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ABSTRACT 

. Th is  F ina l  Report  descr ibes. bo th  t he  engineering.deve1opment 

o f  a  DC b i o e f f e c t s  t e s t  enc losure f o r  smal l  l a b o r a t o r y  animals,.and t h e  

b i o l o g i c a l  p ro toco l  f o r  t h e  use o f  such enclosures i n  t h e  t e s t i n g  of I 

animals t o  determine p o s s i b l e  b i o l o g i c a l  e f f e c t s  o f  t h e  environment 

assoc ia ted  w i t h  HVDC t ransmiss ion  1  ines .  

The t e s t  enc losure  which has been ,designed i s  a  modular u n i t ,  which 

w i l l  house up t o  e i g h t  r a t - s i z e d  'animals i n  i n d i v i d u a l  compartments. 

M u l t i p l e  t e s t  enclosures can be used t o  t e s t  l a r g e r  numbers o f  animals. 

A prototype t e s t  enc losure has been f a b r i c a t e d  and t e s t e d  t o  cha rac te r i ze  

i t s  e l e c t r i c a l  performance c h a r a c t e r i s t i c s .  

The t e s t  enc losure p rov ides  a  s imu la t i on  of t he  dominant environment 

associated w i t h  HVUC transm'i SSl0n 1 lnes;  narr~ely , d s l d l  i~ e l e c t r i c  

f i e l d  and an i o n  c u r r e n t  dens i t y .  The t e s t  enc1osur.e pr'ovides q u i t e ,  

un i fo rm i o n  c u r r e n t  d e n s i t y  and e l e c t r i c  f i e l d  1,evels a t  a l l  l o c a t i o r ~ s  

w i t h i n  each animal housing space. E i t h e r  p o s i t i v e  o r  negat ive  f i e l d s  

and i o n  cu r ren ts  can be produced. Both the  e l e c t r i c  f i e l d  and i o n  

c u r r e n t  d e n s i t y  l e v e l s  can be ad jus ted  over  ranges l i k e l y  t o  be o f  

i n t e r e s t  f o r  b i o l o g i c a l  t e s t i n g .  The design prov ides  f o r  t he  use of . 

a f i l t e r e d  a i r  f l o w  through t h e  s imu la to r  i n  o rder  t o  min imize p a r t i c u l a t e s  , 5 

and animal waste e f f l u e n t s .  Feeding and water ing  p r o v i s i o n s  are a t  

ground p o t e n t i a l  t o  min imize anilnal shocks. The m a t e r i a l s  used f o r  

animal caging w a l l s  were chosen t o  min imize c u r r e n t  drawn by an animal 
I 

c o n t a c t i n g  t h e  w a l l ,  and t o  min imize problems w i t h  i o n  charge t rapp ing  

by t h e  wa l ls .  Ozone leve l$  w i t h i n  t h e  animal caging area have beer1 

shown t o  be i n s i g i n i f i c a n t .  

A  b i o l o g i c a l  experimental  design has been developed f o r  assessing 

t h e  e f f e c t s  o f  t h e  dominant components o f  t he  HVDC t ransmiss ion  1  i n e  

environment. The design which was planned f o r  a research e f f o r t  o f  

approx imate ly  18 months i n c l  udes t h e  f o l l  owing major  f ea tu res  : 

a Rats and mice as t e s t  sub jec ts  

a Concurrent man ipu la t ion  o f  t h e  magni,tude o f  p o s i t i v e  and 
negat ive  dc e l e c t r i c  f i e l d s  and i o n  c u r r e n t  d e n s i t i e s  as 
t e s t  cond i t i ons  . 



Sham-exposed and unexposed control groups 

Intensity - response 'determinations 
' 0 Control of nonexperimental environmental condition? 

a Screening of  a diverse set of biological parameters.or 
response. systems 
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1. INTRODUCTION . . 

Background and Objectives 

The use of hig.h voltage d i rec t  current ( H V D C )  transmission " i s  being 
considered more and more as a viab1,e adjunct to  AC fo r  e l ec t r i c  power trans- 

' ! 
mission". (Hingorani., 1978). 

The projected growth of HVDC f a c i l i t i e s  over the next few years, both 
worldwide and i n  the United States ,  i s  expected to  almost double the HVDC 

powe'r transmission which existed i n  the mid-seventies. 
i - .  . . .  '. . .. . , . 

, . 

The growing awareness and concern of the public for  the i r  environment 
has extended to the unique environments associated w i t h  high'voltage power 

transmission. The investigation into possible biological effects  due to  
the 60 Hz e l ec t r i c  f i e lds  associated with HVAC transmission l ines  i s  being 
extensively investigated in numerous studies. sponsored by both the Department 
of Energy and the Electric Power Research Insti tute. .  However, the 60 Hz 

' investigations are not direct ly  applicable to the H V D C  l i ne  s i tuat ion.  

With the growing use of H V D C  transmission and the increasing environmen- 
ta l  concerns, i t  can be anticipated that  the same type of biological interac- 
tion questions will be posed to the potential users of th i s  form of power 
transmission, as are  now being asked i n  connection w i t h  the construction of AC 

EHV 1 ines. However, compared 'with HVAC transmission 1 ines , the s t a t e  of the 
a r t  in environmental e f fec ts  of H V D C  i s  primitive. 

Several c r i t i c a l  reviews of past investigations into ' t he  biological e f fec ts  
of electromagnetic environments (Bridges, 1975; National Academy of Sciences, 
1977; and Sheppard and Eisenbud, 1977) have shown tha t  extreme care must be 
exercised in the planning, conduct and interpretation resu l t s  of electromagnetic 
biological interaction studies. The sc i en t i f i c  community has become aware that  
such studies must begin with a carefully planned.experimenta1 design, requiring 

the close cooperation of both engineers and biologists.  To circumvent the 

d i f f i cu l t i e s  identified in .some past studies,  DOE and EPRI have taken steps to 
insure the qua1 i t y  of research resul ts  by requiring the development of a care- 
ful l y .  formul ated experimental design prior to the conduct of major experiments. 

In anticipation of the need for  information on both the nature of the 
HVDC environment and the possible biological e f fec ts  for  such an environment 
the DOE i s sponsoring several compl ementary research programs. This final 
report documents the ac t iv i t i e s  and resu l t s  of one of these programs. 



One of the  object ives  of t h i s  Phase I program was the development of the 
experimental design f o r  the  conduct ' o f  biological .  t e s t s  on small 1 aboratory 
animals of the environment associated w i t h  HVDC transmission l ines .  The ' 

conduct of biological experiments t o  determine the  e f f ec t s  of the el ectro- 
magnetic environment o f '  Concern requires the  avai labi l  i  t y  of a su i tab le  means 
fo r  producing the  desired environment in  the laboratory,  in an enclosure which 
i s  adequate f o r  the  housing of animals. Since no previous laboratory biologi- 
cal s tudies  of animals i n  the'HVDC environment had been conducted in t h i s  
country, the design of such'an HVDC t e s t . enc losure  d i d  not e x i s t  a t  the ou tse t  
of t h i s  program. "A second objedti'vk'of t h i s  Phase" I- pro'gram,' therefore," was 
to  design, fabr ika te  and t e s t  an enclosure w h i c h  would be su i tab le  fo r  use in 
conducting the biological experiments' which were being planned. 

While the  broad objectives of the program, i n  response to  the needs of 
. . 

the community, a r e  a s  s ta ted  above, the spec i f ic  goals a re  as  follows: 

To consider the .p roper t i es  .of the  HVDC environment t ha t  wil l  be 
of importance i n  stimul a t ing  the  environment and to  del ineate 
those propert ies which will be of l e s se r  o r  no importance.. 

To consider the types of po ten t ia l ly  in te r fe r ing  f ac to r s  which, 
though not cha rac t e r i s t i c  of the  environment of i n t e r e s t ,  may. II 

a r i s e  i n  a  laboratory simulation and, where possible,  to  describe 
methods f o r  eliminating o r  reducing these f ac to r s ,  o r  where t h i s  
i s  not possible, .  t o  define the methods that .  wil l  be used f o r  
experimentally evaluating the involvement of these secondary 
fac tors  in producing any.observed biological e f f ec t s .  

a To design, fabr ica te ,  and t e s t  an enclosure fo r  housing the small 
laboratory animals during exposure t o  the HVDC environment which 
will provide known, control lable  and relevant conditions. 

To s e l e c t  the  appropriate instrumentation fo r  measuring and moni- 
toring the environment and develop the methodology f o r  the use of 
the instrumentation in the laboratory setup. 

To define the biological parameters t h a t  should be given consid- 
era t ion.  

To work out the experimental plan t h a t  wil l  best u t i l i z e  the pro- 
posed exposure faci  1 i  t i  e s  and exposed animal s  t o  yie l  d maximum 
information on diverse biological systems, and a t  the same time 
will be consis tent  with the  experimental demands of the individ- 
ual biological t e s t s ,  and will avoid the r i sk  of confounding the 
r e su l t s  of the  individual biological t e s t s  by fac tors  in the 
p r io r  t e s t  h is tory  of the  animals. 



Report Organizat ion,  

Sect ion 2  o f  t h i s  r e p o r t  presents t h e  r e s u l t s  o f  the  t e s t  enclosure o r  

s imula tor  development. The d i  scussi,on . i s  i n i t i a t e d  by a b r i e f  rev iew . o f  t he  

HVDC t ransmiss ion . l i ne  environment, from wh ich ' the  dominant components o f  the  

environment t o  be considered f o r  simulat. ion a re  i d e n t i f i e d .  Many requ.irements 

'are imposed on t h e  s imula tor  design. A review o f  t he  cons' iderat ions which 

inf luence the  design i s  presented i n  sec t i on  2.2. The HVDC environment i s  

qui  t e  compl ex r e l a t i v e  t o .  the dominant' environment. associated w i t h  HVAC t rans-  

' miss ion 1 Tries. Correspondingly, t he  HVDC t e s t  enclosure which has been designed 

i's n o t  as.  simple a s t r u c t u r e  as . i s  t y p i c a l l y  used fo r~ ,an imal  t e s t i n g  t o  the  

HVAC environment; Sect ion 2 . 3  presents a r a t h e r  d e t a i l e d ' d e ~ c r i ~ t i o n  of t he  

resu l  t i n g  t e s t  enclosure, along w i t h  support ing r a t i o n a l e  f o r  var ious fea tures  

and func t i ona l  components o f  t he  u n i t .  Sect ion 2 . 4  presents the  r e s u l t s  of 

t e s t i n g  which has been conducted t o  charac ter ize  the  performance o f  the  p ro to -  

type t e s t  enclosure t h a t  has been fab r i ca ted .  
. '  

The b i o l o g i c a l  experimental design i s  presen<ed i n  Sect ion 3 .  The ope'ning 

d iscussion concerns f a c t o r s  t h a t  were important  i n  dete.rmi.ning the  scope o f  the  
. . 

experimental design (Sect ion 3:l.). and i s  fo l lowed by a review o f  background 

l i t e r a t u r e  (Sect ion 3 . 2 ) .  Sect ion 3 . 3  gives an overvi'ew o f  the  design, and 

ra t i ona les  f o r  s e l e c t j o n  o f  the  b i o l o g i c a l '  parameters a re  discussed i n  Sect ion 

3 . 4 .  General and s p e c i f i c  study methods a re  o u t l i n e d  i n  Sect ions 3.5 and 3.6, 

respect ive ly ,  and the  f i n a l  sec t ion  h i g h l i g h t s  suggested d i r e c t i o n s  f o r  f u t u r e  

research. 



2. SIMULATOR DEVELOPMENT 

Th i s  s e c t i o n  o f  t he  r e p o r t  descr ibes  t h e  dc b i o e f f e c t s  t e s t  enc losure  

f o r  smal l  an imals ,  which has been developed and t e s t e d  under t h i s  c o n t r a c t .  

Throughout t h e  d i scuss ion  t h e  t e s t  enc losure  i s  r e f e r r e d  t o  as a  s i m u l a t o r  

o r  s i m u l a t o r  module. The te rm s i m u l a t o r  i s  used, s i n c e  t h e  enc losure  simu- 

l a t e s  t h e  dominant environments o f  HVDC t ransm iss ion  l i n e s  which a r e  f e l t  t o  

be necessary f o r  t h e  b i o l o g i c a l  t e s t i n g  o f  l a b o r a t o r y  an imals .  

The o v e r a l l  d i scuss ion  i s  t o p i c a l  l y  d i v i d e d  i n t o  subsect ions f o r  l o g i c a l  

p r e s e n t a t i o n .  I n  t h e  f i r s t  s e c t i o n ,  t h e  environment assoc ia ted  w i t h  HVDC 

t r?nsm iss ion  1  i n e s  i s  rev iewed and t h e  'dominant f ea tu res  o f  t h i s  environment 

t h a t  a r e  cons idered  impo r tan t  f o r  s i m u l a t i o n  a r e  i d e n t i f i e d .  There a r e  many 

f a c t o r s  wh ich  must be cons idered  be fo re  embarking on t h e  deslgn o f  a s imu l 'a tu r  

f o r  e l ec t romagne t i c  b i o e f f e c t s  t e s t i n g  o f  smal l  l a b o r a t o r y  an imals .  The 

d e s i r e  t o  s imu la te  t h e  HVDC environment compl i ca tes  many o f  these cons idera-  

t i o n s .  There fo re ,  a  r ev i ew  o f  bas i c  HVDC s i m u l a t o r  cons ide ra t i ons  i s  p re -  

sented i n  t h e  second s e c t i o n ,  t o  c l a r i f y  t h e  approach taken i n  t h e  des ign.  

A  d e s c r i p t i o n  o f  t h e  s i m u l a t o r  which has r e s u l t e d  from t h e  des ign e f f o r t s  o f  

t h i s  program i s  presented i n  t h e  t h i r d  s e c t i o n .  I nc l uded  i n  t h e  d e s c r i p t i o n  

o f  t h e  u n i t  i s  t h e  r a t i o n a l e  f o r  s p e c i f i c  approaches where t h i s  i s  a p p r o p r i a t e .  

The f o u r t h  s e c t i o n  conc l  udes w i t h  t h e  p r e s e n t a t i o n  o f  key e l  e c t r i  c a l  p e r f o r -  

mance c h a r a c t e r i s t i c s  f o r  t h e  s i m u l a t o r  t h a t  has been f a b r i c a t e d  and t e s t e d .  

2 .1  HVDC Environment Review 

The p r ima ry  e l e c t r i c a l  environment o f  an HVDC t r ansm iss ion  l i n e  may be 

c h a r a c t e r i z e d  by t h e  e l e c t r i c  f i e 1  d, i o n  c u r r e n t  dens i t y ,  and charge d e n s i t y  

a t  ground l e v e l  near  t h e  l i n e .  These q u a n t i t i e s  depend upon such f a c t o r s  as 

1  i n e  vo l t age ,  1  i n e  c o n f i g u r a t i o n ,  wind, hum id i t y  o f  t h e  a i r ,  and po l  l u t a n t s .  

I n  e f f o r t s  t o  es t ima te  t h e  environment,  numer ica l  methods have been developed 

which p r e d i c t  t h e  ground l e v e l  e l e c t r i c a l  e f f e c t s  based on t h e  l i n e  c o n f i g u r a -  * 
t i o n  and vo l t age .  One such method, which has been presented by Ha r r i ng ton ,  

a1 lows t h e  e l e c t r i c a l  q u a n t i t i e s  t o  be c a l c u l a t e d  by computer. H a r r i n g t o n ' s  

method i s  based on a  corona-1 oss a n a l y s i s  presented 'by  Sarma (1969).  

* 
B o n n e v i l l e  Power A d m i n i s t r a t i o n ,  Transmiss ion L i n e  Reference Book 
HVDC t o  + 600 kV. Palo A1 t o ,  C a l i f o r n i a  : EPRI. Appendix t o  Chapter 7 
by  Ha r r i ng ton  and K c l ? y .  



Unfo r t una te l y ,  such methods do n o t  account  f o r  e f f e c t s  due t o  wind, hum id i t y ,  

r a i n ,  o r  t h e  d i f f e r e n t  p r o p e r t i e s  o f  p o s i t i v e  -and nega t i ve  corona p resen t  on 

a  b i p o l a r  l i n e ,  and thus  cannot gi've a  s u f f i c i e n t l y  accura te  o r - g e n e r a l  de- 

s c r i p t i o n  o f  t h e  dc environment.  

Because t h e  complex dc environment has n o t  a l l owed  adequate mathematical  

d e s c r i p t i o n  , d i r e c t  measurement i s  commonly used t o  determine t h e  e l e c t r i c a l  

e f f e c t s  near  t h e  l i n e .  Whi le  none o f t h e  measurement work performed t o  da te  

may be cons idered  exhaus t i ve  w i t h  r ega rd  t o  t h e  assessment o f  d i v e r s e  l i n e  

c o n f i g u r a t i o n s  and long- te rm weather e f f e c t s ,  some e x i s t i n g  r e p o r t s  a r e  q u i t e  

d e t a i l e d  and p rov ide  use fu l  d e s c r i p t i o n s  o f  t h e  environment n e a r  a  p a r t i c u l a r  

l i n e ,  and'comprehensive measurement programs such as t h a t  a t  P r o j e c t  UHV a r e  

s t i l l  i n  progress.  

Bracken e t  a l .  (1978) have r e p o r t e d  measurements nea r  t h e  Ce l i l o -Sy lmar  

+ 400 kV dc I n t e r t i e .  Th i s  paper con ta ins  a  bas i c  d i scuss ion  o f  t h e  dc e n v i r -  - 
onment as w e l l  as a  r e p o r t  on t h e  measurements which were ma'de. The measure- 

ments were o f  e l e c t r i c  f i e l d  ( E )  and i.on c u r r e n t  d e n s i t y  ( j )  a t  ground l e v e l ,  

and these were ob ta i ned  i n  f a i r  weather w i t h  l ow  wind,. Charge d e n s i t y  ( p )  a t  

ground 1  eve1 was d e r i v e d  f rom t h e  measured va lues o f  e l e c t r i c  f i e l d  and c u r r e n t  

d e n s i t y  u s i n g  t h e  r e l a t i o n s h i p  j = pkE, where k  i s  i o n  m o b i l i t y .  The nega t i ve  

and p o s i t i v e  maxima o f  e l e c t r i c  f i e l d ,  i o n  c u r r e n t  d e n s i t y ,  and space char.ge 

d e n s i t y  which were observed i n  t h e  v i c i n i t y  o f  t h e  1 i n e  ape g l ven  I n  Table 2-1,. 

which p resen ts  a  summary o f  t h e  e l e c t r i c a l  environment measured by va r i ous  

, i n v e s t i g a t o r s .  Bracken observed t h a t  t h e  e l e c t r i c  f i e l d a n d i o n c u r r e n t d e n s i t y  

due t o  t h e  nega t i ve  conductor  o f  t h e  t r ansm iss ion  l i n e  a r e  o f -  a  g rea te r 'magn i -  

tude  than those due t o  t h e  p o s i t i v e  conductor .  He presumed t h i s  predominance 

o f  neqa t i ve  i o n  e f f e c t s  t o  be due t o  t h e  l owe r  corona onset ,  t h e  l e s s  sporad ic  

corona o f  t h e  nega t i ve  conductor ,  and t h e  h i g h e r  m o b i l i t y  o f  nega t i ve  i o n s ,  

Bracken r e p o r t e d  t h a t  wind has a  s t r o n g  i n f l u e n c e  on bo th  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 .  ~ v e n  a  low wind (0-4 m/s) was enough t o  cause l a r g e  v a r i a -  

t i o n s  i n  measurements. I n  a  more r e c e n t  paper,   rack en and Furumsu (1978) 

observed t h e  wind t o  have a s t r o n g  e f f e c t  on measurements made near  a  2 600 kV l i n e .  

A paper by Comber e t  a l .  (1979) d iscusses p r e l i m i n a r y  ground l e v e l  measure- 

ments o f  e l e c t r i c  f i e l d  and i o n  c u r r e n t  d e n s i t y  near  a  + 600 kV dc t e s t  l i n e  a t  

P r o j e c t  UHV, P o s i t i v e  and nega t i ve  maximum values a r e  g i ven  i n  Table 2-1. 

Comber observed no predominance o f  t h e  nega t i ve  e l e c t r i c '  f i e l d  and no e f f e c t  

on t h e  f i e l d  due t o  winds o f  0-3 m/s. Ifi agreement w i t h  Bracken, t h e  P r o j e c t  





UHV data show measured n e g a t i v e  i o n  c u r r e n t  d e n s i t y  which was somewhat g r e a t e r  

than  p o s i t i v e  i o n  c u r r e n t  d e n s i t y .  . F i gu re  2-1 shows an i o n  c u r r e n t  d e n s i t y  

p r o f i l e  r e p o r t e d  b y  Comber e t  al.. F i n a l l y ,  Comber observed t h a t  r a i n  o r  h i g h  

hum id i t y '  i n c reased  t h e  i on .  c u r r e n t  d e n s i t y .  Rain was observed t o  i n c r e a s e  i o n  

c u r r e n t  d e n s i t y  by  a  f a c t o r  o f  2.5 t o  4 ove r  f a i r  weather va lues .  Other  r e p o r t -  * 
i ngs  o f  t h e  HVDC environment i n c l u d e  EPRIIBPA' and F4aruvada e t  a1 . (1977) 

Measurements performed by  these researchers  a r e  a l s o  summarized i n  Table  2-1. 

The above d i scuss ion  o f  t h e  l i t e r a t u r e  on measurements made on HVDC t r a n s -  

m i ss i on  l i n e  environments has no ted  t h a t  some i n v e s t i g a t o r s  have observed w ind  

i n f l u e n c e s  on t h e  e l e c t r i c  f i e l d  and i o n  c u r r e n t .  Bracken (1978) p resen ts  s i g -  

n i f i c a n t  v a r i a t i o n s  i n  b o t h  f i e l d  and c u r r e n t  d e n s i t y  w i t h  t ime .  However, 

these r e p o r t e d  v a r i a t i o n s  a r e  r e l a t i v e l y  slow, i .e., l e s s  than  1 Hz. 

The temporal  v a r i a t i o n s  t h a t  a r e  imposed on t h e  i o n  c u r r e n t  d e n s i t y ,  and 

p o s s i b l y  t h e  e l e c t r i c  f i e l d ,  due t o  w ind  e f f e c t s  can comp l i ca te  t h e  measure- 

ment o f  these  parameters i n  t h e  t r ansm iss i on  l i n e  environment.  The r e p o r t e d  

measurements t y p i c a l l y  use i n t e g r a t i n g  i n s t r u m e n t a t i o n  i n  o r d e r  t o  p r o v i d e  

average c h a r a c t e r i z a t i o n  o f  t h e  env i ronment .  Thus, t h e r e  appears t o  be no 

r e p r e s e n t a t i v e  da ta  base r e p o r t e d  which p rov i des  i n f o r m a t i o n  on t h e  e l  e c t r i c  

f i e l d  o r  i o n i c  v a r i a t i o n s  i n  t h e  1-15 Hz range. 

The v a r i a t i o n  i n  i o n  c u r r e n t s  and f i e l d s  i n  t h i s  l ow  f requency o r  " b r a i n -  

wave" r e g i o n  may be a  f u t u r e  c o n s i d e r a t i o n  i n  s i m u l a t i o n ,  p a r t i c u l a r l y  i f  mea- 

surements show s i g n i f i c a n t  s p e c t r a l  con ten t  i n  t h i s  f requency range.  However, 

a t  t h i s  t ime,  t h e  l e v e l  o f  t h e  i o n i c  c u r r q n t s  and e l e c t r i c  f i e l d s  appear t o  be 

t h e  dominant f a c t o r s  f o r  c o n s i d e r a t i o n  i n  s i m u l a t i o n ,  w i t h  i n c i d e n t a l  v a r i a t i o n s  

due t o t h e  i n t e r a c t i o n  w i t h  o t h e r  env.ironmenta1 parameters be ing  cons idered  as 

undes i r ab le .  

1n a d d i t i o n  t o .  t h e  temporal  v a r i a t i o n  o f  t h e  dominant env i ronmenta l  para- 

meters ( e l e c t r i c  f i e l d ,  i o n  c u r r e n t  d e n s i t y  and charge d e n s i t y )  wh ich  may be 

r e l a t e d  t o  t h e  wind, t h e  e l e c t r i c  and magnet ic f i e l d s  a l so .  c o n t a i n  harmonics 

o f  60 Hz, due t o  t h e  convers ion  process. F r a z i e r  (1978) has r e p o r t e d  l i m i t e d  mea- 

surement o f  ' the c o n v e r t e r  harmonic f i e l d s  under t h e  Ce l i l o -Sy lma r  - + 400 kV dc 

l i n e .  A spectrum a n a l y s i s  o f  t h e  d isp lacement  c u r r e n t  shows t h a t  t h e  60-Hz 

ZT 

B o n n e v i l l  e  Power A d m i n i s t r a t i o n ,  Transmiss ion L i n e  Reference Book HVDC t o  
+ 600 kV. Palo A l t o ,  C a l i f o r n i a :  EPRI. Chapter 7. 
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F igure  2-1 .ION CURRENT DENSITY- PROFILE MEASUREMENT 
FOR FAIR WEATHER ( f rom Comber, 1979) 



2  an,d severa l  dominant harmonics a r e  i n  t h e  range o f  65 nA/m . Thus, f o r  a  

person w i t h  a  c o l l e c t i n g  area o f  approx imate ly  5  m2, t h e  t o t a l  body c u r r e n t  

f l o w  a t  each o f  t h e  dominant harmoli ics w i l l  ' b e  i n  t h e  range o f  325 nA. The 

peak d isp lacement  c u r r e n t  no ted  w i t h  an o s c i l l o s c o p e  was approx imate ly  600 nA/ 

m2, o r  about 3  t o t a l  body c u r r e n t  f o r a  t y p i c a l  human. Th i s  peak c u r r e n t  

was n o m i n a l l y  i n  t h e  form o f  s i ' ng le  c y c l e  s i n e  waves o f  about  0.4 ms p e r i o d  

t h a t  occur red  once pe r  60-Hz pe r i od .  

The above d i  sp l  acement c u r r e n t  d e n s i t y  1  eve1 s  due t o  conve r te r  harmonics 

a r e  i n  t h e  range o f  t h e  i o n i c  conduc t ion  c u r r e n t  d e n s i t y  l e v e l s  which have 

been measured by va r i ous  i n v e s t i g a t o r s ,  as shown i n  Table 2-1. However, these 

l e v e l s  a r e  a1 1  s i g n i f i c a n t l y  l e s s  than  t h e  displacement c u r r e n t  d e n s i t y  l e v e l s  

t y p i c a l  l y  found under 60-Hz EHV 1  i n e s .  

Conver ter  harmonic as w e l l  as 60-Hz d isp lacement  c u r r e n t  f l o w  t o  persons 

under t y p i c a l  HVDC l i n e s  i s  l i k e l y  t o  be i n  t h e  ampl i tude  range o f  t h e  dc con- 

d u c t i o n  c u r r e n t  f l ow .  However, t h e  s i m u l a t i o n  o f  such d isp lacement  c u r r e n t s  

f o r  animal t e s t i n g  should be d e f e r r e d  u n t i l  base l i n e  data i s  ob ta i ned  w i t h  

the.  dominant dc env i  ronment . 
.The dc magnet ic f i e l d  i n  t h e  v i c i n i t y  o f  an HVDC t ransm iss ion  l i n e  i s  

c o n t r i b u t e d  t o  by t h e  l i n e  and' by t h e  e a r t h ' s  magnet ic f i e l d .  The pub1 i shed  

r e p o r t i n g s  o f  measurements near  HVDC l i n e s ,  t h a t  have been reviewed, have n o t  

i n c l  u'ded dc magnetic .Fields among t h e  measured parameters.  A  sample c a l c u l a -  

t i o n  u s i n g  t h e  f u l l  r a t e d  c u r r e n t  o f ' t h e  Ce l i l o -Sy lmar  - + 400 kV l i n e  r e s u l t s .  

i n  a  magnet ic f i e l d  p r o f i l e  such as i s  shown i n  .F igure  2-2. The magnet ic 

f i e l d '  r e s u l t i n g  from t h e  l i n e  c u r r e n t  i s  r e l a t i v e l y  smal l  compared t o  t h e .  

e a r t h ' s  magnet ic f i e l d ,  which. i s  i n  t h e  range o f  0.5 gauss. Thus, a l t hough  

an HVDC l i n e  c o n t r i b u t e s  t o  t h e  ground l e v e l  magnet ic f i e l d  i n  i t s  ' v i c i n i t y ,  

t h e  magnet ic f i e l d  i s  n o t  cons idered t o  be one o f  t h e  dominant components o f  

t h e  HVDC environment f o r  c o n s i d e r a t i o n  i n  s i m u l a t i o n  a t  t h i s  t ime.  A t  some 

l a t e r  date,  i f  i t  i s  des i r ed  t o  i n c l u d e  a  magnet ic f i e l d  component i n  t h e  

s i m u l a t i o n ,  such an' a d d t t i o n  should be . r e l a t i v e l y  easy t o  implement, due t o  

t h e  low l e v e l  o f  t h i s  f i e l d .  

2.2 Bas ic  S imu la to r  Design Cons idera t ions  

As evidenced i n  t h e  d iscuss ions  o f  t h e  p rev ious  sec t i on ,  t h e  e l e c t r i c a l  

enviro'nment assoc ia ted  w i t h  an HVDC t ransm iss ion  l i n e  i s  q u i t e  complex. An i -  

mal t e s t i n g  t o  determine p o s s i b l e  b i o l o g i c a l  e f f e c t s  o f  such an environment 
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Figure  2-2 DC MAGNETIC F I E L D  A T  EARTH'S SURFACE UNDER F ~ P O T H E ~ I C A L  
BIPOLAR TRANSMISSION L I N E  



must i n s u r e  t h a t  t h e  dominant aspec ts  o f  t h i s  environment be ' s imu la ted .  Th i s  

i s  p a r t i c u l a r l y  t r u e  f o r  those components o f  t h e  env i ronment  t h a t  a r e  s i g n i f i -  

c a d l y  d i f f e r e n t  than  n o r m a l l y  encountered b y  t h e  b i o l o g i c a l  system, o r  f o r  

which p a s t  s t u d i e s  have shown p o t e n t i a l  b i o l o g i c a l  i n t e r a c t i o n s .  On t h e  o t h e r  

hand, a  t r u l y  accu ra te  simu.1 a t i o n  o f  t h e  a c t u a l  environment appears undes i  rab1.e 

I f rom t h e  s tandpo in t  o f  c o n t r o l l i n g  c o s t s  o f  t h e  b i o l o g i c a l  exper iment  and pe r -  

i m i t t i n g  a  de te rm ina t i on  o f  cause -e f f ec t  r e l a t i o n s h i p s  o r  "dose" r e l a t i onsh ips , ,  

i i f  b i o l o g i c a l  i n t e r a c t i o n s  a r e  observed. 

The above ' c o n s i d e r a t i o n s  emphasize t h e  need f o r  a  ,careful  1  y contro.11 ed 
I 

s ' imu la t ion  o f  t h e  dominant f e a t u r e s  o f  t h e  environment f o r  t h e  f i r s t  f u l l -  

s ca le  s e r i e s  o f  a-nimal t e s t s .  Secondary o r  more s u b t l e  f e a t u r e s  o f  t h e  

environment may wa r ran t  s i m u l a t i o n  f o r  a  l a t e r  s e r i e s  o f  t e s t s ,  once a  

comprehensive e v a l u a t i o n  o f  t h e  dominant environments has been conducted. 

The dominant environment as i d e n t i f i e d  i n ' s e c t i o n  2.1 c o n s i s t s  o f  a  

v e r t i c a l  e l e c t r i c  f i e l d  and a  v e r t i c a l  .component o f  i o n  c u r r e n t  d e n s i t y .  

Under t h e  conditi;n o f  nea r  ze ro  wind, these  components w i l l  be v i r t u a l l y  

t ime  i n v a r i a n t .  The s i m u l a t i o n  o f  these q u a n t i t i e s  f o r  use on animal t e s t i n g  

p laces  a  v a r i e t y  o f  co .ns t ra - in ts  on t h e  des ign  o f  t h e  s i m u l a t o r .  

The f o l l o w i n g  paragraphs o f  t h i s  s e c t i o n  w i l l  d i scuss  t h e  v a r i o u s  des ign  

c o n s i d e r a t i o n s  which must be addressed t o  i n s u r e :  

I . : t h e  adequate s i m u l a t i o n  o f  t h e  d e s i r e d  environments 

0 t h e  p r o v i s i o n  f o r  adequate c a r e  and hous ing f o r  t h e  t e s t  an imals  

t h e  m i n i m i z a t i o n  o f  undes i red  c o l l a t e r a l  f a c t o r s .  

2.2.1 I o n  and F i e l d  U n i f o r m i t y  

The e l e c t r i c a l  env i ronment .  t o  be s imu la ted  c o n s i s t s  o f  a  v e r t i c a l  dc e l ec -  

t r i c  f i e l d  and a  v e r t i c a l  component o f  i o n  c u r r e n t  d e n s i t y .  I n  t h e  immediate 

v i c i n i t y  o f  a  HVDC t r ansm iss i on  l i n e ,  these q u a n t i t i e s  v a r y  as a  f u n c t i o n  o f  

s p a t i a l  p o s i t i o n ,  and may a l s o  v a r y  w i t h  t i m e  due t o , w i n d  e f f e c t s .  

An analogous s i t u a t i o n  e x i s t s  i n  t h e  v i c i n i t y . o f  EHV ac t r ansm iss i on  l i n e s ,  

where t h e  e l e c t r i c  f i e l d  i s  a l s o  a  f u n c t i o n  o f  s p a t i a l  p o s i t i o n .  For  l a b o r a t o r y  

t e s t i n g  o f  smal l  an imals ,  a  t e s t  c o n d i t i o n  comprises a  d i s c r e t e  s e t t i n g  o f  t h e  

ac e l e c t r i c  f i e l d  l e v e l  ; even though a  person o r  animal under an a c t u a l  t r a n s -  

m i ss i on  1  i n e  would n o t  1  i k e l y  be exposed t o  a  f i x e d  env i ronment .  



Thus., i n  an analogous manner, a  t e s t  c o n d i t i o n  f o r  HVDC s i m u l a t i o n  should 

c o n s i s t  o f  a  d i s c r e t e  e l e c t r i c  f i e l d  and i o n  c u r r e n t  d e n s i t y .  S ince f o r  s t a t i s -  

t i c a l  e v a l u a t i o n  o f  animal t e s t  r e s u l t s  i t  i s  necessary f o r  t h e  exposure o f  mul-  

t i p l e  an imals  t o  a  g iven  t e s t  c o n d i t i o n ,  t h e  s i m u l a t o r  must produce t h e  des i r ed  - 
t e s t  environment i n  t h e  l i v i n g  space o f  a l l  animals t o  be t e s t e d  t o  a  g iven  

env i ronmenta l  c o n d i t i o n ,  I n  a d d i t i o n ,  t h e  t e s t  environment w i t h i n  t h e  area 

wh ich  can be occupied by an animal under t e s t  should be a  cons tan t ;  t h a t  i s ,  

t h e  f i e l d  and i o n  c u r r e n t  d e n s i t y  l e v e l s  shou ld  n o t  va ry  a p p r e c i a b l y  w i t h i n  

t h e  l i v i n g  space o f  an i n d i v i d u a l  an imal .  ' 

The d e s i r e  t o  p rov ide  a  d i s c r e t e  i o n  c u r r e n t  d e n s i t y  and e l e c t r i c  f i e l d  

w i t h i n  an animal compartment, and f rom compartment t o  compartment, f o r  a l l  

an imals  t o  be t e s t e d  f o r  a  g iven  c o n d i t i o n ,  p laces  s i g n i f i c a n t  demands on 

t h e  s i m u l a t o r  des ign.  These cons ide ra t i ons  i n f l u e n c e  t h e  means us,ed t o  gen- 

e r a t e  and c o n t r o l  t he  i o n s  and f i e l d s ,  t h e  geometry o f  t h e  s imu la to r ,  and 

t h e  m a t e r i a l s  used i n  , f a b r i c a t i n g  t h e  s i m u l a t o r .  

The des ign o f  a  s i m u l a t o r  which has a  un i f o rm  HVDC t e s t  environment i s  

c o n s i d e r a b l y  more complex than  i s  .encountered i n  p r o v i d i n g  a  u n i f o r m  f i e l d  f o r  

animal t e s t i n g  t o  t h e  f i e l d  environment o f  EHV ac t ransmiss ion  l i n e s .  For  t h e  

ac case, i n d i v i d u a l  animal u n i t s  'can be f a b r i c a t e d  f rom low- loss,  l o w - d i e l e c t r i c  

cons tan t  m a t e r i a l s ,  which a r e  r e a d i l y  a v a i l a b l e .  However, t h e  presence o f  f r e e  

i o n s  i n  t h e  dc environment r e s t r i c t s  t h e  use o f  such m a t e r i a l s  f o r  f a b r i c a t i o n  

o f  animal enc losures f o r  NVDC environment simul a t i o n .  Low-loss d i e l e c t r i c  

m a t e r i a l s  whose r e s i s t i v i t y  i s  s i g n i f i c a n t l y  g rea te r  than t h a t  o f  t he  i o n i z e d  

a i r  can t r a p  and r e t a i n  i ons .  The t r a p p i n g  o f  i o n s  by animal cag ing  m a t e r i a l  

has t h e  e f f e c t  o f  s e v e r e l y  d i s t o r t i n g  bo th  t h e  e l e c t r i c  f i e l d  and t h e  i o n  

c u r r e n t  d e n s i t y  f l o w  i n  t h e  v i c i n i t y  o f  such m a t e r i a l s .  F igure  2-3 p i c t o r i a l l y  

d e p i c t s  t h i s  s i t . ~ ~ a t . i n n .  

I n  t h i s  f i g u r e ,  charges a r e  shown t rapped on a h i g h  r e s i s t i v i t y  r r ~ a t e r i a l  

used as an animal conta inment  w a l l .  Once t h e  charges a r e  depos i ted  on to  t h e  

m a t e r i a l ,  an e l e c t r i c  f i e l d  component which i s  normal t o  t h e  w a l l  su r f ace  i s  

es tab l i shed .  Th i s  e l e c t r i c  f i e l d  causes t h e  a i r  i o n s  t o  be r e p e l l e d  f rom t h e  

w a l l  , thus  d i s t u r b i n g  t h e  des i r ed  v e r t i c a l  f l o w  o f  i o n s  and r e s u l t s  i n  a  l owe r  

than  normal i o n  c u r r e n t  d e n s i t y  a t  t h e  ground p lane  near  t h e  w a l l .  Experiments . 
have shown t h a t  charges t rapped on h i g h  r e s i s t i v i t y  d i e l e c t r i c s  can d i s t o r t  

t h e  i o n  c u r r e n t  f l o w  f o r  l o n g  pe r i ods  o f  t i m e  i n  t h e  v i c i n i t y  o f  t h e  d i e l e c t r i c  

m a t e r i a l  . 
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The above suggests t h a t  m a t e r i a l s  t o  be cons idered  f o r  use i n  animal 

cag ing  f o r  t h e  s i m u l a t o r  should have a  f i n i t e  r e s i s t i v i t y ,  which w i l l  a l l o w  

charges t o  d r a i n  o f f  i n  a  reasonably  s h o r t  p e r i o d  o f  t ime.  It a l s o  appears 

t h a t  t h e r e  i s  no w e l l - d e f i n e d  l owe r  l i m i t  on an accep tab le  va lue  f o r  t h e  

m a t e r i a l  r e s i s t i v i t y ,  a1 though cons ide ra t i ons  o f  t h e  c u r r e n t  t h a t  can be 

drawn by an animal c o n t a c t i n g  t h e  m a t e r i a l  (which w i l l  be d iscussed l a t e r )  

t end  t o  p rov ide  a  l i m i t  on t h e  l owe r  range o f  r e s i s t i v i t y .  

! A  w e l l  accepted arrangement f o r  p roduc ing  u n i f o r m  e l  e c t r l c  f i e 1  ds f o r  

animal t e s t i n g  i s  w i t h  h o r i z o n t a l  p a r a l l e l  p l a t e s .  I f  t h e  p l a t e s  a r e  s u f -  

f i ' c i e n t l y  l a r g e  r e l a t i v e  t o  t h e i r  separa t ion ,  a  r e g i o n  o f  v e r y  u n i f o r m  f i e l d  

can be produced by a p p l y i n g  a p o t e n t i a l  between t h e  p l a t e s .  I f  a  means i s  

p rov ided  t o  u n i f o r m l y  i n t r o d u c e  i o n s  i n t o  t h e  i n t e r p l a t e  space, a t  t h e  upper 

p l a t e ,  then  a  un i f o rm  f i e l d  and i o n  c u r r e n t  environment can be produced. How- 

ever,  t h e  i o n  and f i e l d  u n i f o r m i t y  can be seve re l y  d i s t o r t e d  by t h e  i n t r o d u c -  

t i o n  o f  r e s i s t i v e  m a t e r i a l s  which a r e  used as animal c o n s t r a i n i n g  w a l l s .  

F i gu re  2-4 i l l u s t r a t e s  b o t h  an unacceptable and an accep tab le  use o f  such 

c o n s t r a i n i n g  w a l l  s. .  I n  t h e  i l l u s t r a t i o n  o f  F i gu re  2-4(a)  t h e  conduc t i ve  

w a l l  m a t e r i a l  does n o t  extend comp le te l y  between t h e  f i e l d  p roduc ing  p l a tes ;  

I f  t h e  mateq ia l  r e s i s t i v i t y  i s  l e s s  than  t h a t  o f  t h e  i o n i z e d  a i r ,  t h e  f i e l d  

l i n e s  and i o n  f l o w  w i l l  be d i s t o r t e d ,  as shown. The use o f  such " s h o r t  w a l l s "  

has been at tempted i n  HVDC simul a t i o n ,  w i t h  poor success (Nakamura', 1979) -, 
i 

Th i s  i l l u s t r a t i o n  o f  F i gu re  2.4(b)  shows t h e  r e s i s t i v e  m a t e r i a l  w a l l  
J 

ex tend ing  f rom t h e  upper p l a t e  t o  t h e  ground p l a t e .  I f  e l e c t r i c a l  c o n t a c t  

i s  made a t  bo th  p l a t e s ,  a  c u r r e n t  w i l l  f l o w  th rough t h e  w a l l  m a t e r i a l .  I f  

t h e  r e s i s t i v i t y  o f  t h e  w a l l  m a t e r i a l  i s  un i fo rm,  t h e  c u r r e n t  f l o w  th rough t h e '  

w a l l  w i l l  produce a  t a n g e n t i a l  e l e c t r i c  f i e l d  component which i s  i d e n t i c a l  t o  

t h e  s t a t i c  e l e c t r i c  f i e l d  t h a t  e x i s t s  i n  t h e  absence o f  t h e  w a l l .  

Thus, animal cag ing  w a l l  s  must extend between t h e  f i e l d - p r o d u c i n g  p l a t e s  

and be i n  e l e c t r i c a l  c o n t a c t  w i t h  these  p l a t e s .  I f  arranged i n  such a  manner, 

t h e  animal conta inment  w a l l s  can serve as cont inuous g rad ing  r i n g s ,  which f o r c e  

t h e  e l e c t r i c  f i e l d s  t o  be un i fo rm.  Fo rc i ng  t h e  f i e l d s  t o  be u n i f o r m  by such 

means appears t o  be a  good t r a d e - o f f  f o r  t h e  HVDC environment s i m u l a t i o n ,  even 

though a  s l i g h t  v a r i a t i o n  o f  e l e c t r i c  f i e l d  w i t h  h e i g h t  i s  produced by t h e  i o n  

c u r r e n t  f l o w  i n  a i r .  

An a n a l y s i s  o f  t h e  e f f e c t  o f  space charge on t h e  e l e c t r i c  f i e l d  shows 

t h a t  f o r  a  space charge between two i n f i n i t e  p a r a l l e l  p la tes, ,  



where 

E = e l e c t r i c  f i e l d  at '  t h e  1.ower o r  ground p la te ' ,  
o  i w i t h  a  space charge p resen t  

= e l e c t r i c  f i e l d  a t  t h e  upper p l a t e ,  
Ehi w i t h  space charge p resen t  

j = i o n  c u r r e n t  d e n s i t y  

-4  2  k = i o n  m o b i l i t y  (about 2  x  10 m / v s )  
! 

E = f r e e  space p e r m i t t i v i t y  
0 

h  = sepa ra t i on  between p l a t e s .  

F i g u r e  2-5 shows t h e  a l l o w a b l e  c u r r e n t  dens i t y  t o  produce a  10% v a r i a t i ' o n  

i n  f i e l d ,  f rom t h e  t o p  t o  bot tom p l a t e ,  due t o  space charge as a  f u n c t i o n  o f  

t h e  e l e c t r i c  f i e ' l d  a x  The l owe r  p l a l e .  Fur- t h i s  f i g u r e ,  rhc p l a t c  5epiirmdbiull 

( h )  has been chosen t o  be 0.5 meter .  Thus, f o r  any des f red  e l e c t r l c  f i e l d  d l ,  

t h e  l owe r  p l a t e  o f  t h e  s imu la to r ,  i f  t h e  c u r r e n t  d e n s i t y  i s  l e s s  than  t h e  va lue  

shown i n  F igu re  2-5 f o r  t h e  chosen f i e l d ,  t h e  f i e l d  v a r i a t i o n  ove r  t h e  s imula-  

t o r  h e i g h t  a t  p o i n t s  remote f rom a  w a l l  w i l l  be l e s s  than  10 percen t .  

A t  p o i n t s  remote f rom a  w a l l ,  t h e  f l e l d  a t  t h e  bot tom p l a t e ,  Eoi, i s  

enhanced (due t o  t h e  presence o f  t h e  i o n s )  ove r  t h e  nominal e l e c t r i c  f i e l d ,  

o r  t h e  f i e l d  near  a  w a l l  . For  t h e  va lues o f  enhanced f i e l d  Eoi a t  t h e  ground 

p lane  and t h e  ion c u r r e n t  dens i t y ,  j,. shown i n  F igu re  2-5, t h e  f i e ' l d  a t  t h e  

ground' b l ane  near  a  w a l l  w i t h  un i f o rm  r e s i s t i v i t y ,  w i l + l  be l e s s  than  E  by o  i 
about  6 percen t .  Thus, t h e  use o f  w a l l s  i n  t h e  s imu la to r ,  which f o r c e  t h e  

p o t e n t i p l  g r a d i e n t  t o  be cons tan t  a l ong  t h e  h e i g h t  o f  t h e  w a l l ,  appears as an 

accep tab le  des ign approach i f  t h e  i o n  c u r r e n t  d e n s i t y  does n o t  s i g n i f i c a n t l y  

exceed t h e  values shown i n  ~ i g u r e  3-3 as a  f u n c t i o n  o f  ground p lane  f i e l d  

l e v e l .  

. 2.2.2 I o n  and F i e l d  Cont ro l  

I t i s  necessary t o  p rov ide  a  means f o r  a d j u s t i n g ' t h e  f i e l d  and i o n  c u r r e n t  

d e n s i t y  l e v e l s ,  more o r  l e s s  independent l y  o f  one ano ther .  Since c o n s i d e r a t i o n  

o f  "dose" r e l a t e d  responses r e q u i r e s  t h e  use o f  d i f f e r e n t  exposure 1  eve l  s, t h e  

s i m u l a t o r  must be capable o f  p r o v i d i n g  reasonable combinat ions o f  f i e 1  d  and l o n  

c u r r e n t  1 eve l  s. 



F i g u r e  2-5  ION CURRENT DEF!SITY WHICH WILL PRODUCE A 10% ELECTRIC FIELD 
VARIATION BETWEEN 0.5 m SEPARATED PLATES VS. FIELD AT BOTTOM 

PLATE ' . - 



The previous paragraphs have shown tha t  f i e l d  uniformity considerations 

provide a r e s t r i c t i on  on the  ion current  density range t ha t  can be considered - 

fo r  a chosen e l e c t r i c  f i e l d  l eve l .  The leve l s  of both f i e l d s  and ion currents 

typical  l y  measured beneath operating o r  t e s t  HVDC transmission 1 ines provides 

guidance, a s  noted i n  Section 2.1 ,  f o r  the  choice of a reasonable combination 

of these  two parameters fo r  use as  one of the  t e s t  conditions. However, the 

review of measurements t h a t  have been made on HVDC l i ne s  does not d i r ec t l y  

answer the  question of the  re la t ion  between f i e l d  and ion current  fo r  higher 

o r  lower level  exposure conditions. One approach which appears reasonable 
fo r  providing guidance i n  t h e '  choice of f i e l d  and ion current  re la t ions  i s  to  

consider enhancement fac tors .  . 

When a conducting object  i s  placed i n  a  f j e l d ,  the  f i e l d  a t  the surface of 
the  object  i s  changed from the  f i e ld  level which exfsted before the object  was 

introduced. In general,  the  f i e l d  a t  the  top surface of the  object  i s  l a rge r  

than the  pre-exist ing f i e l d ,  and the  l a rger  the  object  the more the  f i e l d  i s  *. 

enhanced. For example, fo r  a given ambient f i e l d ,  the  f i e l d  a t  the top of a 

man will  be enhanced by a l a rge r  fac tor  than will the f i e l d  a t  the upper sur-  

face of a r a t  placed i n  the  same pre-exist ing f i e l d .  

Analysis of simple shaped ob jec t s ,  such as  prolate spheroidal representa- 

t ions  of man o r  r a t s  show tha t '  f o r  an ion current  and e l e c t r i c  f i e l d  environ- 

ment, the  upper surface enhancement i s  the  same for  both f i e l d  and ion current  

density.  That i s ,  i f  the  pre-exist ing e l e c t r i c  f i e l d  and ion current  density 

a r e  denoted by Eo and jo, respect ively ,  then / 
F, = yEo 

and 

where Ee and je a re  enhanced f i e l d  and current  density a t  the top of the ob jec t ,  
and y i s  a  geometrically dependent enhancement fac tor  which i s  l a rge r  than unity.  

The observation of importance i s  t ha t  both the  f i e l d  and ion current  density a r e  

scaled up o r  enhanced by the  same fac tor .  

Thus, i t  appears reasonable to  consider t ha t  fo r  d i f f e r en t  exposure 

condit ions,  the  r a t i o  of e l e c t r i c  f i e l d  t o  ion current  density might remain 

a constant .  This i s  equivalent t o  maintaining the a i r  r e s i s t i v i t y  o r  the 

ion charge density a t  a  constant value f o r  the  various exposure condit ions.  



Thus, i f  a  r e p r e s e n t a t i v e  c o n d i t i o n  i s  f o r  an e l e c t r i c  f i e l d  o f  30 kV/m 

and i o n  c u r r e n t  d e n s i t y  o f  200 n ~ / m ~ ,  t h i s  r e s u l t s  i n  an a i r  r e s i s t i v i t y  

o f  pa = 1.5 x  lo1' ohm-m = 1.5 x  1.0'~ ohm-cm, and an i o n  d e n s i t y  o f  
5  3  n  = 2  x  10 i o n / c m .  

. . 

F i gu re  2-6 shows t h i s  d u r r e n t  d e n s i t y - f i e l d  r e l a t i o n s h i p  superimposed 

on t h e  10 percen t  f i e l d  u n i f o r m i t y  curve  p r e v i o u s l y  presented as F i g u r e  2-5. 

It i s  seen t h a t  i f  a  cons tan t  a i r  r e s i s t i v i t y  r e l a t i o n  between f i e l d  and 

c u r r e n t  dens i t y ,  such as i s '  suggested above, i s  used f o r  es tab l  i s h i n g  d i f f e r -  

e n t  t e s t  environments,  v e r y  l i t t l e  v a r i a t i o n  o f  f i e l d  due t o  space charge 

shou ld  r e s u l t  ove r  most o f  t h e  r a n g e , o f  f i e l d  l e v e l s  o f  i n t e r e s t .  

. The above no ted  d e s i r e  t o  e s t a b l i s h  a  p a r t i c u l a r  i o n  c u r r e n t  d e n s i t y  

l e v e l  f o r  a  g iven  e l e c t r i c  f i e l d  1  eve1 necess i t a tes  t h a t  t h e  s i m u l a t o r  des ign 

p rov ide  t h e  sapab i l  i t y  . f o r  se t t . i ng  t . h ~  i nn  c ~ ~ r r e n t  d e n s i t y  t o  t h e  d e s i r e d  

va lue.  I f  a  cons tan t  i o n  source i s  s i t u a t e d  above a  f i e l d - p r o d u c i n g  p l a t e  

t h a t  has p e r f o r a t i o n s ,  i o n s  w i l l  be drawn i n t o  t h e  exposure r e g i o n  between 

t h e  p l a t e s  when a  p o t e n t i a l  i s  a p p l i e d  between t h e  p l a t e s .  Over a  wide range 

o f  f i e l d  l e v e l s ,  t h e  i o n  c u r r e n t  d e n s i t y .  l e v e l  i n  t h e  exposure r e g i o n  w i l l  be 

u n i q u e l y  determined by t h e  f i e l d  l e v e l .  However, t h e  r e l a t i o n  between i o n  

c u r r e n t  dens5ty  and e l e c t r i c  f i e l d  w i l l  n o t  f o l l o w  t h e  des i r ed  cons tan t  r a t i o  

no ted  above. Thus, an added means f o r  c o n t r o l l i n g  t h e  i o n  c u r r e n t  d e n s i t y  i s  

r e q u i  red.  

The use o f  a  corona source f o r  genera t ion  o f  t h e  r e q u i r e d  i o n s  i s  a t t r a c -  

t i v e  f rom two s tandpo in t s :  ( 1 )  by use o f  a g r i d  o f  w i r e s  i n  corona, a  r e l a t i v e -  

l y  u n i f o r m  source o f  i o n s  can be produced ove r  a ' l a r g e  area;. and ( 2 )  t h e  i o n  

p roduc t i on  mechanism i s  t h e  same as f o r  t h e  HVDC environment be ing  s imu la ted .  

However, ca re  must be exe rc i sed  i n  t h e  s i m u l a t o r  des ign t o  con t ro l '  t h e  ozone 

l e v e l s  generated by t h e  corona source t o  w i t h i n  accep tab le  l i m i t s .  One f a c t o r  

i n f l u e n c i n g  t h e  ozone generated by t h e  corona source i s  t h e  corona c u r r e n t ,  

I . .  Thus, c o n t r o l  o f  t h e  i o n  c u r r e n t  l e v e l  i n  t h e  exposure chamber by c o n t r o l l i n g  

I t h e  d r i v e  t o  t h e  corona source does n o t  appear adv i sab le ,  s i n c e  t h i s .  would 

~ make t h e  ozone generated a  v a r i a b l e  w i t h  exposure l e v e l .  
/ 

The s i m u l a t o r  t h a t  has been designed operates w i t h  a  f i x e d  d r i v e  t o  

t h e  corona source, which r e s u l t s  i n  accep tab le  l e v e l s  o f  ozone i n  t h e  expos- 

u r e  area. The c o n t r o l  o f  t h e  l e v e l  o f  a i r  i o n  c u r r e n t  i n  t h e  exposure chamber 



Figure 2-6 CONSTANT AIR RESISTIVITY RELATIONSHIP COMPARED 
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i s  e f f e c t e d  by a  g r i d  arrangeinent which permi ts  t h e  ad justment  o f  t h e  i o n  

c u r r e n t  t o  any l e v e l  w i t h i n  t h e  des i r ed  range. 

s i g n i f i c a n t  ca re  must be exe rc i sed  i n  t h e  des ign o f  t h e  corona source t o  

s imul taneousl  y meet t h e  demands o f  (1) accep tab le  ozone 1  eve l  s  , and ( 2 )  u n i f o r m  

i o n  genera t ion  and i n t r o d u c t i o n  i n t o  t h e  exposure area t o  i n s u r e  a  r e l a t i v e l y  

! cons tan t  i o n  c u r r e n t  d e n s i t y  a t  a l l  l o c a t i o n s  w i t h i n  t h e  exposure chamber. 

2.2.3 Animal Care and Housing , 

The s i m u l a t o r  des ign must p rov ide  f o r  t h e  hous ing o f  roden ts  f rom t h e  

s tandpo in t  o f  accep tab le  animal ca re  f u n c t i o n s .  S imul taneously ,  t h e  des ign .. 

6 
must i n s u r e  t h a t  t h e  animal ca re  func t ions  do n o t  d i s t o r t  t h e  d e s i r e d  e l e c -  

- t r i c a l  environment and t h a t  t h e  animal i s  n o t  sub jec ted  t o  undes i red  c o l l a t e r a l  

environments o r  cues which may be d i f f e r e n t  than exper ienced by c o n t r o l  sub- 

j e c t s .  Thus, i n  a d d i t i o n  t o  p r o v i d i n g  an imal .  hous ing t h a t  meets t h e  r e q u i r e -  

ments f o r  s tandard l a b o r a t o r y  animal ca re ,  i t  must be ensured t h a t  t h e  
I e l e c t r i c a l  environment under s tudy  i s  n o t  d i s t o r t e d  by t h e  means used t o  

p rov ide  these  animal ca re  f u n c t i o n s .  
I 

Adequate p r o v i s i o n s  f o r  animal ca re .and  maintenance t h a t  r e q u i r e  c o n s i d -  

e r a t i o n  i n  s i m u l a t o r  des ign i n c l u d e :  

e adequate f l o o r  space f o r  each animal (40 square inches recommended 
f o r  i n d i v i d u a l  r a t s )  

0 f r e e  access t o  food and wate r  

0 adequate v e n t i l a t i o n  t o  p reven t  exposure t o  waste e f f l u e n t s  

0 r&dy access t o  an imals  by maintenance personnel 

e adhquate l i g h t  d u r i n g  l i g h t  c y c l e  

e thermal and hum id i t y  1  eve l  s  w i t h i n  recommended guide1 i n e s  
(Th i s  f a c t o r  i s  general  l y  a  requi rement  on t h e  l a b o r a t o r y  
space r a t h e r  than on t h e  i n d i v i d u a l  cag ing  u n i t s . )  

I v i ew ing  o f  an imals  by maintenance and t e s t i n g  personnel . 
P r o v i d i n g  f o r  t h e  above f u n c t i o n s  i n  t h e  s i m u l a t o r  des ign must be 

accompl i shed  w i t h o u t  u p s e t t i n g  t h e  environment t h a t  i s  t o  be s imu la ted .  

Thus, f o r  example, f eed ing  and wa te r i ng  p r o v i s i o n s  should n o t  d i s t o r t  t h e  

f i e l d  and i o n  environment.  The v i ew ing  and 1  i g h t i n g  requi rement  i n d i c a t e  

t h e  use o f  t r a n s l u c e n t  o r  open-type s t r u c t u r e s .  Many t r anspa ren t  m a t e r i a l s  

a r e  unacceptable s i nce  t hey  w i l l  t r a p  charge, thus  d i s t o r t i n g  t h e  i o n  

environment . 



2.2.4 Secondary Environments 

The o v e r a l l  s i m u l a t o r  des ign,  i n c l u d i n g  t h e  p r o v i s i o n  f o r  normal animal 

ca re  f u n c t i o n s ,  must ensure t h a t  t h e  o n l y  d i f f e r e n c e  between t e s t  and c o n t r o l  

u n i t s  i s  t h e  environment under s tudy.  The r e s u l t s  o f  many b i o l o g i c a l  e x p e r i -  

ments have been ques t ioned  because o f  undes i red  secondary environments which 

were. n o t  adequate ly  cons idered  o r  c o n t r o l l e d .  The l a c k  o f  c o n t r o l '  o f  such 

env i ronments may impose unintended s t resses  on t h e  exposed animals,  thus  

making i t  d i f f i c u l t  t o  a t t r i b u t e  any no ted  b i o l o g i c a l  response s o l e l y  t o  t h e  

exposure environment under s tudy.  

Secondary environmen.ta1 f ac to r s  which have a d i r e c t  i n f l u e n c e  on t he  

des ign and ope ra t i on  o f  an HVDC s i m u l a t o r  i n c l u d e :  

a .Ozone - which may be produced by t h e  i o n  genera to r .  'I'tie f6n  
gene ra t i ng  corona source  must be designed t o  r e s u l t  i n  accepta- 
b l  e 1 eve1 s o f  ozone i n  t h e  exposure chamber. Acceptabi  1 i ty  
appears t o  be a f r a c t i o n  o f  t h e  EPA l i m i t  o f  80 ppb. 

a Shock - which may nccur due t o  improper  des ign o f  t h e  animal 
f eed ing  and w a t e r i n g  systems. E l i m i n a t i o n  o f  t h i s  f a c t o r  'can 
be achieved by m a i n t a i n i n g  t h e  an imal ,  as w e l l  as t h e  f eed ing  
and wa te r i ng  systems a t  ground p o t e n t i a l  . Shock o r  sub-percep- 
t i o n  animal c u r r e n t  f l ow,  which i s  s i g n ' i f i c a n t l y  l a r g e r  than 
t h a t  induced by t h e  environment under s tudy,  due t o  animal 
c o n t a c t  w i t h  t h e  cag ing  m a t e r i a l  must be prevented.  Th i s  
requi rement  has a s i g n i f i c a n t  r o l e  i n  t h e  s e l e c t i o n  o f  m a t e r i a l s  
t o  be used i n  t h e  f a b r i c a t i o n  o f  t h e  animal hous ing s t r u c t u r e .  

e Noise - which may accompany t h e  des i r ed  t e s t  environment should 
be minimal and must n o t  p rov ide  cues t o  t h e  an imal .  $ 

a P a r t i c u l a t e s  - may a c q u i r e  a charge due t o  t he  i o n  environment 
i n  t h e  exposure chambers. Such p a r t i c u l a t e s  may n o t  be charged 
i n  t h e  sham exposed c o n t r o l s .  Since t h e  p a r t i c u l a t e s  may be 
unique t o  t h e  l o c a l e  where t h e  t e s t s  a r e  be ing  conducted, t h e y  
do n o t  r ep resen t  a f a c t o r  under s ludy  dnd should be d e l e t e d  from 
t h e  t e s t  environment.  The simirl  a t o r  design, t h e r e f o r e ,  should 
p rov ide  f o r  t h e  l o w  f l o w  u n i f o r m  v e l o c i t y  f i l t e r e d  a i r .  The 
f l o w  o f  t h i s  a i r  must n o t  d i s t o r t  t h e  u n i f o r m i t y  o f  t h e  i o n  
c u r r e n t  f l ow.  

2.3 S imu la to r  Design, Ra t i ona le  and F a b r i c a t i o n  

2.3.1 Overview 

Th i s  s e c t i o n  p resen ts  a d e s c r i p t i o n  o f  a p r o t o t y p e  HVDC b i o e f f e c t s  simu- 

l a t o r ,  which was developed by I I T R I  under Department o f  Energy Con t rac t  ET78- 

C-01-3026. It i s  f e l t  t h a t  t h e  s i m u l a t o r  t o  be descr ibed  i n  t h e  f o l l o w i n g  

paragraphs meets t h e  requi rements o f  'the Phase I design e f f o r t ,  and w i l l  be 



s a t i s f a c t o r y  f o r  use i n  t h e  phase I 1  t e s t i n g  program. The development o f  t h e  

des ign and r e s u l t i n g  p ro to t ype  at tempted t o  i n c o r p o r a t e  t h e  wide range o f  

cons ide ra t i ons  i d e n t i f i e d  i n  t h e  p rev ious  sec t i on ,  which a r e  impo r tan t  f o r  

use o f  t h e  s i m u l a t o r  i n  animal s t ud ies .  

The f o l l o w i n g  paragraphs p rov ide  a  d e s c r i p t i o n  o f  t h e  s i m u l a t o r ,  a l ong  

w i t h  c l a r i f y i n g  photographs, as w e l l  as t h e  r a t i o n a l e  fo.r  t h e  des ign,  where 

app rop r i a te .  A  d e s c r i p t i o n  o f  t h e  impo r tan t  o p e r a t i n g  c h a r a c t e r i s t i c s  and 

performance i s  presented i n  t h e  n e x t  sec t i on .  Drawings o f  t h e  s imu la to r ,  i n  

s u f f i c i e n t  d e t a i l  t o  a l l o w  f a b r i c a t i o n  o f  d u p l i c a t e  u n i t s ,  a r e  p rov ided  i n  

Appendix A. Appendix B  p resen ts  a  comprehensive overv iew o f  t h e  program work 

e f f o r t s  s i n c e  t h e  issuance o f  t h e  Four th  Q u a r t e r l y  Report .  Du r i ng  t h i s  per iod ,  

t h r e e  separate p ro to t ype  u n i t s  were t es ted .  The appendix d e t a i l s  t h e  des ign 

m o d i f i c a t i o n s  and t e s t i n g  which r e s u l t e d  i n  t h e  f i n a l  p r o t o t y p e  s i m u l a t o r .  

The bas i c  s i m u l a t o r  module w i l l  house up t o  e i g h t  separated r a t - s i z e d  

an imals .  As many o f  t h e  bas i c  s i m u l a t o r  modules as i e c e s s a r ~  t o  house t h e  

t o t a l  d e s i r e d  number o f  an imals  can be f a b r i c a t e d .  

The s i m u l a t o r  module i s  comprised o f  severa l  f u n c t i o n a l  sec t i ons  which 

a r e  s tacked one on top' o f  t h e  o t h e r .  F i gu re  2-7 presents  a  ske tch  which 

i l l u s t r a t e s  and i d e n t i f i e s  t h e  var ious  ma jo r  components o f  a  s imu la to r . '  

F igure  2-8 i s  a photograph o f  t h e  p r o t o t y p e  s i m u l a t o r .  

The ske tch  o f  F igure  2-7 i s  t h e  b e s t  s t a r t i n g  p o i n t  t o  p rov ide  a  general  

d e s c r i p t i o n  o f  t h e  s i m u l a t o r  and i t s  va r i ous  f u n c t i o n a l  components. The f i v e  

f u n c t i o n a l  components a r e  i d e n t i f i e d  f rom t o p  t o  bottom as:  

a Plenum - where f i l t e r e d ,  as we1 1  as temperature and h u m i d i t y  
c o n t r o l  1  ed a i r  can be i n t r oduced  i n t o  t h e  s . imulator .  

a Corona Sec t ion  - where e i t h e r  p o s i t i v e  o r  nega t i ve  i ons  a r e  
produced by corona on a  s e r i e s  o f  v e r y  f i n e  para1 l e l  w i r e s .  

m G r i d  Sec t ion  - which c o n t r o l s  t h e  amount o f  i o n s  which pass 
i n t o  t h e  cag ing  area b e l o w ' i t .  

Caging Area - where t h e  des i r ed  e lec t romagnet i c  t e s t  env i ron-  
ment i s  es tab l i shed ,  and where t h e  an imals  a r e  i n d i v i d u a l l y  
housed. 

a Base Sec t ion  - which p rov ides  a  suppor t  f o r  t h e  remainder o f  
t h e  s imu la to r ;  serves as a  ground p lane  th rough which t h e  
s i m u l a t o r  a i r  e x i t s  ; and i n c o r p o r a t e s  t h e  feeding,  wa te r i ng  
and waste c o l l e c t i o n  p r o v i s i o n s .  
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Figure  2-7 SKETCH OF PROTOTYPE SIMULATOR 



Fi gure 2-8 FINAL PROTOTYPE SIMULATOR 



The cross-sectional dimensions of the simulator a re  based on providing 
an adequate f loor  space area for  each animal. The w i d t h  dimension of the 
simulator accommodates two animal compartments. The w i d t h  of two animal 
compartments was chosen t o  provide ready access to  the animals by maintenance 
personnel via a door on each s ide,  near the top of the animal caging section. 
The length dimension of the simulator accommodates four animal compartments, 
T h i s  dimension is  not c r i t i c a l .  Additional compartments could have been 
added by simply extending the structure.  However, the four-compartment 
length was chosen for ease i n  handling, moving, and the ready avai labi l i ty  
of materials of this s ize.  

I t  will be noted from the sketch of Figure 2-7 tha t  the cross-sectional 
dimension of the top four sections of the simulator are  the same. That i s ,  
the f i e l d  and ion producing sections are  the same cross-sectional dimensions 
a s  the caging section. T h i s  design provides a compact u n i t  and simplifies 
the control of a i r  flow uniformity through the structure.  

The use of field-producing plates which are  the same size as the exposure 
area i s  a departure from convention i n  electromagnetic bioeffects simulator 
design. Such a compact arrangement is  not normally possible due t o  f i e ld  nan- 
uniformity near the edges of the field-producing plates.  However, i n  this 

design, the conductive properties of the animal caging structure provides a 
natural f i e ld  grading, which forces the f ie lds  to  be uniform out t o  the edge 
of the field-producing plates. 

While the attainment of quite uniform f ie lds  out to  the periphery of the 
s t ructure i s  a natural consequence of employing conductive wall s (when these 
walls make electr ical  contact with both the f i e ld  and ground. p la tes) ,  the 
attainment of uniform ion current density a t  the outer edges of the structure 
necessitated a s ignif icant  empirical design e f fo r t  for  the corona chamber. 
The corona i s  produced on a horizontal ser ies  of wires, which are  parallel 
planar t o  the corona g r i d .  Establishing uniform ion f l u x  near the feed-end 
wall s involved different  considerations than along the side wall s ,  which are  
para1 l e l  t o  the wires. 

The basic operation of the simulator for  producing and controlling the 
desired ion and fie1 d environment i n  the animal exposure or  caging area of 
the u n i t  can be best explained w i t h  the help of the sketch presented i n  

Figure 2-9. This figure depicts the three grids of the simulator (the ground 



Figure 2-9 SKETCH OF ION AND FIELD GENERATION 
AND CONTROL ARRANGEMENT 



grid,  the control grid and the corona grid) and the corona wires. These 
elements a re  necessary for  the basic generation and level control of the 
f i e l d  and ion environment. 

A ser ies  of parallel  wires which a re  i n  corona provide the basic source 
of ions f o r  the exposure environment. The current,  Ic ,  which flows through 
the wires i s  corona current which produces ions. The majority of these ions 
a re  collected by the corona grid. The amount of corona current tha t  flows i s  
determined by the corona wire voltage, V c ,  which appears between the corona 
wires and the corona grid. The nominal e l ec t r i c  f ie ld  for  the exposure envir- 
onment is  produced i n  the caging region by the potential ,  , between the 

V~ 
control g r i d  and the ground g r i d .  

The voltage, V , which appears between the corona grid and the control 
4 

g r i d  determines the number of ions tha t  will be injected into caging region 
from the ion source. The caging region l i e s  between the control grid and the 
ground g r i d .  The voltage polar i t ies  shown i n  Figure 2-9 resu l t  in the gener- 
a t ion of positive ions. The reversal of a l l  voltage polar i t ies  would resu l t  
i n  negative ions being produced. 

The ions will be inhibited from passing through the g r i d  region and into 
the caging region i f  the polar i ty  of V i s  reversed from tha t  shown. Such an 

g 
arrangement can be used i f  i t  i s  desired to  operate w i t h  the corona source' 
act ive,  b u t  w i t h  no ions i n  the exposure area. Since a small b u t  measurable 
level of audi bl e noise i s  produced by the corona wires, the use of a reverse 
bias on the control grid enables the sham exposed control animals (no f i e ld  

o r  ions in the caging region) t o  experience the same acoustic environment as 
the exposed t e s t  animal s .  T h i  s procedure should avoid any possi bl e d i  fferences 
i n  control / tes t  responses which might be caused by t h i s  factor .  

The voltage supply arrangement shown i n  Figure 2-9 has been used for  the 
major portion of the simulator development e f fo r t .  Two h i g h  voltage power 
supplies a re  used to  produce the voltages V, and V . The grid bias voltage, 

P 
, i s  derived from a battery and potentiometer, since for  the grid spacing 

used, most grid bias conditions of in t e re s t  could be achieved with a few 
hundred volts.  This arrangement of voltage sources provided a convenience 
during the developmental e f f o r t ,  since the f i e l d  and ion levels could be 
readily adjusted. I t  should be noted tha t  the indicated voltage connection 
i s  only one of several possible approaches to establ ishing the desired voltages 
on the simulator. 



2.3.2 Functional Description of Simulator Components 
- 

The foregoing has presented a brief overview of the basic functioning of 
the simulator. The prototype simulator has been fabricated as several d is t inc t  
components which, when assembled together, provide the desired environmental 
simul at1 on capabi 15 ty. The functional components of the simulator were i denti - 
f ied i n  Figure 2-7. The following paragraphs present a fur ther  description of 
each component of the simulator i n  order to  c l a r i fy  the overall design. 

2.3.2.1 Air Plenum 

As previously noted, i t  i s  desired t o  have a i r  flow through the simulator. 
The principal reasons for  a i r  flow are:  

a t o  minimize the aerosol content of the a i r  which will be ionized 
a to  ensure tha t  effluents from animal waste do not enter the 

animal housing area 
a to  prevent the b u i l d u p  of ozone. 

1.n addition t o  the above factors which can be effected i f  the simulator is  
designed to accommodate a i r  flow, the a i r  flow through the simulator can be 
thermally and humidity conditioned t o  minimize the influence of these varia- 
bles on the experiment. 

The plenum af the simulator i s  simply a t ransi t ion for the i n p u t  a i r  
stream from the geometry of the a i r  duct t o  the geometry of the simulator, 
The plenum configuration i s  not highly c r i t i c a l ,  and two different  plenums 
have been used i n  the simulator development. Both plenums have been made of 
plast ic .  The first plenum, which was i l lus t ra ted  i n  the t h i r d  and fourth 
quarterly reports was pyramidal i n  shape and assembled from machined Plexiglas 
pieces. The fabrication expense of such units was quite hf gh. Therefore, to  
minimize the cost associated w i t h  the fabrication of a large number of simu- 
l a to r s ,  a modified p las t ic  sky1 i g h t  was used as  the plenum for  the flnal 
prototype simul a tor .  

I t  is necessary tha t  the a i r  flow past the corona wires and in to  the 
exposure chamber be relat ively uniform throughout the cross section of the 
simulator. Thus,  diffusers a re  employed t o  help i n  establ 1 shing velocity 
uniformity. A concentric , r i n g  diffuser  i s  mounted jus t  below the a i r  i n l e t ,  
as i s  shown i n  the plenum photographs of Figure 2-10. Additional a i r  diffu- 
sion is  provided by a sheet of perforated metal, which i s  physically located 



(b )  Plenum Air Diffuser 

FSgure 2-10 Prototype Air Plenum 



i n  the top of the corona section of the simulator, jus t  below the plenum, 
This a i r  diffusion g r i d  has 0.033-inch diameter holes and is 21% open. The 
perforated metal a i r  diffusion g r i d  provides a res t r ic t ion  t o  the a i r  flow, due 
t o  the small percentage of openness, t h u s  causing a velocity equalization over 
the simulator cross section. The a i r  diffusion g r i d  i s  supported by, and lays 
on top of ,  a one-half inch thick p las t ic  g r i d  which serves t o  provide some 
straightening of the a i r  flow. Figure 2-11 shows a photograph of the a i r -  
diffusing and straightening grids on top of the corona chamber. For this 
photograph, the diffusion g r i d  has been moved somewhat to  show the supporting 
straightening g r i  d below i t .  

The a i r  flow through the simulator resul t s  i n  lowered ozone levels i n  the 
exposure chamber. Without an a i r  flow, the ozone level tends to  b u i l d  up .  How- 
ever, w i t h  a i r  flow, the ozor~t! s tab i l izes  a t  an acceptably low level.  The a i r  
flow ra te  which has been used w i t h  the prototype simulator i s  quite low (35 cfm 
or  l e s s )  and does not appear to  direct ly influence the ozone levels for  rates  
between 15 and 35 cfm. A t  35 cfm of a i r  to  the chamber, the measured a i r  
velocity w i t h i  n the chamber i s  w i t h i n  the range of 5-7 f ee t  per minute. T h i s  

a i r  velocity is  quite small compared t o  the ion velocity, which i s  i n  the range 
of 6 m/s (Q 20 f t / s )  for  a 30 kV/m f i e ld  i n  the exposure section. However, i t  

has been noted tha t  the a i r  flow has the ef fec t  of increasing the current 
density a t  the simulator ground plane by a few percent. 

2.3.2.2 . Corona Chamber 

The corona chamber is  where the ions are  produced. The ion source is a 
ser ies  of parallel wires which are  placed into corona by a voltage between the 
wires and the corona g r i d ,  which forms the top of the g r i d  section. The proto- 
type corona section was emiirically designed, w i t h  a large number of variations 
being investigated. .However, a f t e r  i n i t i a l  investigation of need1 e-type corona 
ion sources, the wire sources were selected and subsequently exclusively 
empl oyed . 

Major considerations which influenced the corona chamber design included: 

the wall material ; 
0 the number of wires; 

the spacing between wires; 
the height of the wires above the corona g r i d ;  

the wire diameter; . 



Figure 2-11 AIR DIFFUSING AND STRAIGHTENING GRIDS 
AT TOP OF CORONA SECTION 



a the method of feeding and terminating the wire ends. 

These factors have an influence on 

a the uniformity of ion generation along the wire length; 
a the ion density between wires re la t ive  t o  below a wire; 
a the ion uniformity near the side and end walls; % 

) 

a the ozone 1 evel s . 
The wire diameter i s  a major factor  i n  deteminjng both the uniformity of 

ion generation along the length of the wire and the ozone generation, for a 
given wire corona current. For a given wire s ize  and wire configuration, the 
ion current becomes more uniform as the corona current to  the wires i s  i n -  

creased. However, as the corona current is increased t o  ef fec t  a more uniform 
i on current density, the ozone 1 evel increases. Decreasing the spacing between 
wires, a t  a given height above the corona plate ,  produces more uniform current 
density i n  the central region for  a given current per wire, b u t  increases the 
ozone and may not improve the side wall performance. Decreasing the wire 
diameter improves both the ion density uniformity along the wire length and 
the ozone levels ,  for  a given current per wire. 

The corona wire configuration employed for  the final prototype sfmulatbr 
appears to  be a reasonable compromise between the above factors.  Tests have 
shown quite uniform ion current densities i n  the exposure chamber, both i n  the 
central region and near the side and end walls. The ozone i n  the exposure 
chamber (animal caging section) i s  be1 ow detectabil i t y  for  the final prototype 
simulator. 

The walls of the prototype corona chamber are  aluminum. The u'se of con- 
ducting corona chamber wall s prevents ion charging of the wall s ,  which appeared 
as a potential problem when Plexiglas walls were used for  an e a r l i e r  simulator. 

The corona wires a re  1-mil diameter s tee l  wires. There are seven wires 
which are  equally spaced across the w i d t h  of the chamber (approximately 2.5- 
inch spacing). The wires a re  a t  a height of 2.5 inches above the corona grid. 
The sketch of Figure 2-12 i l l u s t r a t e s  the manner i n  which the wires a re  
terminated a t  the end wall of the corona chamber. 

In order for the ion current density t o  be maintained near the end wall, 
i t  is  necessary for the corona wires to  extend nearly t o  the end walls, a s  i s  
accomplished by the design shown i n  Figure 2-12. The arrangement shown allows 



the wires to  be fed without producing f ie lds  tha t  upset the current density 
dis tr ibut ion near the wall. As shown, the wires a re  fed through grommets 
which are glued to  a sheet of Plexiglas tha t  is  attached to  the end wall of 
the chamber. The wires a re  kept in tension by the springs shown, which are  
attached t o  a metal feeder s t r i p .  The h i g h  voltage i s  applied to the feeder 
s t r i p .  The vertical r u n  of the wires does not corona, a f t e r  an i n i t i a l  brief 
period following turn-on , since the plast ic  becomes charged and inhibi ts  
fur ther  corona of these wire sections. 

Figure 2-13 i s  a photograph of the corona section showing the end arrange- 
ment and feed. The h i g h  voltage i s  applied via an RG-8/u coaxial cable w i t h  

the outer conductor stripped away. The cable is  fed through the chamber side 
wall and i s  attached t o  the feeder s t r i p  by a mounting block and s e t  screw. The 
corona wires cannot be seen i n  the photograph due to  the i r  small diameter. 

2.3.2.3 Grid Section 

The grid section of the simulator i s  mechanically quite simple, yet  
functionally very important. The g r i d  section i s  shown i n  the photograph of 
Figure 2-14. The grids have been of fse t  to  show the silver-coated edges of 

the g r i d  spacer. The section i s  comprised of two sheets of 51% open perforated 
s t ee l .  The perforated material is 0.06-inch thick w i t h  3116-inch holes, spaced 
on 1/4-inch centers.  These two sheets are  separated by a two-inch high frame 
of phenolic. A previous prototype grid section used 1/4-inch hardware cloth 

as the grids (see Figure 29 of third Quarterly Report) ; however, internal 
spacers were required i n  the grid section t o  maintain flatness of the hardware 
cloth. Early experiments w i t h  a design model simulator indicated tha t  only 
s l igh t  differences i n  ion current 'resulted from the use of different  grids - the 
principal difference being i n  the percentage open area'  (see p 33, Thi rd  Quarterly 
Report). While the f i r s t  prototype grid (using hardware cloth) performed we1 1 , 
i t  was much more complex t o  fabricate.  Therefore, the grid section was simp1 i -  

f ied i n  l a t e r  prototypes by using the perforated s teel  sheets as the grid 
material. These grids a re  suff icient ly r igid t o  require no internal supports 
to  maintain flatness.  

The use of a phenolic frame as a g r i d  spacer i s  l ike ly  to be somewhat 
arbi t rary.  The f i r s t  prototype used phenolic material , and since t h i s  per- 
formed i n  an acceptable manner, the-same material was used for l a t e r  prototypes. 

9 The r e s i s t i v i t y  of the phenolic i s  i n  the range of 10 ohm-cm, which i s  adequate 
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Figure 2-14 G R I D  SECTION 



t o  p reven t  f i e l d  f r i n g i n g  a t  t h e  p e r i p h e r y  o f  t h e  g r i d s .  The edges o f  t h e  g r i d  

spacer a r e  coated w i t h  s i l v e r  p a i n t  and ove r l ayed  w i t h  conduc t i ve  adhesive cop- 

p e r  tape, which p rov ides  a  good conduc t i ve  c o n t a c t  be tween ' the  g r i d  spacer and 

t h e  two g r i d s .  The g r i d  spac ing  has beewfound  t o  n o t  be a  c r i t i c a l  parameter.  

I n i t i a l  exper iments,  w i t h  d i f f e r e n t  g r i d  spacings showed somewhat improved i o n  

c u r r e n t  dens ' i ty  u n i f o r m i t y  w i t h  l a r g e r  g r i d  spacings, f o r  ve ry  low c u r r e n t  

d e n s i t i e s .  However, a  b r i e f  exper iment w i t h  a  l a t e r  p r o t o t y p e  u s i n g  a  s i x - i n c h  

g r i d  spac ing showed no s u b s t a n t i a l  improvement over  a  two- inch -spacing. The 

sam l l e r  spac ing r e q u i r e s  a  s m a l l e r  g r i d  b i a s  v o l t a g e  f o r  a  g iven  c u r r e n t  d e n s i t y  

and, t h e r e f o r e ,  appears t o  'be a  reasonable cho ice .  

2.3.2.4 Animal Caging Sec t ion  

The animal cag ing  sect i .on o f  t h e  s i m u l a t o r  i s  a  v e r y  c r u c i a l  component, 

which has r e q u i r e d  c a r e f u l  a t t e n t i o n . d u r i n g  the. Phase I design and development 

e f f o r t .  I n  a d d i t i o n  t o  p r o v i d i n g  s u i  tab1 e  hous ing f o r  the .  animals,  w i t h  obser- 

v a t i o n  and access by t h e  b i o l o g i c a l  s t a f f ,  t h e  cag ing  area must m a i n t a i n  f i e l d  

and i o n  c u r r e n t  u n i f o r m i t y ,  w h i l e  ensu r i ng  t h a t  t h e  an imals  do n o t  encounter 

shock o r  c u r r e n t  f l ows  t h a t  a r e  un ique t o  t h e  s i m u l a t o r  implementat ion.  

The bas ic  concept f o r  t h e  cag ing  area has been o u t l i n e d  i n  Sec t ion  2.2, 

where t h e  use o f  conduc t ing  w a l l s  which extend between t h e  c o n t r o l  g r i d  and 

l l ~ e  ground g r i d  was. d c s c r i  bed. 

Caging area w a l l s  which have a  f i n i t e  b u l k  r e s i s t i v i t y  w i l l  p e r m i t  c u r r e n t  

t o  f l o w  th rough t h e  w a l l s  i f  t h e  t o p  and bot tom o f  t h e  w a l l s  are. i n  e l e c t r i c a l  

c o n t a c t  w. i th t h e  c o n t r o l  and ground g r i d s .  I f  t h e  volume r e s i s t i v i t y  o f  t h e  

w a l l  m a t e r i a l  i s  un i fo rm,  t h e  p o t e n t i a l  g r a d i e n t  w i t h i n  t h e  w a l l  w i l l  be t h e  

same as t h e  nominal e l e c t r i c  ' f i e l  d  between t h e o r e t i c a l l y  i n f i n i t e  e x t e n t  para1 - 
l e l  p l a t e s .  Thus, t h e  use o f  conduc t ing  w a l l s  a t  t h e  edge o f  f i n i t e - d i m e n s i o n  

p a r a l l e l  p l a t e s  p rov ides  a  conven ien t  and simp1 e  means f o r  e l  im ina t i - ng  f r i n g i n g -  

f i e l  d  e f f e c t s  which a r e  no rma l l y  assoc ia ted  w i t h  f i n i t e - s i z e d  p l a t e s .  When t h e  

i o n  c u r r e n t  d e n s i t y  produced i n  t h e  s i m u l a t o r  i s  r e s t r i c t e d  t o  va lues  shown i n  

F igu re  2-5 o r  1  ess, f o r  a  d e s i r e d  f i e l  d  l e v e l  , t h e  f i e l d s  near  t h e  w a l l s  should 

n o t  d i f f e r  app rec iab l y  f rom t h e  f i e l d s  a t  l o c a t i o n s  remote f rom t h e  w a l l s .  

The above cons ide ra t i ons  suggest f i n i t e  c o n d u c t i v i t y  w a l l s ,  b u t  do n o t  

p rov ide  guidance as t o  an accep tab le  c o n d u c t i v i t y  range f o r  t h e  w a l l  m a t e r i a l .  

Two f a c t o r s  have been i d e n t i f i e d  and used as guidance i n  t h e  i n v e s t i g a t i o n  f o r  



s u i t a b l e  w a l l  m a t e r i a l s .  One f a c t o r  p rov i des  guidance on t h e  upper range o f  

r e s i s t i v i t y ,  w h i l e  t h e  o t h e r  p rov i des  guidance on t h e  l owe r  range o f  r e s i s -  

t i  v i . t y .  N e i t h e r  o f  these  f a c t o r s  p rov i des  f i r m  numbers f o r  accep tab i  1  i ty  , 
b u t  t h e y  have a l l owed  t h e  cho'ice o f  a  m a t e r i a l  t o  be made which appears t o  

be a  reasonabl  e  compromi se. 

The f a c t o r s  g u i d i n g  w a l l  m a t e r i a l  s e l e c t i o n  were: 

e I f  t h e  m a t e r i a l  has t o o  h i g h  r e s i s t i v i t y ,  any cha'rge which may 
be depos i t ed  o n t o  t h e  w a l l  s u r f a c e  w i l l  become t rapped,  t hus  
d i s t o r t i n g  t h e  f i e l d  and i o n  c u r r e n t  f l o w  i n  i t s  v i c i n i t y  u n t i l  
t h e  charge l eaks  o f f .  

a If. t h e  m a t e r i a l  has t o o  low r e s i s t i v i t y , ,  t h e  c u r r e n t  which may 
be drawn by  an animal when i n  c o n t a c t  w i t h  t h e  w a l l  may be ex- 
cess i ve .  The c u r r e n t  f l o w  t o  t h e  animal occurs  because. t h e  
an imal  i s  e s s e n t i a l l y  l o w  impedance p a t h  t o  ground, w h i l e  
t h e  w a l l  i s  a  c u r r e n t - c a r r y i n g  conduc to r  w i t h  t h e  upper sur - '  
f ace  a t  a  h i g h  p o t e n t i a l .  

As an example t o  i l l u s t r a t e  t h e  f i r s t  f a c t o r ,  i ,e., t h e  t r a p p i n g  and l e a k -  

o f f  o f  charge, t h e  r e s u l t s  o f  a  s imp le  comparat ive t e s t  w i l l  be descr ibed .  Sam- 

p l e s  o f  ,sheet  g l ass  (0.22-cm t h i c k ) ,  canvas - re i n fo r ced  p.henol ic (0..5-cm t h i c k )  

and P l e x i g l a s  (0.5-cm t h i c k )  were c u t  i n t o  square,  4 '  x  4 '  samples. Conduct ive 

adhes ive  copper  tape'  wa-s appl  i e d  t o  t h e  p e r i p h e r a l  edges o f  those samples. The 

samples were each p l aced  on smal l  0.5-cm t h i c k  s ty ro foam suppor ts  so t h a t  t h e y  

were p a r a l l e l  t o  a  ground p l ane  i n  which a  Monroe 225 f i e l d  meter  was mounted. 

The sample was d i r e c t l y  above t h e  f i e l d  meter  ape r t u re ,  a v e r t i c a l  e l e c t r i c  

f i e l d  and i o n  f l o w  was established so t h a t  t h e  sample (which was i n s u l a t e d  f rom 

ground. b y  t h e  s ty ro foam suppo r t s )  accumulated i o n s .  The f i e l d  sensed by  t h e  

f i e l d  meter  t hus  became v e r y  l a r g e  due t o  t h e  t r apped  charge and t h e  t e s t  Sam- 
I 

p l e .  A f t e r  t h e  t e s t  sample was charged, t h e  f i e l d  and i o n s  were shu t  o f f .  The 

p e r i p h e r a l  edge copper  s t r i p  on t h e  sample was then  grounded, a l l o w i n g  t h e  

charges t o '  f l o w  t o  t h e  edge o f  t h e  sample and t hus  t o  ground. As t h e  sample 

d ischarged,  t h e  e l e c t r i c  f i e 1  d  beneath t h e  sample decayed t o  zero.  The f i e l d  

decay t i m e  f o r  t h e  , d i f f e r e n t  sample m a t e r i a l s  i s  a  measure o f  ' t he  a b i l i t y  o f  

t h e  m a t e r i a l  t o  d r a i n  o f f  charge. For  t h e  t h r e e  m a t e r i a l s  t e s t e d  i n  t h i s  man- 

ner ,  t h e  t imes  f o r  t h e  f i e l d  t o  decay t o  l / e  o f  t h e  i n i t i a l  va lue  a r e  shown i n  < 

Tab le  2.2. 

The .spec i  f i c  d i s cha rge  t imes  shown a r e ,  dependent on geometry f a c t o r s  

a s s o c i a t e d  wi . th  t h e  exper iment .  However, t h e  sample decay t ime  r e l a t i v e  t o  



t h e  o t h e r  samples p rov ides  some guidance on t h e  m a t e r i a l  a c c e p t a b i l i t y .  It 
9 i s  obv ious t h a t  t h e  charge d r a i n - o f f  f rom t h e  pheno l i c ,  w i t h  pb 1. 10 ohm-cm, 

should be q u i t e  acceptable.  ' I t  i s  a l s o  apparent  t h a t  t h e  decay f o r  P l e x i g l a s  

w i t h  p b  > 1016 i s  t o o  s lo<  t o  be acceptable.  

Table 2-2 

CHARGE DECAY TIME FOR THREE MATERIAL SAMPLES 

M a t e r i a l  F i  e l  d  Decay Time 
0 

Canvas Re in fo rced  Phenol ic  t < 1 sec 

Glass t = 15 sec 

Pl e x i  g l  as t > 200 min 

E a r l y  i n  t h e  i n v e s t i g a t i o n ,  i t  became apparent  t h a t  most common cornmeus- 

c i a l l y  a v a i l a b l e  polymers and compounds were t oo  h i g h  i n  r e s i s t i v i t y  t o  be 

use fu l  f o r  t h e  a p p l i c a t i o n .  Th i s  p o i n t  was emphasized w i t h  t h e  f i r s t  p r o t o -  

t ype  s i m u l a t o r  which employed P l e x i g l a s  w a l l s  f o r  t h e  corona chamber. It was 

observed t h a t  t h e  i o n  c u r r e n t  d e n s i t y  i n  t h e  animal hous ing area c o u l d  be 

s i g n i f i c a n t l y  a f f e c t e d  i f  a  grounded o b j e c t  such as a  penson were t o  come 

near t h e  corona chamber. The c u r r e n t  d e n s i t y  cou ld  remain d i s t u r b e d  f o r  a  

cons ide rab le  p e r i o d  o f  t ime,  even though t h e  person l e f t  t h e  area. F i gu re  2-15 

shows t h e  r e s u l t s  o f  a  t e s t  t h a t  demonstrates t h i s  e f f ec t .  For t h i s  t e s t ,  t h e  

c u r r e n t  d e n s i t y  probe was p laced  on t h e  ground p lane  near  one o f  t h e  s i d e  w a l l s  

i n s i d e  t h e  animal exposure sec t i on .  For a  g iven  c o n d i t i o n  o f  corona w i r e  c u r -  
2  

r e n t ,  p l a t e  vo l tage ,  and g r i d  b i a s  vo l tage ,  a  c u r r e n t  d e n s i t y  o f  350 nA/m was 

obta ined.  A f t e r  t h i s ,  a  person h e l d  h i s  hand approx imate ly  f o u r  inches f rom 

t h e  t h e  s i d e  o f  t h e  corona chamber f o r  a  p e r i o d  o f  approx imate ly  t e n  seconds. 

I n i t i a l l y ,  t h e  measured i o n  c u r r e n t  d e n s i t y  increased;  however, when t h e  

person 's  hand was removed, t h e  i o n  d e n s i t y  went t o  near  zero.  F i gu re  2-15 

shows t h e  gradual i nc rease  i,n measured i o n  c u r r e n t  d e n s i t y  versus t ime  a f t e r  

t h e  person 's  hand was removed f rom near  t h e  s i d e  o f  t h e  corona chamber.' I t  

i s  seen t h a t  a  v e r y  l o n g  t ime  i s  necessary i n  o r d e r  f o r  t h e  e q u i l i b r i u m  i o n  

c o n d i t i o n s  t o  be re -es tab l i shed .  

It was deduced t h a t  t h e  presence o f  a  person 's  hand near  t h e  s i d e  o f  t h e  

corona chamber caused a  d i s tu rbance  o f  t h e  f i e l d  l i n e s  i n  t h e  corona chamber, 

w i t h  f i e l d  l i n e s  go ing  between t h e  nea res t  corona w i r e  and t h e  person 's  hand. 

The i o n s  were thus  a t t r a c t e d  i n  t h e  d i r e c t i o n  o f  t h e  person 's  hand and c o l l e c t e d  
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F i g u r e  2-15 DEPRESSION O f  I O N  CURRENT DENSITY NEAR WALL OF EXPOSURE 
CHAMBER - AFTER HAND HELD N E X T - T O  PLEX CORONA CHAMBER 



on the side wal'ls of the corona chamber.' These ions were trapped on the wall 

by the Plexiglas material'. When the person's hand was removed, the f i e ld  of 

the'trapped charges caused ions to  be repelled from the general region of the 

wall. Thus, the observed ef fec t  was a reduct.ion.in ion current densitjl near 

the wall. Due to  the high r e s i s t iv i ty  of the ~ l e x i ~ l a s  material, a consider- 

able time was necessary 'for these charges to  drain off  the wall, and for 

equil i bri u m  conditions to be re-establ ished. This t e s t  showed the desirabi l -  

i ty  of using conducting material wall s for  the corona chamber and re-emphasi zed 

the care that  must be exercised in, the use of plast ic  materials in the simulator. 

I As noted a.bove, many of the materials for  which bulk r e s i s t i v i t y  t e s t s  

, have been, performed evidenced r e s i s t iv i ty  values which would resu l t  in charge 

decay times which were considered to  be too long. A t  the other end of the 

range, materials were eliminated from consideration due to  the possibi l i ty  

of excessive current to  an animal contacting a wall. 

An approximate expression has been derived to  determine the short c i r cu i t  

current drawn by a wall contact of diameter d a t  a height of h 2  from the ground 

plane, when the total  wall height i s  hT and the top of the wall i s  a t  a voltage 

Vo.  The expression i s  

where 

I h2  = ' the height from the ground plane to the contact 

I hT = the total  height of the wall 

d = diameter .of  'the contact 

t = thickness of wall material 

p = r e s i s t i v i t y  of wall material 

Vo = voltage from top to  bottom of wall 

1 I sc = short c i r cu i t  current drawn from contact a t  
height h 2  to  ground. 



As an example o f  t h e  use o f  t h e  above express ion,  F i gu re  2-15 shows t h e  

s h o r t  c i r c u i t  c u r r e n t  ' a n t i c i p a t e d  f o r  an 0.5 cm di.ameter w a l l  c o n t a c t  as' a  

f u n c t i o n  o f  h e i g h t  f o r  a.50-cm h i g h  w a l l  a t  a  p o t e n t i a l  o f  50 kV -versus t h e  

w a l l  ! a t e r i a l  r e s i s t i v i t y .  For t h i s  example, a  w a l l  t h i ckness  o f  0.4 cm has 

been assumed. 

As a  re fe rence  f o r  comparison, t h e  50-kV w a l l  p o t e n t i a l  w i l l  be assoc- 
2  i a t e d  w i t h  a  100-kV/m nominal f i e l d  i n  t h e  cag ing  area. I f  a  900-nA/m i o n  

c u r r e n t  d e n s i t y  i s  assoc ia ted  w i t h  t h i s  f i e l d  (about  t h r e e  t imes t h e  f i e l d  and 

i o n  c u r r e n t  d e n s i t y  t y p i c a l l y  r e p o r t e d  under t e s t  and o p e r a t i n g  HVDC l i n e s )  
2  and i s  c o l l e c t e d  by  a  t e s t  animal o f  base area o f  0.013 m  w i t h  an enhancement 

f a c t o r  o f  3, t h e  animal w i l l  r e c e i v e  about  35 nA. For  t h e  assumed c o n t a c t  

area, such a  wa l l  c u r r e n t  would be drawn by an animal making c o n t a c t  t o  t h e  

w a l l  a t  a h e i g h t  o f  20 cm f o r  a  m a t e r i a l  r e s i s t i v i t y  somewhat l e s s  than  lol'ohm 

cm. Thus, i t  appears t h a t  i f  t h e  w a l l  c u r r e n t  which can be drawn by an animal 

i s  t o  n o t  exceed t h e  c u r r e n t  no rma l l y  c o l l e c t e d  by exposure t o  t h e  i o n  c u r r e n t  
13 f low,  t h e  m a t e r i a l  r e s i s t i v i t y  should be i n  t h e  range o f  1012-10 ohm cm. . 

P 

M a t e r i a l  r e s i s t i v i t y  t e s t i n g  showed t h a t  v e r y  few m a t e r i a l s  possessed 

r e s i s t i v i t i e s  i n  t h e  above range. When t h e  d e s i r e  f o r  t h e  m a t e r i a l  t o  be 

t r a n s p a r e n t  ( t o  pe rm i t  animal v i ew ing  and adequate 1  i g h t  l e v e l s  w i t h i n  t h e  

animal hous ing a rea)  was superimposed on t h e  m a t e r i a l  r e s i s t i v i t y  cons ide r -  

a t i o n s ,  o n l y  one t e s t e d  m a t e r i a l  appeared t o  be s u i t a b l e .  Commercial ly a v a i l -  

a b l e  soda s i l i c a t e  p l a t e  g lass  has a  b u l k  r e s i s i t i v i t y  o f  approx imate ly  10130hm 

cm, and appears t o  possess t h e  v a r i e t y  o f  o t h e r  p r o p e r t i e s  f e l t  t o  be des i rab- le  

f o r  use i n  f a b r i c a t i n g  t h e  animal cag ing  s e c t i o n  o f  t h e  s i m u l a t o r .  

The w a l l s  o f  t h e  f i r s t  p r o t o t y p e  s i m u l a t o r  were made o f  canvas r e i n f o r c e d  

pheno l i c  which was f e l t  t o  be t o o  l ow  i n  r e s i s t i v i t y ,  was t oo  hygroscopic ,  and 

was n o t  t r anspa ren t .  Thus, t h i s  m a t e r i a l  was u n s u i t a b l e  f o r  t h e  f i n a l  s i m u l a t o r  

des ign;  however, i t  was f e l t  t o  be s u i t a b l e  f o r  t he  purpose o f  p r e l i m i n a r y  

e l e c t r i c a l  i n v e s t i g a t i o n s  o f  t h e  bas i c  s i m u l a t o r  geometry; .and a t  t h a t  p o i n t  

i n  t ime,  g l ass  had n o t  been i d e n t i f i e d  as a  cand ida te  m a t e r i a l .  

A f t e r  i d e n t i f i c a t i o n  o f  g lass  as a  cand ida te  m a t e r i a l ,  t h e  f i r s t  p r o t o t y p e  

s i m u l a t o r  was m o d i f i e d  t o  i n c l u d e  one g lass  w a l l .  A  t e s t  was conducted t o  

determine t h e  c u r r e n t  drawn f rom a  known s i zed .  w a l l  con tac t ,  f o r  bo th  t h e  g lass  

w a l l  and one o f  t h e  pheno l i c  s i d e  w a l l  s  . A 3/4 - inch  by one-inch. p i e c e  o f  



conductive adhesive'copper foi l  tape was placed on both the glass wall and on 
a phenolic wa.11 a t  a height of .nine inches .above the ground plane. The volt-  

age gr.adient in the wall material for th i s  t e s t  was 30 kV/m.  

The current measured from the phenolic and glass contacts are  shown in 

Table 2-3. Shown also in the table are the measured values of bulk res i s t iv-  

i t y  for samples of the glass and phenolic made a t  the time of these t e s t s .  

When the geometry factors applicable for t h i s  t e s t  a re  substi tuted into the 

approximate expression given above as Equation 2-2 for  the short c i r cu i t  

current,, the expression for  the current reduces to  

Substituting the material thickness, the measured r e s i s t iv i ty .o f  Tab'le 2-3 and 

the voltage across the wall of 15 k V ,  gives the calculated values for current 

that  are  also l i s t ed  in Table 2-3 for the two wall materials. A reasonable 

. comparison between: measured. and'calcul ated values i s  seen. 

' Table 2-3 

C U R R E N T  FROM 314" x 1" WALL CONTACT 

Measured Current I 

t o  Ground From Calculated Wall 
Wall Material Wal.1 Contact Current Resi s t iv i  ty  

Phenol i c 9 MA 1.9 pA 
9 5 x 1O.R-cm 

Glass 0.8 MA 0.75 MA 13 10 $2-cm 

Top of wall a t  15 k V ,  contact. height of 9". 

The above,tests.  i l l u s t r a t e  that  the current which can be drawn from mater- 

i a l s  with r e s i s t i v i t y  in the range of the phenolic might be excessive; and t h a t .  

the current drawn from a glass wall appears ' t o  be acceptable, in 1 ight o'f the 

discussion which was presented in association with Figure 2-16. The wall con- 

t ac t  current question has been further assessed by t e s t s  with a r a t  contacting 

- e i ther  a phenolic or  glass wall . 



Figure 2-16 W O R T  C I R C U I T  CURRENT TO GROUND PREDICTED FOR 
0.5 CM D I A .  WALL CONTACT VS. CONTACT HEIGHT 
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For these t e s t s ,  a r a t  was placed i n  a prone or  upright position, e i ther  

contacting one of the walls or  i n  a region away from the walls. The anesthe- 

t ized r a t  was t i ed  t o  a metal support f ix ture  which was insulated from ground 
so tha t  the current collected by the r a t  could be measured w i t h  an electrometer. 
The modified f i r s t  prototype simulator was used for  these t e s t s .  Figure 2-17 
shows the r a t  i n  position for one of the t e s t s .  The simulator plate voltage 
was s e t  a t  15 kV, thus producing a nominal 30-kV/m e lec t r i c  f i e l d  fo r  these 
t e s t s .  An ion environment was also used for  some of the tes t ing;  i n  these 

2 cases, a current density of 400 nA/m was used. 

Table 2-4 summarizes the resul ts  of these t e s t s .  For the case shown, where 

the r a t  was i n  the upright position contacting the walls w i t h  only an e l ec t r i c  
f i e ld  but no ions, i t  is  seen tha t  the current drawn by the r a t  due to  the wall 
contact i s  very similar t o  that  shown i n  Table 2-3 for  a metallic spot contact 
to  the wall. With thearat i n  the upright position and ions also i n  the chamber, 
i t  i s  seen tha t  the current collected by the r a t  when i n  contact with the phenolic 
wall was the same as w i t h  no ions, thus indicating tfiat the current drawn from 
the phenolic wall completely controlled the current collected by the r a t .  How- 

ever, with the r a t  in the upright position and i n  contact w i t h  the glass wall, 

Table 2-4 

CURRENT COLLECTED BY RAT 

Position 1 - Touching Phenolic Wall 
I1  2 - In Space Between Walls - Not Touching Wall 
#I 3 - Touching Glass Wall 

I 

Rat Prone 
W i t h  Ions 

Rat Upright 
With  I.ons 

Rat Upright 
Without Ions 

Position - 

3 

14-15 nA 

23 nA 

1 nA 

1 

90 1.4 
3 IIA 

4 YA 

4 l-4 

2 

14-16 nA 

24 nA 



Figure 2-17 PHOTOGRAPH OF RAT I N  UPRIGHT POSITION 
FOR TEST OF CURRENT FROM WALL 



the current drawn by the r a t  was essent ial ly  the same as when the r a t  was i n  

the space between the walls and only collecting ion current. Also, for  the 
case where the r a t  was prone, the current drawn by the r a t  when in contact 
w i t h  the glass wall was essent ial ly  the same as when the r a t  was not i n  con- 
t a c t  w i t h  e i ther  wall. However, when the prone r a t  contacted the phenolic 
wall, considerably more current flowed through the r a t ,  the to ta l  current 
being dependent on how well the r a t  contacted the phenolic wall. 

The resu l t s  of the two above experiments indicate tha t  the basic bulk 

r e s i s t i v i t y  of the glass wall material appears to  be suf f ic ien t ly  high so 
tha t  the current drawn by a r a t  t e s t  subject will be dominated by the current 
collected by the r a t  from the ion current density environment, and not by cur- 
rent drawn due to  wall contact. Thus, from this standpoint, glass appeared t o  
be an acceptable material for use i n  fabricating the animal caging section of 
the simulator. 

Considering again the discharge character is t ics  i l l u s t r a t ed  previously by 
the data of Table 2-2, i t  i s  seen tha t  while the phenolic r e s i s t i v i t y  resu l t s  
i n  a considerably f a s t e r  discharge than glass,  the glass discharge time i s  
orders of magnitude bet ter  than for materials w i t h  r e s i s t i v i t i e s  i n  the range 
of Plexiglas. However, the animal current which can be drawn by an animal 
from phenolic range r e s i s t iv i ty  wall material appears excessive, while glass 
wall s appear t o  resul t i n  an acccptabl e range of animal current. T h u s ,  1t1e 

use of glass as a caging area wall material appears to  be a reasonable compro- 
mise when the h i g h  and low r e s i s t i v i t y  constraints ident i f ied above are  
consi dered. 

The foregoing discussion on the conduction properties of glass has cen- 
tered on the bulk properties of the material. For an application such as i s  

envisioned for  the simulator, the surface properties of the candidate wall 
material must also be considered. The surface conduction properties of the 

caging area wall material i s  important, since the surface conduction forms a 
shunt path w i t h  the bulk conduction of the material. Since the bulk proper- 

t i e s  of glass are  determined by the glass composition, which i s  quite closely 
controlled during manufacture, the bulk properties a re  anticipated to  vary 
negligibly over a sheet of dimensions necessary for  the fabrication of a 
caging area wall. Thus, i t  i s  desired to  insure tha t  the dominant conduction 

i s  through the b u l k ,  w i t h  a negligible or  small conduction contribution due to  
the material surface properties. A considerable amount of investigation has 



been performed in the study of the surface properties of glasses (Holland, 1964 

and Koranyi, 1963). I t  i s  well documented i n  the l i t e r a t u r e  tha t  the surface 

conductivity of  glasses is a strong function of re la t ive  humidity. Typically, 
the surface r e s i s t i v i t y  of glass shows a marked and rapid decrease i n  the range 

between 30-60 percent re1 a t ive  humi d i  ty. Figure 2-18, which was extracted from 
Holland (1964), i l l u s t r a t e s  this behavior for  plate glass samples obtained by 
two d i f fe rent  investigators.  I t  i s  generally agreed tha t  moisture which i s  
adsorbed on the glass surface combines w i t h  the a lka l i  in the glass to  form 

\ 
a conducting e l ec t ro l i t e .  To circumvent these surface conductivity problems 
w i t h  glass,  the surface i s  often treated w i t h  e i the r  wax o r  s i l icone compounds. 
The objective of e i the r  treatment i s  t o  prevent the moisture adsorption a t  the 
surface of the glass. 

We prepared glass samples and coated them w i t h  various hygrophobic 
compounds fo r  the purpose of increasing the surface r e s i s t i v i t y  of the glass. 
Compounds tested included organoti tanate,  chlorobenzotri f l  uoride , and dimethyl - 
siloxane, as  well as  a commercially available hygroscopic agent. O f  these, the 
dimethylsiloxane resulted i n  the largest  surface r e s i s t iv i ty ,  giving a surface 
r e s i s t i v i t y  of approximately 2 x 1014 ohms per square for  both normal laboratory 
conditions, a f t e r  exposure t o  a control 1 ed 75 percent re la t ive  humidity, and 

a f t e r  immersion in water. Also of s ignif icant  importance i s  t ha t  a s i l icone 
treatment protects the glass surface from the degrading influence of common 
contaminants. For example, the surface r e s i s t i v i t y  of a clean glass sample 
decreases by several orders of magnitude a f t e r  the glass has been fingerprinted. 
However, f ingerprinting of a glass sample which had been treated with dimethyl- 
siloxane had no apparent e f fec t  on the measured surface r e s i s t iv i ty .  

Three different  glass prototype animal caging sections for  the simulator 
have been fabricated and tested. In i t i a l  t e s t s  w i t h  the f i rs t  glass prototype 
provided an indication tha t  i t  i s  necessary to  control the surface conduction 
properties. The f inal  prototype has been coated w i  t h  dimethyl s i l  oxane, and 
the t e s t  resu l t s  presented i n  the next section are  fo r  the coated condition. 

Investigations have shown tha t  the b u l k  resistance properties of avail - 
able sodium s i l i c a t e  glass sheets i s  in an acceptable range re la t ive  t o  dis- 
charging trapped ions i n  a reasonable time, and preventing excessive current 
to  be drawn by animals tha t  will contact the wall s. The surface conduction 
properties of t h ~  glass walls must be control led to  prevent wall gradient non- 
uniformities. The use of a s i l  icone-derived compound such as dimethyl siloxane 
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Figure 2-18 SURFACE RESISTIVITY OF PLATE GLASS 
AS A FUNCTION OF RELATIVE HUMIDITY 



as a wal l  coat ing appears t o  s t a b i l i z e  the glass surface conduction propert ies 

and resu l t s  i n  a conduct iv i ty  t h a t  is -  s u f f i c i e n t l y  low t o  provide acceptable 

s imulator performance. 

Figure 2-19 i s  a photograph o f  the  prototype glass animal caging sect ion 

o f  the simulator. Each animal compartment o f  the s imulator has an area o f  

8" x lo " ,  which i s  adequate f o r  the housing o f  an adu l t  r a t  t e s t  subject. I f  

the u n i t  were fabr icated wi thout  the center pa r t i t i ons ,  i.e., as four  8 " x  20" 

compartments, each compartment area would be su i  tab1 e f o r  a female w i t h  1 i t t e r .  

I t w i  11 be noted t h a t  the exposed edges o f  the glass a t  the top and bottom 

have been covered w i t h  metal channels. These channels are bonded t o  the glass 

w i t h  s i l v e r  epoxy t o  insure uniform e l e c t r i c a l  contact between the glass and 

the cont ro l  and ground gr ids.  A hinged door i s  provided on each side o f  the 

u n i t  t o  provide access t o  the animals. 

A1 1 wal ls  o f  the s imulator extend down t o  the l eve l  o f  the ground plane. 

I n  the  previous glass prototype caging sections, the two long pu t s i de  wal ls  

ended approximately 314-inch above the ground plane t o  a c c m d a t e  a feeder 

trough which f i t s  under the wal l .  However, i t  was found t ha t  t h i s  arrangement 

caused a nonuniformity i n  the i o n  cur rent  densi ty as measured by a small 10 cm 2 

ac t i ve  area probe a t  the ground plane l eve l .  I n i t i a l l y ,  these i on  cur rent  den- 

s i t y  d i s t o r t i ons  were thought t o  be due t o  surface conduction prohlems, but 

were f i n a l l y  traced t o  the  presence o f  the feeder s l o t .  

The feeder f o r  the f i n a l  prototype al lows food t o  pass under the wal l  as 

i s  shown i n  the photograph o f  Figure 2-20. The feeder trough i s  fabr icated o f  

perforated s ta in less  s tee l .  The per forat ions are f o r  the purpose o f  a l lowing 

the pu lver ized pa r t i c l es  o f  food t o  f a l l  through - thus minimizing the bui ldup 

o f  t h i s  mater ia l  i n  the bottom o f  the  feeder. 

The glass pdnels o f  the prototype animal sections t h a t  have been f a b r i -  

cated have been ,glued together w i t h  quick-set epoxy. This p a r t i c u l a r  epoxy has 

been used as a f ab r i ca t i on  expedient, due t o  i t s  rap id  cure time. This epoxy 

does no t  possess adequate high temperature s t a b i l i t y  t o  withstand the rack 

washer temperatures. Therefore, f o r  fab r i ca t ion  o f  the simulators f o r  the 

Phase I1 e f f o r t ,  a higher temperature epoxy w i l l  be necessary. The use o f  

such longer cure t ime epoxy w i l l  requ i re  the fab r i ca t ion  o f  su i tab le  j i g s  t o  

hold the glass assembly together u n t i l  cured. 



Figure 2-19 FINAL PROTOTYPE (ANIMAL CAGING SECTION 

Figure 2 - 2 0  UNDER-THE-WALL FEEDER TROUGH VIEWED FROM 
I N S I D E  ANIMAL COMPARTMENT 



Several epoxies have been tested t o  determine t h e i r  s u i t a b i l i t y  as an 

adhesive f o r  assembling the glass caging section. O f  importance was the a b i l -  

i t y  o f  the epoxy t o  maintain i t s  physical and e l e c t r i c a l  proper t ies  when sub- 

jec ted to h igh  temperature water, which may be used i n  washing the cages. 

A su i tab le  epoxy i s  Epon 815 which i s  manufactured by the Shel l  Chemical 

Company. The v i scos i t y  o f  t h i s  epoxy was increased by adding 5% by weight of 

co lo ida l  s i l i c a  (Cabosil).  It appears desirable t o  cure the epoxy f o r  about 

two hours a t  a temperature i n  the  range o f  500C. . 

Tests showed t h a t  glass samples which had Been glued together as a b u t t  

j o i n t  w i t h  t he  above epoxy, then cured, remained phys ica l l y  strong a f t e r  soak- 

i n g  i n  8 5 ' ~  water f o r  over twenty minutes. 

Tests w i t h  a sample o f  the epoxy which was formed as a 10 cm x 10 cm x 
0.2 cm sheet, su i tab le  f o r  t es t i ng  i n  the H.P. 16008A r e s i s t i v i t y ,  c e l l  , showed 

a surface r e s i s t i v i t y  pS > 1016 ohm cm, and a bu lk  r e s i s t i v i t y  p > 1015 ohm cm, 

both before and a f t e r  soaking f o r  twenty minutes i n  850C water bath. Thus, t h i s  

epoxy appears t o  be su i tab le  f o r  use i n  assembling the glass caging sect ion o f  

the s imul a t o r .  

2.3.2.5 Base Section 

The base sect ion o f  the s imulator places the remaining por t ion  o f  the 

s imulator a t  a convenient height f o r  maintenance o f  the animals. The base 

sect ion incorporates the ground gr id ,  the  watering manifold, the feeder 

trough, and the  waste c o l l e c t i o n  pan, which i s  located below the ground 

g r id .  The base sect ion and the animal housing sect ion can be wheeled as a 

u n i t  t o  the washer. Figure 2-21 I s  a photograph o f  the base sect ion.  
\ 
The frame o f  the base sect ion i s  made o f  s tee l  angle f o r  the prototype. 

The ground g r i d  i s  made o f  s tee l  hardware c lo th .  Both these componknts w i l l  
be fabr icated from sta in less s tee l  f o r  the Phase I1 un i t s  t o  be b u i l t .  The 

present ly used mater ia ls  were selected as an expediency. The ground g r i d  o f  

the base i s  1/2" x 1/2" mesh. The feeder troughs are permanently-mounted 

s ta in less s tee l  un i t s  as previously shown i n  Figure 2-20. 

Water i s  provided t o  each animal compartment by Edstrom p i vo t i ng  stem 

d r ink ing  valve u n i t s  which are mounted i n  the ground mesh. Thus, both the 

water and feeders are a t  ground po ten t ia l ,  the same as the animal t h a t  i s  i n  

contact  w i t h  the ground g r id .  



Figure 2-21 PHOTOGRAPH OF BASE SECTION 



The animal waste i s  co l lec ted  by the co l l ec t i on  pan located below the 

ground gr id.  The a i r  f low through the simulator e x i t s  through t h e  ground mesh, 

thus i n h i b i t i n g  the waste ef f luents . f rom r i s i n g  i n t o  the animal caging area. 

2.4 Prototype Simulator E lec t r i ca l  Performance 
and Operating Character ist ics 

Previous sections o f  t h i s  repor t  have described the basic considerations 

thought t o  be important i n  simulator design. The inf luence o f  these consider- 
I 

at ions on the design o f  the simulatar_was a lso ,discussed. The prototype simu- - 
l a t o r  which has resul ted-from t h i s  program has been described, both i n  terms 

of the funct ion o f  various components and the physical descr ip t ion o f  these 

components. I n  t h i s  section, some o f  the key operat ing character is t ics  o f  

the overa l l  s imulator w i  11 be presented, 

2.4.1 t l e l d  and Ian t an t ro l  

I n  describing the use o f  mu l t i p l e  g r ids  i n  the design, i t  was noted t ha t  

i t  was necessary t o  be able t o  ad just  various combinations o f  i o n  current den- 

s i t y  and desired f i e l d  leve ls .  

. The cont ro l  g r i d  arrangement was employed t o  provide t h i s  capab i l i t y .  

Figure 2-22 presents curves which show the i on  current  densi ty vs. e l e c t r i c  

f i e l d ,  parametric w i t h  cont ro l  g r i d  voltage. It can be seen t h a t  adjustment 

o f  the g r i d  voltage provides wide range of i o n  current  densi ty f o r  a given 

l eve l  o f  e l e c t r i c  f i e l d .  For example, i f  an i o n  current  densi ty vs. f i e l d  

r e l a t i o n  such as was given i n  Figure 2-6 i s  desired f o r  use i n  se lect ing 

d i f f e r e n t  exposure leve ls ,  reference t o  Figure 2-22 indicates t h a t  such a 

r e l a t i o n  can be obtained by appropriate g r i d  voltage sett ings. The data o f  

Figure 2-22 were obtained w i th  a f i xed  value o f  corona current, Ic = 50 uA. 

From Figure 2-22 i t can be seen t h a t  the highest f i e l d  leve l  f o r  t h i s  

t e s t  was 100 kV/m. This l i m i t a t i o n  was due t o  the power supply ava i lab le  a t  

the time o f  t h i s  test .  The simulator can be operated a t  considerably higher 

f i e l d  in tens i  ty.  Appendix C describes the preference tes t ing  which used simu- 

l a t o r s  of s i m i l a r  design. The highest f i e l d  used f o r  the preference tes ts  was 

approximately 150 kV/m. It has been found t h a t  i f  voltages much above t h i s  

are applied, corona w i l l  develop on the ex te r i o r  o f  the simulator i n  the region 

o f  the grids. Such corona can be suppressed by the use o f  a corona r i n g  around 

the chamber a t  the g r i d  section. Including a corona r i n g  as p a r t  o f  the design 
* 
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i t  i s  not f e l t  to be necessary a t  th is  time. I t  i s  anticipated that the f i r s t  
I series  of animal tes ts  will employ f ields which are no higher than 150 kV/m. 

Appendix C presents a method for  biasing the simulator with a single power 
supply. For this bias arrangement, a resistance, R i s  connected from the 

g ' 
corona grid to the control grid, .and a second resistance,, R f ,  i s  connected be- 
tween the control grid and ground. The corona current flows through these two 

bias resistors .  The corona current flowing through these resistors produces 

the bias potentials V and V re~pect i~vely .  . The nominal e lec t r ic  f ie ld  in the 
0 P' 

, exposure unit i s  produced by the voltage V between the control grid and the 
P 

ground grid, while the ion current density i s  controlled by the grid bias poten- 
t i a l  V The maximum grid bias potential which can be obtained by use of this  

g '  
bias arrangement i s  when the external grid bias resistor  R i s  removed, thus 

9 
forcing the corona current to flow through the resistance of the phenolic mater- 
ial which separates the grids. For th is  arrangement, the maximum ion current 

density was measured for  two values of f ield resistance for a corona bias cur- 

rent of 50 1.1A. The t w o ,  f ie ld  resistanc'e values were 320 MQ ,and 800 MQ, which 
correspond to plate vol tages of 16 kV and '40 kV, respectively, i .e. , nominal 
e lec t r ic  f jelds of 32 k ~ / m  and 80 kV/m, for the 50 pA bias.current. The ion 

2 current density levels a t  the exposure chamber ground plane were 2 pA/m an'd 
2 4 pA/m for t h e  320. M R  and 800 MQ f ield bias resistors ,  respectively. These 

current density levels are considerably larger than -are indicated by Figure 2-6 

as desirable for maintaining a uniform field within the exposure chamber, or  
maintaining a constant a i r  res is t iv i ty  as a function of e lec t r ic  f ield.  Thus, 
the simulator - can provide current densities -6hich are considerably higher than 

the levels which are l ikely to be used for the Phase I1 animal testing ef for t .  

2.4.2 Field and Ion Uniformity 

Previous sections have discussed the importance of ion density uniformity 
within the animal exposure section of the simulator. Also discussed'were some 

of the .diff icul t ies  associated with obtaining an ion current density whi'ch i s  

acceptably uniform throughout the exposure area. Appendix B detai 1 s the ' final 

evolution and design modifications which were requ.ired, to obtain acceptab'le 

unifomi ty. The final prototype i s  considered very acceptable from the stand- 

point of ion current density uniformity. 

Table 2-5 presents a summary of the data from a current density map of 
2 I 

the final prototype simulator. The data were obtained with a 10-cm current 



. 
probe which sampled t h e  c u r r e n t  d e n s i t y  a t  twenty  d i s c r e t e  l o c a t i o n s  on t h e  

ground g r i d  w i t h i n  each 8 "  x 10"  animal compartment. The nominal e l e c t r i c  

f i e l d  f o r  these data was 32 kV/m, and t h e  i o n  c u r r e n t  d e n s i t y  was adjus.ted t o  
2 be approx imate ly  220 nA/m . Also, an a i r  f l o w  o f  approx imate ly  35 cfm was 

supp l i ed  t o  t h e  chamber. .- 

The tab1 e shows t h e  mean' o f  t h e  twenty  c u r r e n t  d e n s i t y  va lues,  and t h e  

standard d e v i a t i o n  o f  these values as a percentage 6 f  t h e  mean, f o r  each o f  

the  e i g h t  compartments. A lso shown*are t h e  c u r r e n t  d e n s i t y  extremes ' f o r  each 
I - .  

compartment as a percentage o f  t h e  mean. 

FINAL PROTOTYPE CURR.ENT DENSITY UNIFORMITY 

(Compartment Means', Standard Dev ia t i on  and Extremes) 

4 3 2 1 

These measurements were made soon a f t e r  t h e  f i n a l  p ro to t ype  was f a b r i c a t e d  

and be fo re  animals had l i v e d  i n  t he  chamber. T h u s , . t h i s ' d a t a  r e l a t e s  t o  a 

"c lean"  s imu la to r .  

A t e s t  was conducte'd t o '  determine i f  the  normal degradat ion i n  c lean1 iness  

. o f  t he  chamtjer, which r e s u l t s  f rom animal 1 i v i n g  i n  the-chamber, would i n f l u e n c e  

t he  u n i f o r m i t y  o f  e i t h e r  the e l e c t r i c  f i e l d s  o r  t he  i o n  c u r r e n t  dens i t y .  E i g h t  

21-week-old F ischer  344. male r a t s  (CDF, Charles R i v e r  Labs) were p laced i n  t h e  



simulator and 1 ived there for a period of three weeks. No field or ions were 

produced in the simulator during this period, b u t  f i l tered a i r  was supplied a t  
a rate of approximately 35 cfm. During this  three-week period, the glass walls 

of the animal housing area were not cleaned. 

After the animals were removed from the simulator,-, i t  was mapped to 'deter- 

mine the field and ion current density uniformity. I t  was desired to perform 

the electr ic f ield measurements with the f ield probe flush with the ground plane, 

rather than with the probe on top of the ground plane. The Monroe 225 electr ic 

f ield probe only provides an accurate.-mkisure 'of the f ield when the probe i s  

mn~rnted so t.hat. the kensing, aper t r~re  i s  i n  the  plane of tha ground. If t h o  ' 

probe head i s  se t  on top of the ground plane, f ield distortions and enhanced 

readings will result.  
' 

I t  i s  dif f icul t  to mount ,the piabe liead su Lt~al:  ltle- ser ls i r~y aperture .Is 

flush with the ground plane, yet be able. to move the probe from one location 

t o  another as i s  necessary for mapping the field distribution within the simu- 

lator .  For fixed location measurements, the probe i s  generally mounted in a cut- 

out in the ground plane so that the sensing aperture i s  in the plane of the ground . 

and the body* of the probe i s  below the ground level . 'With the normal simulator 

arrangement, i t  i s  d i f f icul t  t o  m o u n t  the flush mounted probe in a movable ground 

plate, since the'weight of the simulator which i s  supported by the animal caging 

walls rests on the ground plane. Moving the simulator relative to a fixed probe 

i s  also n o t  practical. Therefore, in order to accomplish the f ield mapping, 

the simul.ator unit was turned upside down for these tests .  

The plenum was removed so that when upside down, the simulator weight 

rested on the top of the corona chamber. Since' the corona chamber walls are 

a t  high- vol tage whe;. the unit i s  excited, an insulating support was provided 

by placing several sheets of styrofoam on the floor. A sheet of plywood was 

placed on t o p  of the styrofoam to provide a rigid base for supporting the 

simulator. The corona chamber was placed upside down on this  base. The grid 

section was placed on t o p  of the corona chamber, and the glass animal caging 

section was se t ,  upside down, o n  top of the grid section. With this  arrange- 

ment, the plane of the ground was a t  the top of the unit. The normal ground 

grid and base section were n o t  used for these tests .  Instead, several metal 

sheets, which could be moved around, were placed on top of the unit and served 

as the ground plane. 



The Monroe 225 f i e l d  probe head was mounted in a cutout in the center of 
a 16" x 20" metal p la te ,  so t ha t  the sensing aper ture  was f lush w i t h  the sheet.  
When s e t  onto the simulator, the, body, of the f i e l d  probe head was above the 

2 ground leve l ,  and thus not i n  the f i e l d .  The 10 cm , current  probe was.mounted 
onto another pla te ,  so t h a t  i t  could a lso  be used to  obtain current  density 

readings a t  various . locations with the simulator in t h i s  upside down posit ion.  

The f i e l d  and ion current  density mapping was made using a s ing le  power 
supply bias arrangement f o r  the simulator. Appendix C' includes a discussion 

of t h i s  method fo r  exci t ing the simulator. A f i e l d  .- bias . r e s i s t o r ,  Rf = 320 Ma 
was used to  es tab l i sh  the f i e l d ,  with a 50 PA to ta l  corona wire current .  The 

2 grid bias potentiometer.was adjusted to  produce approximately 300 nA/m of 
ion current  density in the animal housing section.  . The f i e l d  and current  
density data were taken a t  locations 'spaced every two inches, so t ha t  twenty 
readings were obtained i n  each 8" x 10" animal compartment. 

Table 2-6 presents the e l e c t r i c  f i e l d  data obtained from t h i s  mapping. 

The data points appear on a plan -view sketch of the simulator so thq t  the data 
point  location corresponds t o  the location in the simulator where ' t h e  reading 
was taken. Table 2-7 summarizes these data i n  terms of the  me'an e lec ' t r i c  f i e l d  

within each individual animal compartment. The standard deviation.  and' the 
,maximum and, minimum f i e l d  l eve l s  a re  a l so  shown and expressed as  a percentage 

of the mean. 

Table 2-8 presents the current  density data f o r  the simulator. These 

data ,  again, are  arranged on a plan view sketch of the un i t .  The current  

density map data a re  summarized in terms of compartment means, standard 
deviation,  highs and lows r e l a t i ve  to  the means in  Table 2-9. 

Comparison of the current  density summary of Table 2-9 with the summary 
of Table 2-5, which was made before the. three-week animal habitation shows 

tha t  th'e uniformities a re  qu i te  s imilar .  The difference in the  current  den- 

s i  t y  level between these two groups of data i s  of no consequence. The magni- 

tude of the current  density i s  controlled by the grid bias: No attempt was 

made to  s e t  the current  density to  be the same f o r  these two t e s t s .  

The data presented above show what i s  f e l t  to  be acceptable uniformity 

fo r  both the e l e c t r i c  f i e l d  and the ion current density,  even ' a f t e r  animals 
had l ived in the chamber fo r  a reasonable period of time. Cleaning the 



TABLE 2 . 6  , 

ELECTRIC  F I E L D  MAP OF F I N A L  PROTOTYPE AFTER THREE WEEK ANIMAL  H A B I T A T I O N  
.. - - . _ -  . . . .  , .- . . . . 

(val  ues . in k V l m )  
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T a b l e  2 . 7  . 

ELECTRIC F I E L D  UNIFORMITY SUMMARY FOR F I N A L  PROTOTYPE 
AFTER THREE WEEK ANIMAL HABITATION 



TABLE 2 - 8  

CURREbT LENSIT"  MAP OF F I N A L  PROTOT'IPE AFTER THREE WEEK ANIbIAL HABITATION 

2 (values in nklm ) 



T a b l e  2-9 

CURRENT DENSITY UNIFORMITY SUMMARY FOR F I N A L  PROTOTYPE 
AFTER THREE WEEK ANIMAL HABITATION 



animal caging area i s  n o t  a n t i c i p a t e d  t o  cause any problems. Repeated washings 
may e v e n t i a l l y  r e q u i r e  t h e  recoa t i ng  o f  the  g lass  sur face w i t h  t he  hydrophobic 

compound. However, a  schedule' f o r  'such recoa t i ng  has n o t  been es tab l  ished. 

The d iscuss ion  o f  Sect ion 2.2..1 notes t h a t  the  use o f  r e s i s t i v e  ma te r i a l  

w a l l s  f o r  t h e  animal caging sec t ion  should r e s u l t  i n  un i fo rm f i e l d s  even though . 

the  separat ion between f i e l d  g r i d s  was l a r g e  r e l a t i v e  t o  the  s i z e  of the  g r i d s .  

The reason f o r  t h i s  i s  t h a t  cu r ren t  f lows i n  . the wa l l s .  The p o t e n t i a l ,  estab- 

1  ished along the  w a l l s  by t h i s  cu.rrent ac ts  1  i k e  a  continuous grading s t r u c t u r e  

between the  p l a t e s  o r  g r i ds .  Thus, the  s t a t i c  f i e l d  should be un i fo rm o u t  t o  
t h e  edge o f  t h e  f i e 1  d' p la tes ,  i f  a  conducting wa l l  i s  a t  t he  per iphery.  This 
f a c t o r  permi ts a s i g n i f i c a n t  s i z e  reduc t i on  i n  t he  chamber, s ince the  animal 

compartments need n o t  be kept  we1 1  i n s i d e  t h e ' o u t e r  edge of the  f i e l d  producing 

p l a t e s .  The e l e c t r i c  f i e l d  map presented i n  Table 2-6 substant ia tes  t h a t  the  

g lass  wa l l  s  o f  t he  animal hou.sing sec t i on  perform the  f u n c t i o n  o f  . a  continuous 

grad ing  s t ruc tu re ,  s ince the  f i e l d s  are e s s e n t i a i l y  constant  o u t  t o  t he  per iphery 

o f  t he  edges o f  t h e  f i e l  d-producing p la tes .  

To f u r t h e r  subs tan t i a te  t h a t  t he  w a l l s  o f  t he  .animal caging sec t i on  perform 

as a  continuous grading s t ruc tu re ,  the. vo l tage d i v i s i o n  provided by a  wa l l  o f  

t he  f i n a l  p ro to type s imu la to r  was measured. The vo l tage d i v - i s i on  along the  

h e i g h t  o f  a  w a l l  must be un i fo rm w i t h  d is tance i n  o rder  t o  produce s p a t i a l l y  

un i f o rm f i e l d s  and i o n  c u r r e n t  dens i t y  w i t h i n  the  enclosure. 

To prevent  c u r r e n t  from being-drawn by the  measurement instrument, an e lec -  

t r o s t a t i c  vol  tmeter  (Model ESA, manufactured by the  Sens i t i ve  Research Instrument 

Company) was used t o  sense the  p o t e n t i a l  on the  w a l l .  For the  measurement, a  

h igh  vol  taqe power supply was connected between the  c o n t r o l  g r i d  and the  ground 

g r i d  o f  the  s imula tor .  The supply vo l tage was s e t  t o  20 kV. Measurements of 

the  w a l l  p o t e n t i a l  were made a t  nominal one-inch increments up the  wa l l  from 

the  ground g r i d  t o  the  c o n t r o l  g r i d .  Marks were placed on the  g lass wa l l  w i t h  

a  f e l t  t i p  pen a t  these l oca t i ons .  Contact t o  the  g lass  was made w i t h  a  p iece 

o f  3/16-inch rec tangu lar  bar  s tock which was two inches long. The l ead  t o  the  

.vo l tmeter  was soldered t o  the bar  stock contac t  and f e d  through a  r i g i d  p l a s t i c  

tube. The p l a s t i c  tube was he ld  by a  t e s t  tube holder ,  which cou ld  be ad jus ted 

i n  he igh t  t o  press the  bar  s tock  contac t  aga ins t  the g lass  sur faces a t  t he  marks. 



A f t e r  t he  vo l tage measurements were made, t he  l o c a t i o n  o f  the marks was 

measured. The t o t a l  conduction d is tance i 'n the  g lass wa l l  i s  19.75 inches. 

The i dea l  vo l tage a t  each mark l o c a t i o n  was k a l c u l a t e d  from the t o t a l  vo l tage 

appl ied,  t he  t o t a l  g lass  d is tance,  and the  mark l o c a t i o n .  Table 2-10 pres'ents 

t he  ca lcu la ted .  o r  i d e a l  vol  tage a t  the  l o c a t i o n  and the measured voltages. I n  

add i t i on ,  t he  percent  d i f f e r e n c e  between the  ca l cu la ted  and measured values i s  

presented. It i s  seen t h a t  very good agreement between measured and ca!culated . 
p o t e n t i a l  s  was ' found. Only t he  lowest  coupie o f  readings have s i g n i f i c a n t  

e r r o r ,  and t h i s  may have been con t r i bu ted  t o  by the  d i f f i c u l t y  i n  accura te ly  

reading the  vo l tage on the  lowest  scale o f  t he  vo l tmeter ,  where compression 

o f  t h e  sca le  e x i s t s .  

Table 2-10 

MEASURED AND CALCULA.TED SIMULATOR WALL POTENTIAL 

Height  Above Calculated Measured Percentage 
Ground ( i n . )  Voltage (kV) Voltage (kV) D.i f fe rence 



\ 
2.4.3 Ozone Measurements 

Measurements have been made t o  assess the  ozone l e v e l s  w i t h i n  t he  s imula tor  

animal caging sect ion.  The measurements were made dur ing  a pe r iod  when the  

ambient ozone l e v e l  i n  t he  l a b o r a t o r y  was below moni tor  de tec tab i l  i t y .  A 

Das ib i  Model 1003-AH ozone moni tor  was used f o r  these measurements. This 

instrument has a quoted range o f  0.000 t o  1.000 PPM, an incremental s e n s i t i v i t y  

o f  0.001 PPM, and an accuracy o f *  3%. 

During the  ozone measurements, t he  s imula tor  was operated w i t h  a t o t a l  . , 

corona c u r r e n t  of 50 PA. The opera t ing  parameters were a .noiinal e l e c t r i c  
2 f i e l d  o f  32 .kV/.m, and a c u r r e n t  dens i t y  o f  300 nA/m o f  negat ive  a i r  ions.  

F i l t e r e d  a i r  was supp l ied  t o  t he  s imula tor  a t  approximately 35 cfm. 

. . The a i r  sample t o  t he  ozone moni tor  was obta ined v i a  a f o u r - f o o t  l eng th  

o f  t e f l o n  tubing,  which was pos i t i oned  t o  sample the a i r  i 'n  t h e  s imula tor  a t  

a he igh t  o f  about one i n c h  above the  ground grid,. No detec tab le  l e v e l  o f  ozone 

was recorded fo r  a .mon i to r ing  pe r iod  o f  approximately 100 minutes du r ing  simu- 

1 at 'or  operation a t  the  above-noted cond i t ions .  Thus; -a p o t e n t i a l  problem due 

t o  ozone r e l a t e d  t o  the corona source does n o t  appear t o  e x i s t .  

2.4.4 Acoust ic  Measurements 

Measurements were a l so  made o f  t he  acoust ic  no ise  a t t r i b u t a b l e  t o  the  

corona source of the f i n a l  p ro to type s imula tor .  The acoust ic  no ise  from the  

corona source i s  very low; however, i t  can be measured: F igure  2-23 compares 

t h e  acoust ic  spectra w i t h i n  t h e  animal caging area w i t h  and w i t h o u t  50 PA 

negat ive corona c u r r e n t  from t h e  corona wires.  A j r  was being supp l ied  t o  the  

s imula tor  f o r  bo th  o f  the  spectra shown. The spectrum w i t h  t he  corona source 

" o f f "  i s  a t  the  no ise  l e v e l  o f  the  measurement instrumentat ion.  Thus any no ise  

associated w i t h  t he  a i r  f l ow  was l e s s  than the  instrument s e n s i t i v i t y .  

To o b t a i n  these spectra, a B&K 4136 1/4-inch condenser microphone was 

i n s e r t e d  i n t o  the  chamber through the  ground g r i d .  The microphone was po in ted  

'upward w i t h  the  top  o f  t he  microphone l oca ted  approximately two inches above 

the  ground g r i d .  The microphone ou tpu t  was fed  through a B&K 2209 sound l e v e l  

meter t o  a Spectra l  Dynamics Model 310C Real Time Analyzer and a Model 3026 

Ensemble Averager. The processing bandwidth was 150 Hz, and the measurements 

were unwei ghted. 



A1 though the  acoust ic  no ise  due t o  t he  corona source i s  low, the f a c t  
2 

t h a t  i t  can be measured suggests t h a t  the  sham-exposed animals should a l so  

be exposed t o  t h i s  acoust ic  environment. These measurements prompted addi - 
t i o n a l  measurements t o  be made i n  prepara t ion  f o r '  t he  animal preference t e s t -  

ing .  The prepara t ions  ' f o r  the  animal preference t e s t s ,  a re  descr ibed i n  

Appendix C. 

The s imula tor  can be b iased .so t h a t  t he  corona source operates normal ly ,  

producing e i t h e r  p o s i t i v e  o r  negat ive '  ions,  w h i l e  t h e  f i e l d  and . ion environment . . 

i n  t h e  animal exposure chamber . . i s  mainta ined a t  near ambient, i .e:, a '  f i e l d  o f  

l ess  than, 0.1 kV/m and an i o n  densi t y o f  a  few hundred 'ions per  cub ic  cent imeter .  

Th is  b ias  arrangement i s  descr ibed i n  Appendix C. Using t h i s  b ias  arramgement, 

acoust ic  measurements were made t o  determine the  sound l e v e l  w i t h i n  t he  animal 

exposure chamber f o r  both p o s i t i v e  and negat ive  corona. . These measurements 

have been compared t o  the acoust ic  l e v e l s  w i t h i n  a  chamber which was no rma l l y .  

biased, t o  produce an i o n  and f i e l d  environment i n  the  animal exposure chamber. 

For these tes t s ,  t he  unweighted sound pressure l e v e l s  i n  dB, r .e. ,  20 pPa i n  

each octave band from 31 Hz t o  31 kHz.measured. 

The r e s u l t s  o f  t he  acous t i c  measurements i n  the  preference t e s t  s imu la tor  

show t h a t  i f  the  corona source i s  operated normal ly ,  t he  sound l e v e l  i n  the  ex- 

posure chamber i s  t h e  same f o r  the s imula tor  e i t h e r  biased t o  produce a  f i e l d  

and i o n  environment o r  biased t o  i n h i b i ' t  t he  f i e l d  and ions  i n  t he  exposure 

chamber. . 

The t e s t  r e s u l t s  show t h a t  t he  negat ive  corona no ise  i s  s t ronger  than when 

p o s i t i v e  corona i s  produced. However, both cond i t i ons  produce a  meas~rab l  e  i n -  

crease above the  background noise.' The' p o s i t i v e  -corona .no ise  was o n l y  observa- 

b l e  above the  background i n '  t h e  16 kHz and above octave bands, w h i l e  t he  negat ive 

corona was above the  background i n  a l l  bands above 2 kHz. 

The acoust ic  measurements which have been made show t h a t  t he  corona source 

produces no ise  1  eve1 s  which can be measured. Thus, i f  . e f f o r t s  a re  t o  be made t o  

keep a l l  phys ica l  environments t h e  same f o r  t e s t  and c o n t r o l  subjects,  w i t h  the  

except ion o f  the f i e 1  d  and i on .  environment under study, then.  i t  w i l l  be necessary 

t o  produce the  acoust ic  no ise  f o r  bo th  t e s t  and c o n t r o l  subjects.  The s imula tor  

can be biased t o  produce the  corona acoust ic  no ise  i n  the  " c o n t r o l "  s imu la tors .  

However, s ince the  noise i s  d i f f e r e n t  f o r  p o s i t i v e  and negat ive  corona sources, 

i t  may be necessary t o  prov ide  f o r  both p o s i t i v e  and negat ive  " con t ro l s " .  



Figure  2-23 A C O U S T I C  SPECTRUM W I T H  AND WITHOUT ZORONA 



2.5 Pro to type  S imu la to r  ~ a b i  t a t i o n  Experiment 

Two p i l o t  experiments were conducted t o  'evaluate t h e  s u i t a b i l i t y  o f  ' t h e  sim- . 

u l a t o r  module as 1 i v e - i n  qua r te r s  f o r  a d u l t  male r a t s .  The f i r s t  experiment was 

te rmina ted  on t h e  f i f t h  'day due t o  a b u r n t  o u t  motor i n  t he  a i r  supply  f a n  which 

r e s u l t e d  i n  smoke exposure o f  t he  animals housed i n  t he  s imu la to r .  Experiment 2 

extended over  a 19 day period.. The measurements taken' du r i ng  experiments were 

body we igh t  and food consumption. 

2.5.1 Animals 

The .animals were male F ischer  344 r a t s  (Char les R i ve r ,  Wilmington, MA) t h a t  

had been used i n  t h e  Cont ro l -Cont ro l  c o n d i t i o n  o f  t he  p re fe rence  t e s t i n g  experiment 

(Appendix C). Dur ing t h e  p e r i o d  i n t e r v e n i n g  between - t h e  p re fe rence  t e s t i n g  and t h e  

exper iments descr ibed here, t h e  animals had been housed three/cage under t h e  con- 

d i t i o n s  descr ibed  i n  Appendix C .  The animals were 25 weeks o l d  a t  . the s t a r t  o f  these 

f i r s t  experiments and t he  second exp,eriment was i n i t i a t e d  one week l a t e r .  For t h e  

f i r s t  experiment,  e i g h t  animals were randomly se lec ted  f o r  assignment t o  t he  simu- 

l a t o r  module and e i g h t  f o r  t he  l a b o r a t o r y  c o n t r o l  cond i t i on .  The means and standard 

d e v i a t i o n s  o f  t h e i r  body wei.ghts a t  t h a t  t ime were 360 + 21 g and 354 + 27 g f o r  the  

s imu la to r  and c o n t r o l  groups, r e s p e c t i v e l y .  When i t  became necessary t o  a b o r t  t he  

f i r s t  experiment d u e ' t o  smoke exposure o f  t h e  animals i n  t h e  s imu la to r  group, e i g h t  . . 

new animals were assigned t o  t h i s  group whereas t h e  same c o n t r o l  animals were 'con- 

t i n u e d  i n t o  Experiment 2. Th i s  i s  o f  course n o t  an i d e a l  procedure as a t  t h e  s t a r t  

o f  Experiment 2, t h e  c o n t r o l  animals had been handled more f r e q u e n t l y  i n  con junc t i on  

w i t h  d a i l y  weighings.  A t  t h e  s t a r t  o f  Experiment 2 body weights f o r  t he  s imu la to r  

group averaged 351 + 23 g and f o r  t h e  c o n t r o l  group 340 2 25 g. There were no. s t a -  

t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two groups i n  i n i t i a l  body weights 

f o r  e i t h e r  experime.nt; Both groups were ma in ta ined  on a 14 h r  l i g h t : ,  10 h r  dark 

c y c l e  and on ad l i b i t u m  food (Pur ina Lab B locks)  and water which were dispensed 
as descr ibed be1 ow. 



2.5.2 Simulator Condition 

The complete final prototype simulator was used for these experiments. An 
air flow of approximately 35 cfm was supplied to the simulator plenum. This air 
was filtered with a HEPA filter. No voltages were applied to the simulator for 

these tests; therefore, there were no field or ions generated by the simulator. 

The water manifold was connected by rubber tubing to an Edstrom water filter 

No. WF470 and stainless steel float tank, No. FT452. The water tank and filter 

were mounted at a height of approximately 6 ft. above the floor to provide a pres- 
sure for the watering system. The food pellets were placed in the floor-level food 

troughs. 

2.5.3 Control Condition . ' 

Control animals were housed in a separate room on the same corridor as the 

room in which the simulat~r module was.located. For .the control condition the rats 

were housed individually in sol id-bottomed polycarbonate cages (10-112 x 9-112 x 

8 in) on a bedding of Absorb-dri. Stainless steel wire-bar covers were employed 

as tops to the cages and food was dispensed through a well in the cage top. Water 
I was dispensed through a sipper tube protruding through the top into the cage. 

I 2.5.4 Measurements 

Body weights were determined daily on Monday - Friday of each week of the 
studies and food consumption was measured four times each week. All determinations 

were made between 1:30 - 3:00 P.M. except those on the first day of Experiment 1 

when the animals and food were weighed at approximately 10:30 A.M. 

2.5.5 Results 

Experiment 1: Considering body weight change from the preceding day, animals 

housed in the simulator did not significantly differ from the changes observed in 

the control group on either. hays 2, 3, or 4 of the experiment. The daily charges were 

-15269, 2+3. g, and -1+2 g for the control group and -1 5k79, 1299, and -128 g for 

the group housed in the simulator.   he initial 15 g weight loss seen in bith groups 

is most likely due to a change between days 1 and 2 in the time of day at which the 

animals were weighed. This makes the values of cumulative weight change over the 

succeeding days misleading, however, it was clear that by day 4 the cumulative 

weight change was different for'animals housed in the simulator as compared to those 

% 



control 

0 simulator 



c o n t r o l  

s imu la to r  

F igure  2.25 - Cumulative body wei'ght. change from day 1. The a s t e r i s k s  
i n d i c a t e  days on which the  c o n t r o l  and s imu la to r  groups 
were s i g n i f i c a n t l y  d i f f e r e n t  as t o  cumulat ive weight  change 
( p < . 0 5 ) .  



maintained under control conditions. Food consumption averaged between 15 and 18 
g per day and was statistically equivalent in both groups. 

Experiment 2: The day to day body weight changes for animals housed in the 
simulator vs those maintained under control conditions in Experiment 2 are shown 

in Fig. 2.24 and cumulative body Weight changes in Fig. 2.25. Fig. 2.24 indicates 
that during the first five days of the experiment animals housed in the simulator 
tended to lose weight and during this period their weight change was significantly 

different from that of the control animals (p<.05). Thereafter, except for days 
16, 17; and 19 daily body weight changes for animals housed in the simulator were 

comparable for the two groups. The large weight loss seen in animals housed in the 
simulator on day 16 is attributable to a blockage in the water lines thus resulting 

in water deprivation of the animals and the day 17 data shows a recovery from this 

loss. Our records provide no information as to 'the basis for the 3 g loss seen on . , 

day 19 for.the simulator group. 

In 'terms of cumulative weight change, the animals housed in the simulator never 
fully recovered from the 'initial weight loss as is' indicated by a negative weight 

change, on the 19th day of the experiment and by the significant difference between 
control animals and the animals housed in the simulator on that day. 

The food consumption data for Experiment. 2 are summarized in Table 2-11. There' 
were no significant differences in the consumption of animal s mai "tained under control 

and simulator conditions for the first two days considered (Days 2 and 4). On Day 
5 food consumption of animals housed in the simulator was less than that of control 
animals. Thereafter, except for Days 16 and 19 which are discussed below, animals 

in the simulator appeared to consume more food than control animals. This greater 
consumption by animals in the simulator most likely reflects an effort to recover 
initial body weight losses. The lower food consumption Day 16 of the experiment was 

due to a problem with the, water,supply, i.e., without'water the animals would,be 

expected to 'eat less. . This may have a1 so been the case for Day 19 as there is an 

unexplained weight loss on that day, however, this was not noted until after the 
apparatus was dismantled and there is no record of a problem with the water supply' 

0 

being recognized on that day. 



u TABLE 2-11 . 

FOOD CONSUMPTION FOF ANIMALS MAINTAINED I N  TEE SIMULATOR 
OE UNDER LABllRATORY CONTROL CONDITIONS . 

- 

Food Consumed Per Cay ( g ,  Mean 2 S D ) ~  

D a y 2  D a y 4  Day5 D a y 9  D a y 1 0  D a y 1 1  D a y 1 6  Day17  ,Day18  D a y 1 9  

Cont ro l  2051 1622 2021- 1 '621 1621 1952 1922 1821 1721 2021 
. . . . 

2024 St 2023 ' . 1 2 2 3 ~ -  2021 S t  1921 S + S imu la to r  1823 2025 1722'- 20+3 17+2" 

a -- Data from Days 3 and 12 n o t  a v a i l a b l e  because food was added 

S- -- S i g n i f i c a n t 1  y 1 ess . t i a n  c o n t r o l ,  p c.05 

S+ - -  S i g n i f i c a n t l i  g r e a t e r  than c o n t r o l ,  p '< -05 



2.5.6 Discussion 

Most o f  the  problems w i t h  t he  use o f  t he  s imula tor  as l i v i n g  quar te rs  f o r  

a d u l t  r a t s  appeared t o  be r e l a t e d  t o  t h e  automatic water ing devices: I n  a d d i t i o n  
, 9 

t o  an a i r  blockage noted on Day 16, there  were repeated problems w i t h  leaks  i n  t h e  

water devices and on.Day 3 t h i s  was t o  t he  p o i n t  of dep le t i ng  the  supply. Th is  could 

have, o f  course, enhanced the  t rend taward weight  l oss  dur ing  the  f i r s t '  few days. 

. Our t e s t  o f  the  use o f  these water ing devices could probably i n  many ways be consid- 

ered a  worst  case t e s t .  Components w e r i  purchased and i n s t a l l e d  w i thou t  ,being sub- 

j ec ted  t o  the extehsive p r e f l u s h i n g  we l a t e r  f earned i s  recommended by the  manufac- ,, 

~. 
t u r e r s .  The supply t o  the  d r i n k  valves was 'not  a 1;ine supply bu t  . ra ther  was from a  

suspended tank of approximately 1  1 i te r .vo lume which was f i . l l e d  w i t h  tap  water 

F i n a l l y ,  t he  animals were placed i n d i v i d u a l l y  i n  t h e  apparatus w i thou t  p r i o r  t r a i n -  

i n g  on the  use of the  d r i n k i n g  valve whereas a  b e t t e r  p r a c t i c e  f o r  I n i t i a l  t r a i n -  

i n g  o f  rodents t o  automatic water ing devices i s  m u l t i p l e  housing. 

We suggest t h a t  a  more extensive eva1,uation of t he  s imula tor  module as l i v i n g  

quar te rs  f o r  a d u l t  animals and eva lua t ion  o f  t he  module f o r  use by young animals be 

conducted p r i o r  t o  i n i t i a t i n g . b i o e f f e c t 5  research. These more extensive eva lua t ions  

should, i f  possib le,  be conducted a f t e r  t h e  i n c l u s i o n  o f  t he  c o n t r o l s  f o r  a i r  f low,  

temperature, humidi ty ,  and o ther  environmental va r i ab les  which are a n t i c i p a t e d  f o r  

use i n  t he  exposure f a c i  1  i t i e s .  However, provided. t h a t ,  t he re  are proper precaut ions I 

r e l a t i v e  t o  the  use o f  the  automatic water ing devices, i t  i s  no t  a n t i c i p a t e d  t h a t  

t he  s imula tor  module per se w i l l  r e s u l t  i n  problems. 1 t  i s  suggested t h a t  du r i ng  

the  quarant ine pe r iod  animals be mu1 t i p 1  e-housed i n  cages provided w i t h  automatic 
, . 

water ing.  Th is  w i l l  f a c i l i t a t e  adaptat ion. t o  t h e  use o f  t h e  water ing device and 

w i l l  a l l o w  d i sca rd ing  any . animals . t h a t  do not  adapt a t  the  end o f  quarant ine.  



3. BIOLOGICAL EXPERIMENTAL DESIGN 

3.1 Ob jec t ive  and Scope 

The o v e r a l l  o b j e c t i v e  f o r  t h i s  experimental design i s  t o  o b t a i n  

i n fo rma t ion  t h a t  w i l l  a i d  i n  assessing the  r i s k s  t o  humans, domestic 

animals, and w i l d l i f e  from exposure t o  t he  environment t h a t  would p o t e n t i a l l y  
.I 

be created i n  t h e  v i c i n i t y  o f  overhead HVDC transmissions 1 ines,  The nature .  

o f  t h i s  .environment has been discussed i n  Sect ion 2 .l. Wlth 'such a broad 
o b j e c t i v e  many approaches a re  poss ib le .  The p a r t i c u l a r  approach out1 ined 

here i s  i n  p a r t  p red ica ted on requirements spec i f i ' ed  i n  t h e  i n i t i a l  request ' .  

(RFP ET-78-R-01..-3026) .and i n  p a r t  on assumptions' o r  decis ions t h a t .  have 

been made du r ing  development o f  t h e  design. Some o f  the  f a c t o r s  t h a t  

were c r i t i c a l  i n  shaping t h i s  experimental design should be mentioned. 

One o f  t h e  s p e c i f i c a t i o n s  was t h a t  t he  experimental apprqach be one , . 

s u i t a b l e  f o r  execut ion i n  a. l a b o r a t o r y ,  s imu la t i on  of '  t h e  HVDC' environment. 

Secondly, small  l abo ra to ry  animals were s p e c i f i e d  as the  experimental t e s t .  

animals. The experimental design was planned w i t h  the  understanding t h a t  

t h e  Phase I 1  e f f o r t  would be one f e a s i b l e  f o r  complet ion i n  approximately 

2 years.  As i t  was a n t i c i p a t e d  t h a t  c o n s t r u c t i o n  o f  s u i t a b l e  expnsllrf! 

f ac i  1 i t i e s  would r e q u i r e  approximately 6 months, a b i o l o g i c a l  research 

e f f o r t  o f  approximate1.v 18 m ~ n t h s  was p l a n n e d .  
The b i o l o g i c a l  experimental design was planned under t he  assumption 

t h a t  t h e  sponsor's ob jec t i ves  f o r  t h e  i n i t i a l  b i o l o g i c a l  research would 

be bes t  met by a broad screen f o r  b i o e f f e c t s  r a t h e r  than' an in -depth  eva l -  

ua t i on  o f  a more l i m i t e d  s e t  o f  b i o l o g i c a l  responses. An associated 

assumption i s  t h a t  t h e  r e s u l t s  o f  the  i n i t i a l  screen w i l l  be used t o  i d e n t i f y  

those b i o l o g i c a l  va r i ab les  which should. be .examined more ex tens i ve l y  o r  

i n  g rea te r  d e t a i l  i n  fu tu re  research. 

Very e a r l y  i n  t he  p lanning i t  was decided t h a t  i t  would n o t  be f e a s i b l e  

i n  t he  f i r s t  l abo ra to ry  s imu la t i on  t o  independently manipulate a l l  pr0pert ie.s 

of t h e  environment of i n t e r e s t .  The bas is  f o r  sec t i on  o f  t h ree  majo'r 

p rope r t i es ,  t he  dc e l e c t r i c  f i e l d ,  i o n  c u r r e n t  dens i ty ,  and the p o l a r i t y  o f  

t h e  f i e l d  and ions,  a s  having f i r s t  p r i o r i t y  i s  discussed Sect ions 2.1 and 

2.2. A number o f  o t h e r  important  environmental cond i t ions ,  some o f  which are  



characteristic of the H V D C  transmission l ine environment and some which are 

properties of the simulation, will be controlled and/or monitored ( Sections 

2.2.3 and 2.2.4). The, point here i s  that  in te,rms of experimental design, 

these conditions will not be subject to planned experimental manipul ations 

during the in i t i a l  research ef for t .  

Similarly, i t  was decided that  for  t h e . f i r s t  'approach t o  determining 

biological effects  of the simulated environment, no attempts would be made 

to dissociate the effects  of the dc e lec t r ic  , f ie ld  from the effects of 

a i r  ions. Thus, in th is  design these two properties of the environment 

wi'll be co-manipulated. That i s ,  the highest levels of e lec t r ic  f ields 

will be associated with the highest level of ion current density. Should 

effects  that are considered of real biological significance be'obtained, 

i t  could then become important to  dissociate the sources of these effects .  

The overall capacity and versati 1 i  ty  of the exposure faci 1 i  t i e s  of 

course has a major impact on the kinds of studies that  can be planned. 

' Similarly, the biological experimental design imposes some minimum re- 

quirements on the exposure f ac i l i t i e s .  For example, to perfarm 1 ife- 

time rodent studies which include concurrent investigation of positive and 

negative polari t ies ,  three or more levels of dc e lec t r ic  f ields and 

ion current densities a t  each polarity, concurrent sham-exposed control j 

group$,and adequate group sizes, one should probably plan a facil  i ty  

capable of housing 350t rodents. A1 ternati vely , one can without great 

diff icul ty and within the bounds of good scientif ic  practices conduct a 

variety of meaningful studies involving shorter term exposures to a more 

limited number of t e s t  environments in f ac i l i t i e s  of much more limited 

capacity. I n  arriving a t  recommendations for the Phase I1 e f fo r t ,  an 

attempt has been made to arrive a t  a good balance between the time and 

economic resource committments required for  establishing exposure f a c i l i t i e s  

vs those required for the biological research. Under th is  plan certain 

types of studies which we would propose for  a long-range plan wjll be delayed. 

For example, no studies with exposure periods exceeding 13 weeks have - 
been recommended for  the Phase I1 effort .  Similarly, ful l  scale mu1 t i -  

generation reproduction studies in which both parents of succeeding 

generations are exposed to  the t e s t  environments have not been suggested 

for  the next phase of the program. To permit concurrent investigation of 



positive and negative pola,rities, i t  i s  proposed tha t  only two levels of 
. .  . 

t e s t  parameters be considered a t  each polarity. 

The biological experimental design has been planned - for  exposure 
, . 

f a c i l i t i e s  with the following capacit'ies: . . 
r suitable 1 ive-in quarters for  115 individually. housed rodents. 
r f lexib i l i ty  to use the same f a c i l i t i e s  with minor revisions . . I 

for ra ts  and mice. 

r capacity to  simultaneously present s ham-exposure conditions for 
control animals and four different t e s t  conditions which are . 
represented by >two 'I evel s of dc e lec t r ic  -fie1 ds and ion current . , densities a t  each polarity. 

a'  for each s e t  of three modules of eight individual animal com- 
partments, allocati'on of one of the 24. compartmenfs for  measure-. 
meW of environmental, e lec t r ica l ,  and. ionic parameters. . . 

r for each se t  of three modules,, .abilit.y too, operate a t  all possible 
on-off combinations, i .e. ,. three o f f ,  two off - one on, one off - 
two on, or three on. (This feature' i s  important to .  a1 low phasing 
in bf the hab,ituation and exposure ini t iat ion of. part of the . . 
animals in each group over a period of several days. This practice 
will aid ,in limiting variabil i ty within a given experiment of the ' 
time laps4ng between the end of an exposure interval and the 
performance of some specified biological assay. ) 

3.2 Background Literature 

Several ccategories of l i te ra ture  were considered in developing the 

biological experimental design.. b f  brimdry interest  were reports of 

inv,estigations of the . eifects  . of  dc e lec t r ic  f i e lds  and'the ef fec ts  of  . . 
a i r  ions'and in particular thdse studies inwhich humans o r  other mammals were 

. . 
evaluated in a laboratory setting. ~xamples of such studies have been 

abstracted in tabular form and are discussed below. Non-mammalian t e s t  
systems have also been considered a t  times' b u t  none of the plant 

research i s  discussed and only limited attention has been devoted to 
environmental studi.es. ' 

. . 
.. . 

other sources of information that were considered in developing ' the 

experimental design were reports and reviews of,investigations of the 
biological effects  of other fonns pf electrhagnetic  energy a t  exposure 

1 evel s greater than those inherent in the natural environment.  he studies 
in th is  category with which we had greater familiarity and therefore 

,considered more often. were investigations of the effects  of microwave' 



i r r a d i a t i o n  o f  humans and an'imalsa, and s tud ies  r e l a t e d  t o  ELF e l e c t r i c  

f i e l d s  (Br idges,  ~ e c k e r  , and Preache, 1979' ; Br idges and Preache, 1980). 

This  i s  n o t  t o  suggest t h a t  t h e ' r e s u 1 . t ~  o f  such s tud ies  have d i r e c t  

a p p l i c a t i o n  t o  t h e  problem a t  hand. F i r s t ,  coup1 i ng  phenomena f o r  

microwave exposures would. d i f f e r  s u b s t a n t i a l l y  f r o m ' t h o s e l i n  t he  env i ron-  

ment t o  be simulated. Fur ther ,  . the ,grea ter .  than t y p i c a l  ambient a i r  i o n  

concent ra t ions  c t i a r a c t e r i s t i c .  o f  the  HVDC t ransmiss ion L i n e  environment 

.add a  d.imension n o t  associated w'ith mi:crowa.ves o r  E L F  f i e l d s .  

However, when 'viewed as an added' source o f  'en l ightment  as t o  the  k inds o f ,  

environmental con. t ro ls  t h a t  a re  necessary f o r  good l a b o r a t o r y  s imu la t ions  

o f  EM t e s t  environments and as an a i d  t o  avo id ing  numerous methodological  

p i t f a l l s  which can c loud i n t e r p r e t a t i o n  o f  such s tud ies ,  t h e  microwave 

and ELF b i o e f f e c t s  l i t e r a t u r e  have a  good deal o f  relevance. 

Another body o f  l i t e r a t u r e  which has p o t e n t i a l  re levance i s  t h a t  

r e l a t e d  t o  t h e  use o f  dc cu r ren ts  f o r  s t i m u l a t i o n  o f  bone growth and 

r e p a i r  o r  s t i m u l a t i o n  o f  regenera t ion  o f  t i s s u e s  f o r  which regenera t ion  

i s  n o t  observed w i t h o u t  i n t e r v e n t i o n .  Sheppard (1978) noted t h a t  i t  

has now become reasonably w e l l  accepted t h a t  a  few microamperes and poss ib l y  

nanoamperes o f  c u r r e n t  v i a  c l o s e l y  spaced implanted e lec t rodes  can 

f a c i l i t a t e  growth under c o n t r o l l e d  cond i t ions .  However, u n t i l  t he re  

i s  c l a r i f i c a t i o n  o f  t h e  body cur ren ts ,  c u r r e n t  dens i t i es ,  and c u r r e n t  

d i s t r i b t u i o n s  which may be expected from t h e  environment o f  i n t e r e s t ,  t h e  

i m p l i c a t i o n s  o f  t h i s  l i t e r a t u r e  i n  r e l a t i o n  t o  e f f e c t s  t h a t  migh t  be 

p red i c ted  f o r  HVDC transmiss ion l i n e  environment cannot be evaluated. 

3.2.1 B i o e f f e c t s  o f  DC E l e c t r i c  F i e l d s  

There have been a  1  i m i t e d  number o f  s tud ies  i n  which the  b i o l o g i c a l  

ef fects o f  exposure t o  dc e l e c t r i c  f i e l d s  were explored'. The f i e l d s  f o r  
. . 

. . 
a  The microwave l i t e r a t u r e  was reviewed as p a r t  o f  a  g r a n t  proposal .  

Preache, M. Microwave Safety:  Eva lua t ions  i n  S e n s i t i v e  Models. Submitted 
t o  NIH, Dept. Hea l t h  Education, and Welfare, 1976. 



those i n  which humans o r  o the r  mammals were s tud ied  have ranged from as 

low as 0.3 kV/m up t o  225 kV/m. I n  a  few s tud ies  repeated i n t e r v a l s  of 

exposure over  per iods  o f  1  - 5  months were employed, however, the  more 

f requent  case was t h a t  exposure per iods  on t h e  order  o f  minutes, hours, 

o r  days were considered. Several i n v e s t i g a t o r s  employed human sub jec ts  

and aside from these t h e  most common t e s t  species have been r a t s  o r  mice. 

The b i o l o g i c a l  parameters explored were var ied.  For t he  purpose o f  

t h e  t a b u l a r  abs t rac ts ,  ' these parameters have been  somewhat l oose l y  

grouped as e f f e c t s  ( o r  'lack o f  e f f e c t s )  on t h e  nervous system o r  be- 

h a v i o r  (Table 3-1 ) ; on metabol ism, growth, r e p r o d ~ l c t i o n  o r  development 

(Tab le  3-2); o'n hematologic o r  blood chemistry parameters (Table 3-3); 
' 

o r  on the  h e a r t  o r  r e s p i r a t o r y  system (Table 3-4). 
. , 

3.2.1.1 Nervous System and Behavior 

I f  the re  has been an emphasis on parameters, i t  has been on those 

which could be categor ized as i n v e s t i g a t i o n s  o f  e f f e c t s  on . the nervous 

system and behavior  (Tab le  3-1). Two o f  t h e  s tud ies  reviewed were 

essen t i a%l l y  behav iora l  eva lua t ions  o f  whether the .dc  f i e l d  would be. 

p re fe r red '  over  no f i e l d  ( Faraday cond i t i on )  . A1 tman and Lang (1  974) repor ted  

t h a t  mice d i sc r im ina ted  between t h e  Faraday cond i t i on  and ac o r  dc f i e l d s  

of 3.5 kV/m b u t  whether t h e  f i e l d s  o r  t h e  Faraday c o n d i t i o n  were p re fe r red  

appeared t o  depend on t h e  behaviora l  a c t i v i t y  ( n e s t  b u i l d i n g  o r  p l a y  

a c t i v i t y )  be ing  considered. Given a  choice between the  Faraday cond i t i on  

and a  177 kV/m dc (+) f i e l d  i n  two arms o f  a  maze, r a t s  tended t o  choose 

t h e  Faraday c o n d i t i o n  a t  a  s t a t i s t i c a l l y  s i g n i f i c a n t  g r e a t e r  frequency 

(Epste in and Ondra, 19%) .  D i sc r im ina t i on  o f  t h e  f i e l d  might  be'expected 

under these cond i t i ons  as p re l im ina ry  t e s t s  i n d i c a t e  t h a t  t he  h a i r  e r e c t i o n  

phenomenon probably occurs a t  s u b s t a n t i a l l y  lower f i e l d s  (Th i rd  ~ u a r t e r l ~  

Report, p.46). 

A l t e r a t i o n s  i n  b r a i n  a c t i v i t y  dur ing  exposure t o  a  10 .kV/m f i e l d  

were a l so  i n t e r p r e t e d  by L o t t  and McCain (1973 ) as i n d i c a t i n g  an "awareness" 

o f  t h e  f i e l d . f o r  t h e  r a t s .  These i nves t i ga to rs  used two preparat ions 

f o r  s tudying b r a i n  a c t i v i t y ,  sur face e lec t rodes and e lec t rodes implanted 

i n  t h e  hypothalamic region.  With sur face ' record ings  they observed burs ts  

o f  a c t i v i t y  a t  bo th  the  onset and o f f s e t  o f  t h e  f i e l d s  as w e l l  as a  susta ined 



Table 3-1 

The E f f e c t s  of DC E l e c t r i c  F i e lds  
On The Nervous System and Behavior 
- . . 

I n v e s t i g a t o r s  Subjec ts  Exposure . ' Resul t s  
Mayyasi & Terry,  1973 Rat DC (-) 1.6 o r  16 k V / m  5 H r  *Haze Er ro r s  and Time Scores (DEC) 

L o t t  & McCain, 1973 Rat . DC Continuous 10  k ~ / m  30 - 60 Min . *EEG Actfv i ty  (INC) and Hypothalmic . . 

Act iv i ty  (DEC) 

DC Pulsed 20 V (640 cps 30-60 Min *EEG A c t i v i t y ( E r r a t i c  INC) a n d  
100 msec) ~ y p o t h a l m i c  Ac t iv i ty  (DEC) . 

Altmann & Lang, 1974 Mouse DC 3.5 kV/m' O r  .10 hz *Choice of Nest o r  Playground S i t e s  
q.18 O r  3.5 kv/m (Discriminated 3.5 But Not .18 KV/M) 

Jones,  1975 Human DC(+) 3000 V P o t e n t i a l  "Attention t o  Task (INc), Day Dreaming 
( A B S T R A ~ )  Children.  and Deviant Behavior (DEC) 

.Arthemtic Speed and Accuracy 

Eps te in  & Ondra, 197: Rat DC.  (+) 177 kV/m *Maze Choice (Faraday Chosen Over F ie ld )  2 
Nakarnura, 19 79' Cat DC (+) 30 kV/m *Aggressiveness (INC If Corona Present )  

(UNPUBLISHED) Mouse DC (+)lo,  20, 0.r 30 kV/m 5 Mos "Maternal Cannabalism (INC a t  30 KV/H) 
(10 H r /  
Days) 

MbHe and F i sche r ,  Mouse DC 24 kV/m . "Running Ac t iv i ty  (INC) 
19 70 

P e t e l i n a  and Burdo, Rabbit DC 130 kV/m *EEG and Hypothalmic Ac t iv i ty  
19 72 

* Affscted 
Not Affected 

I N C  = Increased 
DEC = Decreased 



Table 3-2 

'The E f f e c t s  of DC E l e c t r i c  F i e l d s  On 
Metabolism, Groxth, Reproduction, and Development 

. I n v e s t i g a t o r s  Sub j e c t s  Exposure Resu l t s  
Anerson & Vad, 1965 S e r r a t i  DC(+,-) 94 kV/m 46 H r  *Colony S i z e  (DEC + 9 4  kV/m only)  

Marcescens 312 .kV/m 

E. Co l i  DC(+,-) 312 kV/m 46 H r  *Colony s i z e  (DEC + O r  -) 

Basse t t  & Hermann, F i b r o b l a s t  DC(+,-) 100 kV/m 14 Days *DNA Synthes i s  (INC) 
1968 Cu l tu r e s  Continuous O r  Pulsed *Collagen Synthesis ,  (INC, More f o r  

( 1  hz) Pulsed)  

Marinp e t  a l ,  Rat DC(+) V e r t i c a l  30 Days .Body Weight 
1974. a .6-19.7 o r  Horiz.  "Glaucoma Inc idence  Race (INC V e r t i c a l )  

.3-9.8 kV/m 

Mo u s e  DC (+) Horiz.  14 Days * Chromosomal A b n ~ r m a l i t i e s  (INC) 
8-16 kV/m 

MGe e t  a l ,  1971 Mouse DC 24 kV/m 8 Days *Liver Oxygen Consumpt~on 
Waibel, 1975 
Nakamura , 19 79 Mouse DC(+) 10 ,  20, O r  30 5 Mos dF Body Weight And T a i l  Length 

(UNPUBLISHED) kV/m (10 HR/ ( h ~  b u t  no t  a t  10 k~/ rm 
Day) 

kds'e and F i s che r ,  Mouse DC 24 kV/m Up t o  ' *Food and y a t e r  Consumption (INC) 
19 70 4% dbs  *Progeny (NC) 

*Affected I N C  = I n c r e z s e  
l Not Affec ted  DEC = Decrezse 



Table 3-3 

The E f f e c t s  of  DC E l e c t r i c  F i e l d s  On 
Hematologic and Blood Chemistry Parameters  

I n v e s t i g a t o r s  Sub j ec t s  Exposure R e s u l t s  
Marino e t  a l ,  Rat DC (+) V e r t i c a l  30 Days *Rela t ive  D i s t r i b u t i o n  of  Serum 
1974 a .6-19.7 k ~ / m  P r o t e i n s  ( I n c o n s i s t e n t  Across  

Exposure Leve ls )  

Mouse DC V e r t i c a l  Marino, e t  a l ,  7 ,  1 4 ,  21  "Rela t ive  D i s t r i b u t i o n  of Serum 
19  74. b 2.7-10.7 kV/m Days P r o t e i n s  

O r  Horiz .  
5 .7  kV/m 

Krievova e t  a l ,  1973 Human DC 30 o r  60 kv/m 2 hr /day  , *Various Blood Composition Parameters  
C i t ed  by f o r  2 mos WBC, RBC, P l a t e l e t s  and Others  
Sheppard, 1978 

Human DC 90 kvlm 2% h r /day  * P l a t e l e t s  (DEC) 

* k f f e c t e d  
Iiot Affec ted  

. . 

. . 

I N C  = Pncrease 
DEC- = Decrease ' 



Table 3-4 

T ~ E  E f f e c t s  of DC E l e c t r i c  ~ i e 1 d s ) O n  
Heart  and Respi ra t ion  

, 
Resu l t s  I n v e s t i g a t o r s  Subjec ts  Expasure 

Hermer, 1971 Rat DC 150-225 kV/m 30 M i n  .Heart And Resp i r a t i on  Rates 

L o t t ,  1973 Rat DC Continuous 30-60 Min .Respiration Rate and 3ody 
10 kVrm. 3r Pulsed Temperature 
20 F, 640 cps 

Nakamura, 19 79 Cat DC 44 kV/m *EKG Spiking (INC I f  Corona) 

Krievova e.t a 1  , 1973 Human DO 30 O r  60 kV/m 2 hr/day *Blood Pressure  and Heart Rate 
Cited by f o r  2 mos (DEC a t  60 KV/m only)  
S h e p ~ a r d ,  19 78 eEKG No E f f e c t  

. . 

Human DC 9C K V / m -  2% hr/day,  *Blood Pressure  and Heart  Rate (DEC) 
f o r  30 days 

* Affec te2  
Not Affec ted  

I N C  = Inc r sa se  
DEC = Decrease 



increase i n  a c t i v i t y  over  base l i ne  l e v e l s  throughout  t h e  30 - 60 min 

exposures t o  t h e  f i - e l d .  I n  con t ras t ,  a c t i v i t y .  recorded from t h e  

hypothalmic reg ion  was l e s s  du r i ng  pe r i ods  o f  exposure t o  t h e  f i e l d .  

Commenting on these r e s u l t s ,  M i l l e r  (1978) suggested t h a t  ' the  bu rs t s  

o f  a c t i v i t y  a t  t h e  onse t  and o f f s e t  o f  t h e  f i e l d s  cou ld  p o s s i b l y  be 'ex -  

p l a i n e d  by l a r g e  c u r r e n t  i n j e c t i o n s  through the  e lec t rodes  from t r a n s i e n t s  

assoc ia ted  w i t h  t h e  swi tches (p robab ly  d isp lacement  c u r r e n t  due t o  

t he  t ime r a t e  of change o f  t h e  f i e l d ) .  A l t e r a t i o n s  i n  b r a i n  a c t i v i t y  

were a l s o  observed f o r  r a b b i t s  repeated ly  exposed t o  a  dc f i e l d  

o f  130 kV/m f o r  2  h r  i n t e r v a l s  ( P e t e l i n a  and Burdo, 1972). ' ~ l e c t r o d e s  

were c h r o n i c a l l y  implanted i n  t he  .cor tex,  hypothalamus, and opercul  um . 

B r a i n  a c t i v i t y  was recorded immediate ly  a f t e r  exposure and again 1 ,  2, 3  

and 4 h r  l a t e r .  Amp1 i tude, frequency, and t h e  r a t i o  mean ampl i t u d e /  

mean frequency ( p  f a c t o r )  were analyzed. I n  a d d i t i o n .  c o r r e l a t i o n  

c o e f f i c i e n t s  which appear t o  be an i n d i c a t i o n  o f  t he  r e l a t i o n s h i p s  

between c o r t i c a l  a c t i v i t y  and t h a t  i n  deeper s t r u c t u r e s  were de r i ved .  

They summarized t h e i r  r e s u l t s  as showing a1 t e r a t i o n s  i n  t h e  EEG ampl i t u d e -  

frequency c h a r a c t e r i s t i c s ,  t h e  P  parameter, and t he  c o r r e l a t i o n  c o e f f i c i e n t s  

and i n t e r p r e t e d  t h e  inc rease  c o r r e l a t i o n  between the  hypothalmus and o t h e r  

b r a i n  areas as i n d i c a t i n g  an " e l a b o r a t i o n  o f  op t ima l  l e v e l  o f  a c t i v i t y  

o f  ce reb ra l  c o n t r o l  systems under t h e  SEF ( s t a t i c  e l e c t r i c  f i e l d )  i n f l uence . "  

Both t h e  experiment and t he  i n t e r ~ r e t a t i ~ o n  a r e  c h a r a c t e r i s t i c  o f  Sov ie t  

i n v e s t i g a t o r s  who throughout  t h e  spectrum o f  b i o l o g i c a l  research p lace  

a  l a r g e  emphasis on t h e  importance o f  t he  c e n t r a l  nervous system i n  

c o n t r o l  l i n g  and r e g u l a t i n g  ' o t h e r  systems. 

I n v e s t i g a t i n g  t h e  e f f e c t s  o f  dc ( - )  f i e l d s  on maze performance 

Mayyasi and Te r r y  (1973) t r a i n e d  young and a d u l t  r a t s  o f  b o t h  sexes t o  

escape from a  water  maze f o l l o w i n g  5 h r  exposures t o  1.6 o r  16 kV/m f i e l d s .  

For some groups wh i t e  no i se  a t  90 db was an added exposure cond i t i on ,  whereas f o r  

o the rs  t h e  f i e l d  exposure o r  corresponding c o n t r o l  c o n d i t i o n  (genera to r  

o f f )  was assoc ia ted  o n l y  w i t h  l a b o r a t o r y  background no i se  (approx imate ly  

30 db) . The i r  mu1 t i  f a c t o r  a n a l y t i c a l  des ign which migh t  be represented 

as E l e c t r i c  F i e l d  x Noise x  Sex x  Age x  Subjects  considered t he  bo th  

main e f f e c t s  and i n t e r a c t i o n s  , o f  . t he  d i , f f e r e n t  f a c t o r s .  O f  p r imary  

i n t e r e s t  here  i s  t h a t  t he  e l e c t r i c  f i e l d  s i g n i f i c a n t l y  reduced e r r o r  scores 



and when t ime scores were considered s i g n i f i c a n t  i n t e r a c t i o n s  w i t h  o the r  

o f  the  f a c t o r s  were shown. I f  ho.wever, we have understood t h e i r  exper- 

imen t a l  design cor rec ' t l y ,  groups o f  animals undergoing d i f f e r e n t  cond i t i ons  

of exposure were exposed and tes ted  i n  t h e  maze on d i f f e r e n t  days, r a t h e r  

than a  subset o f  animals from each group being processed th rough the  

procedures on a  gi.ven day. While t h i s  p r a c t i c e  does not  i n v a l i d a t e  the  

r e s u l t s ,  i t  does leave them open . to quest ions.  

Jones (.I9751 evaluated dev ian t  behavior, daydreaming behavior, 

a t t e n t i o n  t o  task,  and a r i t h m e t i c  r a t e  and accuracy f o r  ten emot iona l ly  ' .  

d i s tu rbed  c h i l d r e n  dur ing  per iods o f  exposure t o  a  dc f i e l d .  The r e s u l t s  

dur ing  these per iods  were compared t o  r e s u l t s  obta ined f o r  t h e  sam'e 

c h i l d r e n  du r ing  t h e  per iods  when the  f i e l d  generator  was o f f .  The f i e l d  

had no e f f e c t  on a r i t h m e t i c  r a t e  o r  accuracy, however, dev ian t  and day- 
I 

dreaming behaviors were decreased whereas a t t e n t i o n  t o . t a s k  was increased 

dur ing  the f i e l d  exposures. The r e p o r t  ( D i s s e r t a t i o n  Abst rac ts )  g ives  
, . 

t he  f o l  lowing d e s c r i p t i o n  o f  t he  exposure. setup "The b i o e l  e c t r i c  f i e l d  , 

generator  produced a  h i g h l y  r e c t i f i e d ,  we1 1  f i l t e r e d  e l e c t r o s t a t i c  

f i e l d  o f  3000 v o l t s  DC p o t e n t i a l .  The f i e l d  was i n v i s i b l e ,  inaud iab le ,  

and n o t  de tec tab le  by touching t h e  propogat ing g r i d  t h a t  ,hung c lose .  t o  

t h e  c e i l i n g . "  There were no i n d i c a t i o n s  o f  whether f i e l d  measurements 

were made n o r  were a number o f  f a c t o r s  t h a t  cou ld  have a f f e c t e d  the  un- 

f o r m i t y  o f  t h e  f i e l d  discussed. These, d e t a i l s  may nave been provided- i n  t he  

complete r e p o r t  which was n o t  reviewed. 

I n  another study by Sov ie t  i nves t i ga to rs ,  human subjects were ex- 

posed t o  30 o r  60 kV/m dc f i e l d s  f o r  2-hr  i n t e r v a l  s  over a  pe r iod  o f  

2  months (Kr ievova e t  a1 , 1973). Ne i the r  r e f l e x e s  nor  reac t i on  t ime 

'were a1 te red  a t  e i t h e r  f i e l d  s t rength ,  however, a  lower th resho ld  f o r  

neuromuscular e x c i t a t i o n  was associated w i t h  exposure t o  the  60 kV/m f i e l d .  
. . 

I n  a  fo l low-up study, t h ree  subjects were g iven repeated i n t e r v a l s  

(approximately 2  h r )  o f  exposure t o  a  90 kV/m f i e l d  over a  pe r iod  of 

30 days. Decreased neuomuscular c o n t r o l  , evaluated by a'  t ask ,  which 

requ i red  p lac ing  a  s t y l u s  i n  a  hole,  was repor ted  as an e f f e c t  of the  

f i e l d  exposure. f o r  two ou t  t he  sub jec ts .  

Mice exposed t o  a 24 kV/m f i e l d  f o r  15 days evidenced more running 

a c t i v i t y  than c o n t r o l  mice (Mbie and Fischer,  1970). A c t i v i t y  was measured 



d a i l y .  The l a r g e s t  d i f f e r e n c e  between c o n t r o l  and exposed mice was 

on t h e  f i r s t  day o f  exposure, however, subs tan t i a l  d i f f e r e n c e s  were r e -  

corded f o r  each day and t h e  inc rease averaged across a l l  days was 51%. 

Nakamura (1979) exposed ca ts  t o  a  30 kV/m dc (+) f i e l d '  and mice t o  p o s i t i v e  

f i e l d s  o f  10, 20, o r  30 kV/m. The ca ts  were more aggressive when the  

f i e l d s  were on, however, t h i s  phenomenon appeared t o  be dependent upon the  

presence o f  corona. Maternal cannabi l ism, which may a l s o  be evidence o f  

increased emo t i ona l i t y ,  was noted i n  mice exposed t o  t h e  h igher  f i e l d  

(30 kV/m) over  a  pe r i od  o f  several  months. 

3.2.1 .,2 Metabol ism, Growth, Reproduction and Development (Tab1.e 3-2)  

A  v a r i e t y  o f  s tud ies ,  some o f  which have 1  i t t l e  .relevance t o  each. 

o ther ,  have been tabu la ted  under t h i s  r u b r i c .  The growth o f  b a c t e r i a l  

co lon ies  (s: - Marcescens --- and E.. Col i )  c u l t u r e d  w i t h  no f i e l d  present  was 

compared t o  t h a t  o f  co lon ies  c u l t u r e d  f o r  46 h  i n ' : t h e  presence o f  p o s i t i v e  

o r  negat ive  f i e l d s  o f  94 o r  312 kV/m (Anderson and Vad; 1965). Growth o f  

t h e  E. Cali co lon ies  was i n h i b i t e d  by f i e l d s  of f 312 kV/m. The p o s i t i v e  

f i e l d  o f  94 kV/m i n h i b i t e d  growth f o r  S.. Marcescens whereas the  h igh  

f l e l d  s t rengths  and .-94 kV/m d i d  n o t .  I n  another  i 'n  v i t r o  s tudy DNA and 

co l lagen syn thes is  o f  c u l  t u ~ d  f i b r o b l a s t s  were increased by about 20% 

over c o n t r o l  values i f  t h e , c u l t u r e s  were exposed t o  dc f i e l d s  o f  f .  100 kV/m 

(Basset t  and"Hermann ,1968)'. Pu ls ing  - the  exposures a t  t h e  r a t e  o f  1  Hz 

y i e l d e d  about t h e  same e f f e c t s  f o r  DNA synthesis  bu t  . r e s u l t e d  i n  even 

1  a rge r  increases ( 1  00%). f o r  c o l l  agen syn thes is .  

Growth e f f e c t s  i n  rodents exposed t o  dc f i e l d s .  have been considered 

i n  two s tud ies .  F ina l  body weights o f  r a t s  t h a t  been g i ven  30-day ex- 

posures t o  dc v e r t i c a l  o r  h o r i z o n t a l  f i e l d s  o f  +20 kV/m o r  l e s s  from 3  

weeks o f  age were n o t  d i f f e r e n t  from those o f  t h e  c o n t r o l  group (Marino 

e t  a1 1974.a). I n  t h i s  same study an o v e r a l l  glaucoma inc idence r a t e  o f  17% 

was observed f o r  groups exposed t o  t h e  v e r t i c a l  f i e l d s .  Th is  cond i t i on ,  

which was r e s t r i c t e d  t o  t h e  r i g h t  eye and was diagnosed as secondary t o  

u v e i t i s ,  was n o t  observed i n  c o n t r o l  animals o r  those exposed t o  t he  

h o r i z o n t a l l y  o r i e n t a t e d  f i e l d s .  I t  has been noted t h a t  i n  general r a t s  

show spontaneous r a t e s  o f  glaucoma on t h e  order  o f  1  - 2% (Committee, 1977). 

I n  t h e  study under d iscuss ion  the re  was no evidence o f  increased inc idence 



r a t e s  w i t h  inc reased f i e l d  s t r e n g t h s ,  i .e . ,  no i n tens i t y - response  r e l a t i o n s h i p . .  

Growth r e t a r d a t i o n  was evidenced by mouse pups born i n  a +24 kV/m 

dc f i e l d  by lower  body weights and s h o r t e r  t a i l s  whereas, a 10 kV/m f i e l d  

had no e f f e c t  (Nakamura, 1979). The i n fo rma t i on  on t h i s  s tudy was ob- 

t a i n e d  from i n f c r m a l  d isouss ions  o f  t h e  i n v e s t i g a t o r ' s  ongoing work a t  

t h e  Centra l  Research l n s t i  t 'u te o f  E l e c t r i c  Power I n s t i t u t e ,  Tokyo, Japan 

and thus  f u l l  d e t a i l s  a re  n o t  ava i l ab le .  The .exposures were f o r  10 '  h r l d a y  

over  a pe r i od  o f  5 mo b u t  whether they.were i n i t i a t e d  be fo re  concept ion 

o r  du r i ng  pregnancy . i s  n o t  known by t h e  rev iewer .  The. maternal canni  ba'l ism 

mentioned e a r l i e r  i n  connect ion w i t h  s l i g h t l y  h i ghe r  f i e l d s , i n  t h i s  

s tudy  suggests t h a t  poor maternal  care  may have c o n t r i b u t e d  t o  t h e  growth 

r e t a r d a t i o n  o f  t h e  pups. Since conduct ing these s tud ies  i n  which p l a s t i c  

exposure cages were used and i n  which e l e c t r i c  f i e l d  i n t e n s i t i e s  were 

found t o  vary w i d e l y  w i t h  d i f f e r e n c e s  i n  humid i ty ,  t he  i n v e s t i g a t o r  has 

developed a new exposure cage which i s  cons t ruc ted  o f  meta l .  

Al though n 6  e f f e c t s  on growth were mentioned, Mose and F ischer  

(1970) noted inc reased food  and water  consumption i n  mice t h a t  were 

.exposed t o  a 24 kV/m f i e l d  over  a pe r i od  o f  15 days. Compared t o  the  

c o n t r o l  group t h e  increases averaged over  days were 19.4% f o r  food con- 

sumption and 14.5% f o r  water  'consumption. Wi th  ex tens ion  o f  t h e  exposure 

p e r i o d  t o  4-12 monnths a f a i l u r e  t o  produce progeny was a l s o  no ted  i n  

t h e  exposed mice. I n  a l a t e r  study, l i v e r  oxygen consumption o f  mice , 

t h a t  had been main ta ined  i n  the 24 kV/m f i e l d  o r  i n  a Faraday cage f o r  

8 days was compared t o  t h a t  o f  mice ma in ta ined  i n  "normal" cages i n  

a b r i c k  work bui ldi+ng. The f i e l d  exposure inc reased l i v e r  oxygen con- 

sumption whereas t h e  Faraday c o n d i t i o n  was assoc ia ted  w i t h  decreased 

consumption'. I n  rev iew ing  t h e  research by MoJe and coworkers, Sheppard 
(1978) n o t e d . t h a t  t hey  a l s o  repo r ted  e f f e c t s  o f  t h e  same 24 kV/m f i e l d  

on 5 -hy rw~ t r yp tam ine  l e v e l s  (decreases f o r  b r a i n  and u t e r i n e  t i s s u e ,  

increases i n  the  g u t )  and on s u s c e p t i b i l i t y  t o  i n f e c t i o n .  We have not , '  
however, reviewed t h e  o r i g i n a l  r e p o r t s  f o r  these l a t t e r  s tud ies .  

I n  a second study by Marino e t  a1 (1974a), mice were i n j e c t e d  

w i t h  tumor c e l l s  ( E r h l i c h  a c s i t e s )  and were then con t inuous ly  exposed 

t o  h o r i z o n t a l l y  o r i e n t e d  dc (+)  f i e l d s  of  8 - 16 kV/m f o r  14 days. C e l l  
d i v i s i o n  was a r r e s t e d  on t h e  morning o f  t h e  1 4 t h  day by t rea tment  w i t h  



Colcemid and 4  h r  a f t e r  t he  t reatment  samples o f  t h e  tumor c e l l s  were 

removed and prepared f o r  examination o f  the  chromosome. Compared t o  

c e l l s  c o l l e c t e d  from hos t  mice t h a t  had n o t  been exposed t o  t he  f i e l d s ,  

a  g rea te r  percentage o f  t h e  c e l l s  from t h e  exposed host  had chromosomal 
/ 

abnormal i t ies  and t h e  percentage of abnormal chromosomes per  c e l l  was 

a l s o  h igher .  

3.2.1.3 Hematology and Blood Chemistry (Tab1 e  3-3) 

The d i s t r i b u t i o n  o f  serum p ro te ins  was measured a f t e r  exposure o f  

r a t s  (Marino e t  d l ,  1974a) o r  mice (Marit lo e t  a1, 1974b) t o  dc f i e l d s  f o r  

vary ing  per iods.  P r o t e i n  determinat ions were made f o r  r a t s  a f t e r . 3 0  days. 

For a l l  t h ree  f i e l d  i n t e n s i t i e s  s t u d i e d ' t h e  r e l a t i v e  percentage o f  a t  

l e a s t  one o f  t h e  p r o t e i n  f r a c t i o n s  was r e p o r t e d l y  s i g n i f i c a n t l y  a l t e r e d ,  

however, t he  d i r e c t i o n  o f  e f f e c t s  was n o t  t h e  same across f i ' e l d  i n t e n s i t i e s .  

For  mice the  determinat ions were made a f t e r  7, 14, and 21 days o f  exposure 

t o  one o f  two i n t e n s i t i e s  o f  h o r i z o n t a l  f i e l d s  o r  t o  a  v e r t i c a l  f i e l d .  

A t  21 days t h e  r e l a t i v e  percentage o f  p r o t e i n ,  i n  t he  6 f r a c t i o n  was g rea te r  

than f o r  c o n t r o l s  under cond i t i ons  o f  h o r i z o n t a l  exposure whereas w i th ,  

exposure t o  t h e  v e r t i c a l  f i e l d  t h i s  percentage was decreased as compared 

t o  con t ro l s .  The h ighe r  i n t e n s i t y  (10.7 kV/m) h o r i z o n t a l  f - i e l d  a l so  

increased t h e  r e l a t i v e  percentage o f  p r o t i i n  t h a t  was i n  t he  B f r a c t i o n  

a t  7  and 14 days. For bo th  s tud ies  i t  appeared t h a t  sera from animals 

i n  each c o n t r o l  o r  exposed group were pooled and t h e  ana l ys i s  performed 

on a  g iven number of  a l i q u o t s  from each pool .  T h i s , i s  n o t  an uncommon 

p r a c t i c e  as l ong  t h e r e  i s  a  su f f i c i en t . number  o f  pools from each group 

t o  a1 low s t a t i s t i c a l  evaluat ion..  I n  t h i s  case i t  appeared t h a t  a  s i n g l e  

pool may have been used f o r  each group and t h e  s t a t i s t i c s ,  were then 

based on the  number o f  a l i q u o t s . .  Th is  then would i n f l a t e  t h e  value o f  n  

(number of samples) and make i t  eas ie r  t o  ob ta in  s i g n i f i c a n t  e f f e c t s  

as t h e  v a r i a b i l i t y  across animals w i t h i n  a  group i s  no t  considered. 

Hematologic eva lua t ions  were performed on b lood c o l l  ected from human 

sub jec ts  a f t e r  exposure .to' dc f i e l d s  o f  30 o r  60 kV/m f o r  2  h r  i n t e r v a l s  

over a  pe r i od  o f  2  mo (Kr ievova e t  a l ,  1973). A  number o f  the  standard , 

hematologic assays were performed and no s i g n i f i c a n t  e f f e c t s  observed. A t  

90 kV/m, however, t h e  number oT p l a t e l e t s  fourid i n  .b lood o f  s a ~ ~ i p l o s  taken 



f rom human s u b j e c t s  f o l l o w i n g  t h e  f i e l d  exposure was g r e a t e r  than t h e  

comparable percentage a f t e r  a p e r i o d  o f  non-exposure. 

3.2.1.4 H e a r t  and R e s p i r a t i o n  

No e f f e c t s  o f  h e a r t  o r  r e s p i r a t i o n -  r a t e s  were de tec ted  f o r  r a t s  

exposed t o  dc f i e l d s  as g r e a t  as 225 kV/m f o r  pe r i ods  o f  30 - 60 minu tes  

(Hermer, 1971, L o t t ,  1973).  Nakamura (1979) observed inc reased  spi.ki;ng , . . 

i n  t h e  EKG's o f  c a t s  d u r i n g  exposure t o  a 45 kV/m f i e l d , ,  however, as 
J r 

w i t h  t h e  aggess ive behav io r  no ted  e a r l i e r  f o r  t h i s  s tudy ,  t h e  EKG 

s p i k i n g  appeared t o  be dependent upon t h e  presence o f  corona. 

B lood  p ressure  and h e a r t  r a t e  were decreased i n  human s u b j e c t s  

exposed tea 60 o r 9 0  kV/m ' f i e l d  f o r  2 h r  i n t e r v a l s  (Kr ievova ,  1973).  

Whcrcas normal r a t c s  wcrc r ccovc r cd  w i t h i n  24 h a f t e r  t h e  60 kV/m 

exposure, decreases were sus ta i ned  over  4 o r  5 days f o l l o w i n g  a 90 kV/m 

f i e l d  exposure. A 30 kV/m f i e l d  had no e f f e c t s  on h e a r t  r a t e s  o r  b l ood  

pressure.  

3.2.1.5 DC E l e c t r i c  F i e l d s  Summary 

The f i r s t  and foremost  impediment t o  drawing conc lus ions  as t o  

whether  i n c reased  f i e l d s  may rep resen t  a r i s k  f o r  mammalian systems i s  

s imp l y  t h e  l a c k  o f  s t u d i e s  address ing  t h i s  ques t ion .  There i s  o f ,  course . 

a p r a c t i c a l  reason f o r  t h i s .  S t i m u l a t i o n  o f  r i s k  assessment research  i s  ' 

most  o f t e n  p r e d i c a t e d  on t h e  e x t e n t  t o  which human exposure i s  expected. 

For. many yea rs  t h e  b u l k  o f  l o n g  d i s t a n c e  power t r ansm iss i on  as been 

handled v i a  ac 1 i nes .  However i n  r e c e n t  years  t h e  use o f  dc t r ansm iss i on  
has been recogn ized  as a more economic method so t h a t  i t s  use has inc reased  

and f u r t h e r  inc reases  a r e  planned. For example, as o f  1954 dc power 

t r ansm iss i on  was on t h e  o r d e r  o f  20 megawatts whereas by  1985 i t  i s  ex- 

pec ted  t o  approach 25,000 megawat'ts/year (Shah, 1977).  

The 1 i t e r a t u r e  t o  da te  c o n t a i n s  no s t r o n g  and unequivocal  bases f o r  

a l a rm  concern ing  hazardous b i o l o g i c a l  e f f e c t s  from exposure t o  dc e l e c t r i c  

f i e l d s .  S c a t t e r e d  p o s i t i v e  r e s u l t s  have been repo r t ed .  I n  severa l  i ns tances  

such r e s u l t s  appeared t o  he i n  t h e  d i r e c t i o n  o f  an i l l - d e f i n e d  s t i m u l a t o r y  

e f f e c t s  o f  t h e  exposure ( b e t t e r  performance i n  a maze, l owe r  t i m e  scores,  

i nc reased  EEG a c t i v i t y  , inc reased  a t t e n t i o n  t o  t ask ,  i nc reases  i n  

me tabo l i c  a c t i v i t i e s ) .  Some o f  these  c o u l d  be consideked improvements i f  



t h e y  were r e p l i c a b l e ,  however such qua1 i t a t i v e  judgements shou ld  n o t  

be made w i t h o u t  a  broader  da ta  base t h a t  p e r m i t s  c o n s i d e r a t i o n  o f  t h e  

e f fec ts  i n  t h e  pe rspec t i ve  o f  impact on t h e  0 r g a n i s m . a ~  a  whole. 

The ques t ion  o f  whether some o f  these r e s u l t s  cou ld  be rep1 i c a t e d  

i s  a  very  r e a l  one. Many o f  t h e  r e p o r t s  d i d  n o t  c o n t a i n  importa 'nt  

m e t h ~ d o l o g i c a l  i n f o r m a t i o n  .or  in. some cases t h e  r e p o r t e d  methods c o u l d  

be quest ioned.  I t  was n o t  always c l e a r  whether t h e  problem was t h e  

method o r  t h e  r e p o r t i n g  and a d m i t t e d l y  some o f  t h e  i .n fo rmat ion  was ob- 

t a i n e d  f rom a b s t r a c t s  o r  p re l im . i na ry  r e p o r t s  where f u l l  d i scuss ions ,  

o f  methodology a:re u s u a l l y  n o t  a v a i l a b l e .  However, some o f  t h e  problems 

t h a t  were . recognized .shou ld  be ment ioned. The f i r s t  o f  these was a  

f a i l u r e  t o  i n d i c a t e  whether o r  how t h e  t e s t  f i e l d s  were measured an'd t o  

what e x t e n t  t h e  f i e l d s  were uni formed. The d e t a i l s  of  t h e  fea tu res  

o f  t h e  space o r  enc losures used f o r  f i e l d  exposures.were a t  t imes  

omi t ted .  E f f o r t s  t o  assure t h a t  t h e  a p p r o p r i a t e  sham-exposed. c o n d i t i o n  

was achieved f o r  c o n t r o l  sub jec t s  o r  c o n t r o l  pe r i ods  were o f t e n  n o t  

descr ibed.  Many r e p o r t s  made no ment ion o f  impo r tan t  n o n t e s t  env i ronmenta l  

v a r i a b l e s  such as 1  i g h t ,  temperature,  no ise ,  and humid i t y .  These v a r i a b l e s  

a re  impo r tan t  f i r s t  f rom t h e  s tandpo in t  o f  assu r i ng  t h a t  t h e  s u b j e c t s  . 
a r e  main ' ta ined i n  a s u i t a b l e  env i ronment  and because these  v a r i a b l e s  i n  

' and o f  themselves can have s u b s t a n t i a l  e f d e c t s  on b i o l o g i c a l  responses. 

Fu r the r ,  i n  r e l a t i o n  t o  t h e  t e s t  environments,  i f  a  n o i s e  o f  some k i n d  was 

s p e c i f i c  t o  t h e  t e s t  s i t u a t i o n ,  t h i s  cou ld  have p rov ided  cues t o  t h e  

presence o f  t h e - f i e l d .  Humid i t y  i s  a l s o  a  p a r t i c u l a r l y  impo r tan t  f a c t o r  

i n  t h e  EM e f f e c t s  eva lua t i ons  because o f  i t s  , e f f e c t  on 'coup1 i n g  phenomena. 

F i n a l l y ,  w i t h  c e r t a i n  exposure systems t h e  ques t i on  o f  t h e  r o l e  o f  i o n  e f f e c t s  

o r  ozone generat i ,on was n o t  r u l e d  ou t .  

3.2.2 A i r  I ons  . ~ 

I n  c o n t r a s t  t o  t h e  l i m i t e d  body o f  1  i t e r a t u r e c o n c e r n i n g  dc  e l e c t r i c  

f i e l d s  'b ioef ' fec ts  ,' i n v e s t i g a t i o n '  o f  t h e  ques t i on  o f  whether .excess a i r  i o n s ,  

d e p r i v a t i o n  o f  a i r  i ons ,  o r  a l t e r e d  r a t i o s  o f  p o s i - t i v e  and nega t i ve  i ons  

have b i o l o g i c a l  s i g n i f i c a n c e  has a  l ong  and c o n t r o v e r s i a l  h i s t o r y .  Due t o  

t h e  volume o f  t h i s  1 i t e r a t u r e .  t h e  number o f  o r i g i n a l  r e p o r t s  :abs t rac ted  

and, t a b u l a t e d  - . f o r ' t h e  p resen t  r e p o r t  r ep resen t  o n l y  a  smal:l f r a c t i o n  



of  t he  t o t a l  l i t e r a t u r e .  These have been supplemented t o  some e x t e n t  by 

t a b u l a t i n g  i n f o r m a t i o n  f rom prev ious  l i t e r a t u r e  surveys and where t h i s  

was t h e  case t h e  r e s p o n s i b l e  r ev i ewe r  has been c i t e d .  P re l  im ina ry  t o  t h e  

d i scuss ion  o f  a i r  i o n s  b i o e f f e c t s ,  a  b r i e f  d i scuss ion  o f  t h e  p r o p e r t i e s ,  

sources, and behav io r  o f  a i r  i ons  i s  g iven .  T h i s  d i scuss ion  was prepared 

a lmos t  e x c l u s i v e l y  from secondary re fe rence  sources r a t h e r  than  f rom 

o r i g i n a l  r e p o r t s .  The sources used were summary o r  r ev i ew  a r t i c l e s  by 

Andersen (1971) ,  K n o l l  e t  a1 (1964),  Krueger  (1972) ,  Krueger and Reed 

(1976) ,  and Swan (1961) .  Where s ta tements were more o r  l e s s  d i r e c t l y  

a t t r i b u t a b l e  t o  one o f  t h e s e  sources, t h a t  source has been c i t e d .  - I n  

t h e i r  d i scuss ion  o f  these sub jed ts ,  t h e  re fe renced  sources c i t e d  a  broad 

spectrum o f  o r i g i n a l  research  r e p o r t s .  It was n o t  cons idered necessary 

f o r  t h e  purpose o f  t h i s  r a t h e r  s i m p l i s t i c  d i scuss ion  prepared as background 

f o r  t h e  d i scuss ion  o f  t h e  b i o e f f e c t s  l i t e r a t u r e  t o  1  i s t  these c i t a t i o n s .  

3.2.2.1 D e f i n i t i o n s ,  P r o p e r t i e s  and Behavior  o f  A i r  10ns 

Recogn i t ion  o f  t h e  ex i s tence  o f  a i r  i o n s  da tes  t o  t h e  l a s t  decade 

o f  t h e  1 9 t h  cen tu ry  when two s c i e n t i s t s  i n  Germany, E l s t e r  and G e i t e l ,  and 

Thomson. i n  England a p p a r e n t l y  made t h i s  d i scove ry  independent o f  each o t h e r  

(Krueger  and Reed, 1976).  A i r  i ons  a r e  formed when some agent  causes 

sepa ra t i on  of an e l e c t r o n  o r  n e g a t i v e l y  charged p a r t i c l e  f rom a  n e u t r a l  
II 

molecu le  o f  a tmoshper ic  gas. The remainder o f  t h e  molecule thus  l e f t  w i t h  

a  n e t  p o s i t i v e  charge i s  c a l l e d  a  p o s i t i v e  i o n .  W i th i n  a ve ry  s h o r t  t ime  

t h e  e l e c t r o n  a t t aches  t o  a  n e u t r a l  mo lecu le  o r  group o f  molecules and thus  

a  n e g a t i v e  i o n  i s  formed. 

The p r imary  n a t u r a l  agents f o r  a i r  i o n i z a t i o n  i n  t he  lower  atmosphere 

are.radioactiveradiations and cosmic r a d i a t o n s  pass ing  th rough a i r .  A smal l  

c o n t r i b u t i o n  t o  n a t u r a l  i o n  p roduc t i on  i s  a l s o  made by r a d i o a c t i v e  gaseous 

enamations from t h e  s o i l  which con' tains radium and s i m i l a r  substances. 

Together  these sources account  f o r  an i o n  p roduc t i on  r a t e  o f  about 10 i ons /  

cm3/sec (Swan, 1961).  Other  n a t u r a l  sources o f  a i r  i o n i z a t i o n  i n c l u d e  corona 

from l i g h t n i ' n g ,  t he  f r i c t i o n  o f  r a p i d l y  moving wind ove r  land,. and f r i c t i o n  

o f  wa te r  molecules i n  w a t e r f a l l s .  

By i o n i z i n g  under r e l a t i v e l y  h i g h  p ressure  and sepa ra t i ng  t h e  i ons  

acco rd ing  t o  mass under  low pressure  c o n d i t i o n s ,  i t  can be demonstrated 



t h a t  . a i r  can be i on i zed  i n t o  a  number o f  monomolecular ions  i n c l u d i n g  
t + t t t t o', N', H20+ , N2 , NO', oZt, Ay2 , N.3 , N20 , O3 , N4 , 0-, 02-, NO*-, - 

NO3 , OH- (Kno l l ,  1964). However, i n  atmospheric a i r  these monomolecular 

ions have a  sho r t  1  i f e  because w i t h i n  approximately 1  x 10-6 sec a  number 

of o t h e r  molecules c l u s t e r  around them thus forming a  ,mu1 t i .molecular  ion .  

I n  na tu re  cl us te rs  o f  one o f  t h e  .fol 1  owing composit ions predominate: , H + ( H ~ o ) ~ ,  

H ~ O + ( H ~ O ) ~  , 02-(H20), , OH-(HzO), ( ~ r u e g e r ,  1972). 

Ions a re  f requen t l y  categor ized according t o  t h e  r a t e  a t  which they  

move through a i r  however bo th  the  terminology and t h e  d e f i n i t i o n s  a re  some- 

what a r b i t r a r y  and n o t  un i ve rsa l .  Andersen (1971 ) suggested t h a t  " I  i g h t  

ions"  are most f requent ly  de f ined as those having m o b i l i t i e s  g r e a t e r  than 
2 1 cm /v .  sec whereas heavy ions  a re  those having lesser  m o b i l i t i e s .  The 

term "smal l  i on "  has been used t o  designate ions w i t h  m o b i l i t y  spectra 
2  centered around 1  -5  cm/v. sec (Swan, 1961 ) o r  2  cm /v .  sec (Kno l l  e t  a1 , 1964). 

These l i g h t  o r  small a i r  ions a r e  t h e  ions  t o  which proponents of i o n  

b i o e f f e c t s  have t y p i c a l l y  a t t r i b u t e d  b i o l o g i c a l  a c t i v i t y .  In te rmed ia te  

and 1  arge ions  are  formed by the  attachment o f  p o s i t i v e  o r  nega t i ve  charges 

t o  n e u t r a l  condensation n u c l e i  o f  va ry ing  s izes .  M o b i l i t i e s  on t h e  order  

o f  0.01 cm/v. sec (Swan, 1961 ) o r  0.01 'cm2/v. sec (Kno l l  e t  a1 , 1964) have 

been denoted as in te rmed ia te  ions  and those w i t h  1  esser mob i l  i t i e s  as 

l a r g e  ions.  The term "secondary ions"  has a10 been used t o  c o l l e c t i v e l y  

denote in te rmed ia te  and l a r g e  ions and t o  d i s t i n g u i s h  these species of 

ions, t h e  composite o f  which inc ludes  condensation nucl 'ei  , from pr imary 

mu l t imo lecu la r  ions  which a r e  smal le r  c l u s t e r s  o f  a  o n l y  few molecules. . 

Due t o  cont inua l  ageing o r  decay processes, t h e  1  i f e  of t he  small 

a i r  i o n  i s  shor t .  Est imates on t h e  order  o f  seconds o r  minutes ha,ve been 

suggested and depend i n  p a r t  on t h e  p u r i t y  o f  t h e  a i r  (Knoll. e t  a l ,  1964). 
b 

Andersen (1971) l i s t s  t he  fo l l ow ing  mechanisms of  decay for  l i g h t  ions.  

" ( 1 )  by recombinat ion w i t h  a  l i g h t  i o n  o f  the .oppos i te  s ign  forming 
n e u t r a l  molecules, ( 2 )  by combination w i t h  a  heavy i o n  o f  t h e  oppos i te  
s ign  forming a  n e u t r a l  nucleus and n e u t r a l  molecules o r  (3 )  by 
combination w i t h  a  n e u t r a l  nucleus forming a  heavy i on .  The heavy 
ions  decay by combination w i t h  a  l i g h t  i o n  o f  oppos i te  s ign  o r  by 
combination w i t h  heavy ions o f  t h e  oppos i te  s ign . "  

Due t o  recombinations w i t h  condensation n u c l e i ,  the concent ra t ion  

o f  a i r  ions  i n  regions where dust ,  smog,, o r  h igh  humdi t i y  i s  p reva len t  tend 



t o  be smal l .  Typ ica l  ranges f o r  ions o f  e i t h e r  p o l a r i t y  have been suggested 

as 100 t o  2000 ions/cm3:and a  average values o f  150, 500, and 600 have been 

c i t e d  f o r  c i t i e s ,  open country, and over  oceans, r e s p e c t i v e l y  (Kno l l  e t  a l ,  1964). 

Krueger and Reed (1976) noted t h a t  even i n  clean count ry  a i r  the t o t a l  number 

o f  ions  seldom exceeds 1  x  l o 4  i'ons/cm3. 

I n  undisturbed weather cond i t ions ,  p o s i t i v e  species o f  smal l  ions  

tend t o  be predominant w i t h  n+/n- r a t i o s  ranging from 1.0 t o  1.4. However, 

d u r i n g  r a i n f a l l  o r  thunderstorms r a t i o s  o f  l e s s  than one a re  observed 

(Kno l l  e t  a1 , 1964). Increased concent ra t ions  o f  'nesat ive a i r  i ons  a1 so appear . - 

t o  be c h a r a c t e r i s t i c  of  h i g h l y  humid areas such as areas near w a t e r f a l l s  o r  

t h e  seashore: S h i f t s  i n  t h e  d i rec ' t ion  o f  a t y p i c a l l y  h igh  concentrat ions o f  

p o s i t i v e  i ons  may a l s o  be observed under c e r t a i n  weather cond i t i ons .  Most 

f r e q u e n t l y  mentioned i s  t h e  warm, d ry  windstorms t h a t  sweep through c e r t a i n  

regions ( ~ h a r a v  o r  Hamsin wjiids I n  't,he Mldd le  East,  t h e  Fuehr~ -111 Ce111rdl 

Europe, and t h e  Santa Ana i n  C a l i f o r n i a ) .  The a t t r q b u t l o n  o f  causat iun 

, f o r  d i ve rse  i 11 nesses ,. 9Ymptoms, and behavi.ors t o  these winds o r  t o  t h e  

i o n i c  imbalance t h a t  precedes and accompanies them apparent ly  r e s t s  p a r t i a l l y  

on s c i e n t i f i c  evidence, p a r t i a l l y  on anecdotal  repo r t s ,  and t o  some ex ten t .  

on f o l k l o r e .  The range o f  such c la ims can be appreciated by reading 

a  book c a l l e d  ''The I o n  E f f e c t "  which was seeming ly 'w r i t t en  f o r  popular 

consum~t ion  by Soyka (1977). I t presents f rom. the  v iewpoint  o f  a  s e l f -  

c laimed i o n  s e n s i t i v e  i n d i v i d u a l  r e l a t i v e l y  u n c r i t i c a l  desc r ip t i ons  of 

s c i e n t i f i c  i n v e s t i g a t i o n s  as w e l l  as d iscussions of both h i s t o r i c a l  and , 

contemporary anecdotes. Simp1 i s t i c a l  l y ,  t h e  p o s i t i o n  being o f f e r e d  by 

Soyka i s  t h a t  d e p r i v a t i o n  o f  ions  o r  overdoses o f  p o s i t i v e  ions  a r e  de t r imenta l  

and h igh  concentrat ions o f  negat ive-  ions  a r e  b e n e f i c i a l .  

The d iscussion thus f a r  has been concerned p r i m a r i l y , w i t h  n a t u r a l  

sources o f  a i r  ions  and i ons  i n  t h e  natura l 'envi ronment .  However, much 

o f  t h e  i o n  b i o e f f e c t s  research appears t o  have been s t imu la ted  by proposals 

t h a t  human h e a l t h  and w e l l  being cou ld  be improved no t  o n l y  by c o n t r o l l i n g  

t h e  a i r  ions  i n  t h e  environment bu t  by c o n t r o l l i n g  v i a  a r t i f i c ' a l  means the 

i o n  r a t i o s  i n  pl.aces o f  residence o r  work. The pr imary  means proposed 

f o r  ma in ta in ing  the p r e f e r r e d  i o n  balance through na tu ra l  sources i s  a  

reduc t i on  i n  a i r  p o l l u t i o n  f o r  which one r e s u l t  would be h igher  concen- 

t r a t i o n s  o.f small a i r  ions  i n  c i t i e s  and adjacent  areas. However, f o r  a  
I 



more immediate approach t o  a i r  i o n  c o n t r o l  i n  b u i l d i n g s  i o n  gene ra to r s ,  

presumably capable o f  c r e a t i n g  h i g h e r  d e n s i t i e s  o f  smal l  i ons  and p robab ly  

p r i m a r i l y  nega t i ve  ion.s, a r e  be ing  suggested. Such genera to rs  a r e  commerc ia l ly  

a v a i l a b l e  and be ing  s o l d  as h e a l t h  a s s i s t  dev ices  i n  some c o u n t r i e s .  I n  

t h e  U.S.:such dev ices a r e  appa ren t l y  a l s o  a v a i l a b l e  commer ica l l y  b u t  

r e g u l a t i o n s  (FDA) l i m i t s  t h e  e x t e n t  o f  t h e i r  a d v e r t i s i n g  c l a ims  t o  c la ims  

o f  e f f e c t i v e n e s s  as a i r  c l e a n i n g  dev ices.  

Even w i t h  a r t i f i c i a l  sources o f  smal l  a i r  . i ons ,  t h e  maximum d e n s i t i e s  

ach ievab le  a r e  smal l  compared t o  t h e  t o t a l  number o f  molecules i n  a  g i v e n  

volume o f  a i r .  Swan (1961) d iscussed t h i s  i n  terms o f  t h e  t i m e  r e q u i r e d  

f o r  excess i ons  o f  one p o l a r i t y  t o  d isappear  when superimposed on a  room 

f i l l e d  w i t h  p o s i t i v e  and n e g a t i v e  i o n  p a i r s .  I f  f o r  example t h e  i n i t i a l  

excess d e n s i t y  i s  on t he  o r d e r  o f  1  x  1o4/cm3 a,nd t h e r e  i s  no mechanism 

f o r  rep len ishment ,  t he  excess i o n  d e n s i t y  would be reduced t o  about  90% 

o f  t h e  i n i t i a l  va lue  w i t h i n  10 min. For  very  h i g h  .excess d e n s i t i e s  ' (>  1  x  

1 0 ~ / c m ~ j ,  i t  may be meaningfu l  t o  cons ider  t h e  disappearance r a t e  i n  terms 

o f  tk, i.e., t i m e  r e q u r i e d  f o r  50% o f  t h e  i n i t a l  excess t o  d isappear .  Under 

t h e  c o n d i t i o n  o f  ve ry  l a r g e  excess d e n s i t i e s ,  tk decreases as t h e  i n i t i a l  

excess d e n s i t y  inc reases .  I n  o t h e r  words t h e  more excess i ons  present ,  

t h e  f a s t e r  h a l f  o f  them w i l l  d isappear .  Anndersen (1971) descr ibes  t h e  

cases i n  which i o n s  a r e  d e l i v e r e d  v i a  a  steady f l o w  system such a  tube  

w i t h  a  s.tream o f  a i r  outward from t h e  i o n  source. Us ing  curves d e r i v e d  

from a  r e p o r t  by Whitby and Jordan ( 1  973), h e  c a l c u l a t e d  t h a t  r ega rd less  . 

o f  t h e  o u t p u t  o f  t h e  source t h e  maximum concen t ra t i on  o f  smal l  u i n p o l a r  

i ons  t h a t  cou ld  be ob ta i ned  a t  a  p o s i t o n  t h a t  cou ld  be reached i n  1  sec 

o f  t r a v e l  f rom t h e  source would be 3 x  l u 5  u n i p o l a r  ionslcm3. F o r  a 

p o s i t i o n  10 sec t r a v e l  away from. t h e  source t h e  maximum o b t a i n a b l e  va lue  

would be lowered by one o r d e r  o f  magnitude.. When i t  i s  cons idered 

t h a t  one cub i c  cen t ime te r  o f  a i r  con ta ins  about  2.7 x  lo1'  molecules,  

even a t  maximum, concen t ra t i ons  sma l l  a i r , i o n s  make up o n l y  a  smal l  f r a c t i o n  
I 

o f  t h e  a i r .  It i s  cons ide ra t i on  o f  t h i s  l a r g e  d i l u t i o n  ' f a c t o r  t h a t  has 

caused some s c i e n t i s t  t o  be s k e p t i c a l  o f  b i o l o g i c a l  e f f e c t s  r e p o r t e d l y  

assoc ia ted  w i t h  a l t e r a t i o n s  i n  ambient i o n i c  c o n d i t i o n s .  I n  response t o  

t h i s  skep t i c i sm,  proponents o f  i o n  b i o e f f e c t s  phenomena p o i n t  t o  t h e  extreme 
r 

s e n s i t i v i t y  o f  c e r t a i n  b i o l o g i c a l  systems t o  phys i ca l  o r  chemical  s t i m u l i .  

For  example, 'Krueger and Reed(1976) ment ion t h e  r e t i n a l  response 



which can be e l i c t e d  by a  s i n g l e  quantum o f  l i g h t  and the  extreme 
I .  

s e n s i t i v i t y  i n d i c a t e d  by  responses t o  species s p e c i f i c  phermones which 

fo r  some organisms serve as sexual a t t r a c t a n t s  o r  for,communication 

o f  alarm. Evidence o f  e f f e c t i v e  pheromone concentrat ions as low as 

200 molecu les /cm~ a i r  and 1  molecule of pheromone i n  1.5 x  1011 molecules 

o f  water  were c i t e d .  

The preceding paragraph concerns maximum d e n s i t i e s  o f  un ipo l  a r  ions  

ach ievab le  under op t ima l  condi t i a n s .  The ac tua l  d e n s i t i e s  achieved 

i n  a  p a r t i c u l a r  s i t u a t i o n  would o f  course depend on a l l  t he  f a c t o r s  t h a t  

a f f e c t  ageing o r  decay o f  ions.  Fur ther ,  i f  t h e  issue i s  whether t he  ions  

may a f f e c t  a  g iven b i o l o g i c a l  system, t h e  more c r i t i c a l  quest ions become the  

i ons  a v a i l a b l e  a t  t h e  p o i n t  o f  uptake i n t o  t h e  system and t h e  f a t e  o f  

t h e  i ons  a f t e r  uptake. C r i t i c a l  f a c t o r s  f o r  determin ing the  ions  a v a i l a b l e  

a t  t h e  p o i n t  o f  uptake i nc lude  t h e  e l e c t r i c  f i e l d s  i n  t h e  exposure area, 

t h e  p o t e n t i a l  o f  t h e  b i o l o g i c a l  sub jec t  i n  r e l a t i o n  t o  the  p o t e n t i a l  

o f  o t h e r  o b j e c t s  i n  t h e  room, and a i r f l o w  w i t h i n  t h e  room. I l l u s t r a t i n g  

w i t h  a  hypo the t i ca l  s i t u a t i o n  i n  which a  nozzle from an i on  generator  

d e l i v e r s  u n i p o l a r  ions  t o  a  room where a  p a t i e n t  o r  sub jec t  i s  located,  

Swan (1961) descr ibed s i t u a t i o n s  i n  which e s s e n t i a l l y  no ions  would reach 

t h e  sub jec t .  Th i s  cou ld  be e i t h e r  because they  were repulsed by 1  i ke 

charges on the  sub jec t  o r  because most o f  t h e  ions would be a t t r a c t e d  by 

o t h e r  ob jec ts  i n  the room t h a t  were o f  lower  p o t e n t i a l  than t h e  sub jec t .  

Discussing the  e l e c t r i c a l  f f e l d s  and r e l a t i v e  p o t e n t i a l s  and e f f e c t s  on 

i o n  a v a i l a b i l i t y  he s ta ted :  " I n  o rder  t o  g e t  ions t o  the  p a t i e n t  we must 

have t h e  1  ines o f  e l e c t r i c  f o r c e  going t o  him i n  case o f  p o s i t i v e  and away 

from him i n  the  case o f  negat ive  ions."  

Another i ssue  r a i s e d  by skep t i cs  o f  i o n  b i o e f f e c t s  i s  t h a t  o f  t he  

means o f  i n t e r a c t i o n  between b i o l o g i c a l  systems and the  ions.  The p o i n t s  o f  

contac ts  f o r  humans and o t h e r  mammals would be t h e  sk in ,  s k i n  coverings, and 
B t h e  r e s p i r a t o r y  system. The l a t t e r  has received a  g rea t  deal more a t t e n t i o n .  

Andersen (1971 ) reviewed several s tud ies  i n  which t h e  d i s t r i b u t i o n  o f  

i nha led  a i r  ions  i n  t he  r e s p i r a t o r y  system was considered. He concluded 

t h a t ,  "a  considerable depos i t ion  of ions  takes p lace on the  mucosal sur face * I 
- o f  t h e  r e s p i r a t o r y t r a c t  and main ly  i n  i t s  upper p a r t  - the  nasal c a v i t y ,  

nasopharynx and trachea. The phys io log i ca l  e f f e c t s ,  i f  any, u f  inha led  gas 



i ons  t h e r e f o r e  must cause a  l o c a l  e f f e c t  i n  these reg ions  o r  t h e r e  e l i c i t  

r e f l e x  mechanisms o r  humoral mechanisms." 

3.2.2.2 A i r  I o n  B i o e f f e c t s  

A ma jor  focus i n  t h i s  research has been t h e  r e s p i r a t o r y  system (Table 

3-5).  Where e f f e c t s  i n  humans were repo r ted  they  tended t o  be ' , i n  t h e  d i r e c t i o n  

o f  improved o r  more eco'nomic f u n c t i o n i n g  under cond i t i ons  o f  excess negat ive  . 

i o n i z a t i o n  (Goldman and R i  vo l  i e r ,  1972 ; Wehner, 1961 ) o r  decreased capac i t y  

w i t h  excess p o s i t i v e  ions  (Winsor and .Becket t ,  1975). However, i n  severa l  
L 

s tud ies  w i t h  human sub jec ts  ' there appeared t o  be l i t t l e  o r  no e f f e c t  on 

r e s p i r a t o r y  measures even though t h e , s t u d i e s  were conducted w i t h  i o n  ' 

concentrat ions i n  t h e  same range o r  g r e a t e r  than those which y i e l d e d  p o s i t i v e  

r e s u l t s  (Goldman and R ivo l  i e r ,  1977; Hamburger, 1962; Minkh, 1961 ; Sulman, 

. e t  a l ,  1978) , 

The upper r e s p i r a t o r y  t r a c t  was o f  p a r t i c u l a r  i n t e r e s t  because,of  t h e  

evidence t h a t  i f  l o c a l  e f f e c t s  were. t o  obtain,. i t  would be t h e  most 1  i k e l y  

t a r g e t .  Krueger and Mis .coworkers have' l e d  much o f  t h e  a i r  i o n  research ' 

i n  animal model s  ' i n c l u d i n g  t h e -  s tud ies  o f  t h e  upper r e s p i r a t o r y  t r a c t  (Table 

3-5) as w e l l  s tud ies  tabu la ted  i n  subsequent t ab les .  T h e i r  s tud ies  o f  

t rachea l  f u n c t i o n i n g  i nvo l ved  bo th  i n  v i t r o  a'nd i n  v i v o  p repara t ions  f o r  
1 

a  number o f  d i f f e r e n t  mammalian species. The general  p a t t e r n  o f  t h e i r  

r e s u l t s  i s  cons i s ten t  w i t h  t h e  hypothesis  t h a t  excess p o s i t i v e  ions  i m p a i r  " 

t r achea l  f u n c t i o n i n g  and t h a t  negat ive  i o n  .exposures reverse  t h i s  e f f e c t  

o r  may even i m p ~ o v e  t rachea l  f u n c t i o n i n g  over  base1 i n e  cond i t i ons .  I n  contras ' t ,  

a t  l e a s t  t h ree  i n v e s t i g a t o r s  o r  groups have determined c i l i a r y  beat  and 

mucous f l o w  r a t e s  i n  t h e  mammalian t rachea and found no e f f e c t s  o f  e i t h e r  . 

p o s i t i v e  o r  nega t i ve  i o n i z a t i o n  o r  i o n  d e p r i v a t i o n  (An'dersen, 1971 Gui 1  l e rm 

e t  a1 , 1966; Kensler  and B e t t i s t a ,  1966). Andersen (1971 ) ' reviewed t h e  

s tud ies  repo r ted  b y  Krueger and coworkers and suggested t h a t  due t o  t h e  
. . 

extreme s e n s i t i v i t y  o f  t rachea l  p repara t ions  t o  temperature and humidi ty ,  

these f a c t o r s  may have been invol 'ved i n  t he  . p o s i t i v e , r e s u l t s  obta ined.  It- 

was a l s o  suggested t h a t  i n  t he  e a r l i e r  s tud ies  t h e  e lec t rophys i ca l  c o n d i t i o n s  

may have been jnadequate ly  c o n t r o l l e d .  Krueger (1972) i n  responding t o  

these comments acknowledged t h a t  these e a r l y  s tud ies  'may have had some 

methodological  d e f i c i e n c i e s  b u t  noted t h a t  on t h e  p o s i t i v e  s i d e  the  s tud ies  



Table 3-5 

The E f f e c t s  of A i r  Ions  On 
The Heart and Resp i r a t ion  

Sub j e c t  I n v e s t i g a t o r s  
I n v e s t i g a t o r s  Subjec t  Exposure Resu l t s  
Winsor & Becket t ,  Human (+) and (-) 20 n i n  *Breathing Capacity (DEC ,+ Only): 

195 7 3.2 x 10'!+'/cc *Various Symptoms Reported by Sub jec t s  
More .Severe and More P e r s i s t e n t  I n  . 

P o s i t i v e  

Minkh, 1961 . ' Human (-) I o n i z e r  Produced .25 days @Blood Pressure, ,  Pu l se ,  Resp i r a t ion  
1.5 x 106/cc 15  nin/day Rate 

Hamburger Human ' (+) and (-) 92 n i n  e02 Uptake During Exerc ise  (Trends I N C  
4 x 106/cc, f o r  + but  no t  s t a t i s t i c a l l y  s i g n i f i c a n t )  

(-) 1041cc Sulman e t  a l ,  1978 Human 2 mos .Body Weight, Blood P res su re ,  Pu l se ,  
. 16 Br/day Resp i r a t ion  Rate,  Oral  Temperature - 

Bachman e t - a l ,  1965 Rat - (+) and '(-) 30, n i n  .Heart Rate 
r '  

*Respirat ion Rate (+ I N C ,  --DEC. Then INC) 

Bachman e t  a l ,  1966 Rat (+) 6 1  - 4900 x lo3 /cc  45 n i n  * ~ e s ~ i r a t i o n  (DEC) 
(-) 73 - 2080 x 103/cc 

Skorobogatova Cat (-) 106/.cc t o  Donor *Reduced Adrenal iw Induced Rise  i n  
. . Adrenalin t o  Receipient  Blood P res su re  : 

* Affec ted  I N C  = Iqcreased  
l Not Affec ted  DEC = figcreased 



Table 3-5 
The E f f e c t s  of  Air Ions  on 
The Heart  and Respi ra t ion  

Cont' d 

I n v e s t i g a t o r s  Subj e c t  Exposure Resul t  s 
. . Krueger & Smith, Tracheal  (+) and (-) Ranged From *General P a t t e r n  

1957 S t r i p s  l o 3  - ~ ~ ~ / c r n ~ / s e c  C i l i a r y  Rate (+ DEb, - IiVC) 
Krueger & Smith, .  From Mu-ous Flow Rate (+ DEC, - INC) 

1 9 5 8 a ~ b  Mouse, Tracheal  Appearance (+Contracted, -None) 
Krueger e t  a l ,  Rabbit ,  Vu lne rab i l i t y  t o  Trauma (+ I N C ,  - DEC) 

1 9 5 9 a ~ b  Guinea Some E f f e c t s  a t  concen t r a t ions  on Order 
. ~ r u e g e r '  d Smith, p i g  Y 2 . 5  x 103/cm2'. With (+) a t  109 sometimes 

1959 Monkey o r  Obtained Complete ~ u ~ r e s s t o n '  of C i l i i r y  
Krueger, . 1962 In  Vivo Through Tracheal  Aperture Beating and Mucous Flow. . Vi th  I n  Vivo 
Krueger e t  a l ,  Pmpara t ion  Resp i r a t ion  Rate (+ I N C ,  

1962 -DEC) and Vasocons t r ic t ion  (+INC) of 
Tracheal-Wall  a l s o  observed. 

Kensler  & B e t t i s t a ,  ( I n  Vi t ro)  Unipolar Ions  - @Tracheal  Mucous Flow and C i l i a r y  Rate 
1966 

Ci ted  by Andersen, 
19 71 

Guillerm e t  a l ,  1966 Rabbit Unipolar Ions  @Tracheal Mu,cous Flow arid C i l i a r y  R a t e .  
Ci ted by Andersen, ( I n  Vi t ro)  

19 71 

Andersen, 1971 Rabbit ' Bipolar  2 ' 2  105/cc 90 min . @Tracheal Mucous Flow and C i l i a r y  Rate 
(Noted ion  concentra- ( I n  Viva (-) 1.9 x 105/cc 
t i o n  i n  measuring tube  and In . (+) 2.0 x 105/cc 
given. Author n o t e s  Vitro) Unionized 275/cc 
a t  t h e  p repa ra t ion  t h e  
concen t r a t  i ons  were 
A 
A twice t h e s e  va lues)  

* Affected I N C  = Increased 
Not Affected DEC = Decreased 



Table 3-5 
The E f f e c t s  of A i r  Ions. on 
The Haa r t . and  Respi ra t ion  

Cont d  

I n v e s t i g a t o r s  ' Subject  E:~F os  u r e  Resu l t s  
Goldman & R i v o l i e r ,  Human (-) 5-6 :< l o 4 / c c  30-45 min *Pulse,  Rec ta l  Temperature, Average 

1977 ( 4  s u b j e c t s )  i n t e r v a l s  V e n t i l a t i o n  Rate,  Maximum Volume 
on-off - . ~ x p i r e d . A i r / S e c ,  Average Current  
measure- Volume, Average Resp i r a t ion  Rate 
ments 
over  3- 
week , p e r i . ~ d .  

Human (-) 3-4 = 104/cc  20 min *Recovery of Respi ra t ion  Rate A f t e r  
(19 subjectsS i n t e r v a l  Exer t ion  (INC) 

oncelweek 
f o r  4 weeks 
a l t e r n a t e d  * eRecovery of Heart  Rete A f t e r  Exer t ion  
w i t h  no 
excess  i ons  , 
f o r  4 weeks .. 

Human (-1 5 x 104/cc 8 h l n i g h t  , *Repose v e n t i l a t i o n ,  Respi ra tory  Frequency 
(2 s u b j e c t s )  5  n i g h t s /  a t  Rest and Under Exer t ion ,  Oxygen 

week, a l t e r -  Consumption Under Exer t ion ,  I n e f f i c i e n t  
n a t i n g  weeks F rac t ion  of Externa l  .Vent i la t ion ,  
with-without Cardiac Output a t  Rest a l l  DEC 
excess  ioni-. . *Respiratory Current Volume a t  Res t ,  
z a t i o n .  Deep v e n t i l a t o r y  Ef f i c i ency  I N C  
Measurements .Oxygen Consumption a t  Res t ,  Alveolar  
a t  beginning . Vent i l a t i on .  
and end o f  
3 weeks. 

* Affected I N C  = I n c r e u e d  
a Not Affected . D E C  = Decreased 



Table 3-5 
The E f f e c t s  .of Air Ions On 
The Heart  and Respi ra t ion  

Contd 
< 

I n v e s t i g a t o r s  Subject  Exposure Resul t s  
Wehner, 1961 Several  ~ l e c t r o a e r o s o l  Therapy *Authhr c i t e s  r e p o r t s  and communications 

Thousand (EAT) from c l i n i c  d i r e c t o r s  and Company 
Human phys ic ians  r epor t ing  success wi th  EAT i n  
P a t i e n t s  r e s p i r a t c r y  i l l n e s s e s .  One source 
( ~ d u l ' t s  & mentioned pneumoc.oniosis a s  riot being 
Children) a f f e c t e d  but another  i nd ica t ed  success.  

o ther '  i l l n e s s e s . ' f o r  which success was 
repor ted  included p e r t u s s i s ,  asthma, 
b r o n c h i t i s ,  l a r y n g i t i s ,  emphysema, p lus  
r e p o r t s  of improvement 0-f non-respiratory 
c o n d i t i o r ? ~  such a s  migrains , eczema, 

. . rheumatism, card iovascular  d i seases ,  a s  
we l l  a s  improved mood, s l e e p ,  and 
a p p e t i t e .  Author no te s  " f indings . .  . i n  
some ins t ances  wre based on only l i m i t e d  
number of ca ses ,  i n  o t h e r s  t h e  i n d i c a t i o n  
i s  s t i l l  cont rovers ia l ' '  however his ,  o v e r a l l  
i n t e r p r e t a t i o n  was favorable  t o  EAT. 

* Affected I N C  = Increased 
a Not Affected DEC = Decreased 

\ 



were conducted i n  r e p l i c a t e s  and t h a t  a l l  s t roboscopid readings o f  c i l i a r y  

beats were performed by one person thus p r o v i d i n g  f o r  u n i f o r m i t y  o f  

count ing techniques. 

Krueger has a l s o  l e d  the e f fo r t s  i n  another approach t o  study o f  

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

agents (Tab le  3-6). I n  a  se r i es  of experiments w i t h  mice, he and h i s  

coworkers observed e a r l i e r  o r  g rea te r  mor ta l  i t y  f o r  mice chal lenged w i t h  

r e s p i r a t o r y  i n f e c t i o u s  agents when t h e  mice were exposed t o  excess p o s i t i v e  

i o n  concentrat ions.  I n  general negat ive  i o n i z a t i o n  was associated w i t h  

decreased m o r t a l i t y  i n  chal lenged mice, however, i n  one study a  negat ive  
3  3  i o n  dens i t y  on t h e  o rde r  o f  10 ionslcm r e s u l t e d  i n  increased mor ta l  i t y .  

lhere  were i n d i c a t i o n s  t h a t  i n t ranasa l  chal lenge was necessary f o r  t he  

e f f e c t s  t o  o b t a i n  and t h a t  chal lenge a f t e r  exposure t o  t h e  i o n i c  t e s t  

cond i t i ons  d i d  n o t  show t h e  i o n  e f f e c t s .  

Several i n v e s t i g a t o r s  have considered card iovascu lar  f unc t i on ing  i n  

human sub jec ts  exposed t o  d i f f e r e n t  i o n  r a t i o s  (Tabl e  3-5). Considering 

c l i n i c a l  evidence, card iovascu lar  diseases were repo r ted l y  improved by 

e lec t roae roso l  therapy (Wehner, 1961 ) . However f o r  l a b o r a t o r y  s tud ies  i n  

humans the re  appeared t o  be l i t t l e  evidence o f  e f f e c t  on t h e  normal 

f unc t i on ing  o f  t h e  card iovascu lar  system (Goldman and R ivo l  i e r ,  1977; Hamburger 

1962; Minkh, 1961 ; Sulman e t  a l ,  1978). S i m i l a r l y ,  hea r t  r a t e  was n o t  

a f f e c t e d  i n  r a t s  t h a t  were g iven b r i e f  per iods  of exposure t o  increased 

concentrat ions o f  p o s i t i v e  o r  negat ive  ions (Bachman e t  a l ,  1965). 

Hematologic parameters explored have f a i l e d  t o  show any s t rong t rends 

f o r  i o n  b i s e f f e c t s  (Tabl  e 3-7), however, e f f e c t s  on b lood sedimentat ion 

ra tes ,  pH and C02 combining power have been repo r ted  (Kusima, 1967; Worden, 

1961). 

A major hypothesis o f f e r e a  by proponents o f  a i r  i o n  b i o e f f e c t s  i s  t h a t  

c e r t a i n  o f  t he  e f f e c t s  a r e  mediated v i a  a1 t e r a t i o n s  i n  metabol ism o f  

5-hydroxytryptamine (5-HT o r  se ro ton in ) .  There i s  considerable evidence 

t h a t  5-HT i s  a  neu ro t ransmi t t e r  a l though evidence o f  i t s  being the  so le  

med ia tor  a t  s p e c i f i c  synapt ic  connections i s  l a c k i n g  i n  mammals (Cooper e t  
a l ,  1970). I n  t he  nervous system t h e  h ighes t  concentrat ions o f  5-HT a r e  found 

i n  t h e  hypothalamus, 1  imb ic  s t ruc tu res ,  and basal gang1 i a  (Bogdanski e t  a1 , 
1957; Maickel e t  a1 , 1968), however, about 90% o f  t he  5-HT present  i n  

mammals i s  l oca ted  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  (Goodman and Gilman (1975). 



Table 3-6 

The E f f e c t s  of A i r  Ions  on Resis tance t o  I n f e c t i o n  

I n v e s t i g a t o r s  Sub jec t s  Exposure ( Ions l cc  of Ai r )  Resu l t s  
Krueger & Levine Mouse (+) 3-4 x lO5/cc Up t o  30+ days *Course of Coccidioidomycosis 

1967 Controls :  Room a i r  o r  beginning immedi- ( ~ e a t h  r a t e  and cumulative 
p o s i t i v e  e l e c t r i c  f i e l d  a t e l y  a f t e r  m o r t a l i t y  a t  30 days INC) 
comparable t o  t h a t  i n  t h e  i n f e c t i o n  
ion  exposure chamber. The 
two c o n t r o l  groups gave 7 days beginning 02ourse of Coccidioidomycosis 
comparable r e s u l t s  47 days a f t e r  

i n f e c t i o r  o r  
7 days (only)  
p r i o r  t o  i n f e c t i o n  

Krueger e t  a l ,  Mouse (+) 1.0-4.1 x 10'/cc 48 h r  p r i o r  t o  *Death r a t e s  fol lowing cha l lenge  
19 70 Controls :  Room a i r  o r  and up t o  16 days x i t h  K l e b s i e l l a  Pneumoniae o r  

e l e c t r i c  f i e l d  a f t e r  i n f e c t i o n  PR8 in f luenza  v i r u s  (INC) 

Krueger, Kotka, Mouse (-) 2.5 x 103/cc 48 h r  p r i o r  t o  eDeath r a t e s  fo l lowing  cha l lenge  
& Reed, 1971 Controls :  Po l lu t an t - f r ee  and up t o  10 days wi th  PR8 in f luenza  v i r u s  

4 

0 
a i r  wi th  - 1 x 102 ions  a f t e r  i n f e c t i o n  

w of e a c h . p o l a r i t y  

Krueger & Reed, Mouse Low (-): 3.0-3.5 x 1031cc 48-72 h r  p r i o r  t o  *Death rates fol lowing cha l l enge  
1472, 1973 Low (+) : 2.7 x 1031cc and up t o  12-13 x f t h - i n f l u e n z a  v i r u s  (INC by a l l  

Mid (-) : 2.0 x 1041cc days a f t e r  l e v e l s  of +, by low l e v e l  of -, 
Mid (+) : 1.7 x 1041cc i n f e c t  ion  and by ion  dep le t i on .  DEC by 
High (-): 2.2-3.0 x l 05 / cc  high l e v e l  -) 
Ion deple ted  a i r  
Contro1s:Bipolar wi th  2.0-3.5 x 1031cc and n+/n- r a t i o  of 1.211 

Krueger et  a 1  Mouse Low (+ o r  -): 2.7-5 x 10s / cc  72 h r  p r i o r  t o  @Death r a t e s  fol lowing a e r o s o l  
19 74 High (+ o r  -) :2.3-5 x 1031cc and up t o  11 chal lenge  wi th  i n f luenza  v i r u s .  

Ion deple ted  a i r  wi th  low days a f t e r  Resu l t s  suggested e f f e c t s  may 
(1.0 vlcm) o r  high (40-60 i n f e c t i o n  be dependent on t h e  method of 
v/cm) p o s i t i v e  o r  nega t ive  d e l i v e r y  of t he  i n f e c t i o u s  
f i e l d .  Control:  Bipolar  a s  cha l lenge  a s  i n t r a n a s a l  
above. i n s t i l l a t i o n  used i n  above s t u d i e s .  

* Affec ted  o Not a f f e c t e d  INC - Increased  DEC - Decreased 



/ 

Table 3-7 

The 'Ef fec ts  o f ' A i r  Ions  On 
Hencat~logic And C l i n i c a l  Chemistry Parameters 

I n v e s t i g a t o r s  Subjec ts  Exposure Resul t s  
Krueger e t  a l ,  1966 Mouse Nonionized V s  . - 5 H r  *Blood Levels  Serotonin (Nonionized - 

Ionized  (+) 
(1.3 X 104/cc (co;+) 

DEC, + Ionized I N G )  

Krueger , e t  a l ,  1968 Mouse (+) h d  (-1 4 - 5 X I n t e r v a l s  *Blood Levels  Serotonin (+INC, -DEC) 
l05/cc  Up t o  7 Hypothesized t h a t  Active + Ions were 

Days .Oxonium'-and Hyctronium Ions and - Ions.  
were-. 0.2 '(QQ), and m-(H2C) .. Experiments 
i n  whidh CO2, ' 02, and M2 were added t o  
Exposure Chamber supported Hypothesis 

24 H r  Krueger & Smith, 1 9 6 0  Guinea (-1 "5-Hydroxyiridoleacetic Acid i n  Urine (LUC) 
P i g  J 

Kusmina, 1967 Cat (+) 1.0 X,lOb/cc ' 6 - 1 0  .Electrophoret ic  Mobil i ty of Erythrocytes ,  
(-) 1.2 X 106/cc ,  Min Serum P r o t e i n  F rac t ions ,  S t a b i l i t y  o f  

Serum Pro te ins  
*Blodd Sedimentation Rate (S l igh t  I N C  + 
And -), Blood PH, Blood Pressure  (- DEC 
E f f e c t s  of  Exsanguination) 

Sulman e t  a l ,  1978 Human (-) 1 X 104/cc 2 Months ,*Serotonin, 5-HIAA, Histamine Thyroxine 

(10 Ss ,  (16 H r : / ~ a ~ ) .  Urinary Excret ion DEC i f  i n i t i a l .  e l eva t ion .  
5 were weather s e n s i t i v e )  .Excretion s t e r o i d s ,  P-drenaline, of 17-Ketos t e r o i d s ,  i qo~adrena l ine  17-Hydroxy- 

* Affected 
Not Affected 

I N C  = Inc rease  
DEC = Decrease 



Table 3-7 

The E f f e c t s  of A i r  Ions  on 
Hem~tologic  And C l i n i c a l  Chemistry Parameters 

Contd . 

I n v e s t i g a t o r s  Subject  Exposure . ' Resul t s  
Goldman & Riov l i e r .  Human (-) 5 x 104/cc 8 h/night ,5 *Arterous-venous Difference i n  Oxygen. 

1977 (2  Subjects.) nights/week,  Content a t  Rest and Under Exer t ion .  
a l t e r n a t i n g  ~Hemotoc r i t ,  Hemoglobin 
weeks wi th  
and without  
excess ions .  
Measuraments 
a t  t h e  begin- 
n ing  and end 
of each week 

Worden, 1961 Hamsters Biopolar  wi th  24-96 h *Blood pB and CO combining power. 
n- : n+ 2 

* Affected 
l Not Affected 

o r  
'n+:n- i on  r a t i o s  
r. 
-200-2500 ions / cc  

I N C  = Xncreased 
DEC = Pecreased 



Another major  l ocus  o f  5-HT i s  t he  b lood p l a t e l e t s .  

Diverse pharmacological ac t i ons  can be shown w i t h  a d m i n i s t r a t i o n  

o f  exogenous 5-HT. Prominent among these a re  s t i m u l a t i o n  o f  smooth muscle, . 

b ronchocons t r i c t i on  i n  some mammals b u t  uncommonly i n  humans o the r  than 

asthmatics, dose-dependent e f f e c t s .  on r e s p i r a t o r y  r a t e ,  vasocons t r i c t i on  i n  

smooth muscle, and v a s o d i l a t a t i o n  i n  s k e l e t a l .  muscle and sk in .  

Poss:ible involvement o f  5-HT has been proposed f o r  .var ied  phys io log i ca l  

processes i n c l u d i n g  s leep (Jouvet , 1968 ) , temperature r e g u l a t j o n  (Fedberg 

and Myers, 1964) , hormonal re1  ease (Wurtman, -1 971-) , sensory percepti.on, 

and mood and a f f e c t  (Bogdanski and Udenfri.end,. 1956). Di.scussing t h e  ,. 

poss ib le  r o l e  o f  raphe  t r yp tam ine rg i c  o r  5-HT-releasing ,neuron's, Goodman 

and Gilman (1975) concluded that one important  f u n c t i o n  "may be t o  dampen 

ove r reac t i  veness t o  va.ri.ous- s t imu l  i (ex te rna l  and i n t e r n a l  ) i nvo l v ing ,  f o r  

example, aud i to ry ,  v i sua l  , 01 fac to ry ,  noc icept ive ,  and. o the r  s igna l  s  a f f e c t i n g  

'socia l and adapt ive behav ior  ( i n c l u d i n g  l e a r n i n g )  and. i n v o l v i n g  such parameters 

as sleep, sexual behavior,  aggressiveness, motor a c t i v i t y ,  percept ion  

( i n c l u d i n g  pain) ,  and mood. " 
Relevant t o  a i r  ions,  t h e  seroton. in hypothesis i s  t h a t  p o s i t i v e  'i,ons 

cause accumulation of  5-HT i n  b lood and t i ssues ,  whereas, negat ive  ions  

have th'e oppos i te  e f f e c t  (Krueger and Reed, 1976). ' The proposed mechanism 

i s  i n h i b i t i o n  ( p o s i t i v e  i ons )  o r  s t imu ' la t ion  (negat ive  ions)  o f  monoanmine 

oxidase a c t i v i t y ,  t he  enzyme by which 5-HT . i s  o x i d a t i v e l y  deaminated t o  

5- hydroxyindol  eaceta l  dehyde and immediately t h e r e a f t e r  converted t o  one 

o f  t h r e e  metabol i tes  o f  whi oh 5-hydroxyindoleacet ic  a c i d  (5-HIAA) i s  pr imary.  

Fu r the r  extensiors o f  t h e  hypothesis  have.suggested t h a t  excess p o s i t i v e  ions  

would adversely  a f f e c t  t h e  processes mentioned above and t h a t  negat ive  ions  

.would, by dep le t i ng  excess 5-HT, amel io ra te  these cond i t i ons .  .Al though i t  

i s  c l e a r  t h a t  proponents o f  a i r  i o n  b i o e f f e c t s  consider  i o n  dep le t i on  

an adverse cond i t i on ,  we .are n o t  c l e a r  how o r  whether i t  i s  pos tu la ted  t h a t  

i o n  dep le t i on  e f f e c t s  a r e  mediated -v ia  'a1 te ra t i - ons  i n .  5-HT metabol ism. I t  

should be noted however when cons ider ing  t h e , a i r  i o n  b i o e f f e c t s  l i t e r a t u r e  

t h a t  two issues a re  involved.  One has t o  do w i t h  t h e  t o t a l  dens i t y  o f  ions  

of e i t h e r  s ign  and t h e  o t h e r  w i t h  excess ions  o f  one s ign  o r  t h e  o the r .  

A v a r i e t y  o f  evidence has been c i t e d  by proponents o f  t h e  sero ton in  

hypothesis  as suppor t i ve  o f  the  s u s c e p t i b i l i t y  o f  5-HT pathways t o  a i r  



i o n  e f f e c t s .  This. i 6 c l u d e s a l  t e r a t i o n s  i n  c i r c u l a t i n g  and t i s s u e  l e v e l s  

o f  .5-HT and i n ' t h e  exc re t i on  o f  5-HT o r  i t s  major me tabo l i t e  5-HIAA (Ta'ble 

3-7, 3-8). I t  a l so  inc ludes  'behaviora l  s tud ies  such as those o f  Frey 

(1967), Nazzaro e t  a1 (1967), and G i l b e r t  (1973) i n  which the  general 

t r e n d  was toward a reduc t i on  i n  ,emofi.ional , r e a c t i v i t y  w i t h  h igh  concentrat ions 

o f  negat ive  ions and i n  some s tud ies  an incr.ease i n  i n d i c a t i o n s  ' o f  

emotional i ty  w i t h  excess p o s i t i v e  ions.  The syrnptomatolo~gy and increased 5-HT 

rel.ease repor ted  aasociated w i t h  t h e  i o n i c  imbalance t h a t  precedes Sharave 

o r  s i m i l a r  weather cond i t ions  has a l s o  been c i t e d  as support ing t h i s  hypothesis 

( ~ r u e ~ e r - a n d  Reed, 1976; Sulman e t  a1 , 1978). ~ r u , e i e r  (1961 ) repo r ted  

pharmacological s tud ies  i n  which r e s e t p i  ne, a known dep le te r  o f  5-HT from 
' 

c e r t a i n  t i ssues-  mimicked the  ef fects  o f  nehat ive  ions  and blocked t h e  e f fec ts  
+ 

of,.C02 i n  the  mammalian trachea, Conversely, t reatment  w i t h  i p r o i a z i d  which 

r e s u l t s  i n  t i s s u e  accumulation o f  5- pro produced e f f e c t s  on the  t rachea 
+ 

s i m i l a r  t o  those observed w i t h  C02. Frey (1961) a l s o  obta ined ' p a r a l l e l  

r e s u l t s  f o r  reserp ine  t rea tment  and t reatment  w i t h  excess negat ive  ions  

w i t h  r a t s  eval  uated i n  t h e  cond i t ioned emotional response paradigm mentioned 

above. Relevant t o  these f ind ings  i t  should be 'noted t h a t  reserp ine  a l so  

depletes catecholamjne s to res  i n  bo th  the  b r a i n  and adrenal medul la (Goodman 

and Gilman, ,1975), however, t he re  was no evidence o f  increased e x c r e t i o n  o f  

adrenal i n e  o r  noradrenal i n e  fol.1owing human .exposure t o  p r o t r a c t e d  negat ive  . 

i o n  exposures (Sulman e t  a l ,  1978). As a f i n a l  commment w i t h  respect  t o  + 

t he  s e r o t o n i n  hypo'thesi.~, i t  .might be. noted t h a t  two i n v e s t i g a t o r s  (Assel 

e t  a l ,  1974; Sulman e t  a l ,  1978) observed ' increased synchronizat ion and 

amp1 i tude i n  EEG recordings ' .  under .condi:t i  ons o f  negat ive  i o n  exposure. 

Such record ings cou ld  be considered as suppor t i ve  o f  the  hypothesis as they 

might  be expected in .  sub jec ts  t h a t  were i n  a calm o r  undisturbed s ta te .  

Table 3-9 l i s t s  a s e r i e s ' o f  s tudies.on '  endocrine glands t h a t  were 

performed o r  c i t e d  by Gual t i e r o t t i  ( 1  968). Among 'the e f f e c t s  repo r ted  were 

acce lera ted  matura t ion  o f  gonadal. c e l l s  i n  animals exposed t o  negat ive  a i r  

ions.  I n  the  face o f  c l i n i c a l  r e p o r t s  and a n g d o t a l  c la ims concerning 

t h e  e f f e c t s  o f  a i r  ions  on sexual d r i v e  o r  behavior;  i t '  i s  s u r p r i s i n g  tha t .  
1 

t he re  appears t o  ' have been so 1 i ttl e . l abo ra to ry  research .j.nto . a i r  ion.  

e f f e c t s  on. sexual behavior and ' reproduct ion. Several i n v e s t i g a t o r s  have 

considered e f f e c t s  on growth processes i n c l u d i n g  embryonic growtti, neonatal  



Tab le .  3-8 

The E f f e c t s  of A i r  Ions  On t h e  
Nervous System and Behavior 

I n v e s t i g a t o r s  Subjec t  Exposure Resu l t s  
Knoll  e t  a l ,  1961  Human (+) And (-) 2 X 103- 30 Min *Reaction Time (Changes B i d i r e c t i o n a l  f o r  
Rheins te in ,  1961 106/cc D i r ec t ed  a t  A l t e r n a t i n g  . Both + arid -; Not .Observed when Ions  

Face o r  Leg Pe r iods  Di rec ted  a t  Leg) 
@Visua l  Moment 

Minkh, 1961 Human (-) I o n i z e r  Produced 25 Days, *Reports of Improved Mood, S l eep ,  Appet i te  
1.5 X 106/cc 15  Min/ *Improved Endurance, Muscular S t r eng th ,  

Day React ion t o  Visua l  I r r i t a t i o n ,  Equi l ib r ium 
I n  Tes t  S i t u a t i o n s  - 

S l o t e ,  1961 Human (+) And (-) 2 X 1 0 4 1 ~ ~  15  Min *Finger  Tapping f o r  10  Sec. 
Pe r iods  *Finger Tapping f o r  60 Sec. (Speed +DEC,-INC) 
+ Tes t  *Visual React ion Time (+INC, -'DEC) 
Per iod  *Fl icker  Fusion Threshold (+DEC, -1NC) 

. -,. 
Asse l  e t  a l ,  1974 Human (-) 3.5 X 1O3/cc 45 Min *EEG (DEC .Alpha A c t i v i t y ,  C4G. Amplitude, 

Pe r iods  . Sychroniza t ion) ,  

Sulman e t  a l ,  1978 Human . (-) 104/cc 2 Mo ,16, &/ , *EEG ( S t a b i l i z e d  Frequency, I N c ;  Amplitude, 
Day ~ ~ n ' c h r o n i z a t  . ion)  . 

Bachman e t  a l ,  1966 Rat (+) 6.1-4900 X 103/cc. 45 Min *Motor A c t i v i t y  (+DEC then  I N C ,  -1NC then 
(-) 73-2080 X 1 0 3 1 ~ ~  DEC) . 

*Reported E f f e c t s  on Ur ina t i on ,  Defeca t ion ,  
S leep  

Nazzaro e t  a l .  1967 . Rat (+) 3 X 104/cc 8 Days . *CER (+INC Anxiety, More Va r i ab l e ;  
(-) 2 .5  X lo4/cc Anxiety,  More S t a b l e  Behavior,  p o t  c,onsis- 

t e n t :  thiroughout 

* Affected I N C  = I n c r e a s e  
. .+ -- 

e Not Affec ted  DEC = Decrease 



Table 3-8 

The E f f e c t s  of A i r  Ions on The 
Nervous System and Behavior 

L Cont ' d 
' I n v e s t i g a t o r s  Subj e c t  Exposure Resul rs 
. Terry e t  a l ,  1969 Rat (-) 7 X l o 6  - 5 H r  *Maze Learning Improved (Males Only) 

7 x 1 0 7 1 ~ ~  

Skorobogatova Rabbit (-) 1O0/cc * A i r  Cons Used a s  UCS t o  Obtain Body 
Tempzrature I N C  t o  Conditioned 
(Bel l )  

Krueeer & Kotka. 1969 Mouse' (+) h d  (-1 - B r a i ~  Sere tonin  
Low: 2 - 4 X lo3/=c 12  H r  *DEC But Mid Levels No E f f e c t  
Mid: 3 - 4 X 104/sc 24 H r  *DEC vlnly Mid Level + 
High:3.5-5 X 105/=c 48 H r  eAl l  Levels 

?2 H r  *DEC 911 But Mid Level + 

G i l b e r t ,  1973 Rat (-1 3 x lo3[cc 17 .  Days, *Srain Sere tonin  (DEC, Continuous Only) 
8 Hr/Day , " ~ e a c t i o n  t o  Handling (Counteracted 

E f f e s t s  of I s o l a t i o n )  . o r  
Continuous .Body Weight Change, Emergence Latency, '  

Avoidance Responding, Runway:Activity 

Frey, 1967 Rat Negative ions  *Conditioned Emotional Response 
Ci ted  bv Suppzessed. Same e f f e c t s  &served w i t h  

- . - 
Krueger , 19 72 Resezpine t rea tment  

F e l i c i  e t  a l ,  1977 Mice 50% Depletion of smal l  ~ A c t t v i t y  Appeared Normal, No Deaths , 

i ons  arid depletio; 
of l a r g e  ions  t o  
10% .vs background of 

100-400 ions / cc  

Mice. ' 3-6 Small i ons / cc  v s  3-6 weeks ."No ' l i s i b l e  e f f e c t s "  
background 

* Affected I N C  = Increased 
l Not Affected DEC = Decreased 



T a b l e  3-9 

The E f f e c t s  o f  A i r  I o n s  on Endocrine Glands 

I n v e s t i g a t o r s  Subi e c t  Exposure R e s u l t s  
G u a l t i e r o t t i ,  1968 Guinea Nega t ive  I o n s  63-207 h '*Width and Volume of Adrenal  

P i g s  C o r t i c a l  C e l l s  (INC) 

.Mice Nega t ive  I o n s  2-8' days  *Thyroid Gland C o l l o i d  Produc t ion  
( I N  C) 

Mice Negat ive I o n s  96 h * Matura t ion  of T e s t i c u l a r  and - 
Ovarian Cells (INC) 

O l i v e r a u  Rat Nega t ive  I o n s  *Adrenal Gland Weight (INC) 
C i t e d  by 
G u a l t i e r o t t i ,  1968 - , 

* Affec ted '  
a Not A f f e c t e d  

I N C  = I n c r e ~ s e d  
DEC = - Dec.reased 



devel.opment , and. regene ra t i  on o f  nervous o r  o t h e r  t i s s u e  a f t e r  experimental  

i n j ' u r y  (Tab le  3-10). I f  ' there i s  a tr 'end f o r . t h e s e  s tud ies ,  i t  i s  i n ' t h e  

d i r e c t i o n  o f  f a c i  1 i t a t i o n  o f  growth by exposure t o  excess nega t i ve  

i o n i z a t i o n ,  however, t h e  models c i t e d  are so d i ve rse  t h a t  i t  may be an 

over  s i m p l i f i c a t i o n  t o  cons ider  them as suppor t i ve  o f  each o the r .  

3.2.2.3 Methodologica l  problems i n '  A i r  I o n  B ' ioe f fec ts  Research 

Some o f .  the.  methodologica l  problems i n  a i r  i o n  research have been 

mentioned above and p r e v i o u s l y  discussed. by o the r . rev iewers  (Andersen, 

1971 ; Frey, 1961 ; Krueger, 1968; Krueger and Reed,, 1976; Sheppard, 1978) ,. 

however, they  m e r i t  restatement here. 

Some o f  t he  problems a r e  more o r  l ess  un ique ly  o r  d i r e c t l y  r e l a t e d  t o  

a i r  i o n  research. For  exampie, Krueger and Reed (1976) 1 i s t e d  the  f o l l o w i n g  

as being major  f a c t o r s  c o n t r i b u t i n g  t o  e r r o r s  i n  observat ion i n  a i ' r  

i o n  research: 

"Neglect o f  ozone and.oxides o f  n i t r o g e n  produced by corona 
discharge i o n  sources .'" 

e "Fai , lure t o  mon i to r  and c o n t r o l  i o n  d e n s i t i e s ,  temperature, 
and humid i ty .  " 

0 "Use o f  a i r  con ta in ing  p a r t i c u l a t e s  and gaseous p o l l u t a n t s  .- 

which combine w i t h  a i r  ions  and l ead  t o  w i d e l y  f l u c t u a t i n g  
smal l  i o n  d e n s i t i e s .  " 

e " F a i l u r e  t o  h o l d  t h e  experimental  subjects ;  a t  ground p o t e n t i a l ,  
so t h a t  t h e i . r  sur faces developed h i g h  e l e c t r o s t a t i c  charges 
and .repel. led approaching a i r  ions .  I! 

Sheppard (1978) a l s o  noted t h a t  i n  some s tud ies  i n  which i o n  d e n s i t i e s  were 

measured, t h e  po.ints ( i n  r e l a t i o n  t o  t h e  source, sub jec t ,  o r  p a r t  o f  t h e  

body) were n o t  repo r ted  .and t h a t  i n  o the rs  t h e r e  was no separa t ion  of  p o s i t i v e  

and negat ive  ions.  

Al though n o t  s p e c i f i c  t o  t h e  a i r  i o n  problems, we would. a1 so' ment ion 

t h a t  i n  some s tud ies ,  p a r t i c u l a r l y  those w i t h  human sub jec ts ,  t h e  sample s i z e  

was ext remely smal l  ' ( two sub jec ts  i n  one cases) and method o f  s e l e c t i o n  and 

assignment of sub jec t s  was. n o t  i nd i ca ted .  ~ u r t h e r  , t h e  s t a t i s t i c a l  approaches 
. . 



Table 3-10 

The E f f e c t s  of  Air Ions 
On Growth , Development and Healing Process 

I n v e s t i g a t o r s  Subjec ts  Expasure Result  .s 
Worden, 1961 Newborn Excess r a t i o s  of . *(-) Body Weight and Propor t ional  

Hamsters (+) c r  (-) i ons  Weight of Heart ,  Adrenals, Kidney., 
T e s t i s  Seminal Ves ic les ,  and 
Epidid-is (INC). T e s t i c u l a r  Fa t  Mass 

m(+) Above Values lower i n '  P o s i t i v e .  , 

than Controls  but  Dif ference  Not 
S igni f  Fcant . 
(-) Propor t ional  Liver  and Spleen 
Weights 

Chick Embryc. Excess r a t i o s  of 72 h * Growth of Cultured Explants  Increased 
Explants  i n  (+) or (-) ions  t o  1% Times Control ,  P o s i t i v e  Ion 
Cul ture  Culture 9/10 Size  of Control  

Hamster Excess r a t i o s  of *(-)Regeneration of Severa l  Femural 
(+) o r  (-) i o n s  Nerve (INC). (-)No E f f e c t  

Hamster Excess. r a t i o s  of *Healing of Skin Lesions (-) Accelerated,  
(+) o r  (-) ions  (+) Slcwed Healing 

* Affected I N C  = Increased 
Not Affected DEC = Decreased 



were n o t  always c l e a r  and i n  some cases i n t e r p r e t a t i o n s  appeared 

t o  have been based s o l e l y  on v i sua l  i nspec t i on  o f  t h e  data. I n  general 

r e p o r t i n g  o f  t he  b i o l o g i c a l  assay methodology appeared t o  be somewhat 

b e t t e r  than i n  some o f  t h e  dc e l e c t r i c  f i e l d  . , . s tud ies  b u t  h.ere again i t  would 

o f t e n  be d i f f i c u l t  t o  approach r e p l i c a t i o n  of  s p e c i f i c  experiments from 

t h e  d e t a i l s  given. . ., 

. . 

3.2.2.4 A i r  I on  Summary 

I n  summary, t h e  quest ions o f  b i o a c t i v i t y  o f  smal l  a i r  ions  and t h e  
. , . 

r o l e  o f  5-HT. methabol ism i n  such e f f e c t s  a.r;e s t i l l - . c o n t r o v e r s i a l  issues. 

I n t e r p r e t a t i o n s  based on comparisons of  r e s u l t s  obta ined from d i f f e r e n t  

l a b o r a t o r i e s  are hampered by methodological quest ions. Seemingly some 

of t he  evidence f i t s  t oge the r  r a t h e r  w e l l  and o f f e r s  some support f o r  

t h e  sero ton in  hypothesis .  However, some cau t i on  i s  i nd i ca ted .  One o f  

the  problems w i t h  a  p u t a t i v e  mediator  l i k e  5-HT i s  t h a t  i t s  ac t i ons  a r e  

so d iverse  and some o f  them n o t  we1 1  understood so t h a t  i t  can be used 

t o  exp la in  e f f e c t s  i -n  seemingly opposit'e d i r e c t i o n s .  The complex feedback 

and i n t e r a c t i v e  . r o l e s  . c h a r a c t e r i s t i c  o f  neurohormones i n  general, . and o f  

5-HT s p e c i f i c a l l y ,  o f t e n  make i t  d i f f i c u l t  t o  r u l e  o u t  even i ncons i s ten t  

evidence as suppor t i ve  o f  t h e  hypothesis.  

I n  any event,  g iven the  repo r t s  o f  adverse e f f e c t s  o f  sometimes 

r e l a t i v e l y  s h o r t  exposures t o  environments'. con ta in ing  excess p o s i t i v e  

ions, (some o f  which a r e  based on . i on -dens i t i es  t h a t  occur i n  n a t u i e  i n  

unusual weather cond i t i ons  and w i l l  a l m o s t  c e r t a i n l y  occur i n  the  v i c i n i t y .  

o f  HVDC t ransmiss ion l i n e s ) ,  i t  i s  important  f o r  t he  ob jec t i ves  o f  t h e  

proposed experimental  design t h a t  some o f  t he  l i n e s  o f  i n v e s t i g a t i o n  

suggested by t h e  a i r  i o n  l i t e r a t u r e  ,be pursued. 



3.3 Methodolog ica l  Approach t o  B i o l o g i c a l  Tests  

Based on t h e  f o rego ing  a n a l y s i s  o f  a v a i l a b l e  l i t e r a t u r e  t h e  b i o l o g i c  

t e s t s  t h a t  should be employed should i n c l u d e  those which can r e l i a b l y  

d e t e c t  changes i n  d i f f e r e n t  p h y s i c a l ,  p h y s i o l o g i c a l ,  and behav io ra l  

responses. The r a t i o n a l e  f o r  t h e i r  s e l e c t i o n  should be based on t h e  

background l i t e r a t u r e ,  t h e  r e p r o d u c i b i l i t y  t hey  o f f e r ,  t h e  s t a t e  o f  t h e  

a r t  developed, and upon sound t o x i c 0 1  o g i c  p r i n c i p l e s  . 

3.4 Behav io ra l  Tes ts  . 

The des ign should i n c l u d e  a  f a i r l y  s t r ong  emphasis on behav io ra l  

t e s t i n g .  Th i s  i s  compat ib l  e  w i t h  t h e  1  i t e r a t u r e  f o r  bo th  e l e c t r i c  , f i e l d s  

and a i r  i o n  b i o e f f e c t s  as w e l l  as w i t h  t h e  new emphasis be ing p laced  on 

behav io ra l  eva lua t i ons  i n  many areas o f  . r i s k  assessment. Emotional 

r e a c t i v i t y  i s  a  predominent component cons idered i n  severa l  o f  t h e  

behav io ra l  tes ' t s  and t h i s  i s  a1 so c o n s i s t e n t  w i t h  t h e  background 1  i i e r a t u r e .  

i-easi b i l  i t y  i n  terms o f  t h e  o v e r a l l  exper imenta l  des ign must a1 so be 

cons idered  i n  s e l e c t i o n  o f  behav io ra l  t e s t s .  Tests  which r e q u i r e  

ex tens i ve  p r e l  im ina ry  t r a i . n i n g  o f  an imals  should n o t  be planned f o r  t h e  . 

f i r s t  screen. 

Concerning s p e c i f i c  t e s t s ,  t h e  open f i e l d  i s  one t h a t  i s  e a s i l y  

admin is te red  and has been shown t o  be s e n s i t i v e  t o  a  v a r i e t y  o f  gene t i c ,  

exper imenta l ,  p h y s i o l o g i c a l ,  and pharmacological  man ipu la t i ons .  Even 

f o r  such a  s imp le  t e s t  t h e  i n t e r p r e t a t i o n s  a r e  n o t  always s t r a i g h t  f0rwar.d. 

Procedures f o r  t h i s  v a r y  w i d e l y  a s  do t h e  measures o r  responses cons idered.  

There appears t o  be reasonable agreement t h a t  a t  l e a s t  f o r  t h e  two measures 

(ambulat ion and d e f e c a t i o n )  t h a t  w i l l  be cons idered i n  t h e  open f i e l d  

t e s t s  f o r  t h i s  program, t h a t  a  l a r g e  component o f  t h e  determinants  o f  

t h e  behav io rs  i s  some n o n s p e c i f i c  a f f e c t i v e  s t a t e  which f o r  want o f  a  b e t t e r  

te rm i s  c a l l e d  e m o t i o n a l i t y  (Wal sh and Cummins, 1976).  A tendency t o . .  

e x p l o r e  has a1 so been suggested as a  component i n  de te rmin ing  t h e  e x t e n t  

o f  ambu la t ion  i n  t h e  f i e l d .  

The s k e l e t a l  moto r  s t a r t l e  response t o  an a u d i t o r y  s t imu lus  i s  

e a s i l y  o b t a i n a b l e  and shows some h a b i t u a t i o n  w i t h  repea ted  p resen ta t i ons  

o f  t h e  s t imu lus .  The most common measure used i s  e i t h e r  occurrence o r  

nonoccurrence o f  t h e  response o r  t h e  magnitude o f  t h e  response. The 



I 

l a t t e r  i s  p r e f e r r e d . a s  i t  prov ides  q u a n t i t a t i v e  i n f o r m a t i o n .  . Connor 

e t  a1 ( 1  970) found t r a n s i t o r y  decreases i n  t h e  r a t e  o f  ' h a b i t u a t i o n  o f  

t h i s  -response i n  r a t s  f o r  which b r a i n  5-HT had bee'" a lmost  comp le te l y  

depl  e ted  by t rea tment  w i t h  parachdl o ro -phey la lan i  ne. I n  t h e  c u r r e n t  

program,the e f f e c t . o f  t h e  t e s t  environments on t h e  magnitude o f  t h e  

s t a r t 1  e  . response f o r  sequent ia l  t r i a l  s  shou ld  be cons idered.  

I r r i t a b i l i t y  upon p r e s e n t a t i o n  o f  a  p a i n f u l  s t imu lus  should be 

eva lua ted  i n  terms o f  aggress ive  responses i n  male animals.  The one- 

way avoidance t a s k  i s  a l s o  a  t e s t  i n  which emot iona l .  r e a c t i v i t y  may 

p l a y  an impo r tan t  r o l e ,  however, t h e  t e s t  a l s o  probes a b i l i t y  t o  a c q u i r e  

and r e t a i n  a  response t o  a  s p e c i f i c  s e t  o f  s t i m u l i .  

3.4.1 t l e c t r o c o r t i c a l  Measures 

S ince  procedures i n v o l v i n g  EEG measurements c o u l d  be expensive and 

t ime  consuming w i t h  l i t t l e  va lue  un less  p r o p e r l y  done, a  r a t h e r  ex tens i ve  

d i scuss ion  recommending a  sound approach f o l l o w s .  

P o t e n t i a l  e f f e c t s  o f  exposure t o  e l e c t r i c  f i e l d s  i n c l u d e  CNS e f f e c t s  

which may i n v o l v e  bo th  acu te  and ch ron i c  changes o f  e i t h e r  p h y s i o l o g i c a l  

o r  f u n c t i o n a l  p resen ta t i on .  A l though h i s t o l o g i c a l  and neurochemical 

analyses may d e t e c t  many s o r t s  o f  CNS damage, i t  i s  w e l l  known t h a t  a  

v a r i e t y  o f  f u n c t i o n a l  d e f i c i t s  o f  a  pronounced n a t u r e  may be p resen t  

w i t h o u t  any obv ious chemical  o r  anatomica l  l e s i o n .  Whi le  fu ,nc t iona l  

impairments undoubtedly  stem f rom u n d e r l y i n g  phys io log i ' ca l  damage, such 

damage may be d i s t r i b u t e d  o r  be o f  an unrecognized na tu re .  

For t h i s  reason, i t  i s  necessary t o  per form'  . t es t s  o ' f  a,dequate CNS' 

f u n c t i o n  i n  exposed animals .  These t e s t s  may i n c l u d e  neu ro log i ca l '  exam- 

i n a t i o n ,  behav io ra l  t e s t s ,  and e l e c t r o p h y s i o l o g i c a l  assessment. Neuro- 

l o g i c a l  examinat ions a r e  an e x c e l l e n t  i n d i c a t i o n  o f  c e r t a i n  t ypes  o f  CNS 

d i so rde r ,  b u t  t h e y  a r e  g e n e r a l l y  i n s e n s i t i v e  t o  im'pairments o f . s u c h  

"h i ghe r  f u n c t i o n s " .  o f  . t h e  CNS as l e a r n i n g  a b i l  i t y ,  percep tua l  d i s c r i m i n a t i o n ,  

memory, and t h e  1  i ke. Moreover, n e u r o l o g i c a l  examinat ion i s  f r e q u e n t l y  

a  weak measure o f  adequate f u n c t i o n  o f  f o r e b r a i n  s t r u c t u r e s  i n  genera l ,  

excPpt where d e f i n i t e  sensory and motor  mechanisms a r e  i n  ques t ion .  - ' 

Behav io ra l  t e s t s  by c o n t r a s t  a r e  very  s e n s i t i v e  and d i s c r i m i n a t i n g  

meaiures o f  s p e c i f i c  CNS f u n c t i o n s  when 'app; i e d  w i t h  t h e ' p r o p e r  c o n t r o l  s.; 



A drawback o f  behav io ra l  t e s t s  i n  t h e  p resen t  con tex t ,  however, l i e s  i n  

t h e i r  v e r y  s p e c i f i c i t y .  Such t e s t s  a r e  d i f f i c u l t  and t ime  consuming, and 

i t  i s  f r e q u e n t l y  i m p r a c t i c a l  t o  employ them un less  t h e r e  i s  some s p e c i f i c  

hypo thes is  r ega rd ing  t h e  n a t u r e  o f  t h e  e f f e c t  r e s u l t i n g  from t h e  exper imenta l  

man ipu la t i on .  I n  t h e  absence o f  any such hypothes is ,  much exper imenta l  

e f f o r t  c o u l d  be expanded on behav io ra l  t e s t i n g  w h i l e  m i s s i n g  some r e l a t i v e l y  

gross e f f e c t  which d i d  n o t  happen t o  f a l l  w i t h i n  t h e  purv iew o f  t h e  t e s t  

b a t t e r y .  

E l  e c t r o p h y s i o l o g i c a l  measures, and p a r t i c u l a r l y  e l  e c t r o c o r t i c a l  
- 

measures p resen t  a  reasonable compromise among these p rob l  ems. They a r e  

thus  d e s i r a b l e  as  an a d j u n c t  t o  n e u r o l o g i c a l  and behav io ra l  t e s t s  o f  

CNS f u n c t i o n .  Among t h e  e l  e c t r o p h y s i o l  o g i c a l  measures, t h e  e l  e c t r o -  

encephalogram (EEG) and t h e  c l o s e l y  r e l a t e d  e l e c t r o c o r t i c o g r a m  have a  

l o n g  h i s t o r y  o f  employment i n  t h e  d e t e c t i o n  o f  CNS abno rma l i t i es .  They 

a r e  s e n s i t i v e  measures f o r  many k i nds  o f  f u n c t i o n a l  d i so rde r ,  and a r e  

p a r t i c u  l a r  l y  s e n s i t i v e  t o  f o r e b r a i n  and c o r t i c a l  abnormal i t i e s .  I n  

a d d i t i o n ,  t h e y  a r e  t h e  s u b j e c t  o f  a  l a r g e  exper imenta l  l i t e r a t u r e  which 

r e l a t e s  EEG phenomena n o t  o n l y  t o  expe r imen ta l l y  produced patho logy,  

b u t  t o  a  v a r i e t y  o f  normal f u n c t i o n a l  s t a t e s  o f  t h e  CNS. I n  t h e  p resen t  

con tex t ,  i t  i s  o n l y  necessary t h a t  t h i s  r e l a t i o n  e x i s t s  i n  o r d e r  t o  make 

a  case f o r  t h e  v a l u e  o f  e l e c t r o c o r t i c a l  measures as a  techn ique  f o r  t h e  

assessment o f  CNS f u n c t i o n .  I n  t h e  absence o f  any s p e c i f i c  hypo thes is  

, concern ing  t h e  n a t u r e  o f  t h e  d e f i c i t s  t o  be expected, any change i n  

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

i d e n t i f y  i t  w i t h  a  p a r t i c u l a r  f u n c t i o n a l  impairment.  Given t h i s ,  t h e  

c h i e f  advantage o f  t h e  e l e c t r o c o r t i c a l  measure i s  seen i n  i t s  s e n s i t i v i t y  

t o  a  v e r y  broad spectrum o f  p o t e n t i a l  a b n o r m a l i t i e s .  The c h i e f  disadvantage, 

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

anomaly i n  e l e c t r o c o r t i c a l  a c t i v i t y ,  i s  n o t  o f  paramount importance i n  a 

p r e l  i m i n a r y  i n v e s t i g a t i o n  hav ing t h e  o b j e c t i v e  o f  e s t a b l i s h i n g  t h e  

ex i s tence  o r  non-ex is tence o f  an-y evidence o f  changel in CNS f u n c t i o n .  

F i n a l l y ,  e lec t roencepha lograph ic  e f f e c t s  have been documented i n  response 

t o  exposure t o  e lec t romagnet i c  f i e l d s  o f  o t h e r  types than  those under 

s tudy  i n  t h i s  i n v e s t i g a t i o n  (Adey and Bawin, 1977).  



3.4.1.1 Ra t i ona le  f o r  a  Power Spectrum Approach i n  EEG 

Despi te  t h e  d e s i r a b i l i t y  o f  t h e  EEG as a  genera l  index o f  f o r e b r a i n  

f u n c t i o n ,  c e r t a i n  d i f f i c u l t i e s  occur  w i t h  t h i s  measure.which a r e  p a r t i -  

c u l a r l y  p rob lema t i ca l  i n  t h e  p resen t  exper iment.  The raw EEG waveform, 

as usual  l y  ob ta ined  f o r  c l  i n i c a l  assessment, i s  p a r t i c u l a r l y  u s e f u l  i n  

t h e  i ns tance  of marked a b n o r m a l i t i e s  o f  b r i . e f  durat i ,on, such as s e i z u r e  

sp ikes .  I t  i s  d i f f i c u l t  however t o  d e t e c t  more s u b t l e  changes t h a t  may 

m a n i f e s t  themselves i n  a1 t e r a t i o n s  o f  t h e  f requency con ten t  o f  t h e  EEG 

waveform. Such changes .might be i n t r oduced  by a  change i n  t h e  a c t i v i t y  

o f  some p a r t i c u l a r  c o r t i c a l  genera t ing  area which c o n t r i b u t e s ,  t o g e t h e r  

w i t h  o thers ,  t o  t h e  o v e r a l l  waveform. Such smal l  changes i n  t h e  s teady 

s t a t e  a c t i v i t y  a r e  bes t  de tec ted  by s t a t i s t i c a l  techniques which a r e  

exceeding ly  d i f f i c u l t  t o  a p p l y  t o  t h e  raw EEG waveform. I n  a d d i t i o n ,  

t h e  p resen t  s i t u a t i o n  demands optimal s e n s i t i v i t y  o f  de tec t i on ,  which 

i m p l i e s  t h e  necess i t y  o f  averag ing  r e s u l t s  f rom a  number o f  sub jec t s ,  

Th i s  i s  n o t  p o s s i b l e  w i t h  t h e  raw EEG waveform. I n  normal c l i n i c a l  

assessment t h e  concern would be w i t h  d e t e c t i o n  o f  a b n o r m a l i t i e s  i n  a  

p a r t i c u l a r  s u b j e c t  and ,averaging would be i napp rop r i a te ,  b u t .  t h i s  i s  

o f  no consequence i n  t h e  c u r r e n t  con tex t .  

A  measure which i s  more s u i t a b l e  than  t h e  raw EEG waveform i n  r ega rd  

t o  t h e  above cons ide ra t i ons  i s  t h e  LEG power spectrum. Th i s  measure i s  , 

ob ta ined  by t a k i n g  t h e  Fou r i e r  t r ans fo rm  o f  samples o f  t h e  EEG waveform 

and then  o b t a i n i n g  t h e  r o o t  mean .square amp1 i t u d e  o f  t h e  s i n e  and cos ine  

components f o r  each f requency component. Th i s  r e s u l t s  i n  a  power 

spectrum i n  which each s p e c t r a l  component r ep resen ts  a  measure o f  t h e  

amount o f  a c t i v i t y  p resen t  i n  a  p a r t i c u l a r  f requency range o f  t h e  raw 

EEG. The advantage o f  t h i s  procedure i s  t h a t  i t  e l i m i n a t e s  phase r e l a t i o n s  

i n  t h e  EEG f requency components and thus  permi ts  averag ing  o f  t h e  power 

spec t ra .  Th i s  makes p o s s i b l e  t h e  a p p l i c a t i o n  o f  s t a t i s t i c a l  procedures 

t o  t h e  s p e c t r a l  components .and t h e  averaging t oge the r  o f  data f rom many 

sub jec ts .  Wi th  these techniques i n  hand, i t  becomes p o s s i b l e  t o  d e t e c t  

small changes i n  r e s t r i c t e d  p o r t i o n s  o f  t h e  EEG f requency spectrum which 

would be imposs ib le  t o  d e t e c t  by s imp le  i n s p e c t i o n  o f  t h e  raw EEG wave- 

form. Th i s  .procedure i s  thus  w e l l  s u i t e d  t o  o b t a i n i n g  a  q u a n t i t a t i v e  
> 

measure o f  d i f f e r e n c e s  i n  t he  EEG a c t i v i t y  o f  exper imenta l  and c o n t r o l  



groups o f  an imals  sub jec ted  t o  procedures such as those,proposed i n  t h e  

p resen t  i n v e s t i g a t i o n .  

A drawback o f  t h e  power s p e c t r a l  measure i s  i t s  r e l a t i v e  i n s e n s i -  

t i v i t y  t o  br$.ef  events  such as  s e i z u r e  sp ikes  which a r e  b e t t e r  de tec ted  

i n  some i ns tances  by s tandard c l i n i c a l  e v a l u a t i o n  o f  i n d i v i d u a l  FEG 

records .  However, s i n c e  t h e  EEG records  a r e  ob ta i ned  as a p r e l i m i n a r y  

t o  t h e  c o n s t r u c t i o n  o f  power spect ra ,  t h e  employment o f  a  power s p e c t r a l  

measure does n o t  p rec lude  a v i s u a l  i n s p e c t i o n  o f  t h e  normalcy o f  t h e  

raw waveform. 

Thus, t h e  power s p e c t r a l  measure i s  markedly  ;uper ior t o  t h e  

s tandard c l i n i c a l  techniques o f  EEG a n a l y s i s  f o r  t h i s  a p p l i c a t i o n ,  i n  

t h a t  i t  p rov ides  an o b j e c t i v i t y  and q u a n t i f i c a b i l i t y  which i s  l a c k i n g  . 

i n  t h e  most s k i l l e d  s u b j e c t i v e  eva lua t i on ,  and i t  i s  p a r t i c u l a r l y  w e l l  

s u i t e d  t o  t h e  d e t e c t i o n  o f  smal l  changesy i n  s p e c i f i c  EEG components such 

as m i g h t ' r e s u l t  f rom d i s t r i b u t e d  CNS damage. I t s  i n f e r i o r i t y  a t  d e t e c t i n g  

i s o l a t e d  , a c t i v i t y  o f  t h e  t y p e  f r e q u e n t l y  r e s u l t i n g  from f o c a l  1 esions i s  

n o t  a  se r i ous  handicap i n  v iew o f  t h e  t y p e  o f  damage which m i g h t  be 

expected f rom wholebody exposure t o  e l e c t r i c  f i e l d s ,  and i n  any event,  

t h e  data r e q u i r e d  t o  supplement t h e  power s p e c t r a l  measure a r e  a v a i l a b l e .  

P o t e n t i a l  problems and A r t i f a c t s  

The r e c o r d i n g  o f  EEG a c t i v i t y  i s  a  s tandard technique,  and i s  w i d e l y  a v a i l -  

a b l e  w i t h  s tandard apparatus. The t echn ique ,o f  F o u r i e r  a n a l y s i s  as a p p l i e d  t o .  

EEG waveforms a r e  s i m i l a r l y  we1 1 documented. Standard procedures a r e  ava i  1  a b l e  

f o r  d e a l i n g  w i t h  such p o t e n t i a l  d i f f i c u l t i e s  as the ,  e f f ec t s  f requency t r u n c a t i o n  

b y  f i l t e r i n g ,  " a l i a s i n g , "  sampl ing r a t e ,  and t h e  l i k e .  

Orle p o t e n t i a l  problem unique t o  t h e  proposed exper imenta l  s i t u a t i o n  i s  t h e  

poss i  b i  1  i ty o f  i n t e r a c t i o n  between t h e  appl  i e d  e l  ect romagnet ic  f i e l d  and t h e  

meta l  1  i c  .conductors  imp lan ted  f o r  r e c o r d i n g  purposes i n  t h e  animal ' s  sku1 1. 

There a r e  two conce ivab le  forms o f  a r t i f a c t .  The conductors  m igh t '  serve t o  d i s -  

t o r t  t h e  f i e l d  i n  some fash ion ,  o r  t hey  m i g h t  a c t  t o  generate c u r r e n t s  i n  t h e  

neu ra l  t i s s u e .  The p o s s i b i l i t y  o f  d i s t o r t i o n  o f  t h e  f i e l d  i s  min imied by t h e  

sma l l  mass o f  t h e  conduc to r - i nvo l ved .  I t  should c o n s i s t  o f  under 1  cm o f  s t a i n -  

l e s s  s t e e l  w i r e  o f ~ l e s s  than  64 mic ron  d iamter ,  p l u s  one 0-0-0 x  1/16 s t a i n l e s s  



s t e e l  s k u l l  screw one 2H4 socket tab  per  record ing  lead.  ~ u r t h e r ,  a d i s t o r t i o n  

o r  d e f l e c t i o n  o f  the  f i e l d  w i l l  be compensated by vary ing  o r i e n t a t i o n s  o f  t he  

ani.mal s  (and consequently t he  e lec t rode  assembly) du r ing  the  course o f  exposure. 
. . 

The poss ib i  1  i t y  o f  any subs tan t i a l  cu r ren ts  being generated by the  i n t e r a c t i o n ,  

o f  t he  f i e l d  and the  w i r e  seems remote s ince ( a )  the  f i e i d  i s  a  dc f i e l d  so t h a t  

any generator e f f e c t s ' w o u l d  have t o  be prov ided by i n d u c t i o n  consequent upon the  

movements o f  the  animal c a r r y i n g  the  w i r e  through the  f i e l d ,  and the  r e l a t i v e l y  

slow motions so produced should generate n e g l i g i b l e  p o t e n t i a l s ,  and (b)  s ince  the  

animal w i l l  no t  be connected t o  the  record ing  apparatus du r ing  exposure, t he  e lec t rode  

w i l l  present  an open c i r c u i t  ' to any induced cu r ren ts  except f o r  t he  very low capac- 

i t a n c e  and leakage res i s tance  o f  the  a c r y l i c  and b a k e l i t e  i n s u l a t o r s .  The leakage 

res i s tance  must be vc ry  h igh  f o r  successful  EEG record ing ,  and i s  t y p i c a l l y  i n  

excess of 10 megohms a t  l e a s t .  I t  seems u n l i k e l y  t he re fo re  t h a t  the  presence of 

t he  conductors o f  such an e lec t rode  assembly w i l l  m a t e r i a l l y  a1 t e r  t he  e f f e c t s  o f  

exposure t o  the  f i e l d .  

' The o n l y  poss ib le  i n t e r a c t i o n  between the  e lec t rodes and a i r  ions  generated by 

the  f i e l d  would seem t o  be the  chance t h a t  t he  e lec t rodes might  o f f e r  ohmic con- 

duc t i on  paths f o r  i o n  cu r ren ts  t o  ground. This  p o s s i b i l i t y  can be e l im ina ted  by 

prevent ing  i o n  c'ontact w i t h  the  e lec t rodes du r ing  exposure through the  use o f  a  s u i t -  

ab le  seal over t he  top  o f  t h e  an imal 's  connector socket. A l ' l  o the r  conduct ive 

elements i n  the  e lec t rode  assembly a re  encased i n  i n s u l a t i n g  materia-1s. 

A f i n a l  poss ib le  problem emerges, from t.he f a c t  t h a t  t he  study i s  exami,ning the  

animals w i t h  c h r o n i c a l l y  implanted i n d w e l l i n g  e lec t rodes.  It i s  poss ib le  t h a t  the  

e lec t rodes themselves might  over t ime cause degenerat ive changes i n  the  surrounding 

t i s s u e  which cou ld  produce r e s u l t s  having the  appearance of changes due t o  exposure. 

Although the  s t a i n l e s s  s t e e l  e lec t rode  i s  reasonably s t a b l e  and i s  f r e q u e n t l y  used 

i n  experiments l a s t i n g  f o r  subs tan t i a l  per iods,  t he  des ign  o f  the  study shou ld  be such 

as t o  c o n t r o l  f o r  such e f f e c t s  i n  two ways. F i r s t ,  t he  experimental  comparison should 

be made between an experimental  group exposed t o  the  f i e l d  and a  s e t  o f  yoked con- 

t r o l s  operated on the  same days b u t  n o t  exposed t o  the  f i e l d ,  so t h a t  any changes 

n o t  due t o  the.exposure should appear i n  bo th  groups.and thus be fac to red  o u t  o f  t h e  

ana lys is .  However, t h i s  might  cause one t o  f a i l ' t o  d e t e c t  an e f f e c t  o f  t he  f i e l d  

on normal t i s s u e  which i s  n o t  manifested'  i n  damaged t i ssue .  To i nsu re  t h a t  t h e  



preparation is normal and not undergoing substantial chbnges due to the presence 

of-the electrodes, a. comparison of the control animals' records should be made 

with an additional set of records taken from these same animals prior to exposure. 

(A similar set, of pre-exposure records should' be taken from the animals of th2 
:?xperimental group to ensure equal degrees of habituation to the test environment 

and to serve as a basis for constructing the percentile transformation loc. cit.).. 

Finally, all brains should be examined for infection arid electrode damage after 

the experiment. 

3.'4.2 5-HT and 5-HIAA Levels in Blood and Brain 

Considering the emphasi s pl aced bn the serotonin (5-hydroxytryptami ne) hypothesi s 

in ion bioeffects research, the extent of inclusion of direct measurements of 5-HT 

and its metabolities in a study design should be considered rather important however 
the proposed design does not reflect this view. There are several reasons for this. 

First; it is not considered appr0priat.e to weight the design, which is to consider 
effects of both dc fields and air ions, too heavily in one direction. Secondly, though 

they are indirect measures other evaluations in the des.ign would offer potential for 

correlation with 5-HT measures and thus could strengthen the evaluation of the sero- 

tonin hypothesis. Finally, when costs for different measurements are considered the 

5-HT and 5-HIAA measurements are relatively more expensive. Their usages in the 

initial screen should probably be limited. However, if initial results for these 

measurements were positive a more extensive exploration of 5-HT metabolism and pos- 

si bl e other neurohormones could be included. 
3.4.3 Evaluations of the Reproduction System 

Unless they can be excluded on the basis that they are not relevant to the 

populations that will be exposed to a specific environment or event, evaluations of 

reprodyction and development processes should be considered as fundamental in any 

broad-range program desiijried to aid in risk asiessment. This is based not only on 

the importance of these processes for the integrity of future generations, but also 

on the evidence that reproduction and development may be disrupted by diverse physical 

or chemical exposure conditions (see, for example, Archer and black man^, 1971; 

Selye, 1950; Wilson and Fraser, 1977). 



Further ,  i n  s i t u a t i o n s  i n  which humans a re  exposed t o  environments t h a t  they  

may consider  hazardous f o r  one reason o r  another e f f e c t s ' o n  sexual d r i v e  o r  c la ims 

of impotence f requent ly  appear i n  t he  general pa t te rns  o f  symptoms. For example, 

Soyka (1977) inc ludes  anecdotal r e p o r t s  of e f f e c t s  o f  i o n  imbalance on sexual d r i v e .  

I n  f a c t  one o f  the  promotional b lu rbs  on the  cover reads, "How ions  may change your  

sex 1  i f e  - and your  hea l th "  and a  chapter  e n t i t l e d  " Ions and Sex" i s  inc luded.  

Regardless o f  what one concludes concerning the  s c i e n t i f i c  basis  f o r  such statements, 

some assessment o f  t he  quest ionable r e p o r t s  on reproduct ion  should be inc luded i n  

a  program such as the  one being planned. U l t i m a t e l y  mu l t i - genera t i on  s tud ies  should 

be included. However, f o r  the  f i r s t  approach the  male reproduct ive  system should be 

considered by mating t e s t  animals t o  unexposed female animals and by de terminat ion  

n f  sperm counts and m o t i l i t i e s .  P o t e n t i a l  e f f e c t s  on female reproduct ion  should be 

considered i n  v e r i f i c a t i o n s  o f  es t rus  cyc l i ng ,  i n  a  t e r a t o l o g y  study, and n the  hor- 

monal assays discussed below. For bo th  sexes, gonodal weights should a l s o  be de te r -  

mined. 

3.4.4 Hormonal Assays 

The c u r r e n t  i n t e r e s t  i n  p r o l q c t i n  i s  due i n  p a r t  t o  t h e  r e c o g n i t i o n  t h a t  i t  has 

mu1 t i t u d i n o u s  func t i ons  i n  bo th  mammalian and submammal i a n .  species, and t h a t  i , t  can 

be measured q u a n t i t a t i v e l y  i n  the  blood by s p e c i f i c  radioimmunoassays (RIA). Thus, 

a1 t e r a t i o n s  i n  t he  l e v e l s  o f  c i r c u l a t i n g  p r o l a c t i n  l eve l s .  could account f o r  a1 t e r a t i u r l  

i n  a  phys io log i c  f u n c t i o n  i n  t he  animal. There a re  several  agents which are  known 

t o  increase o r  decrease the  l e v e l s  o f  serum p r o l a c t i n .  For example, s t ress ,  f a l l  i .n 

blood glucose, rena l  f a i  1  ures , t h y r o t r o p h i  c  re1  eas i  ng hormone, a  number o f  pharma- 

co log i ca l  drugs, and increased catochol ami nes a1 1  tend t o  increase the  pro1 a c t i n  sec- 

r e t i o n ,  whereas L-DOPA, e rgoc ry t i n ,  and o the r  e rgo t -der iva tes  decrease the  l e v e l  o f  

p r o l a c t i n .  Thus, t he  measurements o f  l e v e l s  o f  p r o l a c t i n  under the  planned exper- 

imental  c o n d i t i o n s  c o u l d  prov ide  important  i n fo rma t ion  on a1 t e r a t i o n s  i n  normal 

physio logy o f  the  animals. 

  he' p r i n c i p l ' e  o f  R I A  f o r  p r o t e i n  and s t e r i o i d  hormones i s  t he  same. It i s  o f  

importance t o  measure c o r t i c o i d s  and sex s t e r o i d s  q u a n t i t a t i v e l y  f o l l o w i n g  exposure 

t o  the  dc e l e c t r i c  f i e l d s  as e a r l i e r  repo r t s ,  i n  f a c t ,  have i n d i c a t e d  s i g n i f i c a n t  

decreases i n  t he  l e v e l s  o f  gamma g lobu l  i n s  .and serum c o r t i c o i d s  w i t h  a  simultaneous 

e l e v a t i o n  i n  t h e  serum albumin l e i e l  as a r e s u l t  o f  exposure t o  such f i e l d s .  More- 

over, i f  the re  i s  any reproduct ive  a l t e r a t i o n s  t o  be expec ted . i n  t he  female rodent ,  



. . 

t h i s  e f f e c t  may be r e f l e c t e d  by a l t e r a t i o n s  i n  t h e . l e v e l s  o f  sex s te ro ids .  Thus, 

measurements o f  e s t r a d i o l  and progesterone concentrat ions i n  a d d i t i o n  t o  c o r t i c o i d s  

i n  c e r t a i n  experiments cou ld  subs tan t i a te  the  g ross l y  observed e f f e c t s  on reproduct iv  . . 
f u n c t i o n i n g  'biochemical ly .  

Endocrine organ weights and t h e i r  r e l a t i o n s h i p ' t o  body weight  should a l so  be 

considered. Special  a t t e n t i o n  should be g iven t o  male r a t s  i n  a l l  s tud ies  t o  de tec t .  

any gynecomastia. 

3.4.5 Hematology and Blood Biochemi.stry 

Hematological eva lua t ions  and measures o f  1  eve1 s  o f  c e r t a i n  serum chemical s  

has become a  re1 a t i v e l y  standard p r a c t i c e  i n  chemical t o x i c i t y  eva lua t ions  . A1 t e r -  

a t i o n s  i n  c e r t a i n  o f  these parameters i $ a1 SO a pred ic ted  respnnsp tn  a ni~mber o f  

nonspec i f i c  s t ressors  (Selye, 1950). And a1 though a '  c r i t i c a l  eva lua t i on  r a i s e s  some 

quest ions about t h e  methodology used, a  recent  rev iew o f  s tud ies  concerned w i t h  b io -  

e f f e c t s  o f  exposure t o  ELF f i e l d ' s  i d e n t i f i e d  several i n  ,which t h e  z.ssessment o f  

hematological parameters o r  o f  c e r t a i n  serum chemical y i e l d e d  p o s i t i v e  resu l  t s  

(Br idges e t  a l ,  1979). The hematologic and b lood chemist ry  parameters which should 

be considered f o r  ' i nc lus ion  i n  t h i s  program a re  1 i s t e d  i n  Tables 3-1 1  and 3-.12. 

3.4.6 Resp i ra tory  System 

- The r e s p i r a t o r y  t r a c t  has been suggested as the  pr imary  means o f  uptake f o r  a i r  

i ons  and has been a  focus f o r  much o f  the  research. I n  the  c u r r e n t  program, assays 

o f  t rachea l  and c i l i a r y  and broncho-pulmonary f u n c t i o n i n g  a re  recommended t o  be per- 

formed a f t e r  vary ing  per iods  o f  exposure t o  the  t e s t  environments. Resistance t o  

a r e s p i r a t o r y  i n f e c t i o u s  agent should probably a1 so be considered, b u t  spec ia l  

thought  should be g iven t o  avo id  r i s k s  o f  contaminat ion o f  a  l a r q e  f a c i l i t y  w i t h  an 

i n f e c t i o n  fo r  which the  t e s t  species i s  known t o  have s u s c e p t i b i l i t y .  

Basic Guidel ines 

3.5.1 Exposure Faci 1  i ti es 

I n  t h e  f i r s t  experiments determin ing b i o l o g i c a l  e f f e c t s  o f . t h e  s imulated envi ron-  

ment, we recommend no attempts t o  d i s s o c i a t e  the  e f f e c t s  o f  t he  dc e l e c t r i c  f i e l d  

f rom the  e f f e c t s  o f  a i r  ions.  Thus, i n  t h i s  design these two .p rope r t i es  o f  the  

environment wil.1 be co-manipulated. That i s ,  t h e  h ighes t  l e v e l s  o f  e l e c t r i c  f i e l d s  

w i l l  be associated w i t h  the  h ighes t  l e v e l  o f  i o n  c u r r e n t  dens i ty .  Should e f f e c t s  



TABLE 3-1 1 

HEMATOLOGY METHODS 

Parameter Met hod o r  Procedure. 

Hemoglobin 

Hematocri t 

Erythrocycte Count 

Cyanmethemoglobin 
method 

Indirect  method; cal -  
culated value based 
on erythrocyte count 
and mean corpuscular 
vol ume 

. . . . . .  

Electronic counting 
.Procedure 

Leukocyte Count Electronic Counting 
Procedure 

Leukocyte Differen- Wright s t a in  procedure 
t i a l  Count (Neutrophils- 
Immature, Neutrophil s -  
Mature, Monocytes, 
Basoph i 1 s , Lymphocytes, 
Eosimophi 1 s )  

Nucleated RBCs Wright s t a i n  procedure 

P l a t e l e t  Count Direct method 

~ e t i c u l  ocyte Count New methyl ene blue 
s ta ining procedure 

Clotting Time Capi 11 ary  tube method 

Counter System o r  
Method Reference 

Coul t e r  Counter Model 
S System 

Coulter Counter Model 
S System 

Coul t e r  Counter Model 
S System 

Coul t e r  Counter Model 
S System 

Schalm, O.W. ,  ~ a i n ,  N'.c. 
and Car ro l l ,  E.J. 
Veterinary Hematology, 
Color Pla tes  Chapter, 
3rd Edit ion,  Lea & 
Febiger , 1975. 

Schalm, O . W , ,  J a i n ,  N . C .  
and Carroll , E . S .  
Veterinary Hematol ogy 
Color Plates Chapter, 
3rd Edit ion,  Lea & 
Febiger, 1975 

Schalm, O . W . ,  J a i n ,  N.C.  
and Car ro l l ,  E .  J .  . 
Veterinary Hematology , 
p .  69, 3rd .Edi t ion 
Lea & Febiger, 1975. 

Brecher, G .  Am. J .  
Clin. Path. - 19, 895, 
1 949. 

Schalm, O . W . ,  J a i n ,  N . C .  
and Car ro l l ,  E.J. 
Veterinary Hematology , 
p. 291, 3rd Edit ion,  
Lea & Febiger, 1975 



TABLE 3-11 
HEMATOLOGY METH.ODS 
cont inued 

Parameter 

Prothrombin Time 

Sedimentat ion Rate 

Counter System o r  
' Nethod o r  Procedure Method Reference 

, . 

Qu i ck  one-step method F i  brometer p r e c i s i o n  
coagu la t ion  t imer  , . 

(Fibrosystem: Bio-  
quest :Lab) 

Wintrobe method . , 

..,< 3-> ' .; ' 

Schalm, O.W., Ja in ,  N.C. 
1 and Car.rol 1 . j  .E,.J. .' 

'Ve ter inary  Hematology , 
pp 40-42, 3rd E d i t i o n ,  
Lea & Febiger,  1975 



TABLE 3-12 , 

CLINICAL CHEMISTRY METHODS 
(SERUM) G 

Parameter Method or  Procedure 

Glucose Hexo ki nase method 
, 

, 
Urea Nitrogen .(,BUN) i.' . Modified urease 

technique 

Gl utami c-Oxal oacetj  c Mod i f i ed Karmen 
Transaminase (SGOT) technique 

,Counter system or  
Method Reference 

Centrifichem Centti- 
fugal Analyzer System 
Neeley, W.E. Clin. Chem. 
18, 509, 1972 - 
Centrifichem Centri- 
fugal Analyzer System 
Karmen, A .  J .  Clin. 
Invest. - 34, 131, 1955 

Centrifichem Centri- 
fual Analyzer System 
Henry, R.J., Chiamori, N . ,  
Golub, O.J. and Berkman, 
S. Am. J .  Clin Path. 
34, 381 , ,1960 - 

Gl utami c-Pyruvic Modified Wroblewski Centrifichem Centri- 
Transaminase (SGPT) and .LaDue technique fugal Analyzer System 

Henry, R.J., Chiamori, N . ;  
Golub, O.J. and Berkman, 
S. Am J .  Clirl. Pal;t~.. 
34, 381 ,. 1960 - 

a Alkaline Phosphatase Modified Bessey-Lowry 
tec'hnique 

Neumann, H .  and Van. 
Vreedendal 1 , M. 
Clin. Chem. Acta. 
17, 183, 1967 - 

Inorganic Phosphate Daly and ~rt ingshausen Centrifichem Centri- 
technique fugal Analyzer System 

Daly, J.A. and 
Ettinqshausen, G .  

Chloride Si lver  chloride preci- Chloride Meter (Corning 
pitation method Medical Co.) Catlove, 

E . ,  Trantham, V .  and 
. . Bowman, R . L .  J .  Lab. 

i 
Clin. Med. 50, 358, 1958 



I '  
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TABLE 3-1 2 
CLINICAL CHEMISTRY METHODS 
cont inued 

Parameter - Method o r  Procedure . ' 

Sodium Flame photometry 

Potassium Flame photometry 

T o t a l  P r o t e i n  B i u r e t  technique 

E lec t rophores i s  Microzone E l  ec t ro -  
o f  Serum Pro te ins  phores is  Ce l l  and 
(Albumin, a1 Globu- Dens i tometer 
l i n ,  a2 Globu l in ,  
B Globu l in ,  y 
Globul i n )  

L a c t i c  Dehydrogenase Lac ta te  -+ Phruvate 
(LDH) technique 

Creat ine  Phosphoki nase Mod i f i ed  01 i v e r  method 
(CPK 

! 
Chol e s t r o l  Cholestero l  esterase- 

chol  ester01 oxidase 
method b 

Counter System o r  
Method Reference 

Kl ' ina Flame photometer 
(Bec kman ) 

K l  i n a  F l  anie Photolneter 
(Beckman) 

Cent r i f i chem Cen t r i -  
f l lg i l l  A n a l y 7 ~ r  S y q t ~ m  
F a i l i n g ,  I.F., J r . ,  
Buckley, M.W. and 
Zak, B. Am. J. C l i n .  
Path. - 33, 83, 1960 

Chin, H.P. ~ e l l u l o s e  
Acetate E lec t rophores i~s  
Techniques and Appl i- 
cat ions .  Ann Arbor 
Science Publ isher ,  
1970 

Cent r i f i chem C e n t r i -  
f ugal-  Analyzer System 
Henry, R. J., Chiamori , 
N., Golub, O.J. and 
Berkman, S .  Am.. J.  
C l i n ,  Path. -= 34, 381, 
1960 

Cent r i f i chem Cen t r i -  
fuga l  Analyzer System 
O l i v e r ,  I .T.  Biochem, 
J. -6L 1.16, 1955 

Cent r i f i chem Cen t r i -  
f uga l  Analyzer System 
Roseschlaw, P., Bernt ,  E.  
Gruber, W .  Z . f .  Kl'in., 
Chem. u. K l i n .  .Biochem. J. 
12, 226, 1974 - 



TABLE 3- 1 2 
CLINICAL CHEMISTRY METHODS 
continued 

. . 
Counter System or  

Parameter Method o r  Procedure - . ' Method Reference . . 

Cal icum A1 iza r in  method Centrifichem Centri- 
fugal Analyzer System 
Connerty, H . V .  and 
Briggs, A . R .  Clin. 

*: Chem. - 11, 716, 1965 

.Bil i.rubin, Total 

Bi l i rubin ,  Direct 

Hemoglobin 

Modified Wal t e r s  and Centrifichem Centri-  
Gerarde method fugal Analyzer System 

Wal t e r s ,  M. and Gerarde, 

Modified Walters and . Centrifichem Centri- 
Gerarde method , fugal Analyzer System 

Wal t e r s  , M .  and Gerarde, 
H .  Microchem. J .  - 15,  
231, 1970 

Tetramethylbenzidine 
,, method 

Centrifichem Centr i - .  
fugal Analyzer System 
C h i n ,  B . H . ,  Kozbelt, 
S.J .  and Mudry, L.L. 
Toxicol. Path. - 6 ,  18, 
1978 
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t h a t  a r e  considered o f  r e a l  b i o l o g i c a l  s i g n i f i c a n c e  be obtained, i t  co.uld . then 

become impor tan t  t o  d i s s o c i a t e  the  sources o f  these e f f e c t s .  

The exposure f a c i l  i t i e s  employed f o r  t he  b i o l o g i c a l  experiments s h a l l  have 

t h e  f o l l o w i n g  capac i t i es :  

4) s u i  tab1 e  1  i v e - i  n  qua r te rs .  f o r  138 i n d i v i d u a l  ly housed rodents.  

0 f l e x i b i l i t y  t o  use the  same f a c i l i t i e s  w i t h  minor r e v i s i o n s  f o r  r a t s  
and mice. 

Q capac i t y  t o  s imul taneously present  sham-exposure cond i t i ons  f o r  
c o n t r o l  animals f o r  p o s i t i v e  and negat ive p o l a r i t i e s  and f o u r  d i f f e r e n t  
t e s t  cond i t i ons  which a r e  represented by two l e v e l s  o f  dc e l e c t r i c  
f i e l d s  and i o n  c u r r e n t  d e n s i t i e s  a t  each p o l a r i t y .  

Q f o r  each s e t  o f  t h ree  modules o f  e i g h t  i n d i v i d u a l  animal compartments, 
a1 l o c a t i o n  o f  one o f  t h e  24 compartments f o r  measurement o f  envi ron-  
mental, e l e c t r i c a l ,  and i o n i c  parameters. 

Q f o r  each s e t  o f  t h ree  modules, a b i l . i t y  t o  operate a t  a l l  poss ib le  
on -o f f  combinations', i'.e., t h ree  o f f ,  two o f f  - one on, one o f f  - two 
on, o r  t h ree  on. (Th is  f e a t u r e  i s  important  t o  a l l o w  phasing i n  o f  
t h e  h a b i t u a t i o n  and exposure i n i t i a t i o n  o f  p a r t  o f  t he  animals i n  
each group over  a  pe r iod  o f  several days. Th is  p r a c t i c e  w i l l  a i d  i n  
l i m i t i n g  v a r i a b i l i t y  i n  t he  t ime between the  end o f  an exposure i n t e r v a l  
and the  performance o f  some s p e c i f i e d  b i o l o g i c a l  assay. ) 

3.5.2 Exposure Parameters , , , 

The fo l l .owing i s  a  genera1 design, which takes i n t o  account t h e  man ipu la t ive  

HVDC v a r i a b l e s  p rev ious l y  discussed. 

Sham-exposed Contro l  Group ( P o s i t i v e  P o l a r i t y )  n  animals 

Sham-exposed Contro l  Group (Negative P o l a r i t y  ) n  animals 

Unmanipul ated Contro l  Group ( i f  app rop r ia te )  n, animals 

P o s i t i v e  E l e c t r i c  F i e l d s  and A i r  Ions 

High e l e c t r i c  f i e l d ,  hi.gh i o n  c u r r e n t  dens i t y  

Low e l e c t r i c  f i e l d ,  low i o n  c u r r e n t  d e n s i t y  

Negative E l e c t r i c  F i e l d s  and A i r  Ions 

High e l e c t r i c  f i e l d ,  h igh  i o n  c u r r e n t  d e n s i t y  

n  animals 

n  animals 

n  animals 

Low e l e c t r i c  f i e l d ,  low i o n  c u r r e n t  dens i t y  n  animals 



As a means o f  p lanning u t i l i z a t i o n  o f  , the exposure f a c i l i t i e s , '  t he  s tud ies  

should be organized i n t o  se r ies  t h a t  i n  t o t a l  wili r e q u i r e  approximately 54 weeks 

u t i l i z a t i o n  o f  the  exposure f a c i l i t i e s  when acc l ima t ion ' t imes  and t ime i n  some ex- 

periments t o  ,phase i n  animals over several-days a re  included.. This  assumes t h a t  

f o r  each successive se r ies  acc l ima t ion  would begin immediately f o l l o w i n g  the l a s t  

exposure i n t e r v a l  f o r ' t h e  prev ious ser ies .  The schedules should be f l e x i b l e  enough 

t o  f i t  i n  a few e x t r a  experiments i f  along the  way r k u l t s  t h a t  a re  o f  immediate 

i n t e r e s t '  a re  obta ined.  

3.5.3 General B i o l o g i c a l  Methods 

3.5.3.1 Animals ' , . .. , 

Rats a re  recommended as the  species o f  small l abo ra to ry  animals f o r  which, con- 

s i d e r i n g  the  o v e r a l l  design, most background o r  h i s t o r i c a l  c o n t r o l ' d a t a  a re  a v a i l -  

ab le.  Mice have been used more f r e q u e n t l y  when t e s t i n g  f o r  t he  s u s c e p t i b i l i t y  t o  

i n f e c t i o u s  chal lenge and t h e i r  low i n i t i a l  and maintenance cos ts  make i t  feas ib le  

t o  employ the  l a r g e  numbers- requ i red .  J u s t i f i c a t t o n  f o r  t he  s e l e c t i o n  o f  species . 

and s t r a i n  should be given. 

Quarant ine procedures and procedures t o  exclude unsu i tab le  animals should be 

provided. ' For animal s which w i l l  be used i n  the  longer  term s tud ies  a random sample 

should be se lec ted  f o r  pa ras i to logy  eva lua t ions  du r ing  the quarant ine per iod .  A f t e r  

quarant ine, the  animals should be g iven a one-week acc l ima t ion  pe r iod  i n  the expos- 

u re  f a c i l i t i e s  p r i o r  t o  s t a r t i n g  exposures t o  t h e  t e s t  environments. . The except ion 

might  be the  pregnant female r a t s  i f  a t e r a t o l o g y  study i s  used. 'These animals 

should be o'btained by breeding from a l a r g e r  popu la t i on  and should be placed on 

t e s t  s h o r t l y  a f t e r  i t  i s  determined t h a t  copu la t i on  has taken p lace.  

For per iods o f  acc l ima t ion  o r  exposure, the  f a c i l i t i e s  should serve as a res-  

idence f o r  t e s t  and sham-exposed animals. Dur ing quarant ine and f o r  housing of 

unmanipulated c o n t r o l  animals, breeders,. and male r a t s  t h a t  w i l l  be used f o r  oppon- 

en ts  i n  aggression t e s t i n g ,  o the r  caging appropr iated f o r  the  species should be 

used. The s i z e  o f  the .  cages, the  number o f  animals housed i n  each cage, and the  

feed ing  and water ing  devices should be descr ibed fo r  each s e t  o f  animals. These 

animals should be mainta ined on a 12-hour l i g h t I l 2 - h o u r  dark cyc le  and .a t  room 

temperatures and re1  a t i  ve humidi t i e s  o f  app.roximately 22-24' and 40-60%, respec t i ve l y .  



Each animal i n  a t e s t  se r i es  should be un ique ly  i d e n t i f i e d  by an accepted 

method. A l l  data should be recorded under the  i d e n t i f i c a t i o n  number. Assignment 

o f  t h e  animals t o  t e s t  and c o n t r o l  groups should be by random s e l e c t i o n  procedures. 

3.5.3.2 Contro l  Condi t ions 

The sham-exposed c o n t r o l  c o n d i t i o n  should be app l i cab le  t o  a l l  s tudies.  Every 

e f f o r t  should be made i n  p lann ing  the  exposure f a ' c i l i t i e s  t o  assure t h a t  t h i s  con- 

d i t i o n  i s  equ iva len t  t o  t he  t e s t  cond i t i ons  w i t h  the  except ion o f  t he  e l e c t r i c a l  

f i e l d  and i o n  environments. The nature  o f  these e f f o r t s  has been discussed i n  

Sect ion  2. Due t o  the  d i f f e r e n t  a u d i t o r y  no ise  spectra produced i n  generat ion o f  

p o s i t i v e  and negat ive ions,  separate sham exposed c o n t r o l  groups should be prov ided 

f o r  each p o l a r i t y .  I t  might  be noted here t h a t  t h e  sham-expOSed c o n t r o l  environment 

i s  one e s s e n t i a l l y  depleted o f  ions .  Animals i n  t h e  sham-exposed groups should be 

handled du r ing  the  performance o f  b i o l o g i c a l  assays i n  t h e  same manner as those i n  

the t e s t  groups. 

~ i m i l a : r l ~ ,  animals i n  t h e  unmanipulated c o n t r o l  groups should undergo the  same 

procedures f o r  b i o l o g i c a l  assays as the  t e s t  and sham-exposed c o n t r o l  animals. 

Animals i n  the  unmanipulated c o n t r o l  c o n d i t i o n  could be i n d i v i d u a l l y  housed i n  

s u i t a b l e  cages on racks loca ted i n  animal quar te rs  adjacent  t o  t he  exposure f a c i l -  

i t i e s .  Because of t he  i o n  d e p l e t i o n  i n  t he  sham-exposed cond i t i on ,  a procedure which 

we consider  appropr ia te  f o r  t h i s  cond i t i on ,  i d e a l l y  t he  unmanipu'lated c o n t r o l  con- 

d i t i o n  should probably be inc luded i n  a l l  s tud ies .  However, t h i s  would s u b s t a n t i a l l y  

inc rease costs. Therefore, cons idera t ion  should be g iven t o  employ the  unmanipulated 

c o n t r o l  groups i n  the  experiments which i n v o l v e  longer  exposure per iods.  I f  i o n  

-dep le t i on  o r  some o the r  f a c t o r ,  such as feed and water ing  devices, cage design, a i r  

f low, noise, e t c . ,  make the  fac i l - i t y  l e s s  acceptable as l i v i n g  quar.l;er-s f o r  the  

animals, i t  should become apparent i n  t he  longer- term s tud ies .  Fu r the r  p re l im ina ry  

experiments should be conducted t o  evaluate the  e x t e n t  t o  which the  s imu la tor  mod- 

u l e s  a f f e c t  .such gross measures as food and water 'consumption and body weight  

changes. 

3.5.3.3 Exposure I n t e r v a l s  and Per iod 

For t h e  i n i t i a l  eva lua t i on  a standard 18 hour exposure i n t e r v a l  i s  suggested. 

Th i s  i n t e r v a l  would a l l o w  access t o  the  animals du r ing  t h e  b e t t e r  p a r t  o f  a normal 

work day and would leave the  animals undisturbed du r ing  the  on per iods  of t he  exposure 



schedule. The periods over which the exposure sessions will be administered should 

probably vary from 1 day to 13 weeks or more. 

3.5.3.4 Magnitude of the DC Electric Field and Ion Current Density 

From reports of measurements under existing dc transmission lines which are 

capable of up to + 600 kV/m operation, dc electric fields in the range of 30 kV/m 
2 and ion current densities up to 200-300 nA/m have been observed. Although the 

objectives of this program is to consider simulation of the environment in the vic- 

inity of transmission lines capable of operating up to + 1200 kV, this does not 
necessarily imply proportional increases in the dc fields and ion current densities. 

2 .Thus, in development of this design values of 30 kV/m and 250 nA/m have been used 

as a point of departure. 

In that the design provides for co-manipulation of the dc electric field and 

ion current density, ,one of the first questions that arises in deciding upon exposure 

levels is the relative relationship. between these two parameters. As noted in 

Section 2.2.2, our recommendation is that the same factor be applied to the dc elec- 
tric fields and jon current densities in scaling upward or downward from the values 

2 of 30 kV/m and 250 nA/m . 
It is recommended that for at least the initial series of experiments which will 

involve at least a single 18 hour exposure to the test conditions, the values for 

the lower exposure level be sl ightly below the preference threshold if such threshold 

can be established. 

For the values of the higher level exposure condition in the early experiments, 

it is recommended that a dc electric field in the range of 150-180 kV/m and an ion 

current density in the range o f  1400 nA/m be employed. These values are based on 

consideration of the enhancement factors for man and rat-sized subjects and will 

give a field and ion current density at the rats dorsal- surface (assuming normal 

non-erect posture) comparable to those at the top of the head for an erect man in an 
2 ambient environment of about 30 kV/m and 250 nA/m . 

It is further recommended that selection of values for later experiments be , 

delayed until completion of the earlier shorter term studies. \ 



3.5.3.5 Record Keeping 

Data should be recorded i n  bound logbooks o r  on data forms which w i l l  be 

bound a t  t he  end of t he  program. Where computer ass is tance i s  used i n  data handl ing,  

t he  computer p r i n t o u t s  should be bound and r e t a i n e d  as p a r t  o f  t he  data f i l e .  A l l  

o r i g i n a l  da ta  e n t r i e s  must be made i n  i n k  and must be signed and dated a t  t he  t ime 

o f  e n t r y .  ,Changes t o  o r i g i n a l  data e n t r i e s  must be signed, dated, and expla ined by 

the  person making the  change. 

3.5.3.6 Statistical Analyses 

For cont inuous var iab les ,  the  s t a t i s t i c a l  approach would be ana lys i s  o f  var iance 

models appropr ia te  f o r  eva lua t i ng  the  s i g n i f i c a n c e  o f  f a c t o r s  such as the  i n t e n s i t y  

o f  exposure, the  d u r a t i o n  o f  exposure, and t h e  age and gender o f  t he  t e s t  animals. 

Where appropr iate,  t he  models should a1 so i nc lude  p rov i s ions  fo r .  eva lua t i ng  the  s i g -  

n i f i c a n c e  o f  f i r s t  and second order  i n t e r a c t i o n s  o f  these f a c t o r s .  Regression tech- 

niques should. be used t o  cha rac te r i ze  the  r e l a t i o n s h i p s  between the  i n t e n s i t y  and 

d u r a t i o n  o f  exposures and any observed b i o e f f e c t s  and i n  some cases c o r r e l a t i o n  co- 

e f f i c i e n t s  f o r  the  r e l a t i o n s h i p s  between two measures w i l l  ha've t o  be der ived.  Th is  

cou ld  inc lude,  f o r  example, t he  r e l a t i o n s h i p  between l e v e l s  o f  5-HT i n  b lood and 

b r a i n  and behav io r l a l  measures i n  t he  long term s tud ies  o r  c o r r e l a t i o n s  between 

two behav iora l  measures i n  t he  same animals. 

3.5.3.7 Q u a l i t y  Assurance 

The program must be sub jec t  t o  i n t e r n a l  q u a l i t y  assurance reviews. Each par-  

t i c i p a t i n g  d i v i s i o n  ( i f  more than one) must have a  s t a f f  w i t h  r e p o r t i n g  r e s p o n s i b i l -  

1 t i e s  exc lus i ve  o f  t h e  p r o j e c t  management. ,The qual i t y  assurance u n i t  must m a i n t a i n .  

a  master schedule f o r  t he  program and rev iew c r i t i c a l  phases o f  the  program. A w r i t -  

t e n  r e p o r t  should be prepared a f t e r  rev iew and compl i ance o r  noncompl i ance t o  the  

master schedule, p ro toco l s  , and standard opera t ing  procedures documented. The qual i ty  

assurance u n i t  should a l s o  spot  check data records and each r e p o r t  except monthly 

progress repo r t s .  

3.6 S p e c i f i c  Study Methods 

The " S p e c i f i c  Studies"  discussed i n  t h i s  sec t i on  a re  n o t  t he  o n l y  s tud ies  t o  

be recommended. The i r  s e l e c t i o n  was i n f  1  uenced by the  fo rego ing  1  i t e r a t u r e  review, 
' 

by t h e  background and experience and opin ions o f  t he  authors. Comments concerning 



the specif ic  aims of the biologic t e s t s  and the evaluation and reporting- methods 
, are included b u t  detailed protocols are  not included. 

The ear ly experiments should include evaluations of relat ively l ab i l e  biolog- 
ical responses a f t e r  short- term exposures to  the t e s t  environments. The focus 
should be on the nervous system and behavior b u t  assays of tracheal c i l i a r y  function 
and lung respiratory function and measurements of heart r a t e  might also be included. 

3.6.1 Short Term Exposures 

For reasons explained previously we.would recommend adult  male r a t s  distributed 

equally to  two ear ly studies.  The f a c i l i t y  should permit 138 r a t s  (23/condition) t o  
be exposed a t  once. If t h i s  was done with'one repl icat ion,  46 male r a t s  could be 
allocated to  each of the following groups, therefore,  half the animals in each group 
will be, processed i n  the i n i t i a l  and haqf i n  the repl icate  t e s t .  

o Sham exposure positive 
Sham exposure negative 

e High + e lec t r i c  f i e l d ,  high + ion current density 
e L o w + e l e c t r i c f i e l d ,  l o w + i o n c u r r e n t d e n s i t y  
e High - e lec t r i c  f i e l d ,  high - ion current density 
e Low - c lcc t r i c  f i e l d ,  low - ion current density 

Within each exposure group of 46 r a t s ,  the following numbers might be evaluated 
as indicated. 

o 16 r a t s  - open-field tes t ing followed by auditory s t a r t l e  tes t ing 
o 6 r a t s  - electroencephalograms ( E E G )  

10 r a t s  - assays of blood and brain levels of 5 hydroxytryptamine 
(5HT) and 5-hyroxyi ndol eacecti c acid (5-HIAA) ' . 

a .  4 ra t s  - assays of tracheal function 
9 10 r a t s  - heart rate. measurements and respiratory function t e s t s  

Two t e s t s  a re  recommended: One employing a single 18 hour exposure and another 
employing 7 days exposure of 18 hours each. Each biological assay would be performed 

a t  the end of the exposure. Each would require a total  of 276 r a t s .  



3.6.1.1 Open F i e l d  Tes t i ng  

Locomotor a c t i v i t y  i n  a novel environment and emotional r e a c t i v i t y  as 

evaluated by de fecat ion  upon being placed i n  the  novel environment should be 

eva1,uated by an open f i e l d  t e s t  w i t h  p rov i s ions  f o r  automated moni to r ing  o f  

locomotor a c t i v i t y .  A l t e r n a t i v e l y ,  o the r  means of mon i to r i ng  'locomotor a c t i v i t y  

m igh t  be inc luded.  

3.6.1.2 Aud i to ry  S t a r t l e  

These t e s t s  should employ a smal l  enclosure chamber i n  which a c o n t r o l l e d  and 

reproducabl e a u d i t o r y  s t imu lus  'can be ,  provided. A s u i  tab1 e apparatus t o  record  the  

e l e c t r i c a l  analogs o f  t he  chamber displacement ( ~ o n n e r  e t  a l ,  1970) cou ld  be employ- 

ed t o  pe rm i t  measurement o f . t h e  magnitude o f  e,ach s t a r t l e  response. 

For each animal t he  average ampl i tude o f  t h e  s t a r t l e  response i s  ca l cu la ted  

f o r  each o f  f i v e  t w o - t r i a l  b locks.  To a l l o w  d e t e c t i o n  of any t reatment  e f f e c t s  

on h a b i t u a t i d n  o f  t he  s t a r t l e  response w i t h  repeated t r i a l s ,  "Blocks of T r i a l s "  

a r e  an added f a c t o r  i n  t h e  Ana lys is  o f  Variance. 

3.6.1.3 Neurophysiology (EEG) 

As a measure o f  the  t e s t  exposures on neural  a c t i v i t y ,  pre-/and postexposure 

record ings  o f  EEG a c t i v i t y  a re  performed. 

D e t a i l e d  exp lanat ion  o f  r a t i o n a l e  o f  employing Power Spectrum Ana lys is  from 

implanted e lec t rodes appears i n  Sect ion 3.4.1. 

The h ighes t  exposure group should be compared t o  Cont ro ls  by acceptable methods 

f o r  t h i s  procedure. Add i t i ona l  animals can be tes ted  should a s u f f i c i e n t l y  s t rong 

response ,d i c ta te .  

Determinat ion o f  Blood and B ra in  Levels o f  5-HT and 5-HIAA 

Two methods o f  ana lys i s  i n  blood should be considered i . e . ,  spectrof lourescence 

and h i g h  performance l i q u i d  chromatography (HPLC). Procedures f o r  t he  spectro- 

f l u r o m e t r i c  method can be adapted from r e p o r t s  by Curzon and Green (1970); Krueger, 



Andriese, and Kotka (1  963) ; Sommervi 1  l e  and Hintenberger  .( l975) ; and Welech, Mayer, 

, and Kawant (1  972). Those f o r  HPLC can be adapted from Sasa and Blank (1 977). . 

Ana lys is  o f  5-HT (5-'hydroxytryptami ne) and 5-HIAA (5-hydroxyi  ndol eace t i c  

ac id ) .  i n  b r a i n  t i s s u e  should a l s o  be performed', cons ide ra t i on  should be g iven  t o  

whether these would bes t  be made.on homogenates from whole b r a i n  o r  f rom c e r t a i n  

b r a i n  f r a c t i o n s .  The procedure f o r  t h e  e x t r a c t i o n  o f  t h e  b r a i n  t i ssues  f o r  t h e  

.above ana l ys i s  i s  descr ibed by Curzon and Green (1970). 

The a n a l y t i c a l  data obta ined from bo th  the  spec t ropho to f l u r ime t r i c  method 

and the.  HPLC procedure should be expressed as means and standard dev ia t i ons  ' f o r  

each group. S t a t i s t i c a l  s i g n i f i c a n c e  should be examined by a n a l y s i s .  o f  var iance 

techniques. 

3.6.1.5 Tracheal Bioassay \ 

Tracheal r i n g  exp lan ts  a re  removed from r a t s  i n  t h e  var ious  exposure groups, . . 

cu l t u red ,  and moni tored f o r  c i l i a r y  a c t i v i t y  and cytopathology.  

A two-way a n a l y s i s  o f  var iance should be used t o  t e s t  t h e  hypothesis  o f  no 

t rea tment  d i f f e r e n c e s  f o r  t h e  exposure per iods  s tud ied  (Winter,  1971 ) . Duncan's 

new m u l t i p l e  range t e s t  and t h e  ch i -square d i s t r i b u t i o n  t e s t  can be u s e d . t o  de te r -  

mine p a t t e r n s  o f  s i g n i f i c a n t  t reatment  d i f f e r e n c e s  i n  c i l i a r y  beat ing  frequency 

and cy topatho l  ogy (Siege1 , 1956). 

3.6.2 A Recommended Terato logy Study 

Th i s  s tudy  should eva lua te  t he  s u r v i v a l ,  growth, and morphological  development 

o f  fe tuses  o f  female r a t s  t h a t  w i l l  be exposed t o  t h e  t q s t  cond i t i ons  f o r  a  p a r t  

o f  each day throughout  most o f  ges ta t ion .  

3.6.2.1 Design 

Ten-week o l d  F ischer  344 r a t s  a re  recommended as breeding stock.  A t  t h e  end 

o f  quaran t ine  161 se lec ted  animals a re  bred and sperm p o s i t i v e  females are  assigned 

e q u a l l y  t o  one o f  seven t reatment  groups 
% 

e Unmanipulated o r  s h e l f  c o n t r o l  

o Sham-exposed c o n t r o l  p o s i t i v e  

Sham-exposed c o n t r o l  negat ive  

e High + e l e c t r i c  f i e l d ,  h i g h  + i o n  c u r r e n t  d e n s i t y  

0 Low + e l e c t r i c  f i e l d ,  1,ow + i o n  c u r r e n t  d e n s i t y  



a High  - e l e c t r i c  f i e l d , .  h i g h  - i o n  c u r r e n t  d e n s i t y  

0 Low - e l e c t r i c  f i e l d ,  low - i o n  c u r r e n t  d e n s i t y  

The r a t s  a r e  exposed f rom day 2 o f  g e s t a t i o n  t o  day 21. 

3.6.2.2 Necropsy - Examinat ion o f  Fetuses and Data Handl ing 

Necrops ies should cons ide r  p e r t i n e n t  enumerat ive and d e s c r i p t i v e  da ta  con- 

c e r n i n g  dams and f e tuses  such as t h e  f o l l o w i n g :  

Number o f  pregnant  females/group 

e Percent  m o r t a l  i ty  o f  pregnant  females/group 

Maternal  body we igh t  on days 1, 8, 15, and 22 o f  g e s t a t i o n  

[ group means and s tandard d e v i a t i o n  (SD),]. 

e Maternal  body we igh t  change on days 8, 15 and 22 o f  ' ges ta t i on  

( a c t u a l  we igh t  change and we igh t  change ad,iusted f o r  t h e  

we igh t  o f  t h e  u te rus ,  p lacen ta ,  'and fe tuses ;  b o t h  we igh t  

changes c a l c u l a t e d  f rom t h e  we igh t  on day 1; group means 

and SD). 

Corpora lutea/dam t h a t  su rv i ves  t o  day 22 (group means and . . SD). 

Imp lan ta t ion ,  s i  tes/dam t h a t  su rv i ves  ' to  day 22 (group means and SD) . 
Percent  e a r l y  resorpt ions/dam t h a t  su rv i ves  t o  day 22 u s i n g  a denom- 
i n a t o r  = number o f  imp lana t i on  s i t e s  (group means and SD). 

Percent  l a t e  resorp t ions /dam t h a t  su rv i ves  t o  day 22 u s i n g  a denom- 
i n a t o r  = number 'o f  i m p l a n t a t i o n  s i t e s  (group means and SD). 

Percent resorbed or. dedd FeLuses/dan t h a t  su rv i ves  t o  day 22 u s i n g  
a denominator = number o f  imp lana t i on  s i t e s  (group means and SD).. . 

Percent  l i v e  male fetuses/dam t h a t  su rv i ves  t o  day 22 u s i n g  a denom- 
i n a t o r  = number o f  l i v e  f e tuses  (group means and S D ) .  

Weight of  l i v e  f e tuses  (mean and SD o f  1 i t t e r  means f o r  each group) .  

Percent  i n c i d e n c e / l i t t e r  o f  s p e c i f i c  anomalies, ca tego r i es  of 
anomalies, or. o f  anatomical  v a r i a t i o n s  de tec ted  i n  e x t e r n a l ,  v i s c e r a l  
o r  s k e l e t a l  examinat ions; denominator = t h e  number o f  l i v e  f e tuses  i n  
, t h e  l i t t e r  sub jec ted  t o  t h e  s p e c i f i c  examinat ion procedure (group means 
and SD). 



Percentage o f  l i t t e r s  i n  each group t h a t  con ta in  a t  l e a s t  one 
dead o r  resorbed f e t u s  (conf idence l i m i t s  a re  t o  .be approximated 
from the  b inomial  d i s t r i b u t i o n ,  dams tha t .  d i e  be fore  day 22 are  
t o  be excluded from 'the c a l c u l a t i o n ) .  

o Percentage o f  l i t t e r s  i n  each group t h a t  con ta in  a t  1east .one 
f e t u s  w i t h  a  major mal format ion (conf idence 1  i m i t s  a re  t o  be 
approximated from the  b inomial  d i s t r i b u t i o n ;  dams t h a t  d i e  
be fore  day 22 a re  t o  be excluded. 

e Data from necropsy o f  dams t h a t  d i e '  be fore  day 22 o f  g e s t a t i o n  a re  
summarized 'separately.  

For q u a n t i t a t i v e  var iab les ,  ana lys i s  o f  var iance i s  used t o  determine whether 

there  i s  a  s i g n i f i c a n t  e f f e c t  o f  exposure. Those va r iab les  which y i e l d  a  s i g n i f i c a n t  

F  r a t i o  should be f u r t h e r  analyzed t o  determine which o f  t h e  t e s t  groups a re  s i g -  

n i f i c a n t l y  d i f f e r e n t  from the  sham exposed c o n t r o l  group (Dunnet t ' s  - t' t e s t ,  Stgel  

and ~ o r r i e ,  1960). The i n d i v i d u a l  data p o i n t s  i n  t he  form o f  t he  percentage of 

each 1  i t t e r  t h a t  was a f f e c t e d  i n .  a  s p e c i f i e d  manner (death, reso rp t i on ,  o r  anomal i e s )  

i s  subjected t o  the  inverse  s ine  t rans format ion  f o r  p ropo r t i ons  p r i o r  t o  ana. lys is  

(Steel  and T o r r i e ,  1960). Where n e i t h e r  t he  o r i g i n a l  d a t a  p o i n t s  nor  a  transforma- 

t i o n  a r e  appropr ia te  f o r  parametr ic  ana lys i s  (e.g., percent  1  i t t e r s  w i t h  one o r  more 

a f f e c t e d  fe tuses) ,  t he  chi-square t e s t  o r  F i s h e r ' s  Tes t  (Sieger , 1956). and Finney ' s .  

(1 971 ) p r o h i b i t  ana l ys i s  should be employed as appropr ia te .  

I 3.6.3 Suggested Studies Employing 13 Weeks of Exposure 

Those two s tud ies  could. .run consecut ive ly  (e.g. ,. males then females) and i n v o l v e  

maximum exposure per iods o f  13 weeks w i t h  var ious  b i o l o g i c a l  responses being sampled 

a t  i n t e r i m  per iods du r ing  the  s tud ies .  With the  except ion o f  aggression t e s t i n g  

and 5-HT measurement, which would be performed o n l y  f o r  males, and the  reproduct ive  

the ,  b i o l o g i c a l  va r i ab les  considered should be t h e  same f o r  both exper- 

iments -- as shown i n  the  f o l l o w i n g  schema (.Figure 3-1 and F igure  3-2).  

3.6.3.1 Design 

A.  t o t a l  o f  161 6-week o l d  male r a t s  and 161 female r a t s  o f  t he  same age should 

be equa l l y  d i v ided  among the  seven exposure cond i t i ons  o r  groups l i s t e d  below. 



F igu re  3-1 

13-Week.:Exposures 

161 Male Rats 

23 Rats Per Each o f  Seven Cond i t ions  

Body Weights (weekly) 

C l  i n i c a l  Observat ions (weekly) 

Cage Checks ( d a i l y )  

Open F i e l d  Tes t  ( t e s t  week 4 )  

Opthamology Examsu( tes t  weeks 1 *&-13)  

Subgroup A (10 Rats)  , . . - 

Week 1 - Pre-exposure hematology,. 
c l  i n i c a l  chem is t r y  

' .' . 
Week 6 - I n t e r i m  hematology, 

% .  c l i n i c a l  chemist ' ry '. 

Week 7 - Breed t o  unexposed 
females 

Week 10- Breed t o  unexposed 
females 

Week 13- F i n a l  hematology, 
c l i n i c a l  chem is t r y  

Week 14- Necropsy examinat ion,  
organ we igh ts  

* 
.Subgroup B (13 Rats.) _ . . . . . . .  - -  . . 

-*--. 

Week 7 - Audi t o r y - - s t a r t l t e  
. \ .  

Werk 8 - One-way avoidance t e s t  . . . . 
Week 12- ~ g g r e s s ' i o n  t e s t i n g  

Week 14- 5-HT', 5-HIAA, 
.(Blood and B r a i n )  , .. . , . 

Week 14- Sperm counts' . , ,  

and mo.ti.1 i t i e s  . . 7 ,  

Week 14- Tracheal b ioassay 
44  r a t s )  . . 

2.' 
. .  . 
' I  I 



Fi.gure .3-2 

13-Week. .Exposures' 

161   em ale‘ Rats 

23 Rats -Per Each o f  Seven C0nd.i t i o n s  

B.ody Weights . (weekly.) 

C l  i n i c a l  Observat ions (weekly) 

Cage' Checks ( d a i l y )  

Open F i e l d  Test  ( t e s t  week.4) 

Optthamology ~xams  : ( t e s t  weeks. I,''&. 13) 

Subgroup A (10 Rats) Subgroup B (13 R a t s )  

Week 1 - Pre-exposure hematology Week 7 - Aud i to ry  s t a r t l e  
c l i n i c a l  chemist ry  Week 8 -'One-way avoidance t e s t  

Week 5 - Xh'eck e s t r u s  c y c l i n g  Week 14- - ~ o r m o n a l  assays 
week 6 - ~ n t e r i m  hematology, 

c l i n i c a l  chemist ry  . . 

Week 11- Check es t rus  , cyc l i ng  

Week 13- F i n a l  hematology , 
c l i n i c a l  chemist ry  

-Week 14- ~ e c r o ~ s y  examination, 
organ weights 



Q .  Unmanipulated c o n t r o l  group 

o Sham-exposed c o n t r o l  group p o s i t i v e  

e Sham-exposed c o n t r o l  group negative' 

a High + e l e c t r i c  f i e l d ,  h igh  + i o n  c u r r e n t  d e n s i t y  

a Low + e l e c t r i c  f i e l d ,  low + i o n  c u r r e n t  d e n s i t y  

High - e l e c t r i c  f i e l d ,  h igh  - i o n  c u r r e n t  d e n s i t y  

e Low - e l e c t r i c  f i e l d ,  low - i o n  c u r r e n t  d e n s i t y  

Each exposure o r  c o n t r o l  group of 23 male o r  female r a t s  can be f u r t h e r  sub- 

d i v i d e d  accord ing t o  t h e  b i o l o g i c a l  parameters on which they  w i l l  be evaluated . . + ,  

Subgroup A would be composed o f  t e n  mal .es .o r . ten  female r a t s  and Subgroup B' o f d 3  

animals o f  each sex'. The eva lua t ions  t h a t  a re  suggested f o r  each o f  these sub- 

groups are  1 i s t e d  i n  t h e  schema and descr ibed i n  g rea te r  d e t a i l  as f o l l o w s :  

3.6.3.2 Exposure I n t e r v a l  and Per iod 

Ihe animals i n  t h e  sham-exposed and t e s t  exposure groups should be exposed 

t o  t h e  appro'pri'ate c o n t r o l  o r  t e s t  environments f o r  18 hourslday, 7 dayslweek, 

f o r  13 weeks. Some f i n a l  t e s t i n g  can be conduc ted . in  t e s t  week 14 b u t  no exposures 

would be g iven  d u r i n g  t h a t  week. 

3.6.3.3 Eva luh t ions  Common t o  A l l  Animals i n  t h e  Recommended 13 

Week Studies 

Body weights should be determined once each week f o r  a l l  animals a t  t h e  t ime 

o f  phys i ca l  examinations throughout  t h e  exposure pe r i od .  Animals found dead o r  

moribund i n  d a i l y  checks should be necropsied and t h e  organs and t i s s u e s  1 i s t e d  i n  

Sec t ion  3.6.3.15 below should be examined fnr gross abnorma l i t i es  and'saved. An 

eye examinat ion should be performed by i n d i r e c t  ophthalomoscopy p r i o r '  t o  t he  s t a r t  

exposure ( t e s t  week 1 ) and a g a i n  du r i ng  the  13 th  week o f  exposure. A l l  animals 

should be evaluated by t h e  open f i e . l d  t e s t  as descr ibed i n  Sec t ion  3.6.3.12 

the . .4 th  week o f  t h e  exposure per iod .  

3.6.3.4 I n t e r i m    lee dings f o r  Hematology and C l i n i c a l  Chemistry 

(Subgroup A) 

Blood cou ld  be c o l l e c t e d  v i a  t h e  sub1 ingua l  p lexus o r  o r b i t a l  s inus from t e n  

males and t e n  females f rom each t e s t  and c o n t r o l  group d u r i n g  t h e  week preceding 

the  s t a r t  of the  exposure p e r i o d  ( t e s t  week - 1 )  and again f o r  t h e  same r a t s  du r i ng  

t e s t  weeks 6 and, 13. The hematological  and c l i n i c a l  chemist ry  parameters t h a t  

should be 'considered a re  l i s t e d  a long w i t h  suggested a p p l i c a b l e  methods i n  Tables 



3-11 and 3-12. 

3.6.3.5 Male R e ~ r o d u c t i v e  E f fec t i veness  ( S u b a r o u ~  A) 

To eva lua te  rep roduc t i ve  f u n c t i o n i n g  i n  males f o l l o w i n g  the  t e s t  exposures, 

t e n  male r a t s  from each t e s t  and c o n t r o l  group should be cohabi ted w i t h  a s e r i e s  

of un t rea ted  females. A f t e r  an app rop r i a te  per iod ,  t h e  females are  euthanized 

and t h e  outcome o f  t he  per iods  o f  c o h a b i t a t i o n  evaluated. 

A t o t a l  o f  280 un t rea ted  females should be employed as breeders. These 

animals should be obta ined i n  two l o t s  o f  140 r a t s  each and be 'quaran t ined f o r  

a't l e a s t  2 weeks p r i o r  t o  p a i r i n g  them w' i th t h e  t e s t  and c o n t r o l  males i n  t he  study. 

The female breeders should be 11 weeks o l d  a t  t h e  s t a r t  o f  quarant ine and 13-14 

weeks o l d  a t  t he  t ime they  a r e  pa i red  w i t h  t h e  males. Except ing t h a t  they should be 

housed two female rats /cage,  these animals should be mainta ined under t h e  same 

cond i t i ons  as descr ibed f o r  unmanipulated c o n t r o l  animals; 

A mat ing p e r i o d  should i n v o l v e  c o h a b i t a t i o n  o f  each male tw i ce  w i t h  two d i f f e r e n t  

un t rea ted  females f o r  4 hours on each o f  5 days du r i ng  t h e  " o f f "  segments of t he  

d a i l y  exposure schedule 'dur ing  t e s t s  weeks 7 and 10. 

On the  12 th  day a f t e r  t he  end o f  t he  mat ing per iod ,  t h e  female breeders should 

be euthanized. The ova r i es  and u te rus  should be exposed and t h e  f o l l o w i n g  counts 

made : 

Corpora Lueta 

L i v e  Imp1 an ta t i ons  

La te  Pos t imp lan ta t ion  Deaths 

E a r l y  Post impl a n t a t i o n  Deaths 

For r a t s  i n  which pregnancy i s  n o t  ev iden t  upon unaided observat ion,  t h e  u te rus  

should be removed 'and examined under a d i s s e c t i n g  micorscope. I f  f a d i n g  m e t r i a l  glands 

are  de tec ted  by t h i s  method, these would be counted and t h e  count  recorded f o r  To ta l  

Imp lan ta t ions  and :Ear ly  Pos t imp lan ta t ion  Deaths; I f  no m e t r i a l  glands are  detected,  

t h e  female would be counted as " n i t  pregnant".  

Separate analyses must be performed t o  eva lua te  t h e  e f f e c t s  o f  t h e  t e s t  exposures 

a t  t e s t  week 7 and t e s t  week 10. I f  ind i ca ted ,  s i m i l a r  analyses w i l l  be performed 

t o  eva lua te  t he  d i f f e r e n c e s  between the  two c o n t r o l  groups. The parameters t h a t  

must be considered i n  t h e  analyses a r e . a s  f o l l o w s :  



Ferti 1 i ty Index 
Total Number of Corpora Lueta 
Total Number of 1mp1 antat ions 
Percent Preimplantation Loss 
percent' Dead Imp1 antations : 
Proportion of Females with One or More Dead Implants. . , ' 

Proportion of Females with Two or More ~ e A d  Implants 

3 . 6 . 3 . 6  Sperm Counts and Motilities (Subgroup B) 

For a second evaluation of the male reproductive System, determinations of the 
number of sperm and their motil ities, should be performed in test week 14 when 
the animals in the B subgroups are sacrificed. 

3 . 6 . 3 . 7  Estrus Cycling (Subgroup A) 

The initial evaluation of the female reproduction 'sys'tem wi 1 I be the teratology 
study described in Sectibn 3.b;.2. in additibn the regularity of estrus cycling will 
be evaluated in animals in the A subgroups of 'this study using a four-phase division 
established by examination of daily vaginal smears; diestrus; proestrus; estrus 

and metestrus. . - 

3 . 6 . 3 . 8  Hormonal Assays (Females , Subgroup A) 

Selected Hormonal Assays on the females of Subgroup A should be performed . 

to suppl ement the information on the female reproductive system. Using radio 
immunoassay techniques the following blood levels should be determined: estradiol, 

progesterone, and prolactin. Since RIA techniques are being employed the following 
levels of corticosteroids should a1 so be determined: cortidsterone, 'deoxycorticosterone 
and cortisone. 

3 . 6 . 3 . 9  Endocrine Organ Weights (Subgroup A) . 
As one measure of the possible effects. o f  the test. environments on the endo- 

crine system, certain organs could be weighed at the time of necropsy. These might 

include the adrenal, pituitary, and thyroid glands as well as the testes and ovaries. 

The organs should be removed, trimmed .of excess fatsand weighed. Data is to be 

reported as.group ineans and standard deviations for organ weights and organ weight: 
body weight 'ratios, 



3.6.3.10 Aud i to ry  S t a r t l e  (Subgroup B) 
1 ' 

The a u d i t o r y  s t a r t l e  response w i l l  be evaluated bo th  male and female 

I animals du r i ng  t e s t  week. 7. 

I 
. . 

o r  avoidance behavior  w i t h  cond i t ioned i n d  uncondi t ioned s t imu lus  cond i t i ons .  
1 

These t e s t s  w i l l  be completed i n  Week 8 . t o  d e t e c t  poss ib le  changes and induced 

d e f i c i e n c i e s  . . i n  sensory c a p a c i t i e s  o r  alte,rat. ions i n  be.havior. 
1 , '  , . I  * .  

3.6.3.11 One Way Avoidance Tes t i ng  (Subgroup B) 

s u i t a b l e  t r a i n i n g  t r i a l s  should be completed i n  o rder  t o  eva lua te  escape 

I 3.6.3.12 Agression Tes t i ng  (Subgroup: B) . .  . . 

I1 Aggression t e s t i n g  i n  t r e a t e d  and un t rea ted  ma'les o f  Subgroup B should be 

completed us ing  procedures s i m i l a r  t o  those descr ibed . .. by Thor, Ghesell i and Ward 

(1974). Data ,should be expressed as t h e  number . , o f  at tacks, '  i n i t i a t e d ,  t h e  number 

o f  a t t acks  rece ived and t h e  number o f  wins and lossess i n c u r r e d  by each experimental  
. I 

anjmal summarized as group means and standard d e v i a t i o n s .  
. . 

3..6.3.13 - Determinat ions o f  5-HT and 5-HIAA Levels  i n  Blood.and B r a i n  

SSeries 4, Subgroup B,) 

I1 Blood w i l l  be c o l l e c t e d  and t h e  bra in. removed f rom animals i n  t h e  B subgroups 

f o r  Ser ies  4 a t  t he  ti111e o f  t h e i r  euthansla Sn t e s t  week 14. Determinat ions o f  
' .  ' I 

5-HT and' 5-HIAA . I e'vel . s  i n  b lood and i n  b ra , in  homogenates w i  11 be made as descr ibed 
- 5 .  . , .  . . 

i n  Sec t ion  3.6.1.4. . . 

3.6.3.14 - Tracheal B.ioassay (Ser ies.  4, Subgroup B) 

I Four animals w i l l  be randomly se lec ted  f rom each B subgroup o f  Ser ies 4 a t  

t he  t ime they  a re  uethanized i n  t e s t  week '14. Tracheal bioassays w i l l  be performed 

on these animals by t h e  procedures descr.i.bed . i .n Sec t ion  3.6.1 .5 - .  

.3.6,3.15 ' Necropsy . Examination. a11d,~Co,l1:ection and  F i x a t i o n  o f  T issue . . 

(Subgroup A) . . 

I .' ' Rll animals which d i e  on t e s t  w i l l  be ne'croipsied regardle-ss o f ' a u t o l y t i c  s ta te .  

I n  add i t i on ,  moribund animals w i l l  a l s o  be necropsied, If i n  t h e  o p i n i o n  o f  t h e  

Study D i r e c t o r  i n  c o n s u l t a t i o n  w i t h  t h e  p a t h o l o g i s t ,  i t  i s  u n l i k e l y  t h a t  they w i l l  

su rv i ve  another 24 hours.. 



Terminal body weights w i l l  be recorded immediately p r i o r  t o  r o u t i n e  s a c r i f i c e  

f o l l o w i n g  a 17-19 hour f a s t .  The necropsy procedure w i l l  be a thorough and systemat i -  

examinat ion and d i s s e c t i o n  o f  t h e  animal v i sce ra  and carcass, and c o l l e c t i o n  and f i x -  

a t i o n  o f  t he  f o l l o w i n g  t i ssues:  

Adrenal sa 
B ra i  na' 
Cecum 
Colon 
Doudenum 
Epididymis 
Esophagus 
Eyes 
Gonadsa 
Gross l es ions  
Hearta 
I 1  eum 
Jejunum 
K i  dneysa 
Larynx 
L i vera 
Lungs and mainstem bronchi 
Lymph nodes: 

Mandi bul  a r  
Mesenteric 

Mammary Gland 
Muscle, s k e l e t a l  
Nasal t u r b i  nate ( a n t e r i o r )  
Pancreas 
P i  tu . i  t a rya  
Pros ta te  
Rectum 
Sa l i va ry  gland 
S i m i  nal  ves i c les  
S c i a t i c  nerve 
Skin,. abdominal 
Spinal cord 
Spl eena 
Sternum i n c l  udi.ng marrow 
Stomacha 
Thymus 
Thyroids   parathyroid^)^ 
Tissue masses 
Trachea 
Uterus 
Ur ina ry  b l  addera 

Blood and bone marrow (femur) smears should be prepared f o r  a1.l animals 

a t  s a c r i f i c e .  Organs marked "a" w i l l  be weighed a t  necropsy, except f o r  spontaneous 

deaths. . 

W e t  t i s s u e s  should be maintained u n t i l  a determinat ion can be made fronr the  

necropsy data  and from o the r  data. c o l l e c l e d  i n  the p r o j e c t  whether there  are  organs 

f o r  which h i s topa tho log ic  examination m igh t ' be  f r u i t f u l .  I f  such organs are  i d e n t i f -  

ied ,  upon consu l ta t i on  w i t h  t h e  sponsor, h i s topa tho log ic  examination o f  these orgalls 

cou ld  be added t o  t h e  program plan. 

3.6.4 S u s c e p t i b i l i t y  o f  Mice t o  a Resp i ra tory  I n f e c t i o u s  Agent 

The animals w i l l  be 360 male and 360 female mice. S i x t y  mice o f  each sex 

a l l o c a t e d  t o  the f o l l o w i n g  exposure cond i t ions  and w i l l  be exposed f o r  18 hours per  

day f o r  seven days. 



e . Sham exposure positive 

o .Sham exposure negative 

o High + electric field, hjgh + ion current density 
e Low + electric field, low + ion current density 
@ High - electri'c field, high - current density 
o Low - electrix field, low - ion current density 
Challenge with the infectious agent will take place following the last of the 

7 exposure interval s employing S;ttrep;tococcu pgogena (Lancef ield Group C) , passaged 
in mice, isolated from the heart, and grown and harvested under appropriate conditons. 

Mortality rates and survival times are determined and compared and the percentage 

of animals that die during the 14-day post-infection period are evaluated by the 

chi-square test for group independence. Survival time of the different test groups 

shall be compared to that of the sham-exposed groups by the Student's - t test. 

3 . 7  Possi bl e Di recti.ons for ~uture ' ~eseaich 

A biological experimental design including proposed methods for studying the 
effects of the dominant components of the HVDC transmission line has been presented. 

The design is intended as the first approach to a broad bioeffects screen in the test 

species considered. It is anticipated that the results obtained will be used to 

guide future research. Some of the directions anticipated for future research are 

as follows: 

o Exposure over longer periods including over two-three generatio'ns 

a Examination of certain labile responses.such as behavior, heart 
rate, respiratory functioning during short, repeated exposures'. 

e Dissociation of the dc electric field and ion current density 
components of the test environment. .. 

a A more extensive consideration of the relationship between the. 
magnitude of the fields and/or ion current densities and the 
biological responses. 

e Experimental manipulation of other components of the HVDC transmission. 
line environment such as noise and humidity. 

A more extensive probe of certain biological systems. This could be 
supplementation of behavioral testing with possibly more sensitive 
but more time consuming tests, examination of other components of 5-HT 
metabolism, drug interaction experiments, challenge with infectious 
agents other than those proposed and challenge prior to the test exposures, 
consideration of other components of the endocrine system, and examination 
of immune systems. 
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APPENDIX A  

SIMULATOR DETAIL DRAWINGS 

. Th i s  appendix p rov ides  d e t a i l  drawings o f  t h e  va r i ous  components on t h e  

p r o t o t y p e  HVDC b i o e f f e c t s  s i m u l a t o r .  These drawings , a1 ong w i t h  t h e  b r i e f  

exp lana t i ons  p rov ided  here, should be adequate t o  enable t h e .  f a b r i c a t i o n  o f  

a d d i t i o n a l .  s i m u l a t o r  u n i t s .  

F igures  A-1 t o  A-3 a r e  t h r e e  views o f  t he  plenum o f  t h e  s i m u l a t o r .  The 

p l a s t i c  dome s e c t i o n  o f  t h e  plenum was ob ta ined  f rom a, l o c a l  manufacturer  o f  

p l a s t i c  s k y l i g h t s ,  who made t h e  domes t o  t h e  dimensions shown. The ' remaining 

p o r t i o n  o f  t h e  plenum i s  f ab r i , ca ted  f rom a c r y l i c  p l a s t i c .  The a i r  d i f f u s e r  

shown i n  t h e ' v i e w s  o f  t h e  plenum i s  a 12- inch  commercial c o n c e n t r i c  r i n g  c e i l -  

i n g  d i f f u s e r .  The d i f f u s e r  has been m o d i f i e d  by removing t h e  o u t e r  r i n g ,  f o r  

convenience i n  mount ing. 

F i gu re 'A -4  shows the  m a t e r i a l  s p e c i f i c a t i o n s  a r ~ d  dimenslpris f o r  t h e  a i r  

d i f f u s e r  and s t r a i g h t e n i n g  g r i d s ,  which a r e  mounted i n  t h e  upper r e g i o n  o f  t h e  

corona s e c t i o n .  

F igures  A-5 and 6-6 show a  s i d e  and t o p  view, r e s p e c t i v e l y ,  o f  t h e  corona 

chamber. 

The dimensions and m a t e r i a l  used f o r  t h e  corona and c o n t r o l  g r i d s  a r e  

shown i n  F igu re  A-7. The drawing o f  F i gu re  A-8 i s  o f  t h e  g r i d  s e c t i o n  separa- 

t o r .  The corona and c o n t r o l  g r i d s  a r e  fas tened  t o  t h e  g r i d  s e c t i o n  sepa ra to r  

w i t h  n y l o n  screws. 

The g lass  cag ing  s e c t i o n  i s  shown as t o p  and s i d e  views i n  F igures  A-9 and 

A-10. The g lass  panels  a r e  b u t t - c ~ l u c d  w i t h  epoxy*  A f t e r  f a b r i c a t i n g ,  t h e  u n i t  

i s  c l  eaned w i t h  a l coho l  ; then  a1 1  g l ass  sur faces  a r e  t r e a t e d  w i t h  d imethy l  - '  

s i l o xane .  The a lcohol -based s i l i c o n e  compound i s  a p p l i e d  w i t h  a  c l ean  gauze. 

The a l c o h o l  evaporates, and t b e  sur faces  a r e  rubbed w i t h  a  c l e a n  d r y  gauze. 

- 
Ihe base u n i t  c o n s t r u c t i o n  i s  shown i n  s i d e  and t o p  views as F igures  A-11 

and A-12. D e t a i l s  o f  t h e  l e g  c o n s t r u c t i o n  a r e  shown i n  F igures  A-13 and A-14. 

F i gu re  A-15 shows a  d e t a i l  o f  t h e  under- the-wal l  feeder .  

* 
A. s u i t a b l e  epoxy i s  Epon 815 ( S h e l l  Chemical Co.), w i t h  5% c o l o i d a l  s i l i c a  
(Cabos i l ) .  . 
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F i g u r e  A-4 A I R  STRAIGHTENING G R I D  AND A I R  DIFFUSER GRID  



Figure A-5 CORONA SECTION - SIDE VIEW 





Figure A-7  CONTROL G R I D  AND CORONA G R I D  (Identical) 



Figure A-8 G R I D  SECTION SEPARATOR - - 
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F4pre A-9 C A G I N @ ~ E A  - TOP VIEN 



Figure A-10 C A G I N G M E A  - SIDE VIEW 



:- z'fgure- A-11 BASE UNIT - FRONT AND S I D E  VIEWS 
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Figure A-12 BASE UNIT 









:,.$I 
> 

L
.
.
 

,.
.3

.M
"
-
 "
,f
V

 
,c

 
-
F
T
 

-4
, 1

,
 :;; 

5 
-"

- ' 
- 

IS*,,: 
8; 

tr
b,

 

:: .
I

.
.

 
,J
. 1,;:. 

f:
: 

, zz,,
 

F.': 
'i 

8
.

 
"&

,- 
- 

,. 
..,

,, F
*,r 

2
 

y,
;-''

 
k 

i;
:'

.r
&

L
,.
L

 
. 

. -
..-

+
@

l;t
 

:,
. : 

-
 

t-
 .,,

, ;
-
-
 

p 
,.

. 

I
 ... . , 
..-.

 



APPENDIX B 

FABRICATION AND T E S T I N G  
O F  SECOND THROUGH FOURTH PROTOTYPE SIMULATORS 



FABRICATION AND TESTING 
OF SECOND THROUGH FOURTH PROTOTYPE SIMULATORS 

This Appendix describes the developmental , fab r i ca t i on  and t e s t i n g  

e f f o r t s  w i t h  three prototype model simulators which employed glass animal 

caging sections. The main t e x t  o f  t h i s  f i n a l  repor t  provides an overview 

o f  the s imulator  development e f f o r t ,  the basic r a t i ona le  f o r  the overa l l  

design and the performance charac te r i s t i cs  o f  the f i n a l  prototype. How- 

ever, many o f  the developmental steps which l e d  t o  the f i n a l  s imulator  

model have been omit ted from the main body o f  t h i s  repor t  f o r  b rev i t y ,  

s ince many readers w i l l  no t  be in te res ted  i n  such d e t a i l .  

The f i r s t  fou r  quar te r l y  repor ts  which were prepared on t h i s  program have 

described the work e f f o r t s  performed up t o  the t ime t h a t  the second prototype 

model s imulator  was fabr icated.  However, the t e s t i n g  o f  the second prototype 

and the e f f o r t s  which l e d  t o  the subsequent f ab r i ca t i on  o f  the t h i r d  and 

f o u r t h  prototype have not  been reported. The purpose o f  t h i s  appendix, 

therefore,  i s  t o  provide a repo r t  o f  technical  progress and resu l t s  which 

covers the per iod from the Fourth Quar te r l y  u n t i l  the present. 7~ :*,JE '+ . ,) - ;. 
The technical  e f f o r t s  performed d;ring t h i s  period, along w i t h  the 

resu l t s  obtained by t es t s  performed w i t h  the prototype simulators w i l l  be 

described i n  a more o r  less  chronological manner, This type o f  d i sc~ lss inn  

w i l l  enable the reader t o  observe the performance improvements which resu l ted  

from the various design modif icat ions which have hppn incorporated, 

B. l  TEST METHODS 

Before descr ib ing the r e s u l t s  which were obtained w i t h  the d i f f e r e n t  

s imulator  un i ts ,  the method used t o  evaluate s imulator  performance w i l l  be 

reviewed. The f ac to r  which appeared t o  be most c r i t i c a l  i n  the s imulator  

development, and which forced the most modi f ica t ions t o  the design was the 

un i f o rm i t y  o f  the i o n  cur rent  density. We were in te res ted  i n  i nsu r i ng  a 

uniform i o n  cu r ren t  dens i ty  environment i n  the animal caging area o f  the 

simulator. Both the d e t a i l s  o f  the animal caging sect ion and the corona 

sect ion design have a s i g n i f i c a n t  e f f e c t  on the i o n  cu r ren t  dens i ty  un i formi ty .  

Both were modi f ied subs tan t i a l l y  dur ing t h i s  per iod i n  order t o  e f f e c t  an 

acceptably uniform i o n  environment . 



The i on  cur rent  densi ty was general ly  measured a t  the s imulator  ground 

g r i d  by one o f  two cur rent  probes which we have fabr icated.  These two probes 

are shown i n  Figure €3-1. The l a r g e r  o f  the  two probes has an ac t i ve  area o f  
2  100 cm . This probe was used when we were not  in te res ted  i n  the f i n e  d e t a i l s  

of the current ,  but  were in te res ted  i n  the average i o n  cur rent  l eve l  i n  the 

simulator. The smaller probe shown i n  Figure B-1 has an ac t i ve  area o f  10 cm 2 

and was used f o r  characterizing the i o n  cur rent  densi ty un i f o rm i t y  w i t h i n  the 

simulator. The outs ide dimensions o f  t h i s  probe are 2  x  2  inches. 

An ind iv idua l  animal compartment o f  the s imulator  has a  f l o o r  area o f  

8 x  10 inches. A complete cur rent  densi ty map o f  such a  compartment would 

cons is t  o f  twenty d i f f e r e n t  non-overlapping pos i t ions o f  the smal ler  cur rent  

probe. A cur rent  densi ty map o f  the e n t i r e  s imulator  consists o f  160 d i f f e r -  

ent  cur rent  dens i ty  readings w i t h  the probe (20 readings per 8 x 10-inch 

compartment) moved t o  the d i f f e ren t  loca t ions  on the ground g r id .  Many f u l l  

6 r  p a r t i a l  "mapsw were made dur ing t h i s  per iod t o  assess the e f f ec t s  o f  var- 

ious changes which were made i n the simulator. The use o f  t h i s  small o f  a  

probe was debated dur ing the i nves t i ga t i on  as poss ib ly  being too exactif ig, 

since i t  i s  considerably smaller than the c o l l e c t i o n  area o f  a  ra t -s i zed  an i -  
2  ma1 , and i s  considerably smal l e r  than the 1 m probe general ly  used t o  measure 

the cur rent  densi ty beneath transmission l i nes .  However, i t  was f e l t  t h a t  the 

accep tab i l i t y  o f  the design could no t  be questioned from a un i fo rm l ty  stand- 

po in t  i f  adequate un i fo rm i ty  could be shown w i t h  such a  small s ized cur ren t  

pro be. 

B.2 SECOND PROTOTYPE SIMULATOR 

The second prototype s imulator  was described b r i e f l y  i n  the Fourth 

Quar te r l y  Report. However, the s a l i e n t  features o f  the s imulator  w i l i  be 

presented here f o r  compl eteness . 
Figure 0-2 shows a photograph o f  the u n i t ,  which i s  comprised o f  f i v e  

funct iona l  components: plenum, corona chamber, g r i d  section, caging area, 

and base. The funct ion o f  each o f  these sections has been described i n  the 

foregoing quar te r l y  repor ts  and i n  the mdin t e x t  o f  t h i s  f i n a l  repor t .  

The second prototype d i f f e r e d  from the f i r s t  prototype i n  two respects, 

F i r s t ,  the corona chamber was made w i t h  aluminum wal ls.  The corona wires 

were one-mil s tee l  wires as had been previously used. These wires were 

arranged and mounted i n  the same manner as had been used f o r  the f i r s t  



Figure B-1 ION CURRENT DENSITY PROBES;' . - 



Figure 8-2. PHOTOGRAPH OF SECOND PROTOTYPE SIMULATOR. 



prototype. Three wires were used, w i t h  one wi re  centered i n  the wid th  of 

the chamber and the o ther  two wires mounted four  i n c h e i  on e i t h e r  s ide o f  

the center wire. The wires were mounted a t  a height  o f  s i x  inches above 

the corona gr id .  The wires were attached t o  518-inch diameter copper tubes 

which were mounted i n  a hor izonta l  pos i t i on  on the ins ide  o f  the two end 

wa l l s  o f  the corona chamber by means o f  small Plexig las standoffs. Each 

copper tube feed was s h a r a t e d  from the end wal l  by 314-inch, which was an 

adequate distance t o  insure t h a t  no corona cur ren t  was drawn from the feed 

tube t o  the wal l  a t  the voltage necessary t o  produce Lorona from the corona 

wires which were strung between the two feed tubes. Use o f  t h i s  corona wi re  

arrangement had resul  t e d  i n  reasonable l a t e r a l  uni  formi ty  i n  cur rent  densi ty 

w i t h  the f i r s t  prototype, as was ind ica ted  i n  Flgure 8 o f  the Fourth Quar ter ly .  

However, i t  had been noted dur ing t e s t l n g  o f  the f i r s t  p r ~ t o t y p e  t h a t  improve- 

ments i n  the feed arrangement would probably be necessary t o  improve the i on  

cu r ren t  densi ty near the end wa l l s  o f  the simulator. 

The second major change between' the f i r s t  and second prototype was a 

d i f f e r e n t  animal caging section, The caging sect ion o f  the second s imulator  

was fabr icated from l /4yinch t h i c k  p l a t e  glass panels, which were glued to -  

gether w i t h  epoxy. The caging area was d i v i d e d . i n t o  fou r  major compartments 

w i t h  glass pa r t i t i ons .  However, the  small wal ls, which d i v i de  each major 

compartment i n t o  two were no t  included. 

The long s ide wa l l s  o f  the caging sect ion each have a removable s ix - inch 
. . 

h igh door a t  the top, f o r  access t o  the animals. The long s ide wal ls  do no t  

extend c l ea r  down t o  the ground plane, but  end 718-inch above the ground plane 

t o  accommodate a feeder trough. ~ i ~ u r e  0-3  shows a sketch o f  the planned 
'I 

feeder arrangement. A s i ng le  animal cage' mock-up o f  the feederbarrangement 

has been fabr icated and tes ted w i t h  an animal f o r  several $weeks. The animal 

accl imated t o  the feeder w i t h  no problems, increasing f n  weight a t  the same 

r a t e  as a cont ro l  animal. The feeder troughs were no t  i n s t a l l e d  i n  the glass 

prototype u n i t  t o  f a c i l i t a t e  ease i n  t e s t i n g  w i t h  the cu r ren t  probe, which 

was inser ted  i n t o  the i n t e r i o r  o f  the area through the feeder s l o t .  The 

metal ized s t r i p  on the bottom o f  the wal l  ( the top o f  the feeder s l o t )  was 

connected t o  ground, t o  provide a conduction path for  the wal l  current- to-  

ground. 



Figure B-3. PLANNED FEEDER ARRANGEMENT CUTAWAY V I E W  



One o f  t h e  f i r s t  c u r r e n t  d e n s i t y  maps which was made i s  presented i n  

Table B-1. The map i s  o f  t h r e e  o f  t h e  f o u r  compartments. Each va lue  shown 
2  i n  t h e  t a b l e  i s  t h e  c u r r e n t  d e n s i t y  i n  nA/m a t  t h a t  probe p o s i t i o n .  The 

tab1 e d e p i c t s  how t h e  c u r r e n t  d e n s i t y  v a r i e s  a t  d i f f e r e n t  1  oca t i ons  w i t h i n .  

t h e  compartment. The p o s i t i o n s  a r e  as l o o k i n g  down i n t o  t h e  u n i t  f rom above. 

Review o f  t he  data shown i n  t h e  tab1.e shows t h a t  r e l a t i v e  t o  t h e  c u r r e n t  den- 

s i t y  l e v e l  s  nea r  t h e  c e n t e r  o f  t h e  compartments, t h e  l e v e l s  a r e  down 

e s i g n i f i c a n t l y  a t  most corners,  

e s i g n i f i c a n t l y  a t  most c ross  w a l l s ,  

e somewhat a l ong  t h e  l o n g  o u t s i d e  w a l l s .  
I 

The above data were ob ta i ned  w i t h  a  p l a t e  vo l t age  o f  15 kV - which should 

produce nominal e l e c t r i c  f i e l d s  o f  30 kV/m. A co r respond ing  e l e c t r i c  f i e l d  

map was made i n  t h e  same compartments as t h e  c u r r e n t  d e n s i t y  map shown above. 

For  t h e  f i e l d  map, t h e  Monroe 225 f i e l d  meter  was used. I n  o r d e r  t o  f a c i l i -  

t a t e  moving t h e  f i e l d  probe t o  t h e  va r i ous  l o c a t i o n s  on t h e  ground g r i d ,  t he  

f i e l d  probe was s e t  on t o p  o f  t h e  ground g r i d  r a t h e r  than  b e i n g  f lush-mounted 

as i t  was in tended t o  be used. When t h e  probe i s  mounted on t o p  o f  ' t he  ground 

g r i d ,  t h e  f i e l d s  a r e  enhanced, thus  r e s u l t i n g  i n  a  h i g h e r  f i e l d  r e a d i n g  than 

when fl ush-mounted,' A comparison o f  t h e  f i e l d  meter  read ings  f l u s h  and on 

t o p  o f  a  ground p lane  shows an enhancement r a t i o  o f  2.06. Therefore,  t h e  

da ta  ob ta i ned  w i t h  t h e  f i e l d  meter  on t o p  o f  t h e  ground g r i d  was c o r r e c t e d  

by t h e  above enhancement r a t i o  t o  g i v e  t h e  va lues shown i n  t h e  map o f  Table 

B-2 f o r  t h e  second p ro to t ype .  The f i e l d  data were ob ta i ned  w i t h  t h e  i o n  

source o f f .  It i s  seen t h a t  some v a r i a b i l . i t y  i n  t h e  f i e l d  was observed; how- 

ever ,  t h e  f i e l d , v a r i a t i o n  i s  q u i t e  smal l  compared to.the observed v a r i a l i u n  

i n  i o n  c u r r e n t  d e n s i t y  d i s p l a y e d  i n  Tab1.e B-1, 

P r e l i m i n a r y  exper imenta t ion  had been made w i t h  the  f i r s t  p r o t o t y p e  w i t h  

a  c ross  w a l l  i n s e r t e d .  It had been no ted  t h a t  i o n  c u r r e n t  depress ions e x i s t e d  

a t  t h e  corners ,  where t h e  w a l l s  j o i ned .  B r i d g i n g  t he  corners  w i t h  t h i n  s t r i p s  

o f  conduc t i ve  adhesive copper tape  r e s u l t e d  i n  some improvement. Therefore,  

some p r e l i m i n a r y  t e s t s  were made w i t h  t h e  second p r o t o t y p e  t o  i n v e s t i g a t e  t h e  

d e s i r a b i l i t y  o f  u s i n g  copper s t r i p s  t o  f o r c e  equal p o t e n t i a l s  a t  w a l l  co rners .  

Dur ing  t h i s  same pe r i od ,  some m o d i f i c a t i o n s  t o  t h e  corona chamber w i r e  

arrangement and feeds were a l s o  made. Tests  were made w i t h  ' t h e  animal s e c t i o n  

removed and w i t h  t h e  c o n t r o l  g r i d  lowered  t o  two inches above t h e  ground p lane  



Table  B-1  

FIRST CURRENT DEr4SITY MAP OF SECONC PROTOTYPE 

Readinas i n  nA/m 2 



FIRST'ELECTRIC FIELD MAP O F  SECOF4D PROTOTYPE 
7 

Velues a r e  i n  kV/m 



i n  an a t tempt  t o  b e t t e r  c h a r a c t e r i z e  t h e  i o n  u n i f o r m i t y  f rom t h e  "source" .  

The " feed m o d i f i c a t i o n s  and l o w e r i n g  t h e  w i res , ' to  4-112 inches above t h e  

corona g r i d  p rov ided  some improvement a t  t h e  end w a l l s ;  however, t h e  improve- 

ment d i d  n o t  appear s a t i s f a c t o r y  and depress ions . . a l ong  t h e . s i d e  w a l l s  s t i l l  

.ex is ted .  Du r i ng  t h i s  pe r i od ,  one end compartment ( t h e  one we c a l l e d  t h e  

f o u r t h  compartment) was coated .both i n s i d e  and o u t  w i t h  d imethy l  s i l oxane .  

For a  few days a f t e r  t h e  coa t i ng ,  t h e  i o n  c u r r e n t  d e n s i t y  d i s t r i b u t i o n  i n  

that .compar tment  was g r e a t l y  upset .  However, g r a d u a l l y  t h e  d i s t r i b u t i o n  

r e t u r n e d  t o  about  what i t  had been p r i o r  t o  c o a t i n g .  

Table B-3 shows a  c u r r e n t  d e n s i t y  mapping w i t h  t h e  somewhat modi . f ied 

corona chamber and w i t h  t h e  f o u r t h  compartment coa ted  w i t h  s i l i c o n e .  It 

i s  seen t h a t  problems s t i l l  e x i s t e d  i n  corners  and s ide ,  and end w a l l s .  

Table B-4a and b shows a  c u r r e n t  d e n s i t y  map o f  t h e  f i r s t  compartment 

under two c o n d i t i o n s .  The map o f  Table B-4a was made w i t h  114- inch conduc- 

t i v e  adhesive tape  s t r i p s  p laced  h o r i z o n t a l l y  as g rad ing  r i n g s  on t h e  i n s i d e  

o f  t h e  compartment. The s t r i p s  formed complete r i n g s  around t h e  compartment 

and were spaced a t  two- inch i n t e r v a l s  up t h e  .wa l l s .  The map o f  Table 9-4b i s  

f o r  t h e  same compartment w i t h o u t  t h e  tape  s t r i p s .  The s tandard d e v i a t i o n  o f  

t h e  da ta  w i t h  tape  s t r i p s  o f  Table 9-4a i s  17% o f  t h e  mean w h i l e  f o r  t h e  non- 

s t r i p p e d  c o n d i t i o n  o f  Table B-4b, t h e  s tandard  d e v i a t i o n  i s  about 29% o f  t h e  

mean. Thus, t h e  use o f  tape  guard r i n g s  improved t h e  c u r r e n t  d e n s i t y  u r ~ i -  

f o r m i t y .  Notably ,  t h e  c u r r e n t  depress ions a t  t h e  corners  a r e  n o t  as severe 

w i t h  t h e  tape  s t r i p s .  

I n  a  s i m i l a r  manner, Table B-5a and B-5b compares c u r r e n t  d e n s i t y  'maps 

o f  t h e  f o u r t h  compartment w i t h  and w i t h o u t  114- ihch wide copper tape  s t r i p  

guard, r i n g s .  

Tab1 e  B-6a i s  a  c u r r e n t  d e n s i t y  map o f  t h e  second compartment w i t h  t h e  

same tape  guard r i n g  arrangement. Comparison w i t h  t he  untaped second cornpart- 

ment data o f  Table B-3, aga in  shows an improvement. For t h e  map o f  Table B-6b, 

t h e  second compartment was d i v i d e d  i n t o  two w i t h  a  g l ass  w a l l ,  t o  form two 

8 x  10- inch.compartments.  The d i v i d i n g  w a l l  was h e l d  i n  p l ace  w i t h  RTV and 

a l s o  had copper tape  guard s t r i p s  which made c o n t a c t  , t o . t h e  copper s t r i p s  on 

t h e  main compartment w a i l s .  It i s  seen t h a t  t h e  add i t i on '  o f  t h e  compartment 

d i v i d i n g  w a l l  depressed t h e  c u r r e n t  d e n s i t y  read ings  somewhat i n  t h e  new 

corners,  b u t  t h a t  t h e  o v e r a l l  compartment u n i f o r m i t y  was b e t t e r  than w i t h o u t  

t h e  tape  guard s t r i p s .  



T a b l e  [3-3 

CURRETIT DENSITY MAP OF SECOND PROTOTYPE 
- FOURTH' COMPARTMENT TREATED 'WITH SILICONE - 

Readings 



CURREYT D E N S I T Y  MAP O F  F I R S T  COMPARTMENT OF SECOND PROTOTYPE 
W I T H  ( a )  AND WITHOYT ( b )  COPPER S T R I P  .GRADING RINGS 



CURRENT DENSITY MAP OF FOURTH COMPARTMENT OF SECOND PROTOTYPE 
WITH ( a )  AND WITHOUT ( b )  COPPER STRIP GFIADING RINGS 

2 (Readings i n  nA/m ) 

90 1 110 1 110 1 110 1 1 0  I 150 r 135 I 145 
I 

( a )  ( b )  



Table  B-6 

CURRENT DENSITY.MAP OF SECOND COMPARTMENT OF SECOND PROTOTYPE 
WITH COPPER STRIP GRADING RINGS ( a )  AND WITH DIVIDING WALL ( b )  

2 (Readings i n  nA/m ) 

I 
130 ' 160 160 ,120 
- 4  - t -  t - 

.. q ( b  

: - 

, 

d 

I 
190 190 195 175 
- '  t -. I- - - 1 .- 

I 
210 ' 215 205 195 - - 1  - + -  - 

I 
210 200 205 185 - - I  - t - 1 -  - 
' .  I 

2 0 0  ,195 1 200 185 
, -  - 1 -  - I -  - 1  - - 

190 185 185  " 175 
' t - . t . - - - :  - - I  - 

1 
\' 

zoo; I 200 . 2 1 0  210 
- - 1  - + - I - -  
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(a 

I I 140 160, 165 160 - C -- t - 7  - 
200 210 I 205 195 - 'I - - 1  - - t - -  

- 200 - . . ' I- 210 'c. ' . zoo  -. ZOO - 
. . 

: 190 210 ' 200 ! 200 
- - +  - + -  -1 - - 

I 1 
., 105 180 180 140 
. . - - 1- - + - - 1 . -  - 
- .  .* - 

I 
1 1 5  160 155 150 - - 1 -  - 1 -  - 1- - 

205 ' 190 ' 175 1 195 
'- - 1  - - I-. - P - -  

I 
190 190 I. 17.5 175 - C - -1,-- 

170 170 ' 170 1 150 - I- - -1 - - I -  - - 
135 I 135 I 140 1 120 

b 

I 

- 

' 

' 
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It was f e l t  t h a t  some o f  t h e  i o n  c u r r e n t  d e n s i t y  n o n u ~ i f o r m i t y  be ing  

observed was s t i  11 due t o  t h e  corona source c o n f i  g u r a t i o n  , p a r t i c u l a r l y  a1 ong 

t h e  s i d e  w a l l s  o f  t h e  chamber. Therefore,  i t  was dec ided t o  f u r t h e r  i n v e s t i -  
-- 

ga te  a1 t e r n a t e  w i r e  arrangements. It was thought  t h a t  a d d i t i o n a l  w i r e s  c o u l d  

be used w i t h o u t  encounte r ing  severe ozone p rob l  ems, s i nce  negl  i g i  b l  e  1  eve1 s  

had been-observed w i t h  t h e  t h r e e - w i r e  arrangement s i nce  we had s t a r t e d  u s i n g  

1-mi 1  d iameter  w i res .  There fo re ,  a  new temporary corona w i r e  feed and mount- 

i n g  arrangement was f a b r i c a t e d .  Th i s  feed  arrangement does n o t  wa r ran t  d i s -  

. cuss ion ,  s i nce  i t  was temporary,  o t h e r  than  n o t i n g  t h a t  i t  a l l owed  us t o  e a s i l y  

change t h e  number o f  w i r e s  used-  t h e  spac ing between w i r e s  - and t h e  h e i g h t  o f  

t h e  w i r e s  above t h e  corona g r i d .  Tests  were made w i t h  t h e  smal l  c u r r e n t  probe 

on t h e  ground g r i d ,  w i t h  t h e  c o n t r o l  grSd o n l y  two inches above t h e  ground g r i d .  

Thus, t h e  i o n  u n i f o r m i t y  e x i t i n g  ' f rom t h e  . con t ro l  g r i d  c o u l d  be r e a d i l y  mapped. 

Arrangements o f  up t o  n i n e  w i r e s  were t e s t e d ;  however, a  reasonable compromise 

was seven w i r e s  which were spaced on 2.5- inch cen te rs  ac ross . t he  w i d t h  o f  t h e  

chamber and a t  a  h e i g h t  o f  2.5 inches above t h c  corona g r i d .  

The seven-wire arrangement no ted  above ,. w i t h  t h e  temporary feed, produced 

a  q u i t e  un i form i o n  d i s t r i b u t i o n  a t  l o c a t i o n s  away f rom t h e ,  end w a l l  s  ,. i .e., t h e  

f eed  1  oca t i ons  . There fo re ,  exper imenta t ion  was conducted t o  determine an 

accep tab l  e  feed arrangement which woul d  a1 1  ow t h e  corona' source t o  produce 

u n i f o r m  i o n  d e n s i t i e s  o u t  t o  t-he feed-end w a l l s .  

The feed  desi,gn exper iments used a  s i n q l e  corona wire, which was mounted 

by v a r i o u s  means i n  t h e  corona chamber a t  a  h e i g h t  o f  2.5 inches.  The c u r r e n t  

d e n s i t y  was probed a t  l o c a t i o n s ,  below t h e  r c m t r o l  g r i d ,  whieh were u r ~ d e r  t h e  ' 

w i r e .  The probe was moved a t  success ive p o s i t i o n s  a l ong  t h e  w i re ,  s t a r t i n g  

a t  t h e  feed-end w a l l .  For  these t e s t s ,  no cag ing  s e c t i o n  was ~.!secl. The con- 

t r o l  g r i d  was lowered  t o  a  h e i g h t  o f  two inches above t h e  ground g r i d ,  so t h a t  

t h e  c u r r e n t  d e n s i t y  u n i f o r m i t y  as t h e  i o n s  e x i t e d  th rough t h e  c o n t r o l  g r i d  cou ld  

be observed. For  these t e s t s ,  t h e  - con t ro l  and ground g r i d s  were made l a r g e r ,  so 

t h a t  t h e y  e'xtended a  few inches  beyond t h e  chamber w a l l s ,  t o  m in i l r ~ i ze  edge-e f fec t  

d i s t o r t i o n s .  I n  t h i s  manner, t h e  e f f e c t  o f  t h e  w i r e  mount ing arrangement on t h e  

c u r r e n t  d e n s i t y  near  t h e  w a l l  c o u l d  be observed. 

F i g u r e  8-4 i l l u s t r a t e s  w i r e  mount ing arrangement i n  t h e  corona chamber f o r  

t h e  s t a r t  o f  t h i s  t e s t  sequence. A sheet  o f  P l e x i g l a s  was fas tened  t o  t h e  end 

w a l l  o f  t h e  corona chamber t o  p reven t  t h e  metal  1  i c  components o f  t h e  feed Tr-ul~~ 
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a r c i n g  o r  corona t o  t h e  end w a l l .  A sheet of copper f o i l  was fastened t o  the  
,7 

p l a s t i c  and the  s i n g l e  corona w i r e  was fastened near t h e  bottom edge o f  the  

copper sheet. The data  o f  F igure 8-4 show how t h e  c u r r e n t  dens i t y  below t h e  

c o n t r o l  g r i d  v a r i e d  w i t h  p o s i t i o n  o f  the  probe, as i t  was moved away from the  

wa l l ,  d i r e c t l y  under the  w i re .  The data are  f o r  d i f f e r e n t  he igh ts  (dl) o f  

copper f o i l  and f o r  two values o f  dp, t he  d is tance t h a t  t he  p l a s t i c  extended 

below the  corona w i re ,  f o r  a  constant  corona w i r e  cu r ren t .  The u n i f o r m i t y  

became b e t t e r  as the  he igh t  o f  t h e  copper f o i l  decreased and as the  amount o f  

p l a s t i c  below t h e  w i r e  a l so  decreased. From these data, i t  appeared t h a t  the  

s i z e  o f  t h e  copper feed s t r i p  i n  t h e  v i c i n i t y  o f  t he  corona w i r e  should be 

minimized, and t h a t  t he  p l a s t i c  should n o t  extend much below the  corona w i re .  

Some type o f  feed s t r i p  was necessary t o  feed a  common vo l tage  t o  m u l t i -  

p l e  w i res .  To min imize t h e  i n f l u e n c e  o f  the  f i e l d s  from such a  feed on the  

f i e l d s  a t  t he  w i res ,  t h e  arrangement shown i n  F igure 8-5 was made. For t h i s  

arrangement, t h e  feed s t r i p  i s  remote from t h e  corona w i re .  The c u r r e n t  

d e n s i t y  data shown i n  the  f i g u r e  was obta ined i n  t he  same manner and w i t h  the  

same w i r e  c u r r e n t  as was .used f o r  t he  data o f  F igure B-4. I t  i s  seen t h a t  the 

arra.ngement shown provided a  c u r r e n t  dens i t y  t h a t  d i d  n o t  vary  w i t h  probe pos i -  

t i o n  away from t h e  feed-end wa l l  . The p l a s t i c  between the  end w a l l  and the  

v e r t i c a l  w i r e  r u n  prevents t h i s  sec t i on  o f  w i r e  from producing corona, even 

though i t  i s  i n  c lose  p r o x i m i t y  t o  t he  end w a l l .  Removal o f  t he  p l a s t i c  

caused'excessive corona c u r r e n t  t o  t he  end w a l l .  Thus, from a  c u r r e n t  dens i t y  

u n i f o r m i t y  s tandpoint ,  t he  feed arrangement shown .appeared t o  be a  s i g n i f i c a n t  
. . 

improvement. 

The feed arrdngement shownwas changed s l i g h t l y  t o  p rov ide  f o r  more s u i t -  

ab le  f a b r i c a t i o n .  The g lass rod was e l im ina ted,  and a s m a l l  s l o t t e d  p l a s t i c  

washer was glued t o  t h e  p l a s t i c  sheet a t  each w i r e  p o s i t i o n .  ' A l i g h t  s p r i n g  

was used t o  a t t a c h  t h e  v e r t i c a l  w i r e  segment t o  the  copper feed str ip:  The 

use o f  a  sp r ing  i n  t h i s  l oca - t i on  does no t  a f f e c t  the  operat ion,  b u t  ensures 

t h a t  t h e  w i res  remain i n  tens ion .  F igure 8-6 i s  a  photograph o f  t h e  corona 

w i r e  feed arrangement i n  one o f  t h e  f i n a l  p ro to type corona chambers which was 

b u i l t  us ing  t h i s  feed arrangement. .Tables 8-7 and B-8 compare c u r r e n t  dens i t y  

measurements o f  t he  o r i g i n a l  three-wi r e  .arrangement (B-7) w i t h  the  seven-wi r e  

c o n f i g u r a t i o n  (B-8). For these measurements, no caging sec t i on  was used, and 

the  c o n t r o l  g r i d ,  suppor t ing  the g r i d  and corona sect ions,  was lowered t o  
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two inches above the ground gr id .  This t e s t i n g  arrangement was prev ious ly  

described i n  associat ion w i t h  the t e s t i n g  t o  develop the seven-wire conf ig-  

urat ion.  The data ind ica te  t h a t  the corona wi re  modi f ica t ions resu l ted  i n  

s i gn i f i can t  improvements a t  the corners, and some improvement f o r  the s ide 

wal l  locat ions.  

The corona chamber which had been modi f ied w i t h  the seven-wire arrange- 

ment described above was used t o  r e t e s t  two o f  the compartments o f  the second 

prototype animal caging sect ion The f ou r t h  and second compartments were 

tested. The f ou r t h  compartment was the one prev ious ly  coated w i t h  s i l i cone .  

The second compartment had a glass center p a r t i t i o n  and had copper s t r i p  

guard r i ngs  which were spaced every two inches. The cur ren t  densi ty map o f  

these compartments i s  shown i n  Table B-9. The standard dev ia t ion o f  the 

f ou r t h  compartment data i s  somewhat greater than 17% o f  the mean whi le  f o r  

the second compartment i t  was 14%. Previous t e s t s  o f  these same two compart- 

ments, f o r  s i m i l a r  condi t ions p r i o r  t o  corona chamber modi f jcat ion,  resu l ted  

i n  standard dev ia t ion o f  16.5% f o r  the second compartment (Table B-5b data) 

and 34% f o r  the f ou r t h  compartment (Table B-6b data). 

B.3 THIRD PROTOTYPE 

1n order t o  f u r t he r  invest1  gate the possib le improvements which might 

accrue from the use o f  grading s t r ips ,  a new animal caging sect ion was f ab r i -  

cated. This section, denoted as the t h i r d  prototype, was o f  the same geometry 

as the previous glass prototype caging section. However, cen t ra l  glass p a r t i -  

t i ons  were included i n  three o f  the compartments. A l l  wa l ls  had 1/4-inch wide 

copper grading s t r i p s  which were spaced on two-inch centers. ,The copper s t r i p s  

were i n  contact a t  a l l  corners, and were overcoated w i t h  a t h i n  l aye r  o f  epoxy. 

The purpose o f  the epoxy was t o  minimize the cur ren t  t h a t  an animal might draw 

from the tape s t r i ps .  Tests showed t h a t  the epoxy on the s t r i p s  d i d  n o t  

in f luence the i on  flow. Figure 8-7 shows a photograph o f  t h i s  u n i t .  

The un i t ,  as i t  appears i n  the photograph, does no t  have the doors i n  

place. Figure B-8 shows the assembled s imulator  w i t h  the glass animal sec- 

t i o n  w i t h  grading r ings.  As so configured, we re fe r red  t o  the u n i t  as the 

t h i r d  prototype. 

The data shown i n  Table B-10 i s  a cu r ren t  dens i ty  map o f  t h i s  prototype. 

The data were obtained w i t h  a t o t a l  corona current ,  I, o f  50 d, a g r i d  v o l t -  

age, Vg, o f  160 vo l t s ,  and a p l a te  voltage, V , of 15 kV. When these data are 
P 
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CURRENT DENSITY FIAP OF THIRD PROTOTYPE SIMULATOR 



compared t o  t h a t  ob ta i ned  w i t h  t h e  second p r o t o t y p e  (Table B-2), a  s i g n i f i c a n t  

improvement i s  seen. However, t h e  data o f  Table B-2, f o r  t h e  second p ro to t ype ,  

was f o r  t h e  c o n d i t i o n  o f  c leaned g lass  b u t  w i t h o u t  t h e  a p p l i c a t i o n  o f  a  s i l i -  

.cone coa t ing .  I n  an e f f o r t  t o  a s c e r t a i n  t h e  e f f e c t s  o f  s i l i c o n e  c o a t i n g  and 

compare w i t h  t h e  use o f  g rad ing  r i n g s ,  t h e  second p r o t o t y p e  was comple te ly  

t r e a t e d  w i t h  s i l i c o n e  and r e t e s t e d .  The c u r r e n t  d e n s i t y  map o f  t h e  second 

p r o t o t y p e  f o r  t h i s  c o n d i t i o n  i s  shown i n  Table B-11. 

Tab1 e  B-12 compares summarized .data f o r  t h e  graded t h i r d  p r o t o t y p e  w i t h  

t h e  s i l i c o n e - t r e a t e d  f i r s t  p r o t o t y p e  animal cag ing  s e c t i o n .  The data show t h e  

mean and s tandard d e v i a t i o n  i n '  percen t  f rom t h e  mean f o r  each 8 x  10- inch  

compartment area i n  t h e  two u n i t s .  The t h i r d  p r o t o t y p e  had t h r e e  o f  t h e  f o u r  

ma jo r  compartments d i v i d e d  i n t o  two w i t h  p a r t i t i o n s ,  w h i l e  t h e  second p ro to -  

t ype  had j u s t  t h e  four  ma jo r  compartments w i t h o u t  any d i v i d e r s .  Comparison o f  

these data shows t h a t  t h e  c u r r e n t  d e n s i t y  was somewhat more u n i f o r m  im t h e  

s i l  i cone  t r e a t e d  second p r o t o t y p e  than f o r  t h e  graded t h i r d  p ro to t ype .  However, 

s i n c e  t h e  second. p r o t o t y p e  d i d  n o t  have as many w a l l s ,  a  one-to-one comparison 

may n o t  be j u s t i f i e d .  

Review o f  t h e  d e t a i l e d  c u r r e n t  d e n s i t y  maps o f  Tables B-10 and B-11 f o r  

t h e  two p ro to types ,  shows t h a t  t h e  c u r r e n t  d e n s i t y , v a l u e s  were low a long  t h e  

feeder  w a l l s .  As p r e v f o u s l y  noted, the :feeder s i d e  w a l . 1 ~  d i d  n o t  extend c l e a r  

down t o  t h e  g round .g r i d .  There was an opening o f  about  314 i n c h  f o r  t h e  

feeder  . t r ough  t o  f i t  i n t o .  The bottom o f  t h e  feeder  w a l l  ( i  .e., t h e  t o p  o f  

t h e  feeder  s l o t )  was meta l i zed ,  and t h i s  m e t a l i z e d  s t r i p  was a t  ground poten- 

t i a l .  Thus, bo th  t h e  feeder  t r ough  and t h e  bot tom o f  t h e  g lass  w a l l  would be 

a t  t h e  same p o t e n t i a l  , namely, ground. 

The r a i s i n g  o f  ground, by  t h i s  314 i n c h  a t  t h e  feeder  w a l l s ,  was ques- 

t i o n e d  r e l a t i v e  t o  t h e  e f f e c t  on t h e - n e a r b y  c u r r e n t  dens i t y ,  as sensed by t h e  

probe. An experiment was conducted u s i n g  t h e  t h i r d  (graded)  p r o t o t y p e  t o  

assess t h i s  e f f e c t .  For  t h e  exper iment,  t h e  m e t a l i z e d  s t r i p  a t  t h e  bottom o f  

t h e  feeder  w a l l  was removed from ground, and r a i s e d  ( w i t h  a  power supp l y )  t o  

t h e  p o t e n t i a l  which i t  should be i f  t h e  w a l l  were an i d e a l  vo l t age  d i . v i de r .  

For  a  vo l t age  o f  15 kV across t h e  t o t a l  w a l l  , i t  was c a l c u l a t e d  t h a t  t he  

p o t e n t i a l  a t  t h e  h e i g h t  o f  t h e  feeder  s t r i p  should be about 670 v o l t s .  
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COMPARISON OF SUMMARIZED CURRENT DENSITY DATA 
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With  t h e  feeder  s t r i p  r a i s e d  t o  t h e  above p o t e n t i a l ,  a  c u r r e n t  d e n s i t y  

map o f  t h e  compartment which was"denoted as #6 i n  t h e  map o f  Table B-10 was 

made,. Th i s  da ta  i s  shown i n  Table B-13. For . , these data,  t h e  mean o f  t h e  

f o u r  da ta  p o i n t s  a l ong  t h e  feeder  w a l l  i s  88% o f  t he  mean o f  t h e  o t h e r  da ta  

p o i n t s  i n  t h e  compartment. For t h e  o r i g i n a l  da ta  on t h i s  compartment w i t h  

t h e  feeder  w a l l  grounded ( f r om Table B - l o ) ,  t h e  mean o f  t h e  f o u r  da ta  p o i n t s  

a l ong  t h e  feeder  w a l l  was 77% o f  t h e  mean o f  t h e  o t h e r  data p o i n t s  i t -(  t h e  

compartment. Thus, i t  appeared t h a t  t he '  grounding o f  t h e  feeder  s t r i p  n i igh t  

b6 c o n t r i b u t i n g  t o  t h e  nonun i f o rm i t y  i n  c u r r e n t  dens i t y .  
. . .  .. . . . . - 

I t was n o t  d e s i r e d  t o  have t h e  m e t a l i z e d  s t r i p  a t  t h e  bot tom o f  the. 

feeder -s ide  w a l l  a t  a  p o t e n t h i  , un less  t h e  e f f e c t i v e  vo l t age  s o i ~ r c e  imped- 

ance were v e r y  high., such t h a t  t he  c u r r e n t  which c o u l d  be drawn by' a  con tac t -  

i n g  'animal. would be minimal . 
Var ious methods f o r  f o r c i n g  t h e  feeder  s t r i p  p o t e n t i a l  were cons idered,  

One o f  t h e  a1 t e r n a t i v e s  cons i d b e d  was t h e  redes ign  o f  t h e  feeder  so t h a t  t h e  

w a l l  c o u l d  extend down t o  t h e  ground p lane.  However, be fo re  embarking on such 

a  redes ign ,  i t  was d e s i r e d  t o  per fo rm a  p r e l i m i n a r y  assessment. o f  t h e  p o t e n t i a l  

b e n e f i t s  o f  such a  change. The second p r o t o t y p e  animal s e c t i o n  was used , t o  

t e s t  t h i s  arrangement. To s imu la te  t h e  absence o f  a  feeder  s l o t ,  t h e  second 

p r o t o t y p e  animal cag ing  s e c t i o n  was t u rned  ups ide  down so t h a t  t he  doors were 

on t h e  bottom and t h e  feeder  s l o t s  were a t  t h e  t op .  The feeder  s l o t s  were 

t e m p o r a r i l y  b r i dged  w i t h  s t r i p s  o f  g lass .  

Wi th  t he  s i m u l a t o r  t u r n e d  'ups ide down, a l l  o f  t he  w a l l s  were u f  equal 

h e i g h t ,  w i t h  no d i s c o n t i n u i t i e s  a t . t h e  bot tom p e r i p h e r y  o f  t h e  s t r u c t u r e .  

Table B-14 p resen ts  t h e  da ' ta ' f rom a  c u r r e n t  d e n s i t y  map o f ' t h e  u n i t  f o r  t h i s  

c o n d i t i o n .  . Table B-15 p resen ts  a  summary o f  t h i s  data,  which shows t h e  mean 

c u r r e n t  d e n s i t y  and- t h e  percentage s tandard d e v i a t i o n  f rom t h e  mean f o r  each 

8 x  10- inch  compartment-sized area o f  t h e  s i m u l a t o r .  For convenience i n  

moving t h e  c u r r e n t  probe f rom l o c a t i o n  t o  l o c a t i o n ,  t h e  g ldss  animal s e c t i o n  

was r a i s e d  about 114 i n c h  o f f  o f  t h e  ground g r i d  by use o f  smal l  m e t a l l i c  

shim's. 

Comparison o f  t h e  data o f  Table B-14 f o r  t h e  upside-down second p r o t o t y p e  
* -. .. 

w i t h  t h e  p r i o r  da ta  f o r  t h i s  same u n i t  r i g h t  s i d e  up, which was presented i n  

Table B-11 and summarized i n  Table B-12 shows t h a t  a  s u b s t a n t i a l  improvement 



CURRENT D E N S I T Y  MAP OF COMPARTMENT #6 OF T H I R D  PROTOTYPE W I T H  FEEDER S T R I P  A T  670 V . 
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was e f f e c t e d  by e l i m i n a t i n g  t h e  feeder  s l o t  d i s c o n t i n u i t y .  For  t h e  new arrange-  

ment, t h e  compartment-area percentage standar.d d e v i a t i o n  were a1 1  5% o r  1  ess , 
compared w i t h  up t o  16% f o r  t h i s  same u n i t  w i t h  t h e  feeder  s l o t  down. 

On t h e  b a s i s  o f  these t e s t  r e s u l t s ,  i t  was decided t o  redes ign  t h e  feeder  

so t h a t  t h e  food  p e l l e t s  would pass under t h e  s i d e  w a l l s  w i t h  t h e  w a l l s  extend- 

i n g  down t o  t h e  ground g r i d  l e v e l .  F i gu re  B-9 shows a  ske tch  o f  t h e  feeder  

arrangement w i t h  t h e  bottom o f  t h e  w a l l  a t  ground g r i d  l e v e l .  

B. 4 - FOURTH PROTOTYPE 

The, t e s t  r e s u l t s  presented above showed t h a t  t h e  use o f  guard s t r i p s  on 

t h e  animal s e c t i o n  were n o t  necessary.  It appeared t h a t  accep tab le  performance 

c o u l d  be ob ta i ned  w i t h  a  glass animal cag ing  sec t i o r i  which was t r e a t e d  w i t h  a  

d i m e t h y l s i l o x a n e  hydrophobic compound and d i d  n o t  'have d i s c o n t i n u i t i e s  f o r  t h e  

feeders.  Therefore,  %a new base s e c t i o n  ,, i n c o r p o r a t i n g  t h e  new feeder  des ign,  

and a  'new animal cag ing  s e c t i o n  were f ab r i ca ted .  The use o f  .these components 

a l ong  w i t h  t h e  remainder o f  t h e  s i m u l a t o r  i s  termed t h e  four - th  prototype..  

F igureS-10 shows a  photograph o f  t h e  base u n i t  w i t h  feeder  chutes and 

w a t e r i n g  u n i t s  i n s t a l  l e d ,  and F igu re  6-11' shows a  photograph. o f  t h e  f u l l y  

assembled f o u r t h  p r o t o t y p e  s i m u l a t o r .  The animal s e c t i o n  i s  d i v i d e d  i n t o '  
I ,  

e i g h t  compartments and has h inged doors f o r  animal access. A l l  su r faces  o f  

t h e  g l ass  cag ing  s e c t i o n  have been t r e a t e d  w i t h  t h e  s i  1  i cone  hydrophobic compound. 

Table B-16 p resen ts  a c u r r e n t  d e n s i t y  map o f  t h e  f o u r t h  p r o t o t y p e  s i m u l a t o r .  

A summary o f  t h i s  da ta  i n  terms o f  t h e  means o f  t h e  compartment c u r r e n t  dens i -  

t i e s  and t h e  s tandard d e v i a t i o n s  as a  percentage nf  t h e  compartment IlledIlS i s  

s l~own I n  l a b l e  R-1.7. 

These da ta  were taken  w i t h  t h e  comp le te l y  assembl ed p r o  l o t y p e  .simul a t o r .  

The feeder  t roughs '  and wa te r i ng  u n i t s  were i n  p lace ;  t h e  animal cag ing  u n i t  
' 

was s e t t i n g  f l u s h  on t h e  ground g r i d ;  t h e  a i r  plenum was i n s t a l l e d  and sup- 

p l i e d  w i t h  approx imate ly  35 c fm o f  a i r  th rough  a  HEPA f i l t e r .  The t o t a l  

corona c u r r e n t  . f o r  t h i s  t e s t  was 50 and t h e  c o n t r o l  g r i d  t o  ground poten- 

t i a l  , V , was 16 kV, thus  pr.oducing a  nominal e l e c t r i c  f i e l d  o f  32 kV/m. It 
P 

i s  f e l t  t h a t  t h e  da ta  o f  Tables 6-16 and B-17 show t h a t  t h i s  p r o t o t y p e  p ro -  

v i des  a  v e r y  accep tab le  c u r r e n t  d e n s i t y  u n i f o r m i t y  ove r  t h e  e n t i r e  exposure 

area o f  t h e  s i m u l a t o r .  
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Table B-16 

CURRENT DENSITY MAP OF FOURTH PROTOTYPE SIMULATOR 
2 (val  ues i n  nA/m ) 



Table 8-17 

SUMMARY CURRENT DENSITY DATA FOR FOURTH PROTOTYPE SIMIJI,ATOR 



Figure B-12 shows a pen recorder t race of the output voltage from a 
2 Kei thly picoamneter sensing the output from the 10 cm current probe which 

was on the ground g r i d  i n  one of the compartments. The t race shown is  just 
a segment of a longer trace made for  an overnight t e s t  of the simulator. The 

2 vertical scale of the trace i s  labeled i n  terms of  current density i n  nA/m , 
and the chart speed was 10 min/cm. T h i s  data was obtained w i t h  air.supp1 ied 
t o  the simulator, and shows the s t a b i l i t y  of the ion current density w i t h  

time. 

Figure B-13 compares the audible noise spectrum i n  the simulator w i t h  and 
w i t h o u t  50 yA of corona current supplied t o  the corona wires, Air was being 
supplied t o  the chamber for  both of the recorded noise spectra. To obtain 
these measurements, a B&K 4136 114-inch condenser microphone was inserted 
in to  the chamber through the ground g r i d .    he microphone was pointed upward 
and the t i p  of the microphone was approximately two inches above the ground 
g r i d .  The microphone output was fed through a B&K 2209 sound level meter t o  
a Spectral Dynamics Model 310C Real Time Analyzer and a Model 3026 Ensemble 
Averager. The processing bandwidth was 150 Hz. As can be seen from the two 
spectra of Figure B-12, noise which i s  a t t r ibutable  t o  the corona could be 
measured. T h i s  audi bl e noise 1 evel is  v i  rtual 1 y impercepti bl e . However, 
since i t  will be present for t e s t  simulators, i t  should also be produced i n  

the simulators which are  used t o  house sham-exposed subjects. Since the 
simulator design enabl es the various desived exposure environments to  be 
established w i t h  a fixed value of corona current ( i n  the range of 50 d), 
the audible noise spectrum should be a constant for  different  exposure 
environment 1 evel s . 

The fourth prototype simulator has been tested t o  quantify the ozone 
levels i n  the animal section. The t e s t  was made us ing  a Dasibi ~ o d e l  1003AH 
Ozone Monitor, which operates on the principle of u l t ravio le t  1 i g h t  absorp- 
t ion by ozone. The u n i t  has a range of 0.000 to  1.000 PPM, w i t h  a quoted 
accuracy of 3%. The functioning of the monitor was checked w i t h  a Dasibi 
1501 UV ozone source prior to  the test ing.  The a i r  i n  the simulator was 
sampled through a 4-foot length of teflon t u b i n g ,  which was inserted through 
the ground g r i d .  The i n l e t  t o  the sampling tube was approximately one inch 
above the ground g r i d ,  and the tube was parallel  t o  the simulator a i r  flow 
d l  rection. 



Figure 0-12 ION CURRENT DENSITY VS. TIME FOR FOURTH PROTOTYPE SIMULATOR 
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' For t h i s  ozone t e s t ,  the  corona cur ren t ,  I,, was 50 d; the  nominal 

e l e c t r i c  f i e l d  was 32 kV/m and the  ion current  ,density was adjusted t o  be 
2  300 n ~ / m  . The simulator was supplied w i t h  HEPA f i l t e r e d . . a i r  flow a t  

approximately 35 cfm. The ozone monitor was fed t o  a  char t  recorded which 

was ca l ib ra ted  f o r  a  d isplay s e n s i t i v i t y  of 10 ppb per cm. The monitor and 
simulator were operated fo r  a  period of approximately 100 minutes. During 

t h i s  .per iod,  no detectable  ozone level  was observed. .After t h i s  run, the  
sampling tube was removed from the simulator i n t e r i o r  and was s i tua ted  t o  

sample the  a i r  outs ide  b u t  near the  simulator,  w i t h  the  simulator operating 

-parameters a s  noted above. A' twenty-minute sampl ing f o r  t h i s  condition a1 so 
indicated no detectable ozone. The incidence of  nonnieasura.ble ozone indoors 

. i n  Chicago during the  winter time i s  not unusua'l, and provides an ideal 

s i t ua t i on ,  since i t  i s  not necessarymto sub t rac t  the  ambient from the  desired 
measurement. 

I .  

An e l e c t r i c  f i e l d  map has been made i n  one of the compartments of  the 

fourth prototype. The map was made fo r  the  'same simulator operating param- 

e t e r s  t h a t  was ,used fo r  . the  . current  density map of ~ i b l e  B-16. For these 

measurements, the  Monroe 225 f i e l d  probe was s e t  on top of the  ground grid 

and moved t o  20 d i f f e r en t  locat ions  w i t h i n  the 8 x  10-inch compartment, in 

an analogous manner t o  a  current  density map. The standard deviation of 'the 

20 measurements was 4.5% of the mean. The minimum f i e l d  sensed was. 8% b e 1 . 0 ~  

t he  mean, while t he  maximum f i e l d  was 9% above the mean. These measurements 

a r e  qu i te  cumbersome t o  make w i t h i n  the assembled simulator. The deviations 
noted a re  probably. worse case ,  and contributed to  by t h e ,  d i f f i cu l  ty. i n  ensuring 

t h a t , t h e  probe face i s  normal t o  the  v e r t i c a l .  I t  has been noted t h a t  when 

the  e l e c t r i c  f i e l d  probe i s  on top of the  ground plane, several percent change 
i n  reading r e su l t s  from thenprobe face being a  few degrees o f f  the  horizontal .  

The information t h a t  has been presented i n  t h i s  appendix provides a  ra ther  

de ta i l ed  overview of the  developmental s t eps  leadin'g t o  the. f ina l  , o r  four th ,  

prototype HVDC b ioeffects  s i  mu1 a  t o r .  Si  gni f i  cant  performance improvements have 

accrued i n  progressing from the  second t o  the  fourth prototype.   he t e s t  

r e s u l t s  which have been presented i n  theXforegoing paragraphs a re  f e l t  to  ' 
adequately demonstrate the  s u i t a b i l i t y  of t h i s  simulator design fo r  use in 

biologi'cal t e s t i n g  of small animals torHVDC environments. 
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ANIMAL PREFERENCE.TEST 

An animal preference t e s t  was conducted to  determine if t e s t  animals would 
exhibi,t a preference'when given the choice between a space in which a f i e ld  and 
ion environment was established, or la  space in which negligible f i e lds  and ion 

! levels  were present. A special simulator was fabricated for  use i n  these t e s t s .  . , 
This simulator ,was comprised of two modules, 'each of which was. similar in design 
to  the prototype simulator u n i t .  

This appendix provides a description of the enclosure designed for  the 
preference t e s t s .  Also described are  the e lec t r ica l  characterizations which 
were made on the simulator p r io r  to  animal tes t ing;  the physicdl arrangement 
f o r  the t e s t ;  and the procedures followed during the animal t e s t  sequence. A 

summary of physical data taken during the preference t e s t s  i s  presented. In- 
formation i s  also presented on the animals used and the i r  care during the t e s t  
sequence. Also presented in th i s  Appendix I s  an dnalysis of the data taken on 
animal location w i t h i n  the simulator during the preference t e s t s .  The animal 
location data were photographically recorded and analyzed a f t e r  the t e s t .  

1. TEST ENCLOSURES FOR ANIMAL PREFERENCE TEST I 
1.1 ' General Description of Simulators 

The anlmal preference t e s t s  employed two HVDC environment simulators, which 
were mounted onto a common base u n i t .  I he two s i~~ lu la to r s  were of the same hasic 
design as  the f inal  , prototype . simulator which has been described i n  the main text  
of t h i s  report ,  a1 tl~ouyl~ these simulators differed from, the p'v'btotype ill same 

de ta i l s .  ' 

I 
I Figure C - 1  shows a plan view and front  view sketch of the preference t e s t  

simulator arrangement. The two simulators, designated as A and B y  were physi- 

ca l ly  the same, and were comprised of an, ani'mal caging sect ion,  a grid section, 

a corona section and a plenum section. These simulators were the same as the 

prototype simulator previously described, with the exception of the animal 
caging section and the base section. As seen in the sketch of Figure C - 1 ,  the 

two simulators were separated by a passage, or tunnel through which the animals 
could move from one simulator to  the other. The separation distance between 

simulators was twelve in,ches, which was chosen to prevent corona on the exterior 
of the simul a tors ,  due to the i r  difference in potential , and  close proximity t o  each , , , 

other. 
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The base u n i t  of the preference t e s t  simulator supported both individual 
simulators.  The base! u n i t  was fabricated from angle- iron.  Bar stock supports 
which ran the  width of the  base uni t '  were placed a t  the location of the animal 
enclosure.  wall s and provided support f o r  the  simul a t o r  uni ts .  The top -surface 
of  the  base uni t  was covered w i t h  1/2" x '1/2" hardware c lo th .  This hardware 
c lo th  mesh top served a,s the  ground grid and f l o o r . o f  the simulators. This 
mesh provided a gr id  f o r  the  animals to  stand on; provided f o r  the f r ee  e x i t  
of the simulator a i r .  flow; and allowed the animal waste t o  f a l l  through t o .  the 
waste col l  ection she1 f below. There were no 'feeding o r  watering provisions i n  

the preference t e s t  base. un i t ,  s ince  each animal t e s t  was f o r  only 45 minutes. 

The animal caging sections of the preference t e s t  simulator were made of 
g lass ,  as  f o r  the  p r~ to type :~s imula tor :  However, the preference t e s t  animal 
section was divided in to  only four  compartments, as  shown i n  Figurc C - 1 .  The 
overall  dimensions' of the preference animal cag ing  sections were the  5d111e as 

the  prototype; therefore ,  each animal compartment was 8" x 20". For the animal 
t e s t s ,  one compartment in each simulator'was reserved f o r  f i e l d  and ion current  
density measurements; t h u s ,  three  compartments were avai lable  fo'r animal s .  

The preference simulator dnimal caging sect ions  were fabr icated with one, ,  
r a ther  than two; aninial access door. The door was the top s i x  inches of the 

' long  outside wall of each simulator. The animals had access from one simulator 
chamber to  the other  through a tunnel between the  two simulators. The long i n -  

s ide  wall of each animal chamber, which faced the opposite simulator, extended 
down to  two inches from the  ground plane, thus leaving a two-inch opening through 
which the animals could pass from the  chamber in to  the tunnel whPch separated 
the two chambers. 

. . 

Two d i f f e r e n t  tunnel configurations were used to  separete the two simulator 
un i t s .  The f i r s t  s ixteen preference t r i a l s  employed a tulwiel which had a two- 
inch 'height. This tunnel was divided in to  four sect ions  by walls which were 
coplanar with the  simulator chamber i n t e r i o r  walls .  Thus, the animals i n  a 
given compartment i n  chamber A were constrained t o  having access to  the same 
compartment Pn chamber B. The tunnel did not contact  the walls of the two 
simulator chambers. The tunnel walls  were separated from the chamber walls by 

a gap of approximately 1/4" as  i s  shown i n  Figure C-1 .  The tunnel walls were 
made of g lass ,  as were the  chamber walls .  However, a removable p l a s t i c  l i d  was 
placed on top of the tunnel .. This top could be removed fo r  .placing the animal s 



into the tunnel a t  the s t a r t  of e,ach tes t .  Several plastic pegs were glued to 
the tunnel top. These pegs protruded into the tunnel for the purpose of dis- 
couraging the animals from lying i n  the tunnel. 

During the f i r s t  sixteen preference t r i a l s ,  i t  was observed that  the 
animals tended t o  spend a significant portion of time i n  the tunnel rather 
than i n  either one of the two chambers. I t  was f e l t  that the low height of 
the tunnel was an inducement for  the animals to prefer the tunnel over either 
chamber. Therefore, for the second sixteen preference t r i a l s ,  a new tunnel , 
or center section, was fabricated. This second tunnel section was made of 
plastic,  had 12-inch high walls, and d i d  not have a tdp. Figure C-2 i s  a 
photograph shdwing an overall view of the simulator w i t h  the second tunnel. 
The movie camera used to record animal location i n  the simulator is seen in 
the foreground. Figure C-3 is a closer view showing the second connecting 
tunnel structure. 

As noted above, one wall of each simulator d i d  not extend down to the 
ground plane, b u t  was cut short by two inches to provide access from one simu'- 
lator  chamber to the other by the animals. Discussion of the f ie ld  and ion 
uniformity problem w i t h  the prototype simulator, which has been presented i n  
Appendix B of th is  report, has provided evidence that  uniformity problems were 
introduced due to feeder s lo t s  i n  the bottom of the prototype simulator chamber 
walls. I t  was anticipated that  some f ie ld  and ion uniformity problems wwld 
also be encountered w i t h  the preference t e s t  chambers, due to the cutting short 
of the chamber walls to provide animal access from one chamber to another. 
Testing of the preference t e s t  simulators showed that the animal access s lo ts  
did introduce f ie ld  and ion current density nonuni formi ty . Various a1 ternate 
treatments of these s lo ts  were investigated. I t  was found that the nonuniformity 
was minimized when a conductive adhesive backed copper tape s t r i p  was placed 
along the bottom of th is  short access wall, and grounded to the.ground grid. 
Therefore, the preference tes ts  were conducted w i t h  the top of the animal access 
s lo ts  i n  the chamber walls grounded. As will be shown la te r ,  th is  arrangement 
resulted i n  somewhat lower f ields and ion current density w i t h i n  an excited 
preference simul ator,  for positions very near the access wall . 

1.2 Simulator Biasing and Control 

The simulators for  the preference t e s t  were biased for f ie ld  and ion con- 
trol i n  a different manner than typically was employed during the prototype 



Figure  C-2 PHOTOGRAPH OF PREFERENCE TEST SIMULATOR 

F igure  C-3 PHOTOGRAPH OF TUNNEL AREA 



simulator development. A s ingle  power supply was used to  create the desired 
HVDC environment conditions within a given preference t e s t  simulator. The 
preference test ing employed three levels of simulated environment. In addition, 
a control condition, fo r  which negligible f i e ld  and ions were present i n  the 

I animal caging section, was used. The power supply biasing arrangement differed, 
depending on whether a simulator was in the "control" condition, or.whether an 
intended f i e ld  or  ion environment was produced. 

Figure C-4 shows schematically the single power supply bias arrangement 
for  producing a HVDC t e s t  environment i n  a simulator. The output from the high 

voltage supply i s  connected to the corona wire feed. When the supply i s  a t  

voltage, corona current flows from the corona wires due to  the potential devel- . a 
oped between the wires and the corona g r i d  and corkta c&mbkr walls. The major- 

i t y  of th i s  corona current flows through the control grid bias r e s i s to r ,  R g ,  and 
the f i e ld  bias r e s i s to r ,  R f ,  due to  ions beingycollected by the grid and chamber 
walls. A small percentage of the ion current flows through the space between 

the corona and control grids,  and into the animal housing section between the 
control and ground grids.  Once the f ree  ions enter the animal housing section, 
they move under the influence of the exposure f i e ld  and terminate on the ground 
grid. 

The e l ec t r i c  f,ield i n  the animal exposure chamber i s  caused by the corona 
current flowingthrough the f i e l d  bias r e s i s to r ,  R f .  The current flow through 
Rf causes a potential between the control grid and the ground g r i d .  The current 
through the f i e ld  bias res i s tor  i s  determined by measuring the voltage, V f ,  

across a 100-kR res is tor  tha t  i s  i n  ser ies  with the. f i e ld  resistance, R f .  The 

value of Rf i s  selected to  produce the desired f i e ld  i n  the animal exposure 
chamber, for  the desired corona current. As in the ,prototype simulator, typi-, 
cal ly  a total  corona current of 50 PA was used. In the conduct of the preference 

t e s t s ,  three values of Rf were used, thus giving three fie1 d 1 eve1 s .  The val ues 

of Rf used were: 350 MR; 800RM ;,and 1600 MR. These're'sistance values, along 
with the exposure. chamber plate separation and a 50-PA f i e l d  res i s tor  current,  
correspond to f ie ld  levels of approximately 32 kV/m, 79 kV/m.and 158 kV/m,  

respec.ti vely . 
1 As i n  the prototype simulator, the voltage across the grid secti0.n (between 

the corona grid and the control gr id)  controls the ion current density in the 

animal exposure chamber. For the present bias arrangement, the grid vol tage 

i s  produced by the corona current flowing. through the grid bias res i s tor ,  R . 
9 
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Phys ica l l y ,  R was a  potent iometer  which cou ld  .be ad jus ted  i n  valu'e t o  produce 
g  

the  des i red  i o n  c u r r e n t  dens i t y  i n  t he  animal exposure chamber. The i o n  c u r r e n t  
2 dens i t y  i s  determined by measuring the  ou tpu t  f'rom a  100 cm c u r r e n t  sensing 

probe l oca ted  on the  ground g r i d  o f  t he  chamber. 

When a  s imu la tor  chamber was used as a  " con t ro l  " , the b ias  arrangement was 

d i f f e r e n t  than t h a t  described above f o r  use i n  t he  " t e s t "  cond i t i on .  When used 

as a  " con t ro l " ,  i t  was des i red  t h a t  the  chamber produce the  same p o l a r i t y  and 

magnitude of corona c u r r e n t  as the  o the r  chamber, when the o the r  chamber was 

operated i n  one o f  the  HVDC environmental " t e s t "  cond i t i ons .  Th is  procedure was 

f e l t  t o  be des i rab le  t o  ensure t h a t  any acoust ic  no ise  produced by the  corona 

wires in the  " t e s t "  chamber would a l so  be produced i n  the  " c o n t r o l "  chamber. 

F igure C-5 shows schemat ica l l y  the  b ias  arrangement f o r  producing corona c u r r e n t  

i n  a  " c o n t r o l "  s imu la tor .  The power supply p o l a r i t y  shown i n  F igure  C-5 w i l l  

produce p o s i t i v e  ions, as w i l l  the arrangement shown i n  F igure C-4. Thus, t he  

two b i a s  arrangements shown i n  Figures C-4 and C-5 a r e  " t e s t - c o n t r o l "  complements 

f o r  p o s i t i v e  ions.  Reversal o f  the power supply i n  bo th  f i g u r e s  w i l l  r e s u l t  i n  

negat ive  ions.  

The "con t ro l  " b ias  arrangement i s  in tended t o  r e s u l t  i n  n e g l i g i b l e  f i e l d s  

and ions  i n  the  animal exposure chamber, b u t  w i t h  the same acoust ic  no ise  as an 

" a t  environment" t e s t  s imu la tor .  From F igure  C-5, the  c o n t r o l  g r i d  i s  shown f o  

be J . i r e c t l y  connected t o  the  ground g r i d ,  thus prevent ing  dc f i e l d s  f rom being 
, -  , . . . ,  

developed i n  the  animal exposure chamber. I n  t he '  same f i g u r e ,  the  ,negat ive ou t -  

p u t  from the  power supply i s  seen t o  be connected t o  the.corona g r i d .  Since 

the  corona w i res  a r e  grounded ( through 100 kQ) , t o  the  ground g r i d ,  the  w i res  

a re  p o s i t i v e  r e l a t i v e  t o  the  corona g r i d  and p o s i t i v e  ions  w i l l  be produced. 

The corona c u r r e n t  i s  measured by sensing the vo l tage developed across the  100- 

kR r e s i s t o r  i n  t he  corona w i r e  feed w i re .  The w i res  can be d r i v e n  t o  the same 

corona. c u r r e n t  1  eve1 used t o  produce HVDC * t e s t ,  env i  ronments ( t y p i c a l  l y  50 PA) . 
For the  arrangement shown i n  F igure  C-5, the  power supply vo l tage appears 

between the  corona g r i d  and the  c o n t r o l  g r i d .  The c o n t r o l  g r i d  i s  p o s i t i v e  w i t h  

respect  t o  t he  corona g r i d .  Due t o  the  p o l a r i t y  o f  t he  g r i d s ,  t he  p o s i t i v e  i ons  

t h a t  e n t e r  the  reg ion  between the  corona g r i d  ,and the  c o n t r o l  g r i d ,  a r e  r e p e l l e d  

back t o  the  corona g r i d  by , the f i e l d  i n  t he  i n t e r - g r i d  space. .The s t rong f i e l d  

i n  the  g r i d  reg ion  prevents ions  from moving down i n t o  the animal caging sec t i on  

of the  s imu la to r  f o r  t h i s  b i a s  arrangement, even though the .corona produced by  

the  w i res  i s  t he  same as f o r  a .s imu la tor  which i s  used t o  es tab l  i s h  HVDC t e s t  environments. 



2.  ' ENVIRONMENTAL CHARAC.TERIZATIONS 
, , 

2 . 1  Overview and 'summary 

Prior to the conduct of animal preference t e s t s ,  using the simulator 
arrangement desc.ribed above, a variety of t e s t s  were performed to quantify 

the various physical environments tha t  the anim,als would be exposed to.  Tests 
were conducted to  characterize the uniformity of the ion current density and 
e l e c t r i c  f i e ld  intensi ty  'n both simulator units used f a r  the preference ex- 
.periment. These uniformity characterizations were made for  three different  
exposure leve ls ,  which were in the range of those used for  the preference. 
experiment. Measurements were also made in a chamber when i t  was operated i n  

' .  the "control " condition to  check the'absence of Tields and ions. 
> .  

Measurement of the . a i r  ion concentration i n  the room was made to insure 
tha t  no corona was forming on the exter ior  surface of the .sirnulators when they 
were raised to the highest voltage used i n  the preference experiment. Audible 
noise measurements were made in each simulator to ensure tha t  t h i s  environment 

was the same f o r  both " t e s t "  and "control" conditions. Light level measurements 
were made a t  several locations within each simulator, to ensure tha t  the l ight -  
i n g  intensi ty  was similar in each simulator, so tha t  t h i s  factor would not 

inf l  uence an animal preference choice. 

The following paragraphs present a description of the procedures employed I 
I 

in these various measurements, as well as the i r  resu l t s .  However, as a summary I 

of these measurements, i t  can be stated tha t  other than the intended variable 
( the  f i e l d  and ions) a l l  measured physical factors ,  were very simi1a.r in the 
two simulator chambers. Thus, based on these measurements a r ~ d  Lt~e i I. i%esul t s ,  
the animals should not be expected to' show a preference for  one chamber over 
the other due t o  the physical, fdc(ur%s investigated. 

2 .2  Preference Simulator Electric Fie1 ds , 
and Ion Current Density Uniformity 

After fabrication of the, preference t e s t  simulator. units , measurements 
were made to  determine the variation in f i e ld  and ion current density levels 

as a function of position within the animal housing section. Since one long 
wall of each chamber did not extend down to  the ground grid,  to allow animal 

access to  the.'chamber from the tunnel area between simulated i n i t s ,  i t  was 
anticipated tha t  some fie1.d. and ion nonuniformi ty would ex i s t  along t h i s  wall . 



Pre l im ina ry  t e s t s  showed t h a t  nonun i fo rm i t i es  i n  the  i o n  c u r r e n t  dens i t y  

e x i s t e d  and were a  f u n c t i o n  of  how the  bottom edge o f  t he  animal access w a l l  

was t rea ted .  'These p r e l i m i n a r y  t e s t s  i n d i c a t e d  t h a t  the  i o n  c u r r e n t  d e n s i t y  

a t  t h e  ground g r i d  was more un i fo rm when the bottom edge o f  the  open access 

w a l l  was metal i z e d  ( w i t h  copper tape)  and grounded, than when l e f t  f l o a t i n g .  

No s i g n i f i c a n t  impravement was observed when the metal i.zed s t r i p  a t  the  bottom 

edge o f  the  animal access w a l l  was extended t o  run  completely around the ou t -  

s i de  per iphery  o f  t he  chamber, i n  e f f e c t  forming a  complete con tac t i ng  per iph-  

e r a l  guard r i n g  a t  a  h e i g h t  o f  two inches from the  ground g r i d .  Therefore, a  

conduct ive adhesive copper tape s t r i p  was placed a t  the  bottom o f  the access 

w a l l  o f  each chamber and grounded t o  'the grpund g r i d .  

I o n  c u r r e n t  dens i t y  and r e l a t i v e ' e i e c t r i c  f i e l d  maps were made f o r  bo th  

o f  t he  preference t e s t  s i m ~ r l a t o r  chambers, f o r  t h ree  l e v e l s  o f  f i e l d  and i o n  

c u r r e n t  dens i ty .  The e x c i t a t i o n  l e v e l s  used i n  the  mapping were i n  the  range 

o f  t he  th ree  exposure l e v e l s  l a t e r  used f o r  the  preference t e s t i n g .  

S i m i l a r  procedures were used t o  take t h i s  mapping data as had been used 

f o r  o b t a i n i n g  mappings o f  the  p ro to t ype  s imu la tors .  Current  dens i t y  and e lec -  

t r i c  f i e 1  d  readings were made on' a  2" x  2" m a t r i x  .of  p o s i t i o n s  w i t h i n  the  f l o o r  

space area o f  each animal compartment o f  the  s imulators.  Since each animal 

compartment o f  thepreference s imu la tor  had an . 8" . x  20" f l o o r  area, f o r t y  data 

p o i n t s  were obta ined f o r  a  2" x  2 "  m a t r i x  mapping o t  the compartment. 

The c u r r e n t  dens i t y  readings were obta ined w i t h  the  same c u r r e n t  probe 
. . 

used f o r  o t h e r  mappings. The probe has an a c t i v e  area o f  10 cm2 and ou ts ide  

dimensions of 2 " x  2". The probe was moved t o  successive cont iguous l o c a t i o n s  

on t h e  ground g r i d ,  and the  c u r r e n t  ou tpu t  from the  probe was moni tored w i t h  

a  Keighly  610A. The power supply vol tage,  as w e l l  as the  s imu la to r  b ias  r e -  

s i s t o r  values remained f i x e d  du r ing  the  c u r r e n t  dens i t y  mapping o f  a  s imu la tor .  

A mapping o f  the  r e l a t i v e  e l e c t r i c  f i e l d  l e v e l  was .made on the  same 2"  x  2 "  

m a t r i x  as f o r  the  curren' t  dens i t y  mappings. For these measurements, 'a Monroe 

225 e l e c t r i c  f i e l d  meter was used. The probe head was s e t  on top  o f  the ground 
. . 

p lane a t  the  d i f f e r e n t  measurement l o c a t i o n s ;  there fore ,  t he  measurements. a re  

n o t  absolute, b u t  p rov ide  an i n d i c a t i o n  o f  the  f i e l d  v a r i a t i o n  from l o c a t i o n  t o  

l o c a t i o n .  The f i e l d  measurements were made f o r  the  same power supply s e t t i n g  

and s imu la to r  b ias  r e s i s t o r  s e t t i n g s ' a s  f o r  t he  c u r r e n t  dens i t y  measurements. 

The s imu la to r  had an a i r  f l o w  of approximately 35 cfm f o r  these measurernents. 



With reference t o  F igure  C-4, t h e  f o l l o w i n g  procedure was used t o  estab- 

l i s h  t h e  environments f o r  these measurements. Measurements were made a t  low, 

medium, and h igh  f i e l d  l e v e l s ,  us ing f i e l d  r e s i s t o r s  (Rf) o f  320, 800 and 1600 

megohms, respec t i ve l y .  ' The power supply was adjusted t o  produce a  50 PA cur -  

r e n t  through t h e  f i e l d  b i a s  r e s i s t o r ,  Rf, by measuring w i t h  a  F l u k e  Model 8030 

d i g i t a l  mu1 t ime te r  a  5  v o l t  ( V  ) drop across the  100 kR r e s i s t o r  which was i n  
f2 se r ies  w i t h  Rf.  With the  10 cm c u r r e n t  probe i n  the  center '  o f  one o f  the  

compartments, t h e  g r i d  r e s i s t o r  was adjusted t o  produce a  c u r r e n t  .dens i ty  

reading t h a t  was i n '  t h e  des i red  range. 

Measurements a t  a1 1  th ree  e x c i t a t i o n  l e v e l s ,  f o r  both s imulators,  showed 

the  same trends. Tab1 es C - 1  and C-2-ihow the  c u r r e n t  densi ty-  1  evel s. obta ined 

from mapping the two ,s imu la to rs  a t  the  h ighest  e x c i t a t i o n  l e v e l .  Tables C-3 

and C-4 show the e l e c t r i c  f i e l d  maps f o r  t h e  s imula tors  a t  the  same e x c i t a t i o n  

condi t i a n .  The f i e l  d  1  evel's shown i n  these.: tab1 es are  the  f i e l  d  'meter readings 

d i v i d e d  by a  f a c t o r  o f  two. A t e s t  w i t h  the  f i e l d  probe both on top o f  the  

ground and mounted f l u s h  w i t h  the  ground had shown t h a t  t he  meter i nd i ca ted  a  

reading which was a  f a c t o r  o f  2.06 h igher  f o r  t he  on top o f  ground cond i t ion .  

The tabu la ted '  values prov ide  an i n d i c a t i o n  o f  how 'the f i e l d s  vary f o r  the  

d i f f e r e n t  l o c a t i o n s  shown. However, these values should n o t  be taken as an , 

accurate i n d i c a t i o n  o f  f i e l d . l e v e 1 .  The i n t e n t  here i s  t o  show the  f i e l d  

v a r i a t i o n  which r e s u l t s  from the s l o t  i n  the  bottom o f  the tunnel access w a l l .  

Both t h e  cu r ren t  dens i t y  and f i e l d  i s  seen t o  decrease w i t h i n  f o u r  inches 

of the  animal access w a l l .  Some depression i n  the  c u r r e n t  dens i t y  i s  a l so  

noted w i t h i n  two inches of t he  outs ide  wa l l  which i s  opposi te t o  the  access w a l l .  

Th is  i s  i l l u s t r a t e d  i n  F igure C-6, which provides a  summary o f  Tables C - 1  and 

C-2 data. 

Each p o i n t  on a  curve o f  F igure C-6 was obta ined by averaging the  s i x teen  

measurements along the  l ong  dimension o f  t he  s imula tor ,  a t  a  given d is tance from 

t h e  tunnel access w a l l .  There are ten  measurement p o i n t s  across the  narrow 

dimension o f  the u n i t .  The t e n  l o n g i t u d i n a l  means were then normalized w i t h  

respect  t o  the  mean o f  a l l  160 cu r ren t  dens i t y  measurements w i t h i n  t h e  s imula tor  

f o r  t h e  g iven e x c i t a t i o n  cond i t ion ,  f o r  p l o t t i n g  i n  F igure C-6. F igure C-6 shows 

a  curve f o r  each o f  the two s imula tor  modules. 



TABLE C - 1  

CURRENT DENSITY MAP OF "A"  UNIT OF PREFERENCE SIMULATOR FOR "HIGH" EXCITATION CONDITION 
(Values' i n  nA/m2) 
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TABLE C-2 

CURRENT DENSITY MAP 3 F  "B "  U N I T  OF PREFERENCE SIMULATOR FOR "HIGH" EXCITATIOU CONDITION 
(Values i n  nA/m2)  

Tunnel Wall 



TABLE C-3 

ELECTRIC FIELD MAP OF "A" UNIT OF PREFERENCE SIMULATOR FOR "HtGH" EXCITATION CONDITION 
(Probe on Top o f  Ground Grid, Meter Reading Divided by 2, in kV/m) 

Tunnel Wall 



TABLE C-4 

ELECTRIC FIELD MAP OF "8" UNIT OF PREFERENCE SIMULATCR FDR "HIGH" EXCITATION CONDITION 

(Va lues  i n  kV/m) 
\ 
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For comparison w i t h  Figure'  C-6, F igure  C-7 presents normal ized mean 

c u r r e n t  dens i t y  p r o f i l e s ,  f o r  the two s imulators,  which were obta ined a t  

t h e  low e x c i t a t i o n  l e v e l  used. The c u r r e n t  dens i t y  f o r  the low e x c i t a t i o n  
2  c o n d i t i o n  was approximately 250 nA/m . It i s  seen t h a t  these normal ized 

c u r r e n t  dens i t y  p r o f i l e s  a re  very s i m i l a r  t o  those presented i n  F igure  C-6 

f o r  the  h igh  l e v e l  e x c i t a t i o n  case. Thus, i t  i s  seen t h a t  w i t h  respect  t o  

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  u n i f o r m i t y ,  the  two preference t e s t  

s imu la tors  gave eoiPai-able r e s u l t s .  It i s  a l so  seen t h a t  the  u n i f o r m i t y  o f  

t he  c u r r e n t  dens i ty  was v i r t u a l l y  independent o f  the  environment 1  eve1 estab- 

l i s h e d  i n  the  s imu la tor .  

2.2 Contro l  CondS t i o n  Environment 

The " c o n t r o l "  c o n d i t i b n  was es tab l ished by use o f  t he  b i a s  arrangement 

shown i n  F igure C-5. F o r , t h i s  b i a s  arrangement, corona c u r r e n t  f lows through 

the  corona wires, as i n  tk t e s t  ' cond i t i on .  The corona c u r r e n t  was s e t  t o  be 
4, 

the  same as f o r  t h e  " t e s t "  b i a s  cond i t ions ,  i .e., 50 PA. The c o n t r o l  g r i d  was 

shor ted t o  the ground g r i d  so t h a t  no p o l e n t i a l  was developed across the  animal 

caging sec t ion .  Wi th t h i  3 arrangement, measurements have shown t h a t  no e l e c t r i c  

f i e l d  can be sensed i n  the'animal chamber w i t h  the  Monroe 225 e l e c t r i c  f i e l d  
- 

meter on i t s  most s e n s i t i v e  scale, i .e., E  < 100 V/m. The s h o r t i n g  o f  t he  

c o n t r o l  g r i d  t o  ground causes the f u l l  power supply vo l tage t o  appear between 

the  corona g r i d  and the  c d n t r o l  g r i d .  The p o l d r i t y  o f  t he  b i a s  across the  g r i d  

sec t i on  i s  such t o  i n h i b i t  ions  from f l o w i n g  i n t o  the  animal caging sec t i on  from 

the  corona chamber. 

Use o f  the c u r r e n t  probe i n  a  chamber w i t h  " c o n t r o l "  c o n d i t i o n  b i a s  i n d i -  

ca ted  a  n 'eg l i g ib le  i o i l  c u r r e n t  dens i ty  l e v e l .  However, i t  was f e l t  t h a t  a 

b e t t e r  assessment o f  ' t h e  i o n  environment w i t h i n  the  " con t ro l  I' chamher coul d  

he prov ided by us ing  an i o n  counter.  . . 

A Wessix Model Mark I V  i o n  counter  was used t o  make these measurements. 

The i o n  counter  was mounted below the  ground g r i d .  A ho le  was c u t  i n  t he  ground 

g r i d  t o  enable the a i r  i n t a k e  o f  the  i o n  counter  t o  p ro t rude s l i g h t l y  i n t o  the 

s imu la to r  through t h e  ground g r i d .  Measurements were made w i t h  the  i o n  counter 

p o l a r i z i n g  vo l  tage a t  -200 vol  t s .  
, 

Measurements of t h e  c u r r e n t  from the  j o n  counter  a l lows the i o n  dens i t y  

t o  be determined from the  r e l a t i o n s h i p  



where 
N = ion density i n  ions/cm 3 

e = electron charge - 116 c 10-l9 coulombs 

v = a i r  velocity through ion counter - 
= 75 cm/sec (quoted by. mfgr.). 

2 A = area of ion. counter col lect ion pla tes  = 49 cm . 

IW = the  ion current  col lected by the ion couhter. 

W i t h  the ion counter mounted a sabove ,  the  e l ec t r i c a l  bias t o  the simu- 
l a t o r  "off" ,  and normal a i r  .flow 'through the  simulator, the negative current  
from the ion counter was 1.05 x 10-.13 amperes. ~ r b m  E;. C - 1 ,  ' t h i s  current  
corresponds to  an ambient negatjve ion density within the simulator of 

3 N = 180 ions/cm . 
After t h i s  ambient reading was o.btained, the simulator was '"control" biased 

with a to ta l  corona wire current  of 50 PA. After 3 period of approximately f i ve  
' , minutes, the ion counter current  s tab i l i zed  a t  1.1 x 10-l3 amperes, which corre-  

sponds t o  about N = 190 ions/cm3. . ~ h k ,  the ions produced in  the corona chamber 
of the  "control" biased .simulator h a d . a  negligible e. f fecJ on the i on  count i n  

the animal exposure section of the simulator. 

The adjacent simulator module was then biased a t  the "high" negative condi- 
. t ion ,  while the module w i t h  the  ion counter remained in the negative control bias 

condition. The environment i n  the' "high t e s t "  condition simulator was a current  
3 density and f i e l d  of approximately 1200 n A / m .  and 150 kV/m,  respectively.  The 

current  from the  ion counter i n  the  "control" simulator gradually increased over 
a period of several minutes, and f i n a l l y  s tab i l i zed  a t  Iw = 2.2 x 10-l3 amperes, 
which corresponds t o  a n  ion density of 375 ions/cm3. T h e  voltage to  the " t e s t "  
simulator. was subsequently 'rerno'ved'. The ion current  i n  the "control" biased 

3 simulator gradually decreased and, a f t e r  ten minutes, was 240 ions/cm . Thus, 

i t  appears t ha t  the operation of a " t e s t "  chamber which i s  adjacent to  a control 
chamber resu l t s .  i n  some increase in the .  ion density of the "control" simulator. 

' However, the ion density i n  the control simulator was s t i l l  well within the 

range which i s  considered as normal fo r  an ambient environment. 



As a  comparison, the '  s imula tor  i n  which the ' i o n  counter was mounted was 

b iased i n  the  "1ow"'negative t e s t  cond i t ion .  The i o n  c u r r e n t  dens i t y  was ad- 
2  j u s t e d  f o r  250 n~/m', as measured w i t h  the 100 cm c u r r e n t  probe. The f i e l d  

f o r  t h i s  ,bias cond i t i on .had  p rev ious l y  been measured, w i t h  the  Monroe 225 f i e l d  

meter mounted f l u s h  w i t h  the  ground plane (through the  ho le  i n  which the  i o n  

counter  was mounted), t o  be 36 kV/m. For t h i s  cond i t ion ,  the  c u r r e n t  from the 

i o n  counter  was 0.78 x 10- lo amperes, which corresponds t o  an i o n  dens i t y  of 
5 - 3  . . N = 1.33 x 10 ions/crn. , by use o f  Eq. C-1.  

T h i s - i o n  dens i t y  can .also be est imated from the c u r r e n t  dens i t y  and the  

e l e c t r i c  f i e l d  from the r e l a t i o n  

where 
, . 

3 N = i o n  dens i t y .  ( ions/cm ) 

2 j = c u r r e n t  dens i t y  (A~III ) 

e  = e l e c t r o n  charge ( l . 6  x 10-19. coulombs) 

E = e l e c t r i c  f i e l d  i n t e n s i t y  (V/m) 

2 .  k  = i o n  mobi l  i n g  (m /Vs). 

The i o n  mobi l  i t y  i s  t y p i c a l  l y  taken t o  be i n  the range. o f  2 x 10'~ m2/vs. Using 

t h i s  value o f  k  and the  above- cu r ren t  dens i t y  and f i e l d  l e v e l s ,  t he  i o n  dens i t y  
5  3  determined from Eq. C-2 i s  N = 2.17 x 10 ions/cm . This value o f  i o n  dens i t y  

. i s  a  f a c t o r  o f  1.6 l a r g e r  than t h a t  determined above by use o f  t he  i o n  counter 

f o r  t he  " low" t e s t  b ias  cond i t i on .  

The discrepancy between the  i o n  dens i t y  as determined by the  i o n  corrnt.er and 

the  f i e l d  and c u r r e n t  dens i t y  f o r  t he  "low" t e s t  . cond i t i on  was n o t  inves t iga ted.  

The principa.1 reason f o r  employing the  i o n  counter,was t o  e s t a b l i s h  t h a t  the  i o n  

d e n s i t y  f o r  t he  " c o n t r o l "  b ias  cond i t i on  was n e g l i g i b l e  w i t h  respect  t o  t h a t  of . 

the  " t e s t  b i a s  cond i t ion .  . From. t h i s  standpoint,  the  poss ib le  e r r o r  o f  almost a  

f a c t o r  of two i n  t h e  i o n  counter  cead,ing does n o t  appear o f  g rea t  corisequence. 

The " c o n t r o l "  s imula tor  i o n  densi ty ,  w i t h  , the adjacent  s imula tor  biased a t  t he  

"High" t e s t  cond i t i on  ( a  wors t .case)  i s  a  f a c t o r  o f  350 l e s s  than the  . ion  dens i t y  

i n  the  " low" t e s t  cond i t ion ,  based on measurements w i t h  t h e  i o n  counter.  Thus, 

these t e s t s  show t h a t  .the method used t o  b ias  the  " c o n t r o l "  s imula tor  provides 



an adequate. suppress ion  of the . i ons  , t h a t  ,, e x i s t  i n  the  corona chamber of the  

" con t ro l  " b iased u n i t .  The, reason f o r  biasi;ng the  " con t ro l  s'imul'ator i s  t o  
- .. . .  , 

produce the  same acoust ic  enviro.nment as f o r  the  " t e s t "  cond i t i on .  The com- 

par ison,  o f  t he  acoust ic  environment i n  the  " ' tes t "  and . "contro l  " cond i t i ons  i s  

presented i n ,  t he  f o l  low ing$ sectipn.. 

I / 

2.3 Acoust ic Measurements 

~easurements t h a t  were made du'ring the develbpmen.t o f  t h e  simu- 
\ 

l a t o r  showed t h a t  measurable acoust ic  nd ise  was produced by the  corona wires.  

Therefore, .it was. planned t o  use the  b i a s  arrangement shown i n  F igure  C-5 . t o  

e x c i t e  the  corona w i res  o f  a  "cont ro l  " s imu la to r  the  same as f o r  a  " t e s t "  

s imu la tor ,  w i t h o u t  producing a  f i e l d  o r  i o n  environment i n  t he  s imu la tor . ,  I t  

was reasoned t h a t  under these cond i t i ons  the  " con t ro l  " simul a t o r  acoust ic  n o i  se 

would be the same as  f o r  a " t e s t "  s imu la tor .  ' P r i o r  t o  the curlduct o f  the  

preference t e s t s ,  acous t i c  measurements were made i n  the  s imu la to r  t o  ensure 

t h a t  t he  no ise  f o r  the  " con t ro l  " and " t e s t "  b ias  cond i t i ons  were s i m i l a r .  

The measurements were made w i t h  a  B&K 2209 p r e c i s i o n  sound l e v e l  meter and 

a  B&K 16B octave f i l t e r  se t .  Readings were made o f  t he  unweighted sound pressure 

l e v e l s ,  i n  dB, r e l a t i v e  t o  20 pPa. Readings were taken i n  each octave band from 

31.5 Hz t o  31.5 kHz. The measurements were made w i t h  the  complete preference 

t e s t  s imu la to r  l oca ted  i n  the  same l o c a t i o n  which was used f o r  t he  animal p re f -  

erence t e s t i n g .  The microphone (a B&K Model 4133 one-hal f  i n c h  diameter 

condenser mike) was i n s e r t e d  i n t o  a  s imu la to r  through the  mesh o f  t he  ground 

g r i d ,  f rom underneath. The second animal compartment from one end was a r b i -  

t r a r i l y  se lec ted  f o r  use i n  the  measurements i n  each s imu la tor  module. The 

mocrophone was mounted near the  center  o f  the-compartment. -The b a r r e l  of t he  

microphone was v e r t i c a l  and the  sound i n l e t  po in ted  upward and was a t  a  h e i g h t  

o f  approximately one i n c h  above the  ground g r i d .  

F igure  C-8 shows 'p re l  im inary  measurements w i t h o u t  e l e c t r i c a l  e x c i t a t i o n  

of the  s imu la tor .  Shown i n  t h i s  f i g u r e  a r e  th ree  curves: one shows the  meter 

readings f o r  t h e  inst rument  no ise  l 'eve l ;  the  second shows, the  l e v e l s  obta ined 

i n  t he  (A) simul 'ator modu'le f o r  ambient cond i t i ons ,  i ..e., no e l e c t r i c a l  e x c i t a -  

t i o n  o r  a . i r  f low;  t he  ambient i n  the  o t h e r  module was w i t h i n  1. dB o f  these 

readings except i n  the. 250 and 500 Hz octaves, where the second module was 2  dB 

lower than t h a t  shown, and i n  t he  31.5 Hz octave where the  (B) chamber was 4 dB 

h igher  than t h a t  shown. The th , i r d  curve o f  F igure  C-8 shows t h e  readings made 
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w i t h  a i r  f l o w  through the  chamber. I t  i s  seen t h a t  adding the  a i r  f low 

increases the sound l e v e l  by about 1 dB over most o f  the band. 

F igure  C-9 shows the acoust ic  spec t ra l  l e v e l s  obta ined when t h i s  s imu la tor  

was operated i n  the  p o s i t i v e  and negat ive  c o n t r o l  cond i t i on .  These cond i t i ons  

a re  d e n 0 t e d . b ~  + C and - C, r espec t i ve l y ,  on the  f i g u r e .  The magnitude o f  the 

t o t a l  corona c u r r e n t  was 50 WA fo r  each o f  . these cases. I t  i s  seen t h a t  t he  

acoust ic  no ise  spectrum f o r  p o s i t i v e  ions  i s  nea r l y  i d e n t i c a l  t o  the  ambient 

w i t h  a i r  f l o w  f o r  a l l  octave bands below 16 kHz. The p o s i t i v e  i o n  corona no ise  

i s  no t i ceab ly  above the  ambient ' i n  t he  16 kHz and 31.5 kHz bands, but, o n l y  by 

l 
one o r  two dB. 

The " c o n t r o l "  negat ive  corona acoust ic  no ise  i s ' s e e n  t o  be measurably 

g rea te r  than the  ambient w i t h  a i r  and the p o s i t i v e  corona no ise  f o r  frequencies ... . 

o f  4  kHz and above. I n  t he  h ighes t  octave band tested,  the  negat ive  corona 

noise,was 11 dB g rea te r  than w i t h  no corona. 

The curves of  F igure  C-10 compare the  acoust ic  no ise  o f  the  o t h e r  s imu la to r  

module, when i t  was operated a t  bo th  p o l a r i t i e s  w i t h  " t e s t "  c o n d i t i o n  b ias  a t  

t he  h ighes t  e x c i t a t i o n  l e v e l  used f o r  t he  preference'  t es t s .  The curves are  

designated by + H and - H t o  i n d i c a t e  p o s i t i v e  .and negat ive  corona a t  t he  

h ighes t  f i e l d  cond i t i ons  used f o r  the  preference t e s t s .  For these t e s t s ,  t he  

b i a s  arrangement o f  F igure  C-4 was used w i th ,  a  f i e l d  r e s i s t o r  Rf = 1600 megohms. 

The . to ta l  corona w i r e  c u r r e n t  f o r  these t e s t s  was '50 vA, as i t  had been f o r  the 

t e s t s  of  t h e  " c o n t r o l "  c o n d i t i o n  o f  F igure C-9. 

Comparison o f  t he  +.H curve o f  F igure  C-10 w i t h  the + C curve o f  FigureC-9, 

o r  ' the - H curve w i t h  the  - C curve, shows t h a t  t he  acoust ic  no ise  w i t h i n  the  

two s imu la to r  modules i s  t he  same when they a re  operated a t  the  same corona 

cond i t ions .  The acoust ic  no ise  spec t ra  f o r  negat ive. corona has h igher  l e v e l  

components a t  the 'h igher  f requencies than f o r  p o s i t i v e  corona. Since the  no ise  

spectra were d i f f e r e n t  f o r  t he  two p o l a r i t i e s  o f  t he  corona;both p o s i t i v e  and 

negat ive  " c o n t r o l "  cond i t ions ,  were employed i n  the  preference t e s t s .  

2.4 L i g h t  ~ e v e l s  
I 
1 I n  p repara t ion  f o r  the animal preference t e s t i n g ,  l i g h t  l e v e l  measurements 
, I 

were made w i t h i n  the  two simul 'ator modules. The purpose f o r  1  i g h t  l e v e l  charac- 

, t e r i za t - i ons  was t o  ensure t h a t .  the '1 i g h t  i n t e n s i t y  was s u b s t a n t i a l l y  t he  . same . 

i n  bo th  s imu la tor  u n i t s .  I f  the  l i g h t  l e v e l s  were the  same i n  bo th  s imu la tor  
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modules, then the  animals should n o t  e x h i b i t  a  preference which might  be keyed 

t o  d i f f&ences i n  1 i g h t  i l l u m i n a t i o n .  

The 1 i g h t .  1 evel measurements were made wi.th the  s imula tor  located where 

the  preference t e s t s  were conducted. The measurements were made w i t h  a Weston 

Model 603 l i g h t  meter. During i n i t i a l  measurements, the  p o s i t i o n  o f  the  simu- 

l a t o r  w i t h i n  t h e  room and the  l o c a t i o n  o f  . f luorescent  tubes i n  the  overhead 

l i g h t i n g  f i x t u r e  was adjusted t o  produce an i l l u m i n a t i o n  which was s i m i l a r  f o r  

bo th  s imula tor  chambers. L i g h t  l e v e l  readings were made a t  th ree l o c a t i o n s  

w i t h i n  each o f  t he th reean ima l  areas o f  each s imula tor .  The readings were made 

a t  t h e  ground' g r i d  1 evel ' w i t h i n  the  animal compartment. Readings were obta ined 

i n  the  center,  near the  tunnel access wa l l  , and near the  opposi te ou ts ide  we1 1 

o f  each animal compartment. . . 

F igure  C - 1 1  presents.a p lan  .view sketch o f  t he  preference s imula tor  upon 
I which i s  recorded the l i g h t  l e v e l  readi,ngs a t  the  approximate l oca t ion?  where 

the  readings'  were made. The 1 i y h t  l e v e l s  i nd i ca ted  .in Figure 4-11 are i n  f o o t  

candles. 

I t  can be seen from Figure C - 1 1  t h a t  f o r  each animal compartment, the. 

l i g h t  i n t e n s i t y  was h igher  near the  in terconnect ing  tunnel wa l l  than near the  

outermost wa l l .  However, t he  v a r i a t i o n  i n  l i g h t  i n t e n s i t y  i s  very s i m i l a r  i n  

bo th  s imula tor  chambers. Thus, i t  i s  n o t  expected t h a t  an animal would show a 

'preference o f  one s imula tor  over  t h e  o the r  based on l i g h t  i n t e n s i t y .  It w l l l .  
be noted t h a t  l i g h t , i n t e n s i t y  measurements were n o t  taken i n  the  f o u r t h  com- 

partment o f  t he  preference ' s imu la to r .  This chamber was used f o r  the  placement 

o f  c u r r e n t  dens i t y  probes - d u r i n g  t h e  animal' 'preference Tests. Thus, animal s 
/ 

were n o t  p l a c e d i n  t h i s  compartment. 

?,5 Fi.9l.d and I o n  Cul>i-er~l: Dens1 ty 
Combinations f o r  Preference Test ing . . 

During the  conduct o f  t he  preference tes ts ,  one o f  t he  two s imulators was 

i n  the  c o n t r o l  b ias  cond i t ion ;  the  o the r  s imula tor  was i n  the  t e s t  b ias  condi- 

t i o n .  The con t ro l  s imula tor  was always a t  the  same p o l a r i t y  .as the  t e s t  chamber. 

I n  the  t e s t  sequence, t h e  choice o f  which chamber, was " t e s t " ,  i t s  p o l a r i t y  and 

i t s  e x c i t a t i o n  l e v e l  was randomized. Four e x c i t a t i o n  l e v e l s  f o r  the  " t e s t "  

chamber were used. These were denoted "Contro l " ,  "High", Medium", and "Low" 

cond i t ions .  For a l l  cond i t ions ,  "Contro l " ,  o r  "High", "Medium", o r  "Low" t e s t ,  

o f  e i t h e r  p o l a r i t y ,  t he  t o t a l  corona w i r e  cu r ren t  was adjusted t o  be 50 PA. 



B Simulator  Tunnel A Simulator  

XSu ;J  .,I=+&. .4 

(readings i n  f t  candles) 

Compartment 

~ i g u r e  C - 1 1  . LIGHT INTENSITY READINGS I N  PREFERENCE TEST SIMULATOR 



A Monroe 225 f i e l d . m e t e r  was used t o  measure the  f i e l d s  i n  the  cen te r  

o f  t he  f o u r t h  compartment o f  each s imu la to r  ( t h e  compartment o f  ~ i g u r e  C - 1 1  

i n  which 1  i g h t  readings'  were n o t  taken) .  The : f i e 1  d  measurements were made 

w i t h  the  f i e l d  probe mounted i n  a  c u t o u t  i n  t he  ground g r i d  so t h a t  t he  probe 

was f l u s h  w i t h  t h e  ground g r i d .  Measurements o f  the  f i e l d  were made f o r  both 

p o l a r i t i e s ,  f o r  a l l  th ree  f i e l d  b i a s  r e s i s t o r s . '  That i s ,  1600 megohm f o r  the  

"High" cond i t i on ,  800 megohm f o r  the  "medium" cond i t ion ,  and 320 megohm f o r  

t h e  " low" cond i t i on .  I n  each case the  ' cur ren t  through the  f i e l d  b i a s  r e s i s t o r  

was s e t  a t  50 uA. The i o n  c u r r e n t  dens i t y  was s e t  by a d j u s t i n g  the  c o n t r o l  
2 g r i d  b i a s  potent iometer ,  t o  produce 1200 nA/m f o r  the "h igh"  cond i t i on ,  

2 2  650 nA/m f o r  t he  "medium" cond i t i on ,  and 250 nA/m f o r  the  " low" cond i t ion ,  
2 as measured w i t h  the  100 cm c u r r e n t  probe.   able C-5 presents the e l e c t r i c  

f i e l d  i n t e n s i t y  t h a t  was measured f o r  the  above cond i t ions .  

.The e l e c t r i c  f i e l d s  w i t h i n  the  s imu la tors  were n o t  measured du r ing  the' 

conduct o f  the animal preference t e s t ,  s ince  the  e l e c t r i c  f i e l d  probe 'produces 

a  q u i t e  'loud aud ib le  tone due t o  the  v i b r a t i n g .  plunger. The Pield I s  esfab- 

l i s h e d  by the f i e l d  b4as res i s tance  value, t he  c u r r e n t  f l o w  through the  r e s i s -  

tance, and the i o n  c u r r e n t  dens i ty .  The c u r r e n t  through the  f i e l d  b ias  r e s i s -  

t o r  was always s e t  t o  50 pA f o r  a l l  t e s t  cond i t i ons  o f  t he  animal preference 

tes ts .  The c u r r e n t  dens i t y  a t  t he  center  o f  the f o u r t h  compartment o f  the  
2 " t e s t "  s imu la to r  was measured w i t h  the  100 cm c u r r e n t  probe which was p laced 

on the  ground g r i d .  A "dummy" c u r r e n t  probe, which cons is ted  o f  a  brass p l a t e  

w i t h  t h e  same dimensions as the  c u r r e n t  probe, was p laced 'on  the  ground g r i d  

i n  t he  center  o f  the f o u r t h  compartment o f  the  " c o n t r o l "  s imu la tor ,  t o  v i s u a l l y  

s imu la te  t h e  c u r r e n t  probe l o c a t e d  i n  t h e  " t e s t "  s imu la tor .  

3. DESCRIPTION OF PHYSICAL ARRANGEMENT 
FOR ANIMAL PREFERENCE TESTING 

The preference t e s t i n g  setup used th ree  ad jacent  rooms i n  the  L i f e  Sciences 

f a c i l i t i e s  a t  I I T R I .  The general phys ica l  arrangement i s  shown i n  t h e  p l a n  view 

sketch o f  F igure  C-12. The l o c a t i o n  of the major i tems used i n  the  t e s t i n g  are  

shown on t h i s  sketch. 

The preference t e s t  s imu la to r  was l oca ted  i n  the  center  room o f  the  th ree  

room. compl ex. The power suppl i es , the  a.i r blower and HEPA f i 1 t e r  , as we1 1  as 

the  ins t rumenta t ion  used t o  mon i to r  t he  s imu la to r  b ias  cu r ren ts  and the  i o n  

c u r r e n t  dens i t y  were l oca ted  i n  the  west-connecting room. This room served as 



, . 
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: FIELD INTENSITY AT GROUND GRID 
I N  CENTER OF FOURTH COMPARTMENT 
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. . 
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I LOW - 
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84 
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34 
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the  c o n t r o l  room f o r  the t e s t s .  The east-connect ing room was used t o  l o c a t e  

the  camera c o n t r o l  equipment as w e l l  as a  TV camera and recorder .  

A 16-mm movie camera was located '  i n  the  center  room w i t h  the s imu la tor .  

The movie camera was s e t  f o r  s i n g l e  f raming and was c 'on t ro l led  by a  so leno id  

-and motor d r i v e n  cam arrangement which was l oca ted  i n  t he  east-connect ing room. 

The movie camera exposed a  s i n g l e  frame every f i f t e e n  seconds du r ing  the  animal 

t e s t s .  A counter  which was l oca ted  i n  the  c o n t r o l  room accumulated the  number 

o f  exposed frames i n  a  g iven t e s t .  By t h i s  arrangement, t he  l o c a t i o n  of  the  

animals w i t h i n  the  s imu la to r  a t  f i f teen-second i n t e r v a l s  was recorded on f i l m .  

The f i l m  was used f o r  p o s t - t e s t  ana lys i s  o f  animal . l o c a t i o n  du r ing  the  t e s t  

sequence. 

A t e l e v i s i o n  camera and recorder  were a l so  l oca ted  i n  t he  east-connect ing 

room f o r  se1ected.tests ' .  The TV camera was mounted on a  t r i p o d  t o  view the  

: simu la to r  chamber through a  window i n  the  Closed door between the center  and 

eas t  rooms. 

During the  normal course o f  t he  preference t e s t s ,  except when the  TV camera 

was being used, personnel were o n l y , l o c a t e d  i n  the  "cont ro l " '  room. The doors 

from t h e  center  and eas t  rooms, which l e d  t o  the  hal lway, were locked, and the  

- o t h e r  two doors o f  the center  room were closed. The window i n  the  door between 

the  center  room and the  c o n t r o l  room was t rans lucent ,  w i t h  the  except ion of a  

small area through which the  s imu la to r  and 'animals cou ld  be viewed. .When ' p r i  - 
mary power was app l i ed  t o  the  power suppl ies,  f l a s h i n g  red  l i g h t s  were a c t i v a t e d  

i n  both the  c o n t r o l  room and i n  the  east-connect ing room. 

The f i l t e r e d  a i r , f r o m  the  HEPA f i l t e r  was conducted through a  fou r - i nch  

f l e x i b l e  tubing.  Th is  t ub ing  was rou ted from the  c o n t r o l  room i n t o  the  center  

room through a  ho le  l oca ted  near the  c e i l i n g  o f  the common.wall between the  two 

rooms. The a i r  t o  the two s imu la to r  plenums was fed  through equal lengths  o f  

f l e x i b l e  tub ing  connected t o  a  tee  i n  the  main a i r  supply l i n e .  

The h igh  vo l tage 1 ines  from the  power suppl i e s  were RG-8/U coax ia l  cable, 

which were run  through the  ho le  i n  t he  wa l l  between rooms w i t h  the  a i r  supply 

tub ing .  The ground s h i e l d  o f  the  cab le  was c u t  back approximate ly  f o u r  f e e t  
from the  end o f  the  h igh  vo l tage cable which was ,a t tached t o  the s imu la tors .  . 

' . 

The cables which were used t o  mon i to r  the  i o n  c u r r e n t  dens i t y  probe and the  

s imu la to r  cu r ren ts  were run  a long t h e  f l o o r  and underneath the door between 

the c o n t r o l  room and the center  room. 



Two power supp1,ies were used, one f o r  each s imulator :  model. The " t e s t "  

s imu la tor ,  e i t h e r  ' the  A o r  B chamber, was supp l ied  .by a Spel lman Model RHR100- 

PNlOO/RCP/LL144, 1 0 0 - k ~  power -supply. The "con t ro l  " s imu la tor  was fed w i t h  a 

Sorensen Model 1030-20., kO-kV power supply. . . 

4. METHODS FOR PREFERENCE TESTS 

4.1 Animals 

N ine ty -s i x  male F ischer  344 r a t s  (Charles R iver ,  Wilmington, MA) were used 

i n  t he  preference t e s t i n q .  The animals were 5 weeks o l d  a t  t h e  t ime they were 

rece ived and 21-22 weeks o l d  a t  t h e  t inle the  t e s t s  were conducted. P r i o r  t o  t e s t -  

i n g  they  were housed th ree  ra ts /cage i n  polycarbonate cages (19 x 10.5 x 8 i n )  

on a bedding o f  hardwood o r i g i n  (Absorb-dr i  1, Food (Plrrina Lab Blocks)  2nd t o p  

Water were a v a i l a b l e  f o r  ad 1 ihit1.w consumption cxccpt  d u v i ~ - ~ y  L I I ~  best pe r iod  

when no food o r  water was provided. Animal rooms were mainta ined a t  a temperature 

and r e l a t i v e  humid i ty  o f  approximately 75" F and 40%, r e s p e c t i v e l y .  A l i g h t - d a r k  . 
0 .  

c y c l e  nf 14 h r  l i g h t :  10 h r  dark was n l~y luyed  w i r h  t h e  onset o f  l i g h t  occu r r i ng  

a t  6:00 A.M. 

P r i o r  t o  t e s t i n g  the  animals were weighed and checked f o r ,  s igns o f  unhea l th i -  

ness. Those selected f o r  t e s t i n g  appeared t o  . be . . .  i n  good h e a l t h  and weighed between 

244 and. 393 g. (mean + standard d e v i a t i o n  = 323 + 23 g.) .  

4.2 Experimental Groups 

The animals were randomly assigned ' (12 ra t s / cond i ton )  t o  e i g h t  eicperimental' - 

cond i t i ons  which d i f f e r e d  as t o  the  choices a v a i l a b l e  . t o  t he  animal i n  t he  preference 

t e s t i n g  apparatus. These cond i t i ons  or choices were.as , f o l l o w s :  ' 

Negative p o l a r i t y  " ~ o s i  t i ve P o l a r i t y  

" Contro l  vs Contro l  (c-') . ' Contro l  vs Contro l  (C+) 
Low vs Contro l  (L - )  : Low vs Contro l  (L+) 
Medium vs Contro l  (M-) Medium vs Contro l  (M+) 
High vs Contro l  (H- )  ' High vs Contro l  (H+)- 

The low, medium, and .high designat ions r .e fe r  t o  the  l e v e l s  o f  dc e l e c t r i c  f i e l d s  

and t h e  i o n  c u r r e n t  d e n s i t i e s  i n  t h e  t e s t  s ide  o f  t he  preference t e s t i n g  apparatus. 

~ o m i n a l  values were as fo l l ows :  

Low - 35 kV/M, 250 n~/m'  

Medium - 84 kV/M, 650 n~/m'  

, High - 145 kV/M, 1200 n~/m'  



The control conditions .on control sides for  +groups tested a t  pos%*tive and negative 

polar i t ies  differed in the current polarity used to  excite corona wires as described 
~bove. Where the choice was control vs control,  one side or the :other of the t e s t  

apparatus was designated as the " t e s t "  side for  purposes of data tabulation. Each 

of the eight experimental groups were subdivided so . tha t  for  ha1.f the animals in 

each group, the t e s t  side was the l e f t  side of the apparatus and'for the remaining 

animals the t e s t  side was the r ight  side of the apparatus. 

. . Basically . . a preference t r i a l  or run sequence involved set t ing the .desired " .  , 

f i e ld  and ion conditions for  the run, placing three animals in , .the . apparatus, a,nd . , _  

recording the i r  position in .the apparatus witfi,..single-frame . , photography a t  15-set. 
intervals for  a period of 45 min.. The details,,.of . ,.  . the procedures,for a single run 

a r e ,  , .  , ., included . (  . . . in  the . instructi.ons . prepared f o r  j the personnel who conducted the t e ~ t s  
(Table C-6). Periodically during a r u n ,  the animals .were observ.ed through a window 
in the door between the t e s t  room and the room where the instrumentation was located. 

There was no systematic recording of these observations b u t  notes were made on gen- 
eral  appearance of the animals or unusual behaviors. Certain physical data were 

a1 so recbrded i n  connection with each fun. These included recording 'of wet kid . . 

dry bu.1 b temperature measurements with a psychrom'eter (Model PP100, Environmental 

Technology Corp. ) prior to  and a t  the end of each run. Relative humidity was i a t e r  

derived from these readings w i t h  the ai.d of psychrometric,charts. Ion current density 
2 was r?o.ni I ,  . tored duri.ng the . t e s t  runs with the 1 00 ... cm ..current probe and electrometer . . -  L .  ..Ct 

. . . . 
(.Kiethyl Model 610A) with output to a s t r i p  chart ('Hewlett Pa.ckard 715.5B). in order 
to  provide a permanent record of current density vs . .  time. . . . 

For a given run the condition of the three separate sections of the apparatus, 

one allocated for  each of three animals that  were tested simultan.eously, were the 
same with respect to  the ion current density and the e l ec t r i c  f i e ld .  Thus, for a 

given t r i a l  or run, the three animals tested i n  tha t  run were a1 1 from the same 

experimental group. The animals could see each other during the preference t e s t  

period b u t  were physically separated by the glass walls of the apparatus: 
' 

' 

The preference t e s t  runs were admi'nistered over a 10-day period in two ser les  

of 16 runs each. The runs were conducted between the hours of 8i00 A.M. and 5:00 

P.M. In each ser ies  of 16 runs, the 8 exp'erimental conditions l i s t ed  above occurred 

twice. The ~ r d e r  in which they occurred was decided by a random process and i s  

shown in Table C-7. Each animal was tested for one'.45-min period. Thus, between 



TABLE C-6 

INSTRUCTIONS FOR PREFERENCE TEST SEQUENCE 

The fo l l ow ing .s teps  w i l l  be performed f o r  each numbered t e s t  cond i t i on .  The 
data sheet, which w i l l  r e q u i r e  data e n t r i e s  t o  be recorded, prov ides the  key t o  
the  t e s t  cond i t ions .  Each t e s t  c o n d i t i o n  i s  assigned a  number from 1  t o  32. The 
t e s t s  w i l l  be performed i n  numerical sequence. Since t h e  t e s t  cond i t i ons  have been 
randomized w i t h  respect  t o  p o l a r i t y ,  e x c i t a t i o n  l e v e l  and s e l e c t i o n  o f  which o f  t he  

' 

two chambers i s  t o  serve as the  c o n t r o l  cond i t ion ,  successive numer ica l ly-designated 
t e s t s  may r e q u i r e  the  change o f  more than one va r iab le .  

A f t e r  i d e n t i f i c a t i o n  o f  the  e x c i t a t i o n  leve l .  "high-medium-low o r  o f f "  and 
p o l a r i t y  fo r .each chamber " A ; B U ,  corresponding t o  the  t e s t  number: 

(1 ) Set P o l o r i t y  o f  Power Suppl ies. 

a )  t h e  10-kV, supply i s  s e t  t o  t he  opposi te p o l a r i t y  t h a t  i s  designated 
f o r  t he  t e s t ;  

b ) -  t he  100-kV'Spe19man i s  s e t  t o  t he  same p o l a r i t y  as i s  i n d i c a t e d  f o r  
t h c  t c s t  c o n d i t i o n  on the data  sheet when a "ti iyti-iiied iurn-low" exc l  t a -  
t i o n  c o n d i t i o n  app l ies .  When the  t e s t  c o n d i t i o n  requ i res  the  " c o n t r o l -  
c o n t r o l "  cond i t i on ,  the  100-kV supply i s  a l s o  s e t  a t  the .oppos i te  
p o l a r i t y  i n d i c a t e d  by t h e  t e s t  cond i t i on .  

( 2 )  Power Supply connection'. 

a )  Connect t he  ou tput  o f  t he  10-kV supply t o  the  ou ts ide  corona box con- 
nec t i on  o f  t h e  chamber t h a t  i s  designated as t h e  " con t ro l " .  

b )  Connect t he  ou tpu t  o f  the  100-kV supply t o  the  corona w i r e  feed t o  ,,the 
chamber which w i l l  be e x c i t e d  t o  the  "high-medium-low" cond i t i on .  I f  
both..chambers a r e . t o  be " c o n t r o l " ,  connect t he  100-kV supply '  ou tpu t  t o  

.. t h e  corona box 'connect ion o f  t h e  chamber t h a t  +s n o t  connected t o  the  
10-kV .supply. 

. . 
. . .  . . 

( 3 )  F i e l d  Res is to r  Connection. . ' 

a )  For the  chamber designated as " con t ro l " ,  connect the  " s h o r t  c i r c u i t "  
jumper between the  c o n t r o l  g r i d  and ground. I f  both  chambers a r e  
c o n t r o l ,  p lace  the  c o n t r o l - g r i d  t o  ground s h o r t  on both chambers. 
Record "0" i n  t he  f i e l d  r e s i s t o r  column o f  the  data sheet f o r  t h e .  
appropr ia te  chamber. 

b )  Se lec t  the  1600-, 800-, o r  320-megohm r e s i s t o r  s t r i n g  t o  correspond 
t o  the "high-medium-low" e x c i t a t i o n  cond i t ion ,  respec t i ve l y .  I n s t a l l  
t h e  r e s i s t o r  s t r i n g  from the  c o n t r o l  g r i d  t o  ground g r i d ,  w i t h  the  
100 k t a p  a t  t he  bottom. Connect the  VDM i n p u t  leads across the  100 
k i lohm r e s i s t o r .  Record the  f i e l d  r e s i s t o r  va lue used on the  data 
sheet. 



TABLE C-6 (Cont'd.) 

c )  For the chamber(s) designated as "control ", connect the corona 
wire feed to  ground through 100 k .  Monitor the voltage developed 
across this,  r e s i s to r  (proportional to  the total  corona wire current) 
.with a second D V M .  

( 4 )  . Control Grid Bias. 
, . 

a )  The chamber(s) designated as "control" have - no res i s t ive  jumper 
across the grid section. 

b )  For the. active or " t e s t "  chamber, place the g r id .  bias potentiometer 
across the grid section. 

( 5 )  Ion Monitoring Instrumentatinn. 
2 

a )  Locate the 100 cm current probe in the center of the fourth compart- 
ment of the t e s t  chamber and the ."dummy" probe i n  the ':control" sim- 
ulator fourth compartment. Connect the current probe output to' an 
electrometer which 'is s e t  to  the same polarity as the t e s t  condition. 
The current scales to  be used for  the d i f fe rent  excitation level 
conditions are:  

Excitation Electrometer Scale 
" Lown1 3 x 

1 x 1 0 - ~  "Medium" . 

"High" 3 x lo-8 
. , 

The electrometer d u t p u t  feeds a paper tape recorder. Zero both the electro- 
meter and the recorder on the appropriate scale.  Switch electrometer to  the 1-vol t 
scale and connect electrometer to  dc voltage. Adjust voltage for  fu l l - sca le  electro- 
meter reading, then adjust recorder gain for  fu l l - sca le  recorder reading. Reconnect 
1 ead from current probe and reset  el ectrometer to  appropriate current scales.  Record 
run nutrlber and current scale on recorder chart  paper. 

( 6 )  Camera. 

a )  Reset frame counter to  zero. 
b) Wi nd camera. . . 

c )  Check footage counter to  insure a t  l eas t  ten f e e t  of film l e f t .  
d )  Check view to  insure that  i t  was not disturbed during winding. 
e )  Close viewfinder.. 



' . .  . .  , ,  . .  

TABLE C-6 ( ~ o n t ' d .  ) 
. # ' ', ." . ; . .  . 

I' 5 

1 (7)  Record simulator room' wet/dry bulb t@mperafirr& on- data sheet. - i n  experiment 
s t a r t  column. Place card which ident i f ies  run number on simulator. 

Bring " tes t"  simulator u p  t o  voltage and s e t  bias res i s tor  s t r ing  current 
a t  50 PA. Adjust grid bias potentiometer to  produce appropriate current 
density for  t e s t  condition. "HI' = 1200 nA/m2, "M" = 650 n ~ / m z ,  "L"  = 250, 
n ~ / m 2 .  Secure powep supply. Measure value -of grid potentiometer and ' 

record on data sheet. . . 

Place animals in chamber tunnel and record time when l a s t  animal placed. 
After animals are  si,tuated, leave room and close door. 

T u r n  on. 10-kV su ply and r a i se  &l tage until  "control " chamber current R monitored by DV acrosS 100 k t o  ground in corona wire feed) i s  50 pA 
5 vol t s )  across 1.00 k .  Record res i s tor  voltage on data sheet. 

T u r n  on 10-kV supply and r a i se  voltage to  produce 5 vol ts  across 100 k 
i n  f i e l d  r e s i s to r  s t r ing .  Record res i s tor  voltage on data sheet, 

T u r n  on camera and chart  recorder ( J  current monitor) and record time on 
data sheet. Note: After placing animals into chamber (Step 8). complete 
Steps 9 through 11 without delay. . < 

. .'? 

During the t e s t :  , 

a )  'monitor the two re s i s to r  vol tages. These- vol tages are  not anti  c i  patid 
t o  change; however, i f  they do, make s l igh t  power supply adjustments 
t o  bring the voltages back to  the refererice values. 

b )  observe animals and observe the pen recorder trace.  Make note of any 
unusual animal behavior observed and note any observed changes in ion 
current density tha t  may be .related to  . .  animal , movements. 

The animal t e s t  i s  completed when the camera frame counter accumulates 
to 185. When th i s  occurs, shut off camera and record time on data sheet. 

T u r n  off power supplies. 

(16) Re-enter animal t e s t  room: 
\ 

a )  read and record wet/dry bulb temperature; 

b) remove animals from simulator. 

(17) Follow Steps 1 through 16 fo r  next t e s t  condition. 



~ i m u l  a t o r  E x c i t a t i o n  Cond i t ion  
. .  . . . . .  RunNumber , . ,  A . . [ ~ i . g h t S i d e ) . .  ,, B, ( L e f t  Si-de) - .  

. . . .  
I t  . ', . . . . 

S 1 C - C - 
2 .  c - . . . . .  , . .  - L. - ;,r :. , 

*Tunnel Mod i f i ca t i ons  were made a f t e r  
t he  f i r s t  16 runs. (see Sect ion . C  1  .I ) . C-37 



t h e  two s e r i e s  each experimental  c o n d i t i o n  occurred f o u r  t imes. Th i s  y ie lded ,  

f o r  each experimental  cond i t i on ,  12 se ts  o f  approximately 180 photographic frames 

which cou ld  be scored f o r  t he  l o c a t i o n  o f  t he  animals i n  the  apparatus. 

4.4 Scor ing and Ana lys is  o f  Preference Test  Data I 
Scor ing was performed by personnel who knew the  purpose o f  t he  experiment b u t  

had n o t  been i nvo l ved  i n  conduct ing the  t e s t :  A t  the  t ime o f  scor'ing the  data sheets 

were numbered or labe led  o n l y  w i t h  ' the  r u n  number which was taken from the  photo- 

g raph ic  reco rd  o f  t h e  run. Thus, t he  personnel respons ib le  f o r  scor ing  d i d  n o t  know 

the  experimental  cond i ' t ion  associated w i t h  the  run.  

For scor ing ,  t h e  photographic record  o f  the  run  was p ro jec ted  w i t h  a s i n g l e  

frame p r o j e c t o r  and - f o r  each frame the  l o c a t i o n  o f  each animal' was checked as being 

the  l e f t  compartment, the  r i g h t  compartment, the  center  ( t unne l )  o f  t he  apparatus, 

o r  indeterminable.  The i n s t r u c t i o n s  w i t h  respect  t o  scor lng  cr i t e i s i d  wew as 

f o l 7  ows : 

"Score an anirr~al as being i n  t he  l e f t  compartment o r  r i g h t  compartment 
if any p a r t  o f  t he  body o the r  than the  t a i l  can be seen i n  the  compartment." 

"If no p a r t  o f  t he  b,ody o the r  than ' t he  t a i  1  can be seen i n  e i t h e r  t he  
l e f t  o r  r i g h t  compartments and t h e  animal can be seen, score the  animal 
as being i n  t h e  center  compartment." 

"If for  one o r  more frames you cannot d i s t i n g u i s h  the  animal from the  
background s u f f i c i e n t l y  w e l l  t o  score, check the  space i n  t he  indeterminable 
column. " 

I f  t h e  record  inc luded more than 180 'frames f o r  a run; o n l y  the f i r s t  '180 

frames were considered. For t h ree  runs, t he  record  was sho r t  'by f i v e  o r  fewer 

frames and due t o  probleins w'l'th focusing du r lng  some o f  the  e a r l y  runs, ,there were 

a few frames where the  p o s i t i o n  o f  one o r  more animals could n o t  be -discriminated . 

and were scored as indeterminable.  However, f o r . a l 1  animals the re  were a t  l e a s t  

172 scorable frames and f o r  most animals 180 frames cou ld  be scored. 

A f t e r  scor ing  was completed, f o r  each animal t he  number o f  frames the  animal 

was scored as being i n  t he  center  o f  t he  apparatus o r  i n  t he  " t e s t "  s i de  o f  t he  

apparatus was summed f o r  15 min segments (60 frames) and f o r  the  e n t i r e  r u n  (180 

frames). For c o n t r o l  vs c o n t r o l  runs, t h e  " t e s t "  s i de  was t h a t  s ide  o f  the  appar- . I 

a tus which had been randomly se lec ted  as such p r i o r  t o  conduct ing the  t e s t s .  For 



s t a t i  s t i  c a l  analyses these counts were converted t o  percentages u s i  ng the  number 

of scoreable frames f o r  15 min segments o f  t h e  r u n ' o r  f o r  t o t a l  r u n  as the  denomin- 

a t o r .  
. . .' .& . 

T A ~  data were summarized as the  average -o f t i rames f o r  each group 

spent i n  t he  t e s t  s i d e  o r  i n  t h e  center  o f  t h e  t e s t  apparatus. Group means were 

de r i ved  f o r  percentages based on b o t h  r u n  segments (1.5, m i  n o r .  60 f rames) .  and on 

t o t a l  r un .  t ime. For t e s t i n g  s t a t i s t i c a l  . s i g n i f i c a n c e  . .. o.f d , i f ferences i n  the. per- .. , 

centage o f  t ime spent i n  t he  tes t .s i .de ,  ana1ysi.s o f  var iance techniques were 

appl i e d  (Winer, 1962). Wh.ere t h e  t o t a l ,  run.. t,ime was conside.red and p o l a r i  t . ies  

analyzed separate ly ,  t h e  ana l ys i s  o f  var.ian.ce,was. a s i n g l e  f .actor mode. I n  con- 

s i d e r i  ng r u n  segments, e i t h e r  a two - fac to r  o r  t h r e e - f a c t o r  model was appl i e d  .. 
. . '  . . .  

The two f a c t o r  ( f i e l d - i o n  l e v e l s  x r u n  segment) ana lyh is  was employed . . when t h e  

data f o r  p o s i t i v e  and negat ive  p o l a r i t i e s  . were . considered separa te ly .  The th ree  

f a c t d r  ( p o l a r i t y  x f i e l d - i o n  l e 3 e l  x r u n  segment):' analys is  wai  employed when bo th  . ' 
p o l a r i t i e s  were considered i n  a s i n g l e  ana lys is .  

5.1 physica l  Data . . 

Table C-8 shows t h e  temperature and r e l a t i v e  hum.idi.l;y a t  t h e . s t a r t  o f  . ;  

each t e s t  run.  The temperature change d u r i n g  the  pe r i od  o f  a run,  i n  general ,  

was l e s s  than one degree, except f o r  Run 1 8  "i'i w h i c h  t h e  'rec$ded. femberature 

decreased 3" from s t a r t  t o  f i n i s h  o f  t h e  r u n  and Run 20 i n  which t h e  recorded3em- 

pe ra tu re  decreased by 2". The mean temperature ove,r a l l  runs . . .was 75;" F and t h e  
, r e l a t i v e  humid i ty  was] 20%. 

. , . . 

.. F igure  C-13. shows a t y p i c a l  pen r e c o r d e r , t r a c e  ;of t h e  cuprent  d e n s i t y  sensed 
2 on t h e  100 cm c u r r e n t  probe du r i ng  one o f  t h e  preference .tests.. It w ' i l l  be noted 

t h a t  severa l  r a p i d  changes i n  c u r r e n t  d e n s i t y  sensor ou tpu t  l eve l .  a r e . i n d i c a t e d  on 
. . 

t he  t race .  These occurrences, i n  general ,  were noted when an 'animal  reared to.  t h e  

v e r t i c a l  p o s i t i o n .  These changes i n  c u r r e n t  d e n s i t y  sensor ou tpu t  a re  be l i eved  t o  

be due t o  displacement cu r ren ts  which r e s u l t  f rom r a p i d  f l u c t u a t i o n s ,  i n  t h e  e l e c t r i c  

f i e l d  when the  animal stands up. 



TABLE C-8 . ; , ,.. - . ' . .I 

TEMPERATURE AND RELATIVE HUMIDITY AT START OF EACH TEST 

. , 

T e s t  No. Temperature F0 . _ R.'H. - 
1 76.'5 . . 10 

2 ' 76.0 12 

3 75.0 14 
4 75.5 20 
5 75.0 20 ' 

6 75.0 21 ' 

7 77.0 15 

8 75.0 20 

9 77.0 2 3 

10 76.0 . . 
. . 20 

11 7'7 :o 2 2 

12 76.0 
. c 

18 
'r13 16.5 .-. 19 
.i 4 76.0 2 o 
15 . , 76.0 20 

. . 
16 75.0 24 

17 77 .O 33 

18' 77.0 . . 28 

19 74.0 33 

2 0 ,74.0 3 1 

21 76.0 30 
2 2 73.0 2U 

2 3 . . 74.0 
. . X l .  . j  / 1 . 

18 
2 4 , 15.0 

! .;. . .  : , .  - 16 
25 . 7 5:. 0 '.: . 

.. :, 
18 . 

26 75.0 16 



Run X22 61CB on 1 x Scale 
Chart Speed 1 minlcm 

Figure C-13 PEN RECORDER TRACE OF ION CURRENT DENSITY 
FOR REPRESENTATIVE ANIMAL PREFERENCE TEST 



After the animal preference tests, an experiment was conducted to assess 
whether these fluctuations were due t o  chnges i n  current density or displace- 

\ 
ment currents; Fofi t M s  -test, a copper foil-covered tube, .approximately the size 
of an erect ra t  was fabricated. A reference current density was establ ished w i t h  

2 the 100 cm current density pmbe i n  the fourth compartment, as i n  the preference 
tests. The power supply was t h en  secured and the "simulated erect rat" was placed 
i n  the center of .the, t h i r d  oompartment, -The power supply was then returned to its. 

I 

original setting. f he!.current dehsi t y  as .sensed by the. probe was the same as 
before the "simulated rat" !ad been placed into the  adjacent compartment. Thus ,  
the presence of an ere& "rat* does not Hfect the current density i n  an adjacent 
compartment (where the current density .war monitored). Therefore, the time-vary- 
fng cuprent which was observed when a mt:.reared up during the preference tests 
must have been due ta  the motion of rearSng,up. This motion will cause a time- 
varying change i n  the electric field, which w i  1.1 resul t i n  displacement current 
being induczed into the current probe. 

5.2 General Observations 

In general, the ~ v e r a l l  activity in the testing apparatus was somewhat ~imited 
b u t  appeared t o  be greater for animals tested late i n  the afternoon. After a brief 
exploratory period many of the animals would l i e  down and rest for most of the tes t  
r u n .  In some of the pretest t r ia l  runs (which employed animals other t h a n  those 
included in the experiment), i t  was noted t h a t  the animals appeared t o  spend more 
time i n  the center tunnel area than i n  either end of the tes t  apparatus. This ob- 

servation prompted the use of pegs in the tunnel area for the f i r s t  16 runs and since 
this d i d  not abolish the preference for the center, additional modifications were 
made to the tunnel prior to the las t  16 runs (Section C1 .I  ) . The second modification 
was' also unsuccessful in counteracting this tendency since i n  the second series some 
groups averaged more time in the center tunnel than in the f i r s t  series. 

Many of the animals tended t o  rear u p  a t  one time o r  another during the tes t  
r u n .  When this occurred while the animals were i n  the tes t  side o f  the appdr'd tus 

under the h i g h  excitation level condition, they tended t o  remain standing b u t  a 
very brief period of time and gave the impression of recoiling from the position. 
Often such animals would assume a low crouched postion and would r u b  the face area 
w i t h  i t s  paws. 



5.3 Preference Response 

Despite the  occurrence of behaviors which appeared t o  observers as a  f a i r l y  

s t rong i n d i c a t i o n  t h a t  r a t s  could d e t e c t  t he  presence o f  t h e  h i g h  l e v e l  f i e l d  and 

i o n  cond i t i on ,  e x c i t a t i o n  l e v e l  had no s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t s  on t h e ,  . 

t ime r a t s  spent i n  t he  t e s t  s ide  o f  t he  preference apparatus. Th is  was t r u e  whether 

the  data were analyzed i n  terms o f  15-min, r u n  segments (Table C-9, F igure  C-14) o r  
_ F 

i n  terms o f  t o t a l  run  t ime (Table C-10, F igure  C-15). Most groups, regard less  o f  

p o l a r i t y  o r  e x c i t a t i o n  l e v e l ,  tended t o  decrease t h e  t ime spent i n  t he  t e s t  s ide  

a f t e r  the  i n i t i a l  15 min as i nd i ca ted  by t h e  s i g n i f i c a n t  F r a t i o s  fo r  " run  segment" 
. . .  

obta ined f o r  bo th  p o l a r i t i e s  (Table C-9b) and i n  the  th ree  f a c t o r  ana lys i s  (7tb l .e  C- 

9c) .  The general p a t t e r n  was a  decrease i n  t ime spent i n  t he  t e s t  s ide  between the  

f i r s t  and second r u n  segments and l i t t l e  o r  no change thereaf te r .  The except ions 

t o  t h i s  p a t t e r n  were groups tes ted  a t  low, l e v e l s  o f  f i e l d  and ions.  A t  t h i s  l e v e l  

animals tes ted  a't  a  p o s i t i v e  p o l a r i t y ,  decreased, then increased t h e  t ime spent i n  

t he  t e s t  s ide,  whereas w i t h  a  negat ive p o l a r i t y ,  no change was observed u n t i l  t he  

t h i r d  segment. 

Considering the t o t a l  r u n  t ime (F igure  C-Is), i t  should be noted t h a t  when per-  

cent  t ime spent i n  t he  t e s t  s ide  o f  t he  apparatus was p l o t t e d  as a  f u n c t i o n  o f  t h e  

f i e l d  s t rength ,  p o s i t i v e  and negat ive  p o l a r i t i e s  y i e l d e d  very  s i m i l a r l y  shaped 

curves. Faced w i t h  a  l a c k  'o f  s t a t i s t i c a l  s i g n i f i c a n c e  we do n o t  w ish  t o  p lace  too  

much emphasis on t h i s  s i m i l a r i t y ,  however, i t  i t  poss ib le  t h a t  these curves are  il- 

l u s t r a t i v e  o f  a  t rend  t h a t  might  be s t a t i s t i c a l l y  demonstratable w i t h  l a r g e r  group 

s i zes  o r  repeated t e s t i n g  o f  t h e  same groups o f  animals over several  days. 

The tendency t o  decrease t ime i n  the  t e s t  s i d e  o f  the  apparatus over  r u n  seg- 

ments was a l s o  r e f l e c t e d  i n  an increase i n  the  t ime spent i n  the  cen te r  tunnel .  Th i s  

i n  f a c t  appeared t o  be the  p re fe r red  l o c a t i o n  q f t e r  t h e  f i r s t  few minutes of t he  

run. This  tendency was noted d u r i n g  the  conduct o f  the  experiment. The basis f o r  t h i s  

preference i s  n o t  c l e a r .  Several poss ib i  1  i t i e s  e x i s t .  The center  compartment was 

sho r te r  than the  end compartments and rodents g e n e r a l l y  p r e f e r  smal ler ,  more snug 

areas. A l t e r n a t i v e l y ,  t he  aud ib le  no ise  associated w i t h  corona generat ion o r  t he  

d i r e c t  a i r  i n p u t  i n  the end compartments may have been c o n t r i b u t i n g  fac to rs .  I t  

might  be noted, however, t h a t  t h e  35 cfm r a t e  o f  a i r  f l o w  was n o t  p e r c e p t i b l e  t o  

an experimenter .w i th  h i s  hand he ld  i n  t he  animal. exposure.area. 



Table C-9a 

PERCENT FRAMES SPENT I N  THE "TEST" .SIDE OF PREFERENCE APPARATUS 
FOR 15-MIN RUN SEGMENTS (GROUP MEANS + STANDARD DEVIATION) 

~. , . . . 9' . 

: ~ e g a t j v e  P o l a r i t y  . - P o s i t i v e  p o l a r i t y  
Exci  t a t i o ,n  Run: Segment Run Segment 

, Level o f  1.. , 2 3 $., $ 1  2 3 
Test  Side MeantSD 'MeantSD MeantSD ~ e a n t ~ b  MeantSD MeantSD - % .  

* .  , 
Cont ro l  ': 28226 21?'30. ,, 15+26 29+32". l;.,, 15228 

. . 
11 225 

.. . '. 
LOW ' ., . . 3023.2 31 240 25236 29+30 ,' 18327 31243 . ' 

M i d d l e  , 33+39 .. . 2 5 ~ 3 0  20229"' 28227 18t31 - .... .18?29 

Table C-9h 
..,,. . . . . , . . . . , # > . . . . I  ; i . . . . - ,  .,.... -.. . . ' . '  . . L .  . . . .  " .". 

ANALYSIS OF VARIANCE TABLES FOR TWO FACTOR ANALYSES : :  
< I  . 

. . . : , ,  . . . , ( ' 

. . .  . 5 

Ncgative Polarmi Ly P o s i t i v e  P o l a r i t y  
. . source o f  Sums o f  Mean Sums o f  Mean 

V a r i a t i o n  Squares d f  Square F Squares, d f  Square F 

~ d w e e n  Ss . 108712 47 84787 47 
- .A ' ( ,Excitat ion Level ) 2905 3 968 0.40 6707 3 2236 1.26 

- Ss . w i t h i n  groups 105807 44 2405 78080 44 1775 

Wi th in  Ss ., . 23153 .. 96 , 24087 96 
' .- 

.. . B (Run segment) 3378 ' 2 1689 7.78" 3878 . . 2 1939 , ,.. 9.07* 
SAD 636 '6: 106.,, .~ 0.45 ' 1350 ' ,  . 6 225 '..: 1 . 05 

, :. B x Ss w i t h i n  grqups 19139 88 ' 2 ,  217 ' . 
,, . 

'18859 '88 ..214 ,, . 
..: \. ... -. - . . . . .. . .,,.. , . - . . ,, - 

. . 

Table C-9c 
. . . . 

, . a .  
I .  

ANALYSIS OF VARIANCE TABLE FORTHREE FACTOR ANALYSIS " - .  
., , 

. : . . .'. , - .. . . . , . 
Sums o f  Mean 

Source o f  v a r i a t i o n  Squares d f  Square F 
." . 

Between Ss 195128 95 -- 
A ( P o l a r i t y )  " .... ,,. ...* :..< . .. L - . . . . ,. s f  . . 1629 z . 1 ,1629 . . 

. .. 
B ( E x c i t a t i o n  Level ) . .. -9097. '3 3032 1.45 

, Ss w i t h i n  groups 183887 88 2090 

Wi th in  Ss 

C (Run Segment) 

AC . 

ABC 

C x Ss w i t h i n  groups 



. . 

Negative pol a r i  ty 

0 1 2 3 

. Run Segment. 

P o s i t i v e  P o l a r i t y  

0 .  1 2 3 

Run. Segment 

Fig. C-14 Average Percent Frames Spent i n  the Test Side o f  preference 
Apparatus f o r  15-min Run Segments 

.Legend; 0-Control , 0-Low E x c i t a t i o n  Level, 0- Middle E x c i t a t i o n  Level,  A-High E x c i t a t i o n  Level 



I Table. C-lOa 

PERCENT TIME SPENT I N  THE TEST SIDE OF PREFERENCE APPARATUS 
FOR THE TOTAL RUN TIME (GROUP MEANS 2 STANDARD DEVIATION) 

Negat ive P o l a r i t y  P o s i t i v e  ~ o l a r i  ty 
Exci  t a t  i o n  Level -Mean 5 SD Mean 2 SD 

, Cont ro l  21 221 19226' 

Low . 29236 1 26228 

Midd le  

High 17227 828 

Table C-lob 

Ncgat ivc P o l a r i t y  . - Pas1 t l v e  Y o l a r l t y  
Source o f  Sums o f  Mean Sums o f  Mean 
V a r i a t i o n  Squares d f  Square F - Squares d f  Square F 

990 3 E x c i t a t i o n  Level 330 0.41 2201 ' , 3 . . 734 1.24 
E r r o r  35301' 44 802 26060 44 592 

Table C-lOc 

TWO FACTOR ANALYSIS OF VARIANCE TABLE 
. . - .  

Sums o f  ~ e a n  
source o f  V a r i a t i o n  " ,Squares d f  ' Square F 

A '  (Po ~ a r i  t.y . . 592 1 552 0.79 

B ( E x c i t a t i o n  Level ) ,3021 3 ,1007 1.44 

AD '170 3 57 0.08 

E r r o r  61362 88 697 



Field Intensity (kV/m)  

Fig. C-15 Percent Time (frames) Rats Were in the Center 
of the Test Apparatus for the Total Run Time. 



For groups t e s t e d . a t  a  p o s i t i v e  p o l a r i t y ,  e x c i t a t i o n  l e v e l  was a  s i g n i f i c a n t  

- f a c t o r  i n  determin ing t h e  preference f o r  t he  center  o f  the  apparatus (Table C-11 b ) .  

However, t h i s  was n o t  a  s t r a i g h t  forward r e l a t i o n s h i p .  The graphs o f  these data 

i n d i c a t e  t h a t  animals tes ted  a t  t he  h ighes t  e x c i t a t i o n  l eve l  spent the  most t ime i n  

the  center  o f  the apparatus and the  l e a s t  amount o f  t ime was by animals i n  the  mid- 

d l e  e x c i t a t i o n  1  eve1 group (F igure  C-  16). The Neuman-Keul s  procedure fo r  comparing 

p a i r s  o f  means was app l i ed  t o  the  s i x ' p o s s i b l e  comparisons , o f  e x c i t a t t o n  l e v e l s  aver- 

aged across r u n  segments (Miner, 1962, Table C - l l c ) .  Only the  h igh  e x c i t a t i o n  and 

midd le  e x c i t a t i o n  l e v e l s  were s i g n i f i c a n t l y  d i f f e r e n t  from each o the r  and none o f  the  

e x c i t a t i o n  l e v e l s  d i f f e r e d  s i g n i f i c a n t l y  from con t ro l s .  

To summarize, t he  preference experiment y i e l d e d  no s t rong s t a t i s t i c a l  suppurt 

f o r  an i n t e r p r e t a t i o n  t h a t  r a t s  p re fe r red  o r  avoided the  f i e l d  and i o n  experimental  

cond i t i ons .  observat' ional data suggested t h a t  when standing e r e c t  r a t s  c-oul d, per- 

c e i v e  the  h igh  e x c i t a t i o n  l e v e l  c o n d i t i o n  b u t  t h i s  has n o t  been documented on an 

animal by animal basis .  There appeared t o  be t rends suggest ing t h a t  a t  t he  low 

and middle e x c i t a t i o n  l e v e l s ,  r a t s  were more l i k e l y  t o  remain i n  t he  t e s t  s ide  o f  

the'  apparatus than they were a t  t he  h igh  e x c i t a t i o n  l e v e l  o r  under c o n t r o l  cond i t ions .  

Th is  i s  suggested i n  the  s imi la r ly -shaped curves obta ined f o r  p o s i t i v e  and negat ive  

p o l a r i t i e s  f o r  t ime spent i n  t he  t e s t  s i d e  as a  f u n c t i o n  o f  f i e l d  s t reng th  (F ig .  C-15) 

and i n  t h e  s i g n i f i c a n t  d i f f e r e n c e  obta ined f o r  e x c i t a t i o n  l e v e l  i n  t he  amount o f  

t ime spent i n  the  center  o f  t he  t e s t  apparatus (Table C - l l b ) .  However, cons ider ing  

the  h igh  w i t h i n  group v a r i a b i l i t y  seen through the  study, a t  bes t  t h i s  should be 

accepted as a  'working hypothesis and n o t  as a  f i r m  canclusion. 

We t h i n k  the procedures developed f o r  preference t e s t i n g  a re  i n  general work- 

ab le  b u t  cou ld  be improved by c e r t a i n  r e v i s i o n s  o r  add i t i ons .  These would i nc lude  

f u r t h e r  attempts t o  reduce the b ias  toward the  center  compartment which may be even 

s t ronger  than i n d i c a t e d  due t o  the  use o f  scor ing  c r i t e r i a  which operated aga ins t  

d e t e c t i n g  t h i s  b ias.  These attempts could perhaps i nc lude  expansion of t he  center  

tunnel  t o  t h e  same s i z e  as the  end compartments, enc los ing  the  end w a l l s  o f  t he  

apparatus w i t h  an opaque m a t e r i a l  t o  reduce the  greater  f e e l i n g  o f  spaciousness i n  

t he  end compartment, and/or p r o v i d i n g  an a i r  f l o w  comparable t o  t h a t  i n  t he  

end compartments i n  t he  center  tunne. Other r e v i s i o n s  o r  add i t i ons  t o  the  t e s t i n g  

procedure might  i nc lude  the  use o f  younger animals, t e s t i n g  o f  bo th  sexes, an 
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TABLE C - l l a  

PERCENT FRAMES SPENT I N  THE CENTER OF PREFERENCE APPARATUS 
FOR 15-MIN RUN SEGMENTS (GROUP MEANS 2 STANDARD DEVIATION) 

Negat ive P o l a r i t y  P o s i t i v e  P o l a r i t y  
E x c i t a t i o n  Run Segment Run Segment 
Level  o f  f 2 3 1 2 3 
Tes t  Side MeankSD MeankSD Mean+SD MeankSD MeantSD Mean+SD 

Cont ro l  46225 65234 65239 37225 55+39 57240 

Low 48135 55 i40  57h39' " 45+23 75+27 60237 
I 

Midd le  47k20 69k30 73t27 33t16 46+40 41 +37 

High 34230 ' 52241 57+49 56226. 78t31 78235 

' TABLE C-1 l b  

ANALYSIS OF VARIANCE TABLE 

Negat ive P o l a r i t y  P o s i t i v e  P o l a r i t y  
\ Source o f  Sums o f  Mean Sums o f  Mean 

V a r i a t i o n  Squares d f  Square F Squares d f  Square F 

Between Ss . 85606 - 4 7 82935 4 7 - 
A ( E x c i t a t i o n  Level ) 4721 3 1574. 0.86 18936 3 6312 4.34* 

Ss w i t h i n  groups- 80885 44 1838 63999 , 44 1455 

W i t h i n  Ss 92591 .96 - 86703 9 6. - 
B (Run Segment) 10470 2 5235 5.70* 11150 2 5575 6.65* 

TABLE C-1 l c  

TABLE OF ORDERED MEANS AND DIFFERENCES FOR NEWMAN-KEULS COMPARISONS 
OF PAIRS OF' MEANS FOR FACTOR A (EXCITATION LEVEL) 

1 

E x c i t a t i o n  Level M idd le  Cont ro l  Low High 
Means (Averaged Across Run Segments) 

40 5 0 6 0 7 1 
D i f fe rences  Between Means I 

Midd le  - - 10 20 30* 
Cont ro l  - - - - 10 . 20 
Low - - - - - - ;1 1 

%P<, 05 
C-50 



increase i n  group s ize,  and repeated test ing of the same animals. With respect 

t o  the l a t t e r ,  i t  may be easier to  detect a preference once the in i t ia l .explor -  
. . 

atory ac t iv i ty  has habi.tii$ted, by test ing the sarn~:ani,mal . . .  o& several days a t  
different  excitation .l.evels. e his would of course s t i l l  reqhire. that  some means 
of reducing the preference for  t h e  center 'tunnel be 'effected. ' 

Final ly ,  t o  ful ly  docume.nt the obser:v.afi~on . , of detection the t e s t  condition- 
when the r a t  i s  i n  the erect  position, we,, wou.ld suggest. video monitoring though.out 

. . 
each t e s t  run and recording each . . . .  time an animal stands. erect  the nature of . . 

. . . .  . . . .  the behavior t h a t  follows. , . . , .- 
. . 

. . . .  . . .  . . . . 
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