware completed. 

Dur ing  the  p a s t  year ,  a two-test-chamber exposure f a c i l  i t y  was compl eted 
and subsequently evaluated by NBS. Data c o l l e c t i o n  wss then begun i n  an 
experiment t h a t  measures the performance o f  M. nemestrina on a DRL5-lh2.5 
schedule. Two sub jec ts  have j u s t  completed th ree  t e s t  sessions a t  each 
o f  s i x  vo l tages ( 0  V/m, 10 V/m, 50 V/m, 100 V/m, 500 V/m, 1000 V/m, a l l  

. rms).  Data f rom these sub jec ts  w i l l  be ana lyzed ' i n  terms o f  t h e i r  micro-  
s t r u c t u r e .  A number o f  measures based on the  sub jec ts '  bouts ( o r  runs)  
o f  responding on t h e  t e s t  schedule and the  s u b j e c t s '  performance dur ing  
those runs i n d i c a t e  s u b s t a n t i a l  changes i n  performance i n  the  100 V/m 
c o n d i t i o n ,  i n  c o n t r a s t  t o  the  o t h e r  cond i t i ons .  I t i s  hypothesized t h a t  
t h e  observed changes i n  performance r e s u l t  f rom small changes i n  the  
v a r i a b i l i t y  o f  t he  s u b j e c t ' s  IRT ( in te r response t ime)  d i s t r i b u t i o n .  
These small changes, i t  w i l l  be argued, a re  a m p l i f i e d  by a s t rong i n t e r -  
a c t i o n  w i t h  t h e  cont ingencies imposed by the  DRL-lh schedule, r e s u l t i n g  
i n  much l a r g e r  changes i n  performance measures t h a t  i nc lude  run  l eng th ,  
response r a t e  du r ing  runs and re inforcement  r a t e  du r ing  runs.  The 
magnitude and s ign  o f  t he  change i n  performance appear t o  be determined 
by t h e  i n t e r a c t i o n  o f  the reduct ion  i n  v a r i a b i l i t y  and the  DRL-1 h 
cont ingency. 



ABSTRACT 

A PRELIMINARY STUDY OF POSSIBLE EFFECTS OF HIGH INTEKSITY 
60 HZ ELECTRIC FIELDS ON NON-HUMAN PRIMATE BEHAVIOR 

Char l e s  S.  Fe lds tone  
Southwest Research I n s t i t u t e  

San Antonio, TX 

A p re l imina ry  s tudy  of t h e  e f f e c t s  of h igh  i n t e n s i t y  60 Hz e l e c t r i c  f i e l d s  
on baboon behavior  h a s  been conducted. S ince  t h e  p re l imina ry  s tudy  was under- 
taken wi thout  c e r t a i n  c o n t r o l s ,  t h e  results, even though they a r e  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  must be  viewed a s  anecdo ta l  i n fo rma t ion  u s e f u l  f o r  hypothes is  
formation.  Groups of baboons were exposed t o  30 kV/m, 60 Hz, v e r t i c a l  e l e c t r i c  
f i e l d s  f o r  an  ave rage  of 4.5 hours  pe r  day f o r  23 days.  J u v e n i l e  baboons 
were t r a i n e d  on v a r i o u s  ope ran t  s chedu le s  ( v i g i l a n c e ,  f i x e d - r a t i o ,  spaced- 
responding and matching-to-sampiej p r i o r  t o  exposure. Young a d u l t s  l i v e d  
i n  a small s o c i a l  group. Data was ga thered  b e f o r e ,  du r ing  (both  wi th  f i e l d s  
on and o f f )  and a f t e r  exposure.  

Some s u b j e c t s  evidenced s t a t i s t i c a l l y  s i g n i f i c a n t  f i e l d  e f f e c t s .  One 
v i g i l a n c e  s u b j e c t  evidenced a  g r e a t e r  v a r i a b i l i t y  of response  time t o  
c o r r e c t  s t i m u l i  when f i e l d s  were on-a r e s u l t  t h a t  could be  r e l a t e d  t o  
a r o u s a l  l e v e l .  The s o c i a l  an imals  had lower f r equenc ie s  of locomotion 
w i t h  f i e l d s  on by t h e  end of t h e  exposure period--another r e s u l t  t h a t  sugges t s  
a  f i e l d  e f f e c t  on a r o u s a l  l e v e l .  Animals manipulated t h e i r  own s k i n  more 
w i t h  f i e l d s  on b u t  t h e  e f f e c t  d i sappeared  by t h e  end of t h e  exposure period-- 
a r e s u l t  sugges t ing  a d a p t a t i o n .  In te r -an imal  c o n t a c t  w a s  more f r e q u e n t  
w i t h  f i e l d s  on e s p e c i a l l y  s o c i a l  approach and c o n t a c t .  Inter-animal  avoidance 
was g r e a t e r  w i t h  f i e l d s  on a t  t h e  beginning of exposure, b u t  was l e s s  w i th  
f i e l d s  o n  by the  end of  exposure. I n  gene ra l ,  t h e  an imals  i n t e r a c t e d  more 
w i t h  f i e l d s  on and p r i m a r i l y  i n  non-agonist ic  manners. Animals d id  no t  
a l t e r  t h e i r  p o s t u r e s  i n  response  t o  f i e l d s  (a p o s s i b l e  means of a l t e r i n g  
s u r f a c e  f i e l d  i n t e n s i t i e s 1  No obvious d e l e t e r i o u s  e f f e c t s  were observed. 



Environmental Studies of Transmission Lines 
J .  M. Lee, J r .  
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Port land, Oregon 

* 

Since 1974 the Bonneville Power Administration (BPA) has sponsored severzl s tud ies  
t o  obtain information on environmental e f f e c t s  of transmission l i n e s ,  i . e . ,  s tudies  
of p lan t s  and animals i n  na tu ra l  environments. BPA markets power generated by 
Federal hydroelectr ic dams in  the  Pac i f i c  Northwest. The BPA transmission system 
includes  over 19,000 km of l i n e s  of which over 4,600 km are  500 kV. 

The BPA environmental s tudies  program considers e f f e c t s  of transmission l i n ~  
const ruct ion,  maintenance, and operation. Special  emphasis i s  placed on 
iden t i fy ing  possible e f f e c t s  of corona and e l e c t r i c  and magnetic f i e l d s  bezzuse of 
continued i n t e r e s t  i n  these subjects .  

The most comprehensive study sponsored by BPA is being conducted by Ba t t e l l e  
Northwest Laboratories a t  the s i t e  of an 1100-kV prototype transmission l i n e  
(Contract  No. 14-03-6033N). Pr incipal  Ba t t e l l e  inves t iga to r  is  D r .  Lee Rogers. 
Studies  a t  the prototype s i t e  near Lyons, Oregon began i n  1976. They involve 
na tu r a l  vegetat ion,  crops, w i ld l i f e ,  c a t t l e ,  and honeybees. During 2  years or  
study w i t h  e l e c t r i c  f i e l d  strength comparable t o  BPA 500-kV l i n e s  (7-8 kV/s), the  
only ver i f i ed  e f f e c t  of the f i e l d  was leaf  t i p  burn on some t r e e s  close t o  the 
l i n e .  In 1979 and 1980 the  e l ec ' t r i c  f i e l d  s t rength  was increased fo r  t e s t  
purposes. Ca t t l e  have shown no obvious reluctance t o  graze or drink i n  e l e c t r i c  
f i e l d s  up to  12 kV/m, the highest level  s tudied.  A possible subt le  e f f e c t  on crop 
growth was seen a t  12 kV/rn. Results  of the 1980 crop s tud ies  w i t h  a  f i e l d  strength 
of 15 kV/m are  now being analyzed. Based on preliminary 1980 r e su l t s  the 
threshhold fo r  e f f e c t s  on es tabl ished honeybee colonies i n  commercial type hives 
appears t o  be between 8  and 12 kV/m. Effects  on bees include increased 
propol iza t ion,  decreased broods, increased adu l t  morta l i ty  , and decreased hone:; 
production. Effects  appear t o  be re la ted  t o  induced current  flow through the h i v e s  
possibly resu l t ing  i n  shocks t o  bees. The 1980 s tud ies  include evaluating 2 metho? 
f o r  mi t igat ing adverse e f f e c t s  of high e l e c t r i c  f i e l d s  on bees. 

Another subject  of growing i n t e r e s t  is  the e f f e c t  of transmission l i ne s  on b i rc r  i!: 
f l i g h t .  Here the concern is primari ly t ha t  b i rds  a t  times co l l ide  w i t h  l i ne s .  
Most co l l i s i ons  w i t h  500-kV l i n e s  appear t o  be with overhead groundwires ra ther  
than conductors. It is not c l e a r  whether corona or e l e c t r i c  and magnetic f i e l d s  
a r e  f a c to r s  influencing co l l i s i on  po ten t ia l  during periods of poor v i s i b i l i t y .  BPL 
is current ly  sponsoring two s tud ies  of bird/transmission l i n e  in teract ions . .  One 
involves a  new 500-kV l i n e  t h a t  crosses waterfowl flyways on a  National Wildlife 
Refuge on the  Columbia River. The l i ne  was energized i n  October 1980. Contractors 
a r e  the Western I n t e r s t a t e  Commission fo r  Higher Education ( W I C H E )  (Contract Kc. 

. DE-AC-79-80BP17109) and Willdan Associates (Contract No. DE-AC-79-80BP21135). The  
second study is  an invest igat ion of methods fo r  mit igating bird co l l i s i ons  
transmission l i n e s  (WICHE Contract No. DE-AC-79-80BP23018). It began i n  September 
1980 and includes removing sec t ions  of overheadogroundwire in  high bird use a m = ? .  

1/ Summary of presentat ion a t  the DOE Review of E lec t r i c  Field Effects  Resezrck, - 
November 18-19, 1980 i n  Washington, D . C .  
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We have p r e v i o u s l y  shown t h a t  when a grounded human, p i g ,  a n d , r a t  
a r e  exposed t o  t h e  same 60-Hz e l e c t r i c  f i e l d ,  t h e  f i e l d s  a t  t h e  surfaces 
and induced i n s i d e  t h e b o d i e s  o f  t h e  sub jec t s  a r e  g r e a t l y  d i f f e r e n t ,  i n  
some cases by as much as a f a c t o r  o f  10. The purpose o f  t h i s  p r o j e c t  i s  
t o  p r o v i d e  d e t a i l e d  measurements o f  t h e  a c t u a l  f i e l d s  exper ienced by 
exposed humans and o t h e r  species.  These measurements a r e  needed so t h a t  
b i o l o g i c a l  data,  ob ta i ned  u s i n g  r a t s ,  mice o r  o t h e r  an imals  as sub jec t s ,  
can be used i n  t h e  assessment o f  p o s s i b l e  r i s k s  t o  humans exposed t o  60- 
Hz e l e c t r i c  f i e l d s .  To o b t a i n  these  d o s i m e t r i c  measurements, two methods 
a r e  be ing  pursued: 

D i r e c t  Measurements o f  Induced 60-Hz E l e c t r i c  F i e l d s  i n  Human and 
Animal Model s. 

A techn ique  has been developed a t  t h e  P a c i f i c  Northwest Labora to ry  
f o r  t h e  d i r e c t  measurement of  t h e  g r e a t l y  a t t enua ted  e l e c t r i c  f i e l d  
induced i n s i d e  t h e  body of  a conduc t ing  human o r  animal model exposed t o  
an e x t e r n a l ,  60-Hz e l e c t r i c  f i e l d .  A smal l  probe de tec t s ,  by conduc t i ve  
coup l i ng ,  t h e  p o t e n t i a l s  a t  two s l i g h t l y  separate p o i n t s .  The sampled 
s i g n a l s  a r e  passed t o  a remote d i f f e r e n t i a l  a m p l i f i e r  th rough  a smal l  
sh ie l ded  cab le .  E l e c t r i c  f i e l d s  as low as 0.5 x V/m have been 
measured i n  s a l i n e  s o l u t i o n .  Molds t o  h o l d  s a l i n e  s o l u t i o n s  i n  va r i ous  
shapes a r e  machined f rom po lyure thane  foam (measured 60-Hz d i e 1  e c t r i  c 
cons tan t  = 1.04).  As an o v e r a l l  t e s t ,  a hemi-spheroidal  volume (15.2-cm 
h e i g h t  x 5.1-cm-radius base) was c u t  i n  a 13.5-cm x 14.0-cm x 16.5-cm- 
h i g h  po lyure thane  b lock ,  and t h e  r e s u l t i n g  mold, p laced  on a ground 
p lane,  was f i l l e d  w i t h  s a l i n e  ( c o n d u c t i v i t y  = 0.021 S/m). An e l e c t r i c  
f i e l d  o f  1.57 x V/m was measured i n s i d e  t h i s  grounded model when i t  
was exposed t o  an un i form,  60-Hz,. 11.0-kV/m e l e c t r i c  f i e l d .  The c l o s e  
agreement between t h i s  va lue  and t h e  t h e o r e t i c a l  va lue  o f  1.60 x 1 0-2 
V/m proves t h e  f e a s i b i l i t y  of t h e  technique.  The n e x t  s t e p  i s  t o  make 
r e a l i s t i c  molds of  humans and v a r i o u s  an imals  and t o  c h a r a c t e r i z e  t h e  
f i e l d s  induced i n  them f o r  va r i ous  c o n d i t i o n s  o f  exposure. 

De te rm ina t i on  o f  Induced 60-Hz E l e c t r i c  F i e l d s  and Cur ren ts  i n  Models 
Using a Radio-Frequency Technique. 

Cur ren t  d i s t r i b u t i o n s  i n  va r i ous  t i s s u e  geometr ies exposed t o  60-Hz 
e l e c t r i c  f i e l d s  were determined a t  t h e  U n i v e r s i t y  o f  Washington by an 
analog method u s i n g  phantom models exposed t o  UHF e l e c t r i c  f i e l d s .  



E l e c t r i c  f i e l d  i n t e n s i t i e s  o f  s u f f i c i e n t  s t reng th  t o  generate heat ing 
pa t te rns  i n  t h e  phantom t i ssues  were produced i n  a  h igh-Q resobant 
c a v i t y  f ed  by a  1  kW source. The s p e c i f i c  absorp t ion  r a t e  ( S A R )  of 
energy pa t te rns  were determined f rom t h e  r e s u l t i n g  temperature d i s t r i -  
bu t i ons  w i t h i n  the  model by a  thermograph camera and converted t o  the 
60-Hz c u r r e n t  dens i t y  pa t te rns .  Experiments on phantom models of pro- 
l a t e  spheroids and spheres exposed i n  t h e  center  o f  t he  c a v i t y '  showed 
t h a t  t he  induced un i fo rm c u r r e n t  d i s t r i b u t i o n s  agreed we l l  w i t h  theo- 
r e t i c a l  values obta ined-  from the  q u a s i - s t a t i c  ana lys i s  o f  s i m i l a r  
o b j e c t s  exposed t o  60-Hz f i e l d s .  Measurements on th ree  d i f f e r e n t  scale 
models of man i n d i c a t e d  t h a t  t he  c u r r e n t  d i s t r i b u t i . o n s  were i d e n t i c a l  
regard less  of s ize ,  which helped t o  con f i rm  the  v a l i d i t y  o f  t h e  approach. 
The maximum induced c u r r e n t  d e n s i t i e s  were found i n  the  neck, knee and 
ankle regions.  When models i n  contac t  w i t h  a  ground plane were exposed, 
the  ccurrent  increased as p red i c ted  by the  image e f f e c t .  These expe r i -  

' 

ments demonstrate t h a t  the  c a v i t y  exposure cou ld  indeed s imu la te  both 
f ree  space and ground p lane 60-Hz exposure cond i t ions .  b,!hen sca le  
models of m i n i a t u r e  swine were exposed w i t h  t h e i r  f e e t  i n  con tac t  w i t h  
the  ground plane, t he  induced cu r ren ts  were concentrated i n  t he  th igh ,  
ank le  and f o o t .  



ABSTRACT 

COMPARATIVE MODELING OF MAN AND BABOON I N  60Hz ELECTRIC F-IELDS 

Ronald 3. Spiegel* 
Southwest Research I n s t i t u t e  

P. 0. Drawer 28510 
San Antonio, Texas 78284 

I n  order t o  extrapolate 60 Hz e l e c t r i c  f i e l d  e f f ec t s  on experimental 
animals (baboons) i n  terms o f  equivalent  e f f e c t s  on man, sca l ing re l a t i ons  
f o r - t h e  induced cur rent  dens i t ies  have been developed by u t i l i z i n g  advanced 
computer modeling techniques. Humans and baboons were modeled by a la rge  
number o f  small cubical  blocks t h a t  were arranged t o  obta in  the best 
possib le f i t  t o  the contour o f  the object .  I n t e rna l  cur rent  dens i t ies  
f o r  the models were ca lcu la ted by the so lu t i on  o f  an i n teg ra l  equation 
f o r  the induced po la r i za t i on  a t  the center of each block. Numerical r esu l t s  
are given f o r  an e rec t  human w i t h  the arms down a t  the s ide and f o r  a 
baboon i n  a quadrupedal, bipedal , and s i t t i n g  stance. 

*Current address : Health E f fec ts  Research Laboratory (MD-74C) 
U. S. Environmental Protect ion Agency 
Research Tr iang le  Park, N. C. 2771 1 



DOSIMETRY OF DIFFERENT' 60-HZ ELECTRIC-FIELD EXPOSURE SYSTEF4S 

W .  T .  Kaune and R .  D .  Phill ips 
Pacific Northwest Laboratory 

Rich1 and, Nashington 

I t  i s  important that  biological data collected in different  lab- 
orator ies  exposing animals to  60-Hz e l ec t r i c  f ie lds  be comparable across 
d i f fe rent  exposure systems and across different  species. In making 
comparisons, i t  i s  necessary to  re la te  e l ec t r i c  f i e ld  strengths used in 
one laboratory to  those used i n  another. This cannot be done simply on 
the basis of the unperturbed f i e ld  strength present before the intro-  
duction of the experimental subjects,  because the actual f i e lds  exper- 
ienced by an animal depend not only on the unperturbed f ie ld  strength 
b u t  a lso on i t s  species and the type of exposure system. This paper 
will focus on dosimetric differences between different  types of exposure 
systems. 

The most s ignif icant  dosimetric differences between 60-Hz e lec t r ic -  
f i e l d  exposure systems appear to  be ( 1 )  the orientation of the subject 
re la t ive  t o  the unperturbed e l ec t r i c  f i e l d ,  ( 2 )  whether single or 
multiple animals are exposed, (3 )  whether animals are  singly or multiply 
caged, (4)  whether experimental subjects are  grounded or ungrounded, and 
(5 )  whether subjects can af fec t  t he i r  exposure by changing the i r  behavior. 
Avai 1 able experimental and theoretical data relat ing to  ' the effects  of 
these factors will be reviewed. Based on th i s  review, we make the 
following conclusions: (1 ) Exposure systems using single,  grounded 
animals are characterized by controlled and relat ively easi ly  quanti- 
f iabl  e  dosimetry. ( 2 )  Interactions between animals exposed in close 
proximity to each other s ignif icant ly reduce the i r  coupling to an applied 
e l e c t r i c  f i e ld .  ( 3 )  In mu1 tianimal exposure systems using singly caged 
and grounded subjects interactive e f fec ts  between animals can be con- 
t ro l led  and are  f a i r l y  easi ly  quantified. ( 4 )  The dosimetry of exposure 
systems using multiply caged animals i s  variable and dependent on animal 
behavior. (4)  The dosimetry of exposure systems using ungrounded animal s 
appears t o  be much more d i f f i c u l t  t o  quantitate.  (5)  Systems using 
ungrounded animals exposed to  a  horizontal f i e ld  simulate most closely 
the normal orientation of a  human when exposed to  a  60-Hz e l ec t r i c  
f i e l d ,  b u t  the subjects can behaviorally change the i r  coupling to  the 
f i e ld  by a t  l eas t  a  factor  of five.  

Dosimetry must be an integral part of any comparison of biological 
data obtained using d i f fe rent  exposure systems or animal species. 
Currently, quant i ta t ive comparisons can be made only for  singly caged, 
grounded subjects. Before such comparisons can be made using other 
types of exposure systems, dosimetric quantification i s  required. 
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ABSTRACT 

Th is  new 4-year (1980-03) program has t h r e e  pr imary  ob jec t i ves :  

1 )  t o  measure and d e f i n e  t h e  e l e c t r i c a l  environment i n  t h e  v i c i n i t y  
o f  h i g h  vo l tage  dc t ransmiss ion l i n e s  

2 )  t o  be a b l e  t o  p r e d i c t  t h e  e l e c t r i c a l  environment o f  f u t u r e  hvdc 
1  ines  

3)  t o  p rov ide  b i o - e f f e c t s  researchers w i t h  t h e  i n fo rma t ion  on hvdc 
t ransmiss ion  l i n e  environments t h a t  t hey  r e q u i r e  t o  p rope r l y  per-  
form t h e i r  research. 

The research i s  an ex tens ion  o f  t h a t  c a r r i e d  o u t  under a  prev ious DOE program 
a t  P r o j e c t  UHV (1977-79). For  t h e  new program. t h e  research f a c i l i t i e s  have 
been expanded t o  prov ide  t h e  c a p a b i l i t y  o f  i n v e s t i g a t i n g  t h e  performance o f  
b i p o l a r  l i n e s  up t o  + 1500 kV. 

It has been es tab l i shed  t h a t  reduced-scale t e s t  f a c i l i t i e s  (such as a  conductor 
t e s t  cage) cannot adequately model t h e  behavior o f  f u l l - s c a l e  t ransmiss ion l i n e s .  
Th i s  i s  a  r e s u l t  o f  t h e  space charge-ef fect ;  t h e  space charge which e x i s t s  be- 
tween conductors o f  oppos i te  p o l a r i t y  and between conductors and ground s i g n i f -  
i c a n t l y  mod i f i es  t h e  e l e c t r i c  f i e l d  i n  space, t h i s  m o d i f i c a t i o n  being geometry 

I dependent. Consequently, much o f  t h e  research a t t e n t i o n  has been focused on 
t e s t s  o f  f u l l - s c a l e  l i n e  geometries. 

Tests have been performed on several  conductor con f i gu ra t i ons  i n  t h e  + 250 kV 
t o  2 400 kV range ( i n c l u d i n g  t h e  "Square But te"  2 250 kV c o n f i g u r a t i o n )  and 
a l s o  on one c o n f i g u r a t i o n  i n  t h e  + 900 kV t o  + 1200 kV range. The t e s t s  a re  
p r o v i d i n g  i n f o r m a t i o n  r e l a t e d  t o  t h e  e f f e c t s  o f  l i n e  geometry, vol tage, and 
weather parameters on ground l e v e l  e l e c t r i c  f i e l d  and i o n  c u r r e n t  dens i t y .  
There i s  a  c l e a r  i n d i c a t i o n  t h a t  each o f  these v a r i a b l e s  has a  s i g n i f i c a n t  
e f f e c t  on t h e  o v e r a l l  performance o f  a  hvdc t ransmiss ion  l i n e .  

To f u r t h e r  h e l p  i n  t h e  understanding o f  t h e  phenomena, s i m i l a r  l i n e  t e s t s ,  on 
o t h e r  c o n f i g u r a t i o n s  and a t  o the r  vo l tage l eve l s ,  w i  11 be performed throughout 
t h i s  program. A d d i t i o n a l  research w i l l  be conducted i n  t h e  f o l l o w i n g  areas: 

- Aerosols: atmospheric aeroso ls  passing c l o s e  t o  a  hvdc t ransmiss ion 
l i n e  can become charged through con tac t  w i t h  corona-produced ions;  
i ns t rumen ta t i on  t o  measure t h e  p r a c t i c a l  e x t e n t  o f  t h i s  e f f e c t  i s  
be ing  developed. 

- Sh ie ld ing  methods: means o f  reducing ground l e v e l  f i e l d s  and cur ren ts  
through s h i e l d i n g  (e.g. grounded wires, t rees ,  and o t h e r  ob jec ts )  w i l l  
be i nves t i ga ted .  

- Corona on o b j e c t s  a t  ground: i n  a  s u f f i c i e n t l y  h i  h  f i e l d ,  ob jec ts  a t  
ground p o t e n t i a l  (e.g. grass, t rees,  o the r  ob jec ts  ! can go i n t o  corona, 
a  p o s s i b l e  environmental concern; t h e  cond i t i ons  requ i red  f o r  such an 
occurrence w i l l  be i nves t i ga ted .  

M.G. Comber 
11 /5/80 



DC FIELDS AND I O N  I1EASUREI.lENTS 
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Na t iona l  Bureau o f  Standards 

oncerned w i t h  developing methods f o r  eva lua t i ng  and 
a l i b r a t i n g  ins t rumenta t ion  f o r  use i n  measuring t h e  e l e c t r i c  f i e l d  and 
a r i o u s  i o n - r e l a t e d  e l e c t r i c a l  q u a n t i t i e s  i n  the  v i c i n i t y  o f  h igh-vol tage 
HVDC) t ransmiss ion  l i n e s  and i n  apparatus designed t o  s imu la te  t h e  
ransmiss ion  1 i n e  environment. 

A p a r a l l e l  p l a t e  apparatus designed t o  produce e l e c t r i c  f i e l d s  i n  the  
presence o f  space charge has been evaluated and used t o  determine t h e  
response o f  two v i b r a t i n g  p l a t e  e l e c t r i c  f i e l d  meters and a f i e l d  m i l l  
t o  e l e c t r i c  f i e l d s  g rea te r  than -6 kV/m w i t h  a t tendant  c u r r e n t  d e n s i t i e s  ,, 
up t o  -3.5 u ~ / m ~ .  The o r i g i n a l  one dimensional model used t o  p r e d i c t  t h e  
o p e r a t i o n  o f  the  system has been mod i f i ed  t o  take  account o f  f i e l d  
p e n e t r a t i o n  i n t o  t h e  p a r a l l e l  p l a t e  reg ion  o f  t h e  apparatus. The f i e l d  
m i l l  which appears t o  be f r e e  o f  s i g n i f i c a n t  e r r o r s  associated w i t h  
i n c i d e n t  c u r r e n t  has been used t o  v e r i f y  p r e d i c t i o n s  of t h e  mod i f i ed  
theo ry .  Both v i b r a t i n g  p l a t e  meters s tud ied  d i s p l a y  some e r r o r s  
assoc ia ted  w i t h  t h e  presence o f  s u f f i c i e n t l y  l a r g e  i o n  c u r r e n t  i n c i d e n t  
on t h e  sensing element. 

E r r o r s  assoc ia ted  w i t h  l a c k  o f  c o p l a n a r i t y  o f  Wilson p l a t e  sensors w i t h  
t h e  ground p lane have been i nves t i ga ted  us ing  bo th  ac e l e c t r i c  f i e l d s  
and dc e l e c t r i c  f i e l d s  w i t h  space charge i n  a p a r a l l e l  p l a t e  apparatus. 
S i g n i f i c a n t  e r r o r s  were observed f o r  bo th  guarded and unguarded sensor 
p l a t e s .  The magnitude o f  t h e  e r r o r  depends on spacing above t h e  ground 
p lane.  Agreement between ac and dc measurements was good except f o r  an 
unreso lved d iscrepancy f o r  t h e  unguarded sensor. 

A l o w  speed a i r  f l o w  f a c i l i t y  has been constructed t o  produce a volume 
c o n t a i n i n g  space charge which can be used as a source of ions  fo r  
e v a l u a t i n g  and comparing inst ruments designed t o  measure var ious  i o n  
r e l a t e d  p r o p e r t i e s .  S tud ies  were made o f  losses a t  t h e  i n l e t  s t r u c t u r e  
of  p a r a l l e l  p l a t e  i o n  counters and o f  t h e  e f f i c i e n c y  o f  an "absolute f i l t e r "  
f o r  removing i ons  from an a i r  stream. 

Model c a l c u l a t i o n s  t o  es t imate  e r r o r s  associated w i t h  s e l f  charge 
Of o f f  ground f i e l d  measuring inst ruments were completed and design 
cons ide ra t i ons  f o r  a r o t a t i n g  inst rument  w i t h  sphe r i ca l  symmetry were 
begun. 

d i f f e r e n t  i o n  measuring inst ruments us ing  t h e  low speed a i r  f l o w  
f a c i l i t y .  A new area o f  i n t e r e s t  w i l l  be i n  the  measurement o f  t h e  
m o b i l i t i e s  o f  ions produced i n  t h e  a i r  f low f a c i l i t y .  t 




